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Over the years the e'o'Qlution of orthopaedic surgical
techniques led to the de'o'elopment of a plethora of
orthopaedic textbooks aiming to present the principles
of modern orthopaedic surgical practice in order to con
tribute to the continuing medical education of all the
orthopaedic surgeons in training.

The notion of this book arose during the first years of
our training. It was difficuh to find a book to refer to as a
qUick: ret thorough reference, prior 10 performing a sur

gical procedure.
Our aim was therefore 10 de\'e1op a book that \\'Quld

contain a step-wise approach 10 performing a surgical
procedure. Details ha\'c been included such as position
ingofthe patient, the approach and reduction technique,

the implant to be inserted, the protocol ofposl-operative
mobilization, complications to look for, when Ihe palient
should be seen in the outpatient clinic and whether the
implant should be remo\'ed.lnuaopcrali\'e pictures have
bet>n incorporated to allow the surgeon to be aware of all

the important issues involved.
The most common trauma procedures thai a surgeon

in training is expected to perform during his residency
have been included. Each procedure has been wrinen by

an expert or under the supen1sion of an expert.
This book is expected to be the COmpanion for the resi

dent in training during the long on-call nighlS in the hos
pital while preparing ror the operations necessary 10 help

our trauma patients.
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•Upper extremity



1

Fradures of the clavicle
Peter V. Giannoudis

1.1 OPIN RIDunlON AND INTERNAl
fiXATION (ORn) OJ MIDIMAn
JIAnURU

Indications

(a) Open fraclUres.

(b) Painful non-union.

(e) Associated injury 10 the brachial plexus and/or sub·

c1avian ancl')'.
(d) Roating shoulder.
(e) Bilateral fractures.

(0 Multiple-injured paticlll.
(g) Sort tissue interpasilion between the fragments.
(h) Impending skin necrosis or penetration from a

prominent fragment.

Pre-operative planning

Clinical assessment

• Mechanism of injury: mOWT vehicle accident, sports
injury, fall on outstretched hand, direct trauma.

• Deformity, ecchymosis, swelling, tenderness. crepita

tion.
• Look for pncumolhor<lx or haemolhorax, especially in

presence of associated injuries.
• Assess and document vascular status of the upper arm

and <lny difference in peripheral pulses between the
injured and contr<llateroll extremity.

• ASSl'SS neurological status (usually brachial plexus
injury presents as an upper roots traction injury).

Radiolegical assessment

• Anteroposterior view of the cla\icle, including stern
oclavicular and acromioclavicular joints (Fig. 1.1).

• Oblique \iews.
• Lordotic view (usually after surgery for ORIF evalua

tion).

Operative treatment

Anaesthesia

• General anaesthesia at induction.
• Administration of prophylactic antibiotics as per

local hospital protocol (usually second generation of

cephalosporin is administerl"<lJ.

Table and equipment

• AO small fmgmellt (3.5 mm) scI.
• Ensure availability of the prc-planlll'd plate length. A

3.5 DCP plate or a reconstructioll plate call be used
(Fig.1.2a,b).

• Standard oStcosylllhesis set as per local hospital
protocol.

Table set up

• The instrumentation is sct up on the side of the oper
ation.

• Image intensifier is from the ipsilateral side.
• Position the table diagonally across the operating room

so that the operating area lies in the clean air field.

Procl;ml Proadmes ill OrrlrofX'e<Jk 1I1m"'t) S"rgl"ry. A n-aillu:S Cll"'fX'"io/l, ed. Plel~ V. Giannoudis and Ilans-ChrislOph Pape.
Published by Cambridge Univenily Press. 0 Cambridge Uni\'ersily Press 2006.



4 Pra,ti,al PrlKedufes in Orthopaedic Trauma Surgery

fig. 1.1 Anteroposterior view 01 the david~, indud-.g
sternodaviullal and acromiodaYkular join~

• Skin prepar.uion is carried OuI using usual antiseptic
solutions (aqueous/alcoholic povidone-iodine).

• Prepare Ihe skin oflhe chCSltO lhe medial border of the
scapula. Clean up 10 Ihe amerior and laleral surface of
Ihe neck and down 10 below Ihe 1C\'el of Ihe nipple.

• Use single U-drapcs (Fig. 1.3 a,b).
• Make an incision O\'er the clavicle (Fig. 1.4 a,b).
• Using the CUlling dialhermy bring down lhe incision

Ihrough the skin to the periosteum (Fig. 1.5).

• Identify the clavicle and lhe fracture fragments.
• Perfonn a subperiosleal dissection on lhe clavicular

edge and drcumferentially only al the fraclure sile

{Fig. 1.61.
• Drm a hole 10 lhe bone through a plale hole above the

distal fragment and affix the plate to lhedislal fragment

(l'ig. 1.71.
• Then reduce the proximal frolgment and secure the

plate I>ositioning over che bone by using a clamp.
• Place one screw at the proximal fragment and ensure

reduction maimenance with fluoroscopic control
(Fig. 1.8).

• Pl.lce the rest of the screws in the same manner
(Fig. 1.9).

• Cancellous bonegrafling is performed for bone defects
or devitalized hone.

• Ensure fracture reduction, adequate screw length with
fluoroscopic Lordotic views.

(Iosu,.

• Closure is performed as a full-thickness layer over the
plate using 210 Vicryl and 3/0 subcuticular sutures for
Iheskin (Fig. 1.10 a,b).

,.,

1'1

Fig. 1.2 <I,b A3.S OCP place 01 a reconstruction plate (an be used.

'osl·operalrve lIealmenl

• Assess and document the neurovascular status of the
extremity.

• Obtain post-operative radiographs (Fig. 1.111.
• Use a sling for the initial 10 post-operative days (Fig.

1.12).



(.,
fig. 1.3 a,b Positioning and draping 01~ patitilt.

,.,
fig. 1.4 a,b Make an incision over the clavicle.

Fig. 1.5 USing the (ulliog diathermy bring down the incision

through the skin 10 the pei"iosleum.

1.1 ORIF: midshalt fraelures 5

,.,

,.,

Fig. 1.6 Perlorm a subpei"iosteal disst<tion on the davic:uldr edge

and circumletefllial1y only at the Ira<ture site.
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fig. 1.1 orill a hole to the bone thrOl.lgh a platl' hole abwl' thI'
distal fri!C}l'lll'1l1 and alii. tM pialI' to thl' di'ital fragml'fll.

Fig. 1.8 Placl' onl' 'icrl'W al thl' pl"o.imal ffagml'nl and I'n~url'

rl'duetion maintl'nancl' with llUOfo'icopic (onlrol.

Fig. 1.9 P1ac:1' thol' rl'Sl 01 thl' 'iU1'W'i in thl' 'iilmI' mannl'f.

Fig. 1.10 tal

Fig. 1.10 (bl

fig. 1.10 i1,b Closure is pl'lfofml'd a'i a lulI·thicknl''i'i layl'r Ovt'l

thl' Illate u'iing 2/0 ViCfyl and ]/0 subc:utkulal 'ilfture'i for thi- 'ikin

fig. 1.11 Po'it-opefalivt' radiograph.



fig. 1.12 use a ~Iiog for the initia!lO po'it-operativt' daY'\.

1.1 ORIF: midlhalt fradures 7

• Initiate acth'c flexion and abduction 6 weeks after
injury.

• Return to prior aClil/hies is possible 3 months after
opemtil/e treatment.

Outpatient follow up

• Reviewal clinic in 3. 6 and 12 months with X-rays on
arri\'3.Ilo consider plate removal.

• Beware of late vascular complications (thrombosis.
pseudoaneur)'sml.

Implant removal

• Plate can be removed afler 12 months.



2

Sedion I: Fradures of
the proximal humerus
David Limb

2.1 CiINIRAl [OMSIDIRATIONS

The practicalities of surgical managemenl of proximal
humeral fraclUres are common to (he various injuries
treated. A generic descriplion of the in\'esligations
required and practical set-up of the operating room will
therefore be presented before discussing specific injuries.

Radiological assessment

• It is essential Ihal all shoulder fractures be assessed
wilh a minimum of two shoulder views - the ant£>IU
posterior (AP) and axial views.

• A scapular lateral completes the trauma series but is
not always essential.

• The axial view can be obtained successfully in most
cases _ in (he rare instances where the patient will not
permil sufficient movement of the injured limb away
from the side, angled views (modified axial) should
be oblaim.>d. Never miss a dislocation [too many are
missed, and most of these have not had an axial view
taken),

• In complex cases a CT scallmight assist, particularly in
assessing Whelher the humeral head is imact and has
any tuberosityntt<lchmcnls remaini ng. Ahumeral head
fragment with an alWched Iuberosity is much less likely
to suITer nvasculnr necrosis than one with no remaining
tuberosity attachments. Three-dimensional CT is par
ticularly useful for assessing glenoid fossa fractures.

Anaesthesia

• General anaesthesia or s<:alenc blocks can be used.
Even ifgeneral anaesthesia is selected. a scalene block

can add useful analgesia.

• The risk of phrenic nen-e palsy and pneumothorax
should be considered if a scalene block is 10 be used,
particularly if there is already chest trauma (which not
infrequently accompanies shoulder trauma).

• Great care has to be taken to avoid interference with
anaesthelic lubes and pipes by the surgeon or assistant

in general anaeslhclic cases.

Table and positioning

• The table should allO\" the patient to be sat up at the
hips into the beach chair position (Fig. 2. Il. Usually
the torso is raised 30 to 45 from the horizontal, but if
access is needed 10 the front and back of the shoulder
then a more upright position is necessary, supporting
the spine and head but allowing access to the whole

shoulder girole.
• To a\·oid the paticnt sliding down the table, the table

is tilted 'feet up' below the hips. 111e knf..'eS are flexed
by 1000vering thc end of the table or by placing a pillow

behind thc kl1f..'es.
• Any part of the table that could illlervene bctwl'en the

ends of a C·arm duringX-ray screening orthe shoulder

should be radioluccnt.
• Shoulder table allachments are <lvailable that convert

normal operating tahles to permit patient positioning
as described above (c.g. Schlein table attachment).

operating room set up

• Shoulder surgery rl'<luircs the surgeon to stand in the
axilla of the paticnt on the side of the injury. Either
the C-arm is positioned, or an assistant stands. aho\'e
the patient's shoulder.

ProctU:<I/ ProcedurI!S ii' Orrlwpal'f/U: Trallmn Surgery: A ThliflnsCompallioll. ed. Peter \" Giannoudl.S and Ilans·Qulsloph Pape.
Published byCambritige University Pres" CCambridge University Press 2006.
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fig. 2.1 The beach chair position.

• TIle hand and forearm are draped and restedonasmall
table. The height of the lable should be adjustable.

• It is preferable for the head of the table to be furthest
away from the anaesthetic machine. The anaesthetist
should be aware of this, as extension tubes may be
needed for the gas lines..

• Alternatively the anaesthetist can work from the side
of the patient opposite 10 lhe operated shoulder. with
a suitable exclusion drape.

• An experienced radiographer is required to obtain good
X-ray views of the shoulder during surgery.

• If the anaesthetist is working at the foot end of the
p<ltienl, the scrub nurse can work across the patient's
chest, provided great care is taken with anaesthetic
pipes beneath the drapes. Alternatively the nurse can
stand adjaccill 10 the small table upon which the
patient's arm rests.

• If no X-ray scrccning is necessary the scrub nurse can
work from above lhe head end of the table or on the
same side as the surgeon. If X-ray screening is used.
the nurse works across the chest (see above) or from
the same side as the surgeon.

Draping and .pproach

• Skin preparation is carried out using locally approved
antiseptics. Prepare the forequarter from the midline
of the chest to the medial border of the scapula. Clean
up 10 the root of the neck and down to below the
level of the nipple. The arm is prepared down to wrist
level.

• A U-drape is ust.-d to shut off the forequarter and a
separate impervious Slocking is rolled up the arm to

fig. 2.2 (·«m draping and positioning 10f X-ray (OI1tlol dllling
\.U1l~il:alliution of shouldel fl;KllIIn.

abo\'C the IC\'CI of the elbow. This lea\'es Ihe draped
arm free for manipulation during surgery. It is rested
on the arm table and raising this relaxes the deltoid by
abduction of the arm. This fadlilates exposure of the
humeral head.

• A deltopectoral approach is preferred for manage
ment of all proximal humerus fraclUres. It is possi·
ble to reduce and stabilize a greater IUberosity fracture
through a deltoid split. Ifunexpected comminution is
discovered or later surgery is Il.'quired for complica
tions. a deltoid split cannot he safely extended without
risking injury to the axillary nerve.

• If X·ray screening is to be ust.-d, both ends of the
image intensifier C-arm are covercd with sterile drapes.
The intensifier is positioned ahove the affcctcd shoul
der and angled in towards the midline by 20-30 .
This will correct for the angulUlion of the scapula
on the chest wall and give good views of the joint
line.

• The C·ilrll1 pilsses over the shoulder. with the source
ilrlterior and the eollimillor behind the shoulder (Fig.
2.2). This gives good All views during surgery and per
mits the C-arm to be rollt.-d inlo a vertical position for
axial views.

surgical approach

• The incision for a deltopcclOral approach extends from
the clavicle across the lateral edge ohhe palpated cora·
coid process and dowlllO Ihe arm into the interval pal.
pable between the anterior edge of the deltoid muscle
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fig.2.3 The deltopet:loral inl:ision.

and lhe adjacent biceps muscle (Fig. 2.3). The length
oflhe incision is determined by the extent of exposure

fl.'tjuircd.
• Thc deltoid and pcclOralis major are separated dig

itally, retracting the ccphalic \-ein (which marks the
intcrval) laterally - cUlling Illuscle fibres is not
necl'Ssary. The intcrval can oftcn be locatcd by a fat
stripe if the cephalic vein is not immediately apparent.

• Once fasci:! is expQscd decp in the dcllopccloral inter
val it is opened vertically. adjaccrJ! to the lateral border
of the conjoint tcndon as far up as thc tip of the cora

coid process.
• Sweep a finger under the conjnint tendon to ensure

the axillary ncrve is not in close proximity. Sweep a
finger under the deltoid 10 ensure the subdeltoid bursa
is opcncd - thcse twO spacl'S are placements for the
two bladl'S of a self-retaining retractor (Fig. 2.4).

• The proximal humems is now as visible as it is e\'er
is - clothed in the thick rotator coff tendons. The
long head of biceps tendon can be identified at the
lower pan of the incision and followed in to the inter
val between subscapularis medially and the greater

fig. 2.4 Retraction to eJlpose the subsupularis and prorimill
humerus.

tuberosit)' ....'th supraspinatus attachmemlaleraUy and
above.

2.1: TENSION BAND WIRING (TaW)
FOR DISPlACED GREAIIR TUBEROSITY
FRAnURU

Fractures of the greater tuberosity displaced by 5 mm or

marc.

Note

• Many consider this recollllllendation, commonly
quoted in the literaturc, tn be excessh'cly conserV"dtive
and would offer surgery for fractures displaced by as

little as 2 nun.
• Displ:!cement cannot always be judged on an antero

posterior (AP) film, as the infraspinatus and teres
musck'S will displace the tuberosity posteriorly and
medially behind the humeral head, It is essential that
at least an axial view of the shoulder is also taken to

propl'rly aSSl'SS displacement.



Pre-operative planning

(Iinical assessment

• Shoulder pain is often felt in the region of the deltoid
insertion, on the lateral aspect of the arm.

• Look for any history suggcstive of dislocation - greater
tuberosity fractures are not uncommonly associated
with anterior shoulder dislocation. Often repair of
the tuberosity fraC1Ure (if displaced after reduction)
will stabilise the shoulder, but be aware that soft tis
sue procedures such as labral II'pair could be nec
essary either at the time of tuberosity repair, or
later.

• Assess and document the neurovascular statUS of the
arm. It is panicularly imponant to examine the axillary
nerve. Since deltoid function can be severely compro
mised by pain, skin sensation in the 'regimental badge'
area should be careful!)' recorded.

Radielogical auellment

• Anteroposterior (Fig. 2.5) and axillary \.jews are essen
tial. A scapular lateral view completes the trauma
series. though is not essential in the assessment of iso
lated greater tuberosity fractures.

• Pre·operativeX· ray screening should be available, par
ticularly in muhifragmentary greater tuberosity frac
tures. The fragments can be impossible to see at
surgery, being hidden from view by the thick rotator
cuff tendons.

Operative treatment

Anaesthesia

• General anaesthesia with prophylactic antibiotics
according 10 local protocols.

• Scalene block according to anaesthetic skills avai
lable.

fable and equipment

• The table must allow the patiell1 to be sat up in the
'beach chair' position and aile)'.... access to the shoulder
by a C·arm.

• A table attachment allowing the same position. sup
porting the torso and head, is equally acceptable (e. g.
Schlein table attachment!.

• Asmall Mayo table, suitably padded and covered, can
be used to support the aml.

2.2 TBW: displated 91eatertuberosity 'radules 11

fig. 2.S Oi~pla(ement of the greater tubelosity into the

wbauomial ~pa<e.

• Drill with 2-2.5 mm bit.
• Heavy non-absorbable suture malCrial Ie. g. No. 5

Elhib<lIld@) - stainlcss steel wirc can be used, but
because it is used around a tendon insertion it
will fragment and migratc once shoulder function is
restored.

table set up and patient positioning

• TIle patient is sat up approxim,l\ely 45 (beach chair
position).

• Arrange the table in theatre so th,lI the surgical team
have access 10 the head and affected side of the
body.

• The affected arm isdrnped fwe and rested on a padded
Mayo table. The height of the table is adjusted to hold
the arm in 30-45 of abduction, thus relaxing the del
toid muscle and facilitating access to the proXimal
humerus.

• Image intensifier access is in line with the body. from
the head end of the table. Both ends of the C-arm are
covered in sterile drapes.
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Fig. 2.6 <I,b the !:led of the greater tuberosltv.
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fragments two sutures can be placed side· by-side in

the cuff.
• The tuberosity fragment can be pulled into a reduced

position using these sut uws (I:ig. 2.7 a,b) - the direction
in which traction is exerted to bring about anatomi
cal reduction (checked on a C-arnl if nCCl'Ssaryl deter
mines where the suture material should be fixed to the
proximal humerus, The tension suture can be fixed to
a screw and washer or through drill holes in bone. The
latter avoids any concern about later implant removal.

Draping and surgical approach

Surgical fixation

• The deltopeaoral approach or deltoid splil takes the
surgeon down to the bed of the greater tuberosity
exposed cancellous bone is found (Fig. 2.6 a,b), but the
tuberosity itselfoften has to be soughl.

• The direclion of displacement should be apparent on
pre-operative X rays and anlicipated in planning. II
depends upon the fracture configuralion and what are
the dominant lendon allachmenlS on the displaced

fragmellls.
• If the fragment contains principally the supraspinatus

tendon insenion then the tuberosity will displace into
the subacromial space. RetriC\'al from here is usually

eaS)'. b)' grasping with tissue forceps.
• If the fragment includes principall)' the attachments

on infraspinatus and teres (and this might be because
ofa chronic supraspinatus learl then the fragment will
displace behind the humeral head and can be more
difficult 10 identify and retrieve.

• If the fragment is not easily palpable and cannot be

grasped, it is still usually possible 10 identify the pas·
terior rotator cuff by pulling the humeral head down·
wards. Place a heavy suture in the visible edge of the
rotator curr and pull- if the first lUg does not deliver
the tuberosity it can be retrievl"<1 by placing a further
traction suture in the curftendon brought into view by

the first traction suture.
• Once the tuberosily is idelllified assess the quality of

the bone of the tuberosity and the head.
• If the tuberosity is a large single fragment with good

bone quality then fixation can be obtained by lag screw
fixation. If not, then a tension band technique is more

appropriate.
• The material usually selected for tension band fixation

is a No.5 non-absorbable suture such as Ethibond. It is
unlikely that the bone quality will be good enough for
this to be placed through drill holes in the tuberosity for
fIxation - the bl'St grip on the tuberosity is achieved by
placing the suture 10 take a broad biteofthe insenion of
Ihe rotator cuffonto the tuberosity fragment. For large

• Skin preparation is carried out as described above.
• A deltopcctoral approach is preferred for the manage

ment of all proximal humerus fractures, as it can read·
ily be used for any later procedures that become nec·
essary. It is possible to reduce and stabilise a grealer
tuberosity fracture through a deltoid split.
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Fig. 2.7 a,b The greatef tuberosity held in its bed by heavy
tension band sutures.

• For posterior tuberosity fragments that displace in a
posterior direction, it is oftcn the case that traction
has to be applied in an anterior direction to reduce
the tuberosity. If this is the case, then a bite of lhe
subscapularis insertion On the lesser tuberosity holds

2.2 TBW: displated greater tuberosity fradures 13

the tuberosity that was reduced by the tension band

principle.
• For fmgments that displacl,<1 in a superior or posterio

superior direction it is obser\'Cd that the reduction is
held bypulling the Ethibond suturcsdown onto the lat
eral or anterolateral humeral shaft. l\vo drill holes are
created using a 2.5 mm drill through which the needle
is passed tocreate a tension band holding the tuberos

ity in a reduced posilion.
• Often the tuberosity is \'cry fragmented-remember the

important role ofsurgery is not to anatomically replace
e\'ery small bony fragment, but to secure the rotator
cuff back. onto the proximal humerus and allow it to
function. The reduction of bony fragments is cheded
and a search is made foranysubstantial fragments that
remain displaced and might ha\'e a significant rotator
cuff attachment. Occasionally fragments also have to

be pursued if lhe)' arc displaced into the subacromial
space and might cause impingement.

• Mter fixation the field is washed out. It is not necessary
to suture the deltopectoraI imel'"\'al, wruch falls back
together. Drains are not usually necessary. Routine fat
and skin closure follows and the patient is fitted wilh a

collar and cuff sling.

Post-operative treatment

• Post-operative X rayseonfirm that asatisfactory reduc
tion has been achieved (Fig. 2.6).

• The point of fixation is to allow early mobilization. Pas
sive physiotherapy can commence immediately.

• Thedul'<Ition ofsling use, relUrn to acth'e use and resis
tive exercises depend to an extent on operative find
ings. If the tuberosity was a substantial fragment and
has been replaced in its bed. then fixation is usually
secure enough 10 allow the sHng to be discarded as
soon as initial pain scllies. Active use for activities of
daily Jiving can also beGin immediately, though resis
tive exercises and lifting should be deferred until time
has been allowed for bony union - often an empirical

6 weeks.
• If the tuberosity fragmcnts were small and the repair

were more akin to rcpair or thc rotator cuff edge into
the bony bed, thcn a marc cautious approach to mobi

lization is indicated.
• In the lauer case it is rcasonable 10 allow immediate

passive and active-assisted physiotherapy but also to
continue with arm suppon ror 6 weeks or so. Work
against resistance is introduced cautiously at 6 weeks
and built up ovcr the next 6 weeks. l'leavy lifting might
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Fig.2.8 Post·operative films demonstrating adt-qUoilte redoction of

the greate.- tuberosity,

be deferred by 3 months and in extreme cases, where
a poor (IUality culT was found and repaired into the
tuberosity bcd, then this might e\'en be delayed until
6 months.

:I.] OPEN AEDUUION AND INTIRNAL
FIXATION (ORU) OJ ]- AND 4-PART
'RAUURIS (USIN' A PHILOS PLATI®)

The decision to treat a J- or 4-part fracture by internal fix
ation or by prosthetic hemiarthroplasty can be very diffi
cult. Patients fare milch beller if they can Keep their own
humeral head, restored 10 a reasonable anatomical con
figuration with an cffeclh'e rota lor cuff.

The best functioning joint replacements however are
those that are carried out as a primary procedure - the
results arc far poorer if hemiarthroplasty is carried out
because offailed fixation or for campi ications of the frac·

ture and its treatment. Sndly we cannot often predict
which of our patients will be unlucky enough to follow
a complicated course.

This section assumes thm a decision has been made to
treat a fracture surgically. The range ofsurgical options is
wide. The underlying principle, as with any peri:rrticular
fmcture, is that the joint surface is reconStructed to aruc
ulate anatomically with the glenoid and is then secured
with the correct length. alignment and rotation onto
the shaft. A pren.oquisite of regaining a near-anatomical
articulation, however. is that the tuberosities ha\'c to be
restored to their correc:t locations in order for proper artic·
ulation to occur. The surgical option described here uses
a specially designed plate to fulfil these crileria, though
the principles described can be applied using alternative
devices.

Anaesthesia. table and patient positioning and the
surgical approach (dcJtopectoral) have already been
described. The principles of tuberosity faation described
above will also be followed.

Equipmflllt

• General set for the surgical approach. including ade
quate retractors. A Norfolk and Norwich self.retaining
retractor is usually sufficient but specially designed
shoulder retractors improye exposure. Unfortunately
they also interfere with radiological screening and are
more difficult to remO\'e and fCplace when checking
progress on Xray.

• Philos plate set - plates ofdilTerent lengths are available
and the set includes a jig for correct aiming oflocking
screws.

• Small fragment set including locking screws.
• No.5 elhibond (or similarl sulures,

Surgical approach

• As already lIoted. the dcJtopeCloral approadl is used to
expose the proximal hUlllerus. This should be extended
far enough down the arm so lhat Ihe tendon inser·
tions of the peclOnllis major muscle and deltoid can
be located. 11lis determines where the plale will lie on
the shaft - sufficient anterior deltoid is elevated only
to allow the plaw to sit down to lauch bone - do not
detach either tendon.

• At this point the fracture is almost im'isible! Uonly we
could see all the fragments that are visible on X rays



Fig. 2.9 Displace-<! Pfolimal humerus hc:turl' to be trl'atl'd by

plate tiution.

(Fig. 2.9), mese fractures would be so much easier 10

r~.

• It is important that the reduction process does not
funher compromise the blood supply to the humeral
head. Detachment of cuff tendons and capsule is /lot

permiffed - X rays are essential to ched; reduction.
• Any fracture line splitting the tuberosities is identified.

l'leavy No.5 Ethibond sutures are placed in the inser·
tion of the subscapularis onto the lesser tuberosity and
supraspilla tus linfraspinatus on the greater tuberosity.
If llecessary traction can be applil>tlto these to pull the
tuberosities back to their elCpected positions - don't
worry if the humcral he,ld still appears displaced on X

my.
• An instrumCn1 such as a small fragment periusteal ele·

vator is inserted through the fracture line and is used
to push the humeral head up intu Ihe coracuacromial

arch.
• As the humeral head is restored towards its anatomic

location the tuberosities fall, or can be pulled. back
into their beds around the head fragment. By temporar·
i1y clipping the Ethibond sutures together, holding the
tuberosities beneath the humeral head, me reduction
of me head and tuberosities can be gauged wim the

arm held in neutral rotation.

2.3 OIlIF: 3· and 4'part fractures using a Philos plate lS

Fig. 2.10 Sutures plol<!'d in tne cull insertions onto tuberosities
are passed through !loles in tne plate 101" secure tuberosity

'iution.

• Once a satisfactory fl'duction has been achie\'ed it is
held using the tension band sutures. Since Ihe shaft is
fmctured, however, the tension sutures can be passed
through appropriately positioned hoks on the Philos
plate (Fig. 2.1 0). [t is very difficult to pass heavy sutures
through these holcs once the pialI' has been fIxed to
bone. The pia te is sl id down the sutures, pressed against
the reconstructed he,ld and the tension sutures can be
tied after chet:king plate height (Fig. 2.11).

• The plate height on the humerus is such that it should
reach almost to the cuff insertion on the greater
tuberosity. AllY higher and it can cause impingement
afterwards. If there is a lCndency for Ihe plate to be
pulled out of position as the tension sutures are lied
through the plUlC its position can be fIXed by a tem
por<lry K·wire Ihrough one of the small holes in the

plate.
• The plate is then uHached to the shaft ofthehumerus.A

sloHed hole allows some adjustment ofthe plate height



16 Pratlital PrlKedures in Orlhopaedit Trauma Surgery

fig.2.11 Prepla(ed sutures are lied lor W<ure fixation 01

tuberosity fragments that may not be taptured by Krew,.

or shaftimpaclion into the head alter the screw hole is
drilkod (Fig. 2.12).

• Once the plate is in a satisfactory position and the
tuberosities are controlled by tension sutures. the
whole proximal humerus can be stabilized in this posi·
tion by the placement of locking screws through the
plate imo the head and tuberosities.

• Check films in both All and axial planes are obtained

from the image intensifier.
• Routine closure of fat IUld skin layers after a washout.
• Tempofltry shoulder imlllObili7.er until post-operative

pain has senled.

Post-operative care

• The aim of rlXatioli is to allow early mobilization.
• Check Xmys in All ilnd axial planes (Fig. 2.13).
• Immediate passive and acth'e assisted mobilization 

care has to be taken in passh-e stretching of internal
and external rotation for the first 6 weeks, as some

fig. 2.12 The Philos plate@.Notethe broad, Iow'prof~e upper

iegmentlor I«king Krewl into the head ilOd a lower plate for

fixation to the ihalt. The UppeflllO§t hole 01 the ihah \.l'l}ment il; a

ilot to allow fine tuning of plate height Kl that it doe' oot project

above the tuberosity and impinge.

tuberosity fragmclIls might be held only by tension
band sutures.

• Implant removal is not usually necessary.

• Fixed angle devices SUdl as this give an excellent hold
even in osteoporotic bone. The facllhal the implant is a
fixed device also causes problems if avascular necrosis

develops.
• A\~Jscular nl'Crosis results in collapse of the humeral

head. The implant rcmuins fixlod, howe\·er, and the
screws do 1I0t back out as they do with T-plates. Con
sequently the scn.:ws can perfomte the humeml head.
This should be anticipated and if necessary appropri
ate action taken byeither removing the screws or rt'Vis

ing the implalltto a hemiarthropJasty.



fig. 2.1) Postoperative Iilm demonstrating ade-quate reduction of

the Iradure.

:2.4 HEMIARTHROPLASTY fOR
fRACTURE DISLO(ATION

Indications

o Debat<lble!
o Fmcturc dislocations in which the humeral articu

lar surfacc has no remaining soft tissue attachments,
which h,lVc a vcry high incidence ofavascular necrosis.

o I'lcad splitting fractures, which have a high incidem:e of
nccrosis ofat least onc ofthe head fragments or involve
comminution of the head and crushing ofarticular car
tilage with incvitable post-traumatic arthritis

o Chronic fr,lcture dislocations (usually posterior) with
destnlction of 50'*' or more of the humeral head (Figs.
2.14a,bl.

o Severe 3- or4-part fraetuR.'S in which it is assessed. and
agreed with the patient, that immediate hemiarthro
plasty is likely to give a better outcome on balance
than fixation with the allendant risks (Fig. 2.15). This
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requires an assessmelll of the personality of the frac
ture and an appraisal ofhO\v well reconstruction could
restore normal mechanics, the risks of re-displaeement
or avascular necrosis (AVN) and the various patient
dependent factors that affl'Ct rehabilitation and
outcome.

Patient ,.sitioning

o The beach chair position is used, though the torso is
only angled upright by30-45 - this allows the humerus
to be dropped ioto a venical position and from there
allows slight adduction of the humerus behind the
patient to improve access 10 the shaft.

o The side lable is used at a low heighl in order that the
arm can be dropped 10 aven ical and extended position.
allowing actes5 to Ihe humeral shaft for preparation
and proslhcsis insertion.

Equipment

o Dedicaled instruments are necessary for shoulder
hemiarthroplasty. These have become more sophis
ticated as jigs ha\·e been devcloped 10 allow implant
placement at a presclccled depth within the humE.'ra!
shafl and with correct rotalional alignmCllI within the
shaft.

o Dedicated fracture implallls are also emerging on the
market. Whilst Neer's original prosthl'Sis ga\'e few
choices of head or stcm size, current modular sys
tems allow a wide varicty of stem sizes amI head mn
figurations (depth, radius of curvature, offset. head
stem angle). Fracture-spccific stems have more space
for bone graft and tuberosity placement beneath the
humeral head. It is vital therefore that the surgeon
checks thai a full sel ofinstruments and a full inventory
of fract ure implants is available.

o Fixation is obtained only through the distal stem in
the shaft of the humerus. Allhough ullcemented pros
theses are available, which press-fit disluJ1y sufficiently
well for usc in tr,lUllla, most surgeons prefer 10 cement
tomponentS to give the good initial rotational control
of the stem in the shaft that is necessary for mobiliza
tion. Cement mixing chambers and a cement gun are
thercfore nl'Cded.

o The canal can be plugged with bone from the humeral
head, but alternatively a cement restrictor mighl be

u""'.



18 Pra(li(al PrlKedures in Orlhopaedi( Trauma Surgery

Ib'

,.,
rKJ. 2.14 (a)..uial view 01 a duonk kxk~ posterior fracture diWc:alion; (b) alial view of~ patienl aller prosthetk repl¥ement,

restoring slabilily.

fig. 2.15 ffa(lure disloc:ation: lor trealment by hemiarthroplasly.

Ptt-epetil1ive plannin,

• Generall)'. Xra)'sand Cfscans ha\"e been used to deter
mine ifreconsHuclioll is possible. These images can be
used for planning purposes.

• The canal width is measured from X ra~. allowing for
mdiological magnification or digilal resiring. Wilhcon
ventional radiographs templates mighl be available
from the manufacturer to estimate stem size {allow for
a cement mantle by subtracting up to 2 mm from the
measured minimum canal width).

• The humeral head diameter and depth can be mea
sured to givean indication ohvhere to start when doing
a trial reduction. MeaSUfCmelllS arc oflcn inaccurate.
howcvcr. due to tilting of the displaced head fragmcnt.

• Ifhemianhroplasl)' is bei ng carried ou tfor chronic pos
terior fmcture dislocation a brace will be neccssary to
maintain reduclion after hcmiarthroplsty. A suitable
external rotation +/- abduclion hro.lCC should be mea
sured and tested before surgery.

• The greater and lesser luberosities are identified and
a heavy NO.5 Elhibond suture is placed in the region
of the rOlator cuff insertion or each (Fig. 2.16). These
sutures can be used to conHol the tuberosities and
latcr can be used as tension band sutures for defini
th'c tuberosily fixation.



fig. 2.16 Heavy non-absorbable sutum are pl.urd in thr
iMt'ltions ollhe culllefldons into the lubrtosilies and are used to
relr.Klthr tuooosilies allhis stagr.

• The humeral head is located and gently retrie\'ed. Often
il has displaced beneath subscapularis and if il has
gone a long way inferiorly Ihen great care has to be
taken not to damage neurovascular suuClures., partic
ularly the axillary vein. during retrie\·al.

• The humeral head is retained forestimating prosthetic
head size and for use as bone graft.

• The shoulder is washl'd out and the glenoid fossa is
checked for signs of unsuspected damage.

• The humeral canal is gemly reamed and washed. The
purpose of this is to determine the appropriate stem
sizeforthe largest reamerthat fits easily down the canal
to the depth of the intended stem.

• An appropriate trial stem is inserted -it will betoo loose
at this stage, but this allows it to be freely moved when

judging the corwct pillcemenl.
• A trial helld is fined that is as dose as possible in size

to the TCmoved natural head. The joint Is provisionally

reduced.
• Tension is applied to the sutures in the tuberosities to

TCstore the greater tuberosity to its anatomicalloca·
tion. The trial prosthesis gemly pushed up from below
and in front until it snugly fits into the coracoacromial
arch and faces the glenoid fossa. It is important dur
ing this procedure that the forearm is placed point·
ing forwards so that the humeral shaft is in neutral

rotation.
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• Usually the rotation of the component is correct when
the antl'rior fin of the prostlll'sis sits JUSt behind the

biceps groove - if it is still visible.
• The tuberosities are used to gauge the bl'ight of tbe

prosthesis. If they do not fit around the humeral stem
(and they do not have excess inherent bulk) then a
smaller head size should be tried. If the tuberosities
seem too large and loose then a largcrhead size should

be tried.
• At the end of the procedure it should be possible to

bring the tuberosities around the prosthesis until they
meet. but still allow the humeral prosthesis to be trans·
lated backw"dTds and forwards in the joint byabout 50"

of the width of the glenoid rossa.
• Oncehappywith the size ofthe head, the humeral stem

height and rotation should be checked once moR'. The
shaft fragment is then marked with diathermy to indi
cate the position of t~ fin on the prosthesis. and ref
eR'nee marks on the fins are used to identify how far
above the shaft the fins ha\'e to be left at the end of
cementation. The trial prosthesis is then remm·cd.

• Thecanal iswashedoul. 1\\"0 No.5 Ethibondsuturesare
pR'placed through drill holes in the humeral shaft. The
humeral head is used to make a bone block to restrict
cement in the humeral canal and the block is placed
at the depth of the stern tip. Remaining bone from the
humeral head is gathered for use as bone graft.

• The hUlI1eml stem iscernented in Iheshaft accordingto
the markings for rotalion lind the reference points for
height. Some systems ha\'e spedal jigs to reproduce
the besl position identified at trial reduction. As Ihe
cement sets. the prosthesis often looks disconcertingly
prominent in the shaft (Fig. 2.17). Resistthetemptation
to push the implant deeper as this will defunction the

deltoid arterwards.
• Leave a small trough between the stem and the curtex

orlhe humerus by pushing down or removing cement.
BOlle graft wiHlaler be placed in this IlUugh to facil
itale union between the shaft and tuberosilies. The
tuberosities will never bond to a bare prosthesis!

• Slide Ihe Ethibond SUlUfeS through the shaft drill holes
as the cemettl sets to prevent the sutures becoming

locked in the cement mantic.
• Impact the head onto the stem if a modular system is

being used (Fig. 2.181.
• Once the cement has cured the joint is washed out.

The tuberosities are reduced and bone graft is packed
between the tuberosities(Fig. 2.191 and stem anddmm
into the shallow gutter at the uppershaft. The intention
is to get the tuberosities to unite to each other and to
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fig. 2.17 Stem (emented at (Offel;t height, leaving spac:e for

tuberosity reattachment below !he head.

fig. 2.18 Trial redu(tlon determines tile correct head sile and the

head is (Onneeted befofe the tubefosities afe reconstructed.

the shaft around the correctly placed. head. Holes in the
fins of the prosthesis are a diStraction - the tuberosities
should be primarily filCed to each other and the shaft.
not to the fins of the prosthesis, though the holes in the
fins provide a supplementary way of achieving this.

• Using the principles oftuberosity lension band fixalion
discussed in the two preceding sections the luberosi·

fig.. 2.19 80ne graft hom the hUfflelal head fragment is padl:ed

beneath the tuooosilies and between the shaft and luberosity,

Ingmenb, before preplal:ed retral:tiorl SUtUff'S afe lied.

Fig. 2.20 Retraction sutures and sutures placed thlough drill holes

in the shalt belofe (ementing are used in tension band mode to

lelonslruct the prolCimal humerus around the prosthesis.

ties arc fIXed. anatomically around the prosthesis, over
bone graft, using a combination of the sutures placed
at the cuff insertions and those sutures preplaced in
the shaft (Fig. 2.20).

• Many favour adding a further suture which loops
around both tuberosities beneath the cuff insertion,
perforates the cuff insertion towards the bottom of the
cuff tendons and passes through a hole drilled in the



fig. 2..21 Postoperative Xray demonstrating [oller:trealladvnent

oftuber~ities.

medial pan of the neck of the prosthesis. This suture
therefore forms a loop around the neck of the prosthe
sis just below the margins of the head componenl. The
incidence of greater tuberosity migration is said to be

less if this suture is placed.
• After secure tuberosity fixation the range of move

ment is cht'Ckcd - hopefully the physiotherapist can be
instructed that no restrictions will be placed on range
of movement hcc(luse of limit<It ion found at this stage.

• A dr<lin is pl:lced.
• The dcllOpeclOnll interval is allowed to fall back

together and routine fut (Illd skin closure follows.

Post-operative care

• Check X rays in AP and axi<ll views (Fig. 2.2\).
• Routine antibiotic regimen for joint replacement 

e.g. two doses of cephalosporin post-operath'ely after
a single dose on induction of anacsthesia.

• Shoulder immobilizer for comfan - exchange for collar
and cuff as physiotherapy begins.

• The post-operative rehabilitation programme is con
troversial. Recent enthusiasm for immediate aggress-
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ive mobilization has been curbed by an observed
increased risk of tuberosity dehiscence. The stiffness
that is percei\'ed to be a huge problem is now thought
10 be ltoss so if good. secure and stable tuberosity fIXa
tion is obtaint'<l. and this can be facilitated byimmobi
lization for up to 6 weeks. The jury is still out and there

is a lot of variation in practice.

(omplications

• If only shoulders could be used as freely and easil)'
as hips and knees after lower limb joint replacement!
Ho\\"e\·er. although the initial rehabilitation require
mentsare high. ultimatelygood pain reliefand function
can be obtained, equivalelllto what is seen after lower

limb arthroplasty.
• Discomfon and stiffness are not so much complica

tions as expected C\'ents that can be O\'ercome with
effecth-e rehabilitation. The patient mUSI be aware
that surgery gives Ihem the opponunity to regain
their shoulder function. It is only actuaUy achie\oed
howe\"Cr after following a proper rehabililation pro
gramme.

• Infection and neurovascular injury are rare, as they are
after any joint replacement, but can be catastrophic.

• The main problem that can be identified on early
review is dehiscence of the tuberosities. If detected it
is worth reoperating and allempting to regraft and fix
Iheoffending tuberosily. Shoulder fu nction is \'erypoor
if the tuberosity retracts and does not unite. because

associatl.'<I cuff function is losl.
• If all goes well the patient should be reassured thai the

shoulder will ache at night and with use for at least
six months. Jl will ache after heavy use and in cold
weather for more than a ~'ear. This should notp!Cvent
the patient following the recommended mobilization
exercises. as stiffness and persistenl discomfort can

otherwise become chronic.
• Since the results of shoulder replacement depend

critically on the patient's participation in an effec
tive rehabilitation programme, patient selection is
pammount in achieving the good results that are pos
sible after shoulder replacement. As with any joint
replacement, however, patients will always consider
an artificial joint put in for trauma to be less good
than their natura], normal joint before injury. This
contrasts with the patients having joint replacements
for arthritis where the artificial joint is an immedi
ate improvement on the joint the patient had before

surgery.



Sedion II: Fradures of
the humeral shaft
Peter V. Giannoudis (25), Paige 1. Kendrick, Craig 5. Roberts
and David Seligson (26)

2.5 OPIN RIDUUION AND INTlIMAl
fIXATION (ORU): POUIIIOR
APPROACH

Indications

The majority of humeral shaft fractures can be Ireated
non.operalively with high rates of union and excellent
functional outcomes. Based on the fracture personality
as well as the concominanl injuries, indications for ORIF

M~

(a) Opcn fraclUres.

(b) Failure ofclosed treatment.

tel Non-union.
(d) Pcriproslhctic fractures.

{el P.dlhologic fraClUres.
to Intra-articular extension,
(&I Segmental fractures.
(h) Po]ytrauma patient with multiple injuries.
(i) Ipsilateral forearm and elbow fractures.
(j) Neurovascular compromise,
(k) Longspir:!1 fractures.
(I) Brachial plexus injuries.

Pre-operative planning

Clinical asselSmen'

• Obtain a careful history of the injury (direct trauma.

application of torsional force).
• Identify and assess associated injuries.
• Physical examination should include: chest. neck,

shoulder, arm, elbow, forearm, wrist and hand exami·

nation.

• Proceed to a lhorough neurologic examination. Radial
nerve injury is the most common, but any peripheral
nerve and the brachial plexus can be injured.

• Vascular assessment
• Palpate the axillary. brachial. radial pulses.
• Assess lhe tissue perfusion of the hand.

• Evaluate the soft tissue companmellls of ann and
forcann.

Radiologilal assess.....

Good quality AP and lateral radiographs are essential,
including the shoulder and elbow joints (Fig. 2.22 a,b).

TiMing .1 surgery

• Most operdtive treatment of closed fractures can be
delayL'(j and then treated electh'ely within 3-5 days of

injury.
• Open frdctures require emergent irrigation and

debriderncn t, and possible immediate internal fixation
if the conditions of the soft tissues and the patient's

overall status are satisfactory.

Operative treatment

Anaesthesia

• General anaesthesia and/or regional (block).
• Administration of prophylactic antibiotics as per local

hospital protocol.

Table and equipment

• AO large fragmcnt (4.5 mm) sct.

• Implant choice:
• A narrow 4.5 mm dynamic conlpression plate.
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,.,,.,
Fig. 2.22 /I,b AP and lateral radiographs of II humt'rm frlldurli'..

• Standard ostcosynthesis set as per local hospital pro
tocol.

• Auoroscopy is nl'Ccssary for intraoperative imaging.

Table let up

o The instrumentmioll is set up on the side of the oper

ation.
o Image inlCnsifier is frolll the ipsilateral side.
o Position the table diagon,llly across the operating

room so thut the operating area lies in the clean air

field.

Patient pOlitioning

• The patiellt is positioned in a lateral decubitus position
with the upper arm supported by a padded post (Fig.
2.23).

• Prior to draping, the surgeon needs to confinn that
good quality, fluoroscopic imaging intraoperatively

can be obtained.

D,aping and lu,gical .pp•••ch

• Prepare the skin of the whole arm induding the shoul
der.

• Skin preparation is carried out using usual antiseptic
solutions (aqucous/alcoholic povidone-iodine).

• The ann is draped free with single use U-drapes over
the side of the table wilh the elbow flexed. The hand
and fmeann is draped with a stockinette.

• Skin landmarks: from the distal border of the del
toid to the tip of olecranon on the skin before the
incision.

• Incise the skin, subcutaneous tissue and fascia.
• Identify the thick white triceps tendon (Fig. 2.24).

• Proximally identifythe interval between the lateral and
long head of the triceps and dissect bluntly.

o Distally. sharplydissectthesc superficial heads bydivi

sion of the triceps tendon.
o Identify and preserve the lateral cutaneous brachial

nelVe.
• Retract the Iongand lateral heads oftriceps10 re\'eal the

radial nerve (accompanied by the profunda branchii
artery in the spiral groove and the medial head of the
triceps) (Fig. 2.25).

• Divide the medial head vertically between the two
branches of the radial nen'C that supply it and expose

the humel'dl shaft.
• Mobilization of the radial nerve (Fig. 2.26):

• It must be done from below upwards.
• Retract it out orthe way with a ribbon gauze soaked

in saline, or with a rubber sling. and protect it.

• Avoid damage 10 the accompanying profunda artery.
• Now the exposure can be cominUl'd distally to the

elbow.
o Strip the medial head of triceps frolll the posterior

aspect of the humerus in a lateral direction.
o Using a retractor. expose the intermuscular septum.
o Split the septum vertically, keeping close 10 bone to

expose the radial nerve.
o The wound is irrigated and the fracture haematoma is

evacuated.
o The major fmcture Hnl'S are defined and the fracture

fragments identified.

f,adu,e ,edudion and implant pOlitioning

• Reduction must be atraurnatic and can be achieved by
careful traction 10 restore length, which is then main
tained with pointed reduction forceps in oblique or spi

ral fractures.
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Fig.2.23 Positioning of the patient in a lateral dftooitus positillll.

Fig. 2.24 Incision through the skin, su!ll:utaneous layel and

identifi(ation 01 Ihe tlieeps tendon.

• Stabilize the fragments using reduction damps.
• In tmnsverse fractures prebend the plate to prevent a

fracture gap during screw insertion (Fig. 2.27).
• In spir<ll or oblique fractures a lag screw fixation must

be inserted whene\'er possible (Fig. 2.28).
o The screws should engage 6 to 8 cortices both above

and below the fracture (Fig. 2.29).

Fig. 2.25 Pro~imal disse(tlon of the lateral and tong head 01 the

lTi(eps.

• The screws must be inscm.'Ci in an offset pattern rdther
than in pamllcl sl'Quence, to reduce the risk of fatigue
fractures through rotational load.

• Inspect the nerve and make sure it is not under the
plate, especially at the ends of the plate.

o Thestabilityoftheconstnlct is tested usinggentle man
ual stress.
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fig. 2.26 Mobiliutioo 01 the radial nenoe. Fig. 2.29 the sutws thould e09il9f 6 to 8 cortkes both above and
below the fracture.

• Irrigate the wound thoroughly and achieo.-e haemo
stasis.

• dosure in layers using I/O. 2/0 Vicryl for the tri
ceps aponeurosis and the fat layer and a subcuticular
(3/0 PDS) material for the skin (Fig. 2.30 a.b).

• 1\'10 further doses of prophylaclic antibiotics.
• Meticulous assessment and documentation of neu

rovascular status.
• Radiographs in 24 hours (Pig. 2.31).
• Patients arc placed in a sling. which is rellloved to per

mit an active range of motion exercises of the shoulder
and elbow within a day or two of surgery.

Outpatient follow up

Post-operative (are and rehabilitation

• Implant position and fraclUre reduction is confirmed
using nuoroscopic imaging.

(IMII'.

fig.2.21 Prebend the plate to prevent a lTadure gap during mew
insertion.

• Review in clinic two weeks afler surgery with radio
graphs on arrival.

• Carefully assess for shoulder, elbow. wrist and hand
function.

• Then on a monthly basis until the fracture unites and
the patient returns to normal activities. with radio
grdphs at each visit.

• Fun elbow and shoulder motion should be obtained
Fig. 2.28 Alag screw lixatiOll must be inS4!fled wm-neYef possible. within one momh of surgery.
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(al (bl

Fig. 2.10 /I,b dowre in IWl) Ia~s using a sulKutkulilf (3/0 POS) material fof !he skin.

Fig. 2.11 Post·opelative radiograph 01 humefus plating.

• Regular weight lifting is allowed at 12 weeks provided
that reduction is maintained and there are evident
radiographical signs of healing with no evidence of
implant failure.

• Failureoffixation.
• Non·union.
• Loss of motion of shoulder or elbow.
• Infection.
• Radial nerve palsy.

...plant ,.....,eal

• Remov'"dl is not routinely indicated.

2.6 ANTE&RADE INTRAMEDUllARY
NAIlIN& OF THE HUMERUS

Indications

• Antegrade illlraml>duJlary nails can be used to stabilize
most closed rnidshaft and distal diaphyseal fractures.
Nailing gcncrally is contraindicatcd in opcn humcrus
fractures, unless i1 can be confirmcd dircctly that there
is no radial nerve interposition in thc fracturc site.

Pre·operative planning

Clinical assessment

• The arm is shortened and floppy.
• Assess the neurologic condition of the extremity. par

ticularly the axillary nerve and the radial nerve.

Radiographic assessment

• Anteroposterior and lateral radiographs of the hu
merus to assess fracture pallem (Fig. 2.32).



I.'

fb'
Fig. 2.32 (a) Pre·operatlve AP and (b) laleral radiographs show a
displaced humeral shaft fracture.

• Medullarycanal size and the overall length ofthe canal
up to the proximal aspect of the olecranon fossa are
assl'Ssed to ensure feaslbilityofnailing and availability
of appropriate implam5.
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Fig. 2.n Insliumtntation IOf intramedullary nai~ng of hUfMfal
shaft fracturt involves a curved awl. a ball-lipped guide wire and a

t-~It cI¥uiJk.

• Most closed fractures can be treated semi-urgently in
lhe first 10 days from injury.

• Open fmctures are a surgical emergency.

OperaltiYe trealtment

AnNs,hes"

o General ancsthesia in the supine position through an
endotracheal tube with the endotracheal tube oriented
away from the affected arm.

o Administer prophylactic antibiotics.

Table and equipment

o A curved awl. ball·tipped guide wire. and at-handle
chuck is needed (rig. 2.33). inaddition to flexible ream
ers and nail instrumcnts.

o A radioluccnt opemting room lable.
• An image intcnsificr.

Table set up

• The instrumentation is set on thesideofthe operation.
• The image intensifier is at the fOOl of the table on the

same side as the surgeon.
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Fig. 2.)4 Opefative ~t up involves draping the arm fr~ 0YeI the
00e 01 me table with the abfIity to extend the moulder ami folate

the arm.

Patient ,.sitioni..,

• Supine flat position with the palient"s ann over the
side of the table (Fig. 2.34). Till the head slightly to
the contralateral side, prO\'ided that the cervical spine
has been cleared. The ability to extend the ann is also
imporlant.

• Before draping, one needs lO ensure that both AP and
axillary views are possible and are not blocked by metal
components of the operating room table.

frad.re red.dlon

• l.ongitudinaltnlction, adduction of the arm, and slight
illlernal rotation usually reduces the fracture.

Draping and surgical approach

• The arm should be draped fTl:c with a stockingeue O\'er
the forearm.

• Lateral incision o\'Cr the superior and anterior aspect
of the greater tuberosity (Fig. 2.35). May need to adduct
and extend the shoulder.

• Deep dissection _ incise the deltoid in line with its
fibres. Incise the rotator cuff in line with its fibres.

Fig. US Lateral :\kin irM:ision is use1l, the deltoid is split in line
with its liINes, and the rotator cuff is nc:ised.

• Identify entry site to the intramedullary canal just
inside the greater tuberosity, inside the critical zone,
afterconfinninggood position with Ihe C·ann. Be care
ful not to make the staning poim tOO amerior, causing
anlerior conical bIO\\"Out.

• Pass the gUide wire, while holding the fracture reduced.
• Enlarge the canal by reaming until there is 1.0-1.5 mm

of cortical shatter.
• Select a nail 1.0-1.5 mm smallenhanthelargestreamer

size. Common nail lengths are 20-26 cm.

Implant positioning

• Introouce the nail gemly, by hand, under fluoroscopic
control without using a mallet. The humerus needs to
be stabilized whilst the nail is intrOOuced.

• Check the nail height. The nail needs to be undef the
articular surface in order to avoid impingement.

• Proximal interlocking- use the jig, make percutaneous
incisions, and spread the sort tissues duwn to bune.
Avoid the region of the axillary nerve and brachial
plexus.

• Ctll.'ck fracture reduction and alignment. especially
rotation. Shoulder position should be neutral or in
slight internal rotation. Trans\'erse fractures can be
impacted if necessary.

• Anteroposterior distal interlocking is safes!. Make an
incision over Ihe distal hole(sl. Retractlhe medial neu
rovascular bundle.

• Need to image perfect circle(s) with the C-arm.
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Ibl

'"
Fig. 2.16 (a) Final AP and (b) lateral rOldiographs after antegrOlde inwlnedullary nailing 01 a hUfM[uslr;Kture.

• Obtain final radiographs in both the AP and lateral
planes (Fig. 2.36).

(Iosure

• Amllomic repair of the rotator cuff with a non
absorbable suture and analOmic repair of the deltoid

are both necessary.
• Perform skin closure in the routine fashion.
• A shoulder sling is usually applied.

Post~operativerehabilitation/(are

• nvo additional doses of prophylactic antibiotics.
• Codman cxcrcises and elbow and wrist range of motion

exercises arc allowl"<1 whCn awake and alcrt.
• Shoulder motion and wcighthearing on the arm are

restricted inilially.

Outpatient follow up

• Post-operath'c radiographs including AP and axillary
views need to he pcrforml"<1 at 2-week. 4-week, and
6-week intcrvals and then on a monthly basis.

• Asling is usually continued until good fracture healing
is demonstrated.

• Avoid physical thcrapy immediatcly aftcr surgery.

Post~operative (ompli(ations

• Shoulder pain is likcly sccondury 10 rotutor cuff dys
function. or fai lu re ofthe rotator cuff to heal completely

is common.

Implant removal

• RemoV'".!.1 is often advised in patients with evidence of
rotator cuff dysfunction/irritation.



Sedion III: Fradures of
the distal humerus
Paige T. Kendrick; Craig S Roberts; David Seligson

2.7 OPEN RID unioN AND INHaMAl
fIXATION (ORU) OJ SUPRACONDYLAR
fRAnURU

Indications

• Most aduh fractures fil into one of the following
categories:
(a) Exlra-anicular (supracondylar fracture wilhoul

intercondylar fracHlre}.
(b) Intra-articular (supracondylar fracture plus Inl£'r

condylar extensionlarticular im'Ol\'ement).
• Born intra-anicular and eXlT'3-articular supracondylar

fractures of the humerus in the adult usually require
open reduction and internal fixation.

• Periarticular fraclUres with dislocation may also have

ligamentous inslabllily.

Pre~ope,ative planning

Clinical assessment

• Pain is localizt.>d to the pOsterior elbow and lower part

of the humerus.
• The arm is shortened. floppy. and flexed.
• Assess the condition and integrity of the skin and the

eXlenl of lhe I issue inj ury,
• A thorough neurovascular examination is impor

lant, with special atlenlion 10 r,ldial nerve. posterior
interosseous nerve, and ulnar nerve funclion.

Radiologic.1 .uessment

• Good quality AP and lateral radiographs are essential
(Fig.2.37).

• If adequale radiographs cannOt be obtained, a cr
should be obtained.

• The frdClure fragments should be drawn out on paper
to ensure a three·dimensional (3-D) understanding of

the fracture paltern.
• A primary surgical plan should also be developed on

paper. as well as a backup plan if the initial plan does

nOl work OUI.

Ti_., .f urge"

• Most operative treatment of closed fractures can be
delayed and then treated electivel)' within 3-5 days of

injury.
• Open fractures require emergent irrigation and

debridement, and possible immediate internal fIxation
iflhe conditions oflhe soft tissucs aboullhe elbOlv and
lhe patient's overall Slaws are salisfactory.

Operative treatment

Anaesthesia

• General anesthesia is used.
• Prophylactic perioperalive antibiolics should be

adminislered.
• A Foley calheler is usullily l1ecess'lry.

Table and equipment

• A full sel of all surgical inS\nlmenl including large
self-retaining retraclors (Beckman·s). bone clamps,
anatomic plates or COntour plalcs wilh lemplales,
small fragment instrumentS and implanlS. cannu
laled small serews up to 60 mm in length. Kirschner
wires. cerclage wire (fixation of a possible olecra
non osteolomy). power drill, and a sagittal saw (for
osteotomy) (Fig. 2.38).

• Ruoroscopy is necessary for intraOperalive imaging.
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Ib)

fig.2.l7 (a) Pfe'operalive AP and (b) lateral radiographs of ilrI adutl supracondylar hUffieflli fra(IUre.tn this (ase, Ihe hdull" has been

glonly realigned wilh an extelnal fiulol.

fig. 2.l8 Insuumenlalion fOI fixation 01 5upliKondyial fracture

involves small flagmenl implants, fecOIlstllldion plall"s, and

pll'(ontouled anatomic plates.

Table sel.p

• The instrumenlation is SCt up on lhe side of the oper·

ation.
o The image intensifier is olllhe sallle side with its base

atlhc fOOl oflhe operaling wble.

Patient pOlitioning

o Chest rolls and adequate padding at all areas induding
face (Fig. 2.39).

o Prone positioning is preferred with adequate padding.
with avoidance ofshoulder eXlension or abduction gre
ater than 90 ill order to a\'oid st retching of the brachial
plexus (Fig. 2.40). All alternative laleral position is with
the arm llexcd over a paint-rOller lype arm cast.

o Prior to draping, the surgcon needs 10 confirm that
good.quality. fluoroscopic imaging intraoperatively
can be oblained. Several fluoroscopic images should

be obtained prior to formal draping.



]2 Pr;uli(al PIlKedulu in Orthopaedi( Trauma Surgery

fig. 2.39 Opelali~ sel up involvn prlKll' positioning with d)l'sl

loll!>.

Fig. 2.40 The arm is draped free ovel the sidl' of thl' table with

tlte elbow lIeltl'd.

fradu,. r.c1udion

• Exact reductionof all COnJponentsmay not bepossibll'.
• Elbow flexion and gcntle longitudinal traclion usually

help.

Draping and lurgi(al approach

• The skin of the whole arm including the shoulder
should be prepared with the antiseptic solution.

• If it is anticipated thm an autologous bone galt might
be needed, the respective iliac crest should also be

prepped and draped.
• The ann is usually placed in 80 of abduction with the

humerus sUPPOried by a bump of 4 rolled sheers and
the elbmv nexed over the side of Ihe table and the arm

in a pocket made from a sheel.
• Posterior incision is made from 5 em distal 10 the

olecranon 10 a point 10-12 cm proximal 10 lhe major

fracture line.
• The incision should ha\"t~agentle medial culvearound

the olecranon.
• Ulnar nerve is isolated proximally at the level of the

t"!bm\' joint, rraced proximally. and then isolaled using

a Penrose drain or vascular loop.
• The trochlear ;aill! capsule is pierced from the medial

side and a sponge is brought through the joinl and oul
the other side and left in place to proteclthe underlying
joinl.

• A Beckman self.retaining retractor is useful fOl ensur

ing exposure.
• Various olecranon ostootomies are possible: none.

an extra·anicular osteotomy. an intra-articular

osteotomy.
• Various osteotomy·cut configurations can be utilized

(Slnlight or Chevron type).
• The osteotomy level is markl'd on the olecranon using

electrocautcry.
• The mcthod of fixation of the ostootomy needs to be

decidc<l prior to making an OSteotomy.

• Ifan intra medullary screw is pia nnl'd for lalCral fixation
of the olecranon osteolOmy. TIle screw pOllh should be
predrlllc<l prior to making the osleolOmy.

• The olecmlloll is scored with an ostl'Otome and then
thc ostcotomc is complclCd with lhc SOIgittaJ SOIW. Avoid
plunging with thc SOlW and touching the arlicular car

tilage of thc hUlllcrus.
• The triccps is rcflccrcd proximally with the olecranon

fragmcnt.
• Medial and latcraltriccps dissection is usually required

for mobilization.
• Palpation followed by visualization of the ladial nen'e

in the spiral grom'e is necessary when the proximal

dissection is performcd.
• The wound is irrigated and the fracture haemaloma is

eYdCuated.



fig. 2.41 Opefative exposure tflYOlYes a posterior inli'lion, ohen
with an olfifanon osteotomy for txpOSI,In' oltheo artirular friKluu'.

• TIle major fracture lines are defined and the fracture
fragments identified.

• The articular fragments need to be inspected firsL
• The uochlear and the capitellar fragments. and the

olecranon fossa need to be carefully evaluated.
• If there is no intercondylar split and the articular

segment is illlact, then proceed 10 identify the radial
nerve proximally, although this step is not necessary
for a distal fracture.

• Anatomic reduction of the articular segment is per
formed under din.'Ct visualization of the posterior
<lSpect of the distal humerus in the coronal and axial
planes, and nuoroscopic evaluation ofthe reduction in
the lateral view {Fig. 2.41].

• Provisional fixations are achieved using a guidepin
placed from a lateral to medial dirl'Ction for a small can·
nulawd screw (4,0 mm or 5.0 mm cannulate<! screw).

• Mter an articular block is established. the supra·
condylar/metaphyseal component of the fracture is
inspl'Cted.

• The metaphysealfsupmcondylar component of the
fracture is inspected to understand the planes and
extent of major fracture lines and the degree of com·
minution.

• The metaphyseal. supracondylar fracture is reduced
and the articular block is reduced to the proximal shaft
usually by a combination of arm manipulation. reduc
tion forceps and bone clamps. and manual pressure.

• Reduction is confirmed by direct visualization of the
posterior aspect ofthe humerus in thecoronal and axial
planes, and then fluoroscopic evaluation of the lateral
reduction (sagittal plane).

2.7 ORIF: supra<ondylar fradures 3)

• Provisional fixation is achieved using Kirschner wires
to cage the fracture.

Implant positioning

• The goal is to place twO plates at a 90 orientation ('90
90 plating') whenever possible.

• One plate (either a 3.5 reconstruction plate or a 3.5
dynamic reconstruction plate) can be placed on the
lateral column on the posterior aspect of the humerus
with preferably6 cortices of fixation distally and 6 cor
tices offlXation proximally.

• The second plate, usually a 3.5 reconstruction plate, is
contoured using the bending irons, and is then usually
placed on the medial aspect ofthe humerus (90 to the
lateral plate) with 6 cortices affixation proximally and
6 cortices of fIXation distally (Fig. 2.42).

• Extra care should be taken to ensure thai implants are
not protruding anteriorly with impingement inlO the
radiocapitellar joinL

• The stabililY ofthe construct is tested usinggenlle man
ual stress.

• The need for bone grafting is detennined based on the
presence of fracture·significant comminution, bone
loss. or a persistent fracture gap.

• The wound is copiously irrigated prior 10 insenion of
the bone graft.

• Implant position and fracture reduction is confinned
using first fluoroscopic imaging and then intraopera
th'e plain AP and lateral radiographs (Fig. 2.43).

[Iosure

• After the wound is irrigated and haemostasis is
achieved, the OSll'Otomy is rep;lin.'<1.

• 1\\'0 main fixation options exist: intramedullary screw
fixation or a tcnsion band {Kirschner wires preferably
into the rcgion ofthccoronold with a figure-of-eighl.ln
<lddition. composite HX;llion can also be used (figure
of-eight wire in addition to intral1ledulary screw] if the
bone is soft and screw purchase is suboptimal.

• The ulnar ncrve should be inspected for impingement
and proximity to the ml'<1ial plate to determine the
need for ulnar nCf\'e transposition.

• The main options for ulnar nerve transposition are sub
muscular or subcutaneous transposition.

• The triceps tendon usually requires some side-to-side
repair proximally.

• Routine subcutaneous closure and skin closure are
pl.'rfomled.
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F"KJ. 2.42 ,!'Ie operalive stral~y involvn redudion of the a1til:ular surbc:e (a) lollowed by ledlKlion and fixation of the laleral and
medial (olumns (b).

1.1 ibl

Fig. 2.4la,b AP and laleral radiographs show salisfadOfY restolalion ollenglh and the af!itulaf

sur liKe. Ol«ranon osteotomy has been stabilized with an intlamedullary Sl:rew and tension band

wile.



• Sclf,suclion drains are usually required and brought
out through a separate stab incision.

Post~operative rehabilitation

• Prophylactic perioperative antibiotics are utilized for
24 hours.

• Use long posterior splint extending the length of lite
arm and forearm,

• Splint should hold arm with the arm flexed al 90 .

• I'-.I.tient should beseen in clinic 10-14daysaftersurgery.

Post~operative complications

• Walch 'hardware' symptoms such as pain and tender·

"~
• Aboul J()'l, of patients need the tension band wire

remoo."ed.
• Walch for infection and nerve damage.

Outp.atient follow up

• One week after surgery, if the incision is healing, the
splint may he taken offforshort periods oftime toallaw
motion of the elbow area.

• At3weeks. thesplilll is remo\'ed andelbowtherapycan
be started,

• Radiognlphs are usually obtained at each post
operative visit (2 wl'Cks, 6 wl'Cks, 10-12 weeks, 16-20
weeks, etc.),

Implant removal

• Implants are not routinely removed unless they are
causing symptoms, Olecranon osteotomy hardware
can sometimes be quite irritating because of its sub·
cutaneous location and can usually be safely removed
after 6 months.

2.8 OPEN REDUUION AND INTERNAL
fiXATION (OR If): (APITElLUM

Indications

• Fractures are treated depending on their fraclure pat·
tern. Most capilellarfractures fit into one ofthe follow·
ing calegories:
(a) 'Type I: large bone fragment with articul;n-cartilage.

2.8 ORIF: (apitellum 3S

(b) Type II: small bone fragment with articularcartilage
[Ihe more supcrficiallcsions of Kocher-Lorenz).

(c) Type III: comminuted,
(d) Type IV: coronal shear fracture,

• Open reduction and itllernal fixation (ORIF) is indio
cated for a displaced fracture,

Pre·opeAtive planning

• More common in middle·aged or elderly patients.
• Pain is localized to the lateral elbow and during

attempted extension.
• Elbow swelling is not as pronounced.
• Assess the condition and degree to which Ihe skin is

contused.
• Carefully assess radial nerve function, panicularly the

abilily of Ihe patient to eXlend the thumb, fingers and
wrist.

• Understand the fracture pattern,

Radi.togical assess.-ent

• Standard AP and latcral radiographS demonsuate the
fnlcture in most cases (Fig. 2.44),

• Type III fraC1urcssomet.imesrequireaCTforevalualion
because com minmion and subchondral bony involve·
ment maybe difficult to assess on plain mills.

• A trdclion radiographic vicw undcr anesthesia is often
helpful.

liming of lurgery

• Most closed fracturcs can be treated electively within
3~5 days or injury.

• Open fractures require emcrgent irrigation and
dcbridemcnt. and ]>ossible inllTlediate internal fha
tion.

• Somc capitellar rractures are also best treated by exci
sion o!fragmcnts.

Operative treatment

AnHstllesili

• Prophylactic pcrioperative antibiolics are given.
• General anesthesia in the supine position is required.
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Fig. 2.44 AP (a) and latelal radiG!Jraphs (b) show a comminuted

upitellar fracture.

Table and equipment

• Instrumentation ineludes a mini-flagment set. 3.5

reconstruction plates, a small-fragment set, self

compressing screws (I-lerbert screws, Acutrac screws.
etc.), and small cannulaled screws (Fig. 2.45).

• An image intensifier,

F"I!J. 2.4S tnslrumentation for fIXation indudn small fr.IglMllt
implants and sell-cOlnPfMSing KICWS,

Table Iet.p

• The instrumenlalion is sel up on the side of [he oper
ation.

• The image intensifier is on the same side as the opera
tion \\1th the base at the foot of the operating table.

Pat".t positioning

• The palienl can be posilioned supine in most cases.
• A lourniquel is placed abourthe upper arm.

fradure reduction

• Closed reduction is usually a waste of time.
• Longitudinal traction, elbow flexion, and supination

can be attempted.

Draping and lurgical approach

• Prepare the sk.in and drape the p,ltient in the usual
fashion. bur check. the ability to image the elbow
with Iluoroscopy before the prepping and draping are

started.
• A lateml incision o\'er the supracondylar ridge can

be used in most cases from a point 2 em proximal to
the hlteral epicondyle to 4 cm distal to the radial head
(Fig. 2046). The radial nerve is at risk. both proximally

and distally.
• After going through the deep fascia, locate theextensol

muscles attaching 10 Ihe lateral epicondyle, and detach

and refleel these.



fig. 2.46 The operative apptoa<h to (apitellar fradules involves a

lattfill incision.

• The capilcllar fracture is inspe<:ted.
• The fraclUre patlcm and Ihe size of the fraclure frag.

ment{s) should be dctennined.
• The anicular canilage is inspet;led.
• loose articular canilaginous fragments are removed

from the joint.
• The capitellar fracture is rt.-duced anatomically and

provisionally held with reduclion forceps and the den

lal pid..
• The fraclUre is then provisionally pinned with K

wires.

Implant positioning

o A large fracture fragment (s) can be afflXt.-d with 2.7 mm

or 3.5 nlln screws.
o Smaller fracture fragments require smaller implants

such as 2.0 mill screws.
o Ifscrews must be pluced through the articular cartilage,

then till) SCTCW(S} should be countersunk, irthis can be
done without splitting the fraClure fragment. Alterna·
tively. self-compressing screws (e.g., Herben screws.
Acutrac screws. etc.) can be used.

• Generally. implants will be direcled retrogradely from
distal to proximal and angled anteriorly for type 1-3

fraclures. and from anterior to posterior for a type 4

fracture.
• Obtain final radiographs of the elbow (Fig. 2.47).

2.8 ORIF: (apitellum 37
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fig. 2.47 (a) filial AP alld (b) lateral radi~raptlS of a rapilellar

fracture. In this rase, self'(ompleulng S(lews, a lateral buttress

plate, imd spanlling extelllallixatol welc requill~d.

(Iosure

• Irrigate the wound thoroughly and achieve haemo
stasis.

• The wound is closed in a rouline fashion after repair of
the extensor attachment.

• A posterior splint is usually applied initially. The period
or immobilization is dependent 011 the rigidity of the
internal fixation but usually less than 2 weeks because

orthe risk. of permanent stiffness.
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Post-operative complications

• The major complication is loss ofelbow motion. which
is seen more frequently after fragment excision than
afterORlP.

• Avascular necrosis of the capitellar fragment is a less
common complication.

• Malunion is rare.
• Non·union does occur and is usually treated with frag

men! excision and soft tissue release.

Olltpatient follow up

• Radiographsare taken at2 weeks. 4weeks, and 6week..s
after surgery. and then momhly until the [racture is
healed.

Imp.ant removal

• Implant removal is indicated for radio-capitellar joinl
impingement or soft tissue irritation.

1.9 RETRO'RADEINtRAMEDUllARY
NAIlIN'

Indications

• Indicated for distal one-third and shafl humeral frac
tures.

• Retrograde nailing of the humerus is rarely indicated
for a closed proximal or midshaft diaphyseal fracture
in polytrauma. Nailing is generally contraindicated for
open humerus fractures.

Pre·operative planning

(Iinical assessment

• The proxi111111 nalUlC of the humerus fracture makes the
arm feel floppy and unstable.

Radiological assessment

• Anteroposterior and lateral views of the humerus
(Fig. 2.481.

• Measure the size of the medullary canal andtheO\'Crall
length of the canal from the superior articular surface
of the humeral head to the proximal aspect of the ole
cranon fossa.

• The canal width has to be adequate with no cracks.

fig. 2.48 Pre·operative AP and lateral radiographs 01 a humerus

fradure.

• Surgery can be performed on a scmi-urgent or elective
basis.

Operative treatment

Anaesthesia

• General anesthesia via an endotr,lchea[ lube.
• The endolrachealtube should be oriented away from

the affected extremity.

Table and equipment

• The image intensifier is on the sameside as thesurgeon.
with the base of the machine at the foot of the table.

• Instrumentation indudesdrill bilS and routers toopen
the intramedullary canal (Fig. 2.49), Ilexible reamers.
and a self-retaining retractor arc necessary.
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fig. 2.49 Instlumentationfor rtttogr.Jd!!' hUlTM'fal nailing inc:ludes
dr~1 bits and rootels 10 open thl!' intlllflll!'duilOlfY [anal, in addition

10 standard Ilbible reameu.

o A regular frnclUre table.
o An image irllensifier.

Table let.p

o Instrumentation is set up on the side of the operation.

Patie.t politio.i.,

o Positioning can be either supine. prone. or in a lateral
decubitus position on a regular operating room table
with the arm frce (Fig. 2.50).

o The prone and lateral decubilUs positions make the
procedurceasier for the surgeon but harder physiolog.
ically for the patient.

• Before draping. one should ensure that you are able to
obtain AP and lateral views.

fracture reduction

• The proximal fragment is usually abducted and inter
nally rotated.

• Gentle lateral pressure with a Myerding mallet can be
USl'<1lO neutralize the abduction forces. Gentle longi
tudinal traction is usually nl'CC$sary.

o Pass the guide wire while holding the fracture reduced.

o Make a posterior incision over the proximal halfof the
olecranon fossa.

fig. 2.50 ThI!' iJfm is draped fr~. ThI!' inc:ision is mad!!' [eIllrell

lI'ter a poinl just prolimallo the oIeI:ranon fossa. ThI!' trKl'pS is

spliT in ordl!'r 10~ the poslerior [ortu ofthi!' hl,lmelll5.

o Deep dissection _ split Ihe triceps in line \\ith its
fibres.

o Identify the proximal aspect ofthe olecranon fossa.
o Avoid the region of the radial nen't' proximally.
o Identify entry point into medullary canal 1.5-2.0 em

proximal to the olecranon fossa.
o Start the entry ponal with a 4.5mm drill biL
o The entry portal is enlarged \\ith a router. A\1)id the

Ihin bone of the olecranon fossa because of the risk of
cortical blowout.

o Enlarge the canal by reaming.
o A\'oid comminUlion of the emry portal into the

intrdmedullary canal by slaying parallclto the humeral
shaft. especially whcn illlroducing the reamer into the
intrdmedullary canal of the humerus.

• Select a nail 1.0-1.5 nun smaller Ihanthc largest reamer
size. Common naillenb'1hs are 20-24 Clll.

Implant pOlitioning

o Introduce the nail gently by hand under fluoroscopic
control. Do not usc a mallct.

o Check nail depth _ Ihe lip oflhe nail should be solidly
in the humeral head and should SlOp short of the sub
chondral bone.

o Distal interlocking (elbow end of the nail) - make per
cutaneous incisions, spread the sort tissues down to
bone. The radial nerve is 3t risk frolll lateral-medial
screws and the musculocutaneous nerve/brachial
artery from anterior-posterior screws.
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fi!l.2.51 PoSl opelative ladiograph alIef retrogr.tde humeral

nailing.

o Check fracture reduction and alignment, especially
rotation. The arm should be in neUlralorslight internal
rotation. Compress the fracture if necessary.

o Proximal interlocking (around the shoulder) involves
percutaneous incisions, or larger incisions can be
made, and soft tissues are spread down (0 bone.

o Need toimagepcrfcct circle(sJ with theC·ann. Theaxil·
lary nerve is at risk from Oller-penetration of anterior·
to-posterior screws.

o Obtain final radiogmphsin both the anterior and lateral
planl:s (Fig. 2.51).

Closure

• Irrigate the wound and achie\'e haemostasis.
• Repair of the distal aspect of the triceps tendon is nec

essary.
• Skin closure is performed in the routine fashion.

Post-operative rehabilitation

• Two further doses of prophylactic antibiotics.
• Post-operative radiogmphs including AP and axillary

views Ileed to be performed.
o Asling is necessary.
o Avoidance of weight bearing on the arm is necessary.

• Elbow range-of-motion is limited and protected.
• f-onnal physical therapy is usually avoided immedi

ately post-operatively.

Outpatient follow up

o Thepaliem is seen at 2-week,4-week, and6-weekinter
vals. and then monthly until the fracture is healed.

Implant removal

o Implant removal is usually performed fOI sofl tissue
irritation.

Complications

o Posl-operati\"e exercises and aClh'ities should nUl cre
ale lorsional suesses on the humerus.

J.10 PAEDIATRI( SUPRA(ONDYLAR
FRAnURES: MANIPULATION UNDER
ANAESTHETI( (MUA)/PER(UTANEOUS
fiXATION Of DISTAL HUMERAL
fRAnURES

Indications

o Supracondylar fractures areclassifl«l according to the
mechanism of injury which reflects the IXlsition of the
elbow on which the child fell. as well as the displace
ment of the distal fragment.

o Extension-type fractures are the mOSt common, repre
senting about 95% or more of these fractures.

o Closed reductionlpercUlanL'Ous fixation is indicated
for displaced fractull's.

Pre-operative planning

Clinical auessment

• There are three types of fractures
(a) Type I: This type is a nOll-displaced fracture.

Thc fracture line is usually well visualized on AI'
and latcral vicws: howc\'er, a posterior fal pad
('sail sign') may be thc only sign of a fracture when
it is othcrwise radiographically occult.

(b) Type II: This type is an angulated fracture \\;th an
intact postcrior cortex.

(c) Type III: This type is completely displaced. with the
relationship bet .....een the two bony fragments com
pletely losl.
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fig. 2.52 Pr~-opeqtive AP {al and IatffiJI litdiogr<lphS (b) show a diijlla(~ Type II Wpl';Kon<!ylaJ

Ir;KUIf~ 01 tile right humerus.

• The most imponant component of me pre-operati\'e
assessment is the neurovascular assessment. The pres
ence or absence of a radial pulse needs to be docu
mented as soon as possible.

• It is also imponalll to assess for compartment syn
drome. and the function of the median nerve (includ
ing the anterior interosseous nerve). the radial nerve
and the ulnar nerve.

Radiological aHtiSment

• Good quality AP and lateral radiographs are necessary
in order to differeilliate between types (Fig. 2.52).

• The lateral radiograph Illay show a postelior fat pad
sign which in some cases may be the only sign of a
fracture.

liming of surgery

• SurgeI)' should be done on an urgent or semi-urgent
basis largely based on the neurovascular status.

• TIming should be determined on a case-by-case basis
by an experienced orthopaedic surgeon.

Operative treatment

Anaesthesia

• General anaesthesia is necessary.
• Administer prophylactk: antibiotic$.

fig. 2.53 Instrumentation for supracondylar IIa(tule pinning

indudes smooth pins and a drill.

Jable and equipment

• End-threaded or smooth wires. a power drill. wire cut
ters. wire caps. pliers. and intraoperative fluoroscopy
are necessary (rig. 2.53).

• Additional soft tissue instruments such as small retrac
tors ought to be available because of the possibility of

the need for open rL'<!uclion.
• Acast cart needs to be availahle at the end of the case.

Patient positioni.g

• The child is positioned supine on the operating room
table with the arm completely free (Fig. 2.54).
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fig.2.S4 Sel up involves arm O¥el the silk> oflhe ta~ (a) with lhe ab~ity 10 obtain inlraopefalive ilM!Jes (b).

Fig. 2.55 Tile fi,st pin is aCloss the fra(lure sill' from a 1311'Iallo

ml'dial direction.

fig.2.S6 The se<ond pin is insefled in a simila' fashion.
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Fig. 2.57 Final AP (a) and lateral (b) radiographs of two pins

inserted from a lateral to medial direttion.

fraclure reduction

o Manuallollgitudinaltraction is placed on the foream
and coulltertraction is applied on the upper ann.

o Medial or lateral displacement is then corrected with
manual pressure, and then the foreann is externally
rotated 10 correct the internal rotation defonnity.

2.10 Paediatri( supra(ondylar fradures 43

o The elbow is hyperflexed and manual pressure, usually
with the surgcon's thumb, is placed on the olecranon.
The elbow is held with the arm maximally rotated and

the elbow flexed.
o If theM' manoeuvres do not reduce the fracture, then

there are several other considerations. The posterior
periosteum is probably torn and the distal fragment
cannot be controlled easily. Thesharp bonyspike oCthe
proximal fragment may also be buttonholed through

the brachialis.
o One can attempt to dislodge lhe fragment by milking

the muscle out from proximal to distal. When doingso,
pressure is carefully applied laterally only, in order to

amid injuring the medial neurovascular structures.
o Satisfactory reduction needs to be confirmed on fluo

roscopy.
• Theimageintensifiersoould be mo\'edaround the arm.

If the arm is rotated the reduction is lost,
o TheAP view is nearly impossible with the elbo'\\' lIexed.

A transcondylar view can be obtained.
o If that view is impossible but the reduction is good

on the lateral radiograph. the surgcon should proceed
\vith percutancous pinning and then recheck the AP
view after fIXation is achieved,

o If the reduction is inadequate, open reduction should

be strongly considered.

o Prepare the skin using antiseptic solution.
o Use end-threaded smooth pins and a power drill for

insertion.
• Palpate the ulnar nerve.
• A lateral pin is inserted first (Fig, 2.55), It is inserted

through the lateral epicondyle and is directL-tl medially
at an angle of 35-45" on the AP view and in line with
the humeral shaft on the lateral view, The pin needs to
eng;lge the medial cortex in order to have gaud pur
chase for l'ype 2 fractures. Asecond lateral pin can be
used instead ofa medial pin (Fig. 2.56),

• The forearm can either be mailltained in full exteroal
rotation or neutral rotation with the elhow fuHy flexed
whilst thewire is inserted. Place the 1>'1.lm under (dorsal
to) the elbow to determine the plane of the humerus
and drive the pins parallel to the amI,

o The medial pin is inserted next through the medial
epicondyle and anterior to the ulnar nerve. The pin
is directed laterally on the AP view and in line with the
huml'ral shaft on the lateral view.
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• The elbow can also be extended to 60' of flexion to
mailllain the ulnar nerve in a posterior position. The
foream is held cxternally rotated.

• The pill needs to engage the lateral cortex in order to

achieve good purchase.
• After the second pin is in pOSitiOn, the elbow can then

be extended and a slandard AP view obtained.

• Obtain final radiographs in the operating room
(Fig. 2.57).

• The pillS are bent outside of the skin. Pin caps are
placed atop the pins.

• Incisions (if present) are thoroughly irrigalcd and
haemostasis is achie\·ed.

• Routine wound closure.

Post·oper~tivereh~bilitation

• Two funherdoses of prophylactic antibiotics.
• The child usually needs 10 be hospitalized and kept in

overnight in order 10 obsen'c for neurovascular com

promise.

• The elbow is splintcd in 60-90 offlcxion and a sling is
applied.

• The greatest complicalion with supracondylar frac
tures in children is neurovascular compromise.

O.tpatient follow up

• Radiograph approximately ) week post surgery to
ensure rcdUClioll, Ihen 2," and 6wceks laler, and then

monthly.
• The posleriorsplint and sling are usually contained for

3104 weeks.

Impl~nt removal

• Pins can usually be removed belween 3 t06weeksaftel
surgery.
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Sedion I: Fradures of the
proximal ulna
Gregoris Kambouroglou

).1 TlNSION BAND WIRING Of
OUCRANDN JRAnUl1S

Indications

• Displaced Irans\'erse fraclUreohhe ole(:ranon wilh dis
ruption of the extensor mKhanism.

• The technique can be used with caution in oblique or
fragmented fractures once issues related 10 these frac

ture patterns are addressed.

Pre-operative planning

(Iinical assenment

• Ml'Chanism of injury: forced eXlension usually follow
Ing a fall. Bl'WaJ'e of the high-energy fracture patterns
thai may suggest that the fracture is only a portion of

the injury.
• Findings: pain, swelling and occasionally impressive

l'CchylllOSis over the elbow region. Beware of injury to
the soft tissue envelope that lIlay interfere or preclude

surgical intervention.
• Findings: loss of active extension associated with dis

placed fnlclurcs. Beware of e;l;amination pitfall where
passivcgravity-assisted c;l;tension leads to the assump
tion of an intact c;l;tcnsor mcchanism.

• Findings: chcd:; forulnllrnerve illlpairmentand ensure

the injury is in isolation.

Radiological aUelsment

• Anteroposterior and lateral radiographs of the elbow
are the absolute minimum imaging requirement.

Beware of more complex injuries that may need fur
thPT imaging. most commonly in the form ofa cr scan
(Fig.3.l).

Operatiye treatment

Anaesthesia

• Regional/general.
• Pre-opeT"dth'e administration of antibiOlics (cepha

losporin).
• Prescrub and dl)ing of the limb.
• Tourniquet application. if there are no contraindica

tions. Ensure the lOurniquetdoes nOl imerferewith thp
operati~-e field and thai no preparalion solution leaks
underneath. Inflate the lourniquet once the limb has
been elevated for approximlllely 3 minutes.

Equipment and patient positioning

• Tension band set (TBW) set: sile l8G wire. 2.0mm
Kirschner wires. wire tighteners and cutters. small
punch and toffee mallet. power instruments. pointed

reduction forceps. 14G IV cannula.
• Patient lies supine on the operating table with an ipsi

lateral scapular mise. usulIlJy covered one-litre bagofiV
fluids. Iflhe paticnt is obese be carcfulwith the padding
and use appropriate side protection. Beware: once
patient is positioned. ensure adequate radiographic
control is possible (Fig. 3.2).

• Radiogrdphic control: an illlllge intensifier is prefer
able. although plain films at the end of the procedure
are possible and occasionally easier to obtain.

Pmcliml Proudmrs ill Orllropaetlk nat"'''' S"'KI'ry. A Th1illee:S Cnmpallio/l. ed. Pell'r V. Giannoudis and Ilans-Chrisloph !'ape.
Published b)' Cambridgl' Uni..enily Press. Cambridge Uni\'ersily Press 2006.
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fig. ).1 Oi~ed olwanon IrCKture.

fig. 3.2 Patient positioning and incilion.

Draping and approach

• Paint the hand and, usinj; stockinet, hold the hand
and paint the rlost of the arm. Single-use drapes are
preferable: if not available. use shut-offand traditional
draping methods.

• The arm is held o\'er the chest and the assistantfscrub
nurse is on the opposite side. A towel clip may be used
initially to hold the arm in position.

• Make a linear incision. curved slightly laterallyoverthe
apex at the elbow. OCcasionally the soft tissue condi
tions may dictate positioning of the incision.

fig.).3 Unation 01 dePfessed fragment.

• Use a direct approach to the posterior surface of !.he
ulna. It is eaSlerto locate the distal part oflhe ulna and
work proximally.

• Expose the fracture with minimal stripping of just the
bone edges using a No. 15 scalpel blade. Evacuate the
fracture hacmatoma. Take care of undisplaced fracture
lines. often encountered and not visible on plain fIlms.

• Inspect the anicular surfaces and remo\'e any OSteo
chondral fragments. Irrigate Ihe jOilll thoroughly and
reduce any depressed anicular fragmentS using a Mac
Donald's orWatson-eheyne elevator by gently teasing
the depresSlod fragment (Fig. 3.3). Once this is accom
plished. the void under the depressed fragment needs
grafting either with bone from the proximal part of the
olecranon or using bone substitUle material. The latter.
in the form of dry hydroxyapmite. is preferable.

• The proXimal ulna fragment is controlled with the bone
reduction forceps and lhe forearm extended. Posterior
cortical interdigil:llion usually indkates the accuracy
of the wduction. One must pay attention tn the exact
fracture pallern since ohlique fractures must be firstly
stabilized with an illlrafraj;l1Ient,lry 3.5 rllln lag screw
and then neutralized with a TBW.

• The fracture is held reduced with direct pressure or
with the ml'tlium-size bone reduction forceps. A drill
hole through tile distal fragment lIIay be reqnired to
facilitate this manoeuvre (Fig. 3.4).

Implant insertion

• Using the AO triple 2 mm guide, two 2 mm Kirschner
wires are inserted. Subchondral placement of the wires



fig. ].4 fradUfe redudion.

fig. ].S Wire passaqt.

through the anterior cortex of the ulna is preferable.
Once through the cortex the wires are backed by
approximately 1.5clll.

• Using thl.' 2mm drill bit a hole is drilled in the distal
fragment 3-4 CIllS from the frac(Ure line and a piece of
III G wire is passed through and crossed over the ulna.
away from the fracture site.

• Using the 14 G IV cannul,1 <IS <I guide. <lnother piece of
wire is thn:aded through. under Ihe triceps lendon and
over the Kirschner wires (Fig. 3.5). The two ends of the
wires are twisted at oppositc directions by pulling and
twisting. The helix must be symmetrical. Tightening
the wirl'S must SlOp once the wires commence chang
ing colour or twisl asymmctrically as they are about to
fatigue and break.

• The Kirschner wires arc cut with approximately 3-4
em protruding, and are bent O\'er and over 90 . Using
a No. 15 scalpel the triceps tendon is split and the
wires arc driven home using the small punch and the

].1 Tension band wiring lor olecranon 'radules 47

fig. ].6 wire burial.

fig. ].7 Po§t-opclativc ladiograph.

toffee mallet. with the cut end buried in the olecranon
(Fig. 3.6).

Closure

• Once the implants arc sel:ure. take the elbow through
the full range of motion of flexion/extension and
su pination I pronat ion.

• An anteroposterior and lateral rddiograph oftheelbow
arc obtained. Ensure that a straight lateral of the joint
is checked for potential penetration of the joint if the
subchondral position of the Kirschner wires is chosen
(Fig.3.7).

• Release the tourniquet and achieve haemostasis. 00
sure is preferable in two layers without the use of a
dmin. using a subcuticular (3/0 1l0S} 1ll31erial for the
skin.
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fig. 3.8 Complex forearm iojllfy with Jt9ffit'lltal UN fracture and

IriKIllfejdislocafion 01 the elbow.

• Thick (2.5cml steristripsare used as dressings with dey
gauze. cOllon wool and bandage. Avoid Mepore-type

dressings.

Post·operative instrudions and
rehabilitation

• The ann is elC\'atcd on pillows, a\-aiding pressure on
the ellxnv apex.

• The wound is inspccted at 48 hours post-operatively
and active range Illotion of the joint commenced if it is

healthy and dry.

follow up

• Outpalient physiotherapy and frac!Ure clinic appoint
ments at 6 and 12 weeks wilh radiographs on arrival.

• Routine removal of the hardware is not recommended
but accept that they arc often symptomatic in tenns
of soft tissue irrilmion lmd/or thai they impinge on
the range of motion. In C<lse of ongoing symptoms or
loosening, Ihe hardw<lre can be remO\'ed.

].2 OPIN RIDUClION AND INTERNAL
fiXATION (ORIf) Of OLECRANON
fRAClURU

Indi(ations

• Fragmented proximal ulna fractures.
• Fractures distal to the coronoid process.

fig.3.9 Boyd apploa<h. Good visualiution 01 the radial head and

(oronoid.

Pre·opentive assessment

(liniUlI

• High-energy inJUries: check for associated injuries:
Monteggia equivalent injury, elbow dislocation.

• Dsteopenic bone: potential faalion problems.

Radiologi(al anenment

• r-oreann radiographs:do not miss the distal radio·ulnar
joint (DRUJ) (Fig. 3.8).

• CT of the elbo\v is occasionally helpful, l,.'Spedally to
assess an associated fracture of the radial head.

Operative treatment

Anaesthesia

• General.
• Consider the risks of compartment syndrome prior to

instituting regionHI atmesthetic.

operative equipment

• AD sll1Hll·fnlgrnent set.
• 3.5 mm reconstruction plates.

Set up and positioning

• 1·land table.
• Prescrub the limb and antibiotic prophyl;uis.
• Tourniquet at 275 IllmHg.
• Image intensifier.



fig.3.10 IntJaope1'ative radiograph of a {omplu.fort'arm injury.

Fig. 3. t 1 Post·operativt' radiograph showing bridging platt'.

Approach

• Onevs. two incisions: forcxcision uflheradial head. use
the single (Boyd) approach (Fig. 3.9) with the curved
limb ofthe incision over the radial head.

• For reconstruction of the radial head, two incisions are
preferred. CaUl ion regarding the skin bridge.

• Avoid thin skin naps and dcvascularisation of bone
fragments.

fracture reduction

• If coronoid is on a largc wedge fragment, reduction
and fIXation is relatively easy from the posterolateml
surf3ce of the ulna with intrafr3gmentary screws.

• Coronoid fractures associated with dislocation of the
elbow joint are easier approached laterally. taking
anconeus off the ulna. It is usually feasible to stabilize
these fractures with an intrafragmentaryscrew through
the plate.

• Forcomplex fractures, an indirect reduction technique
and a bridging plate are usc.."d (Figs. 3.10 and 3.11).

3.2 ORlf: olecranon fradures 49

Fig. 3.12 fflKtult' union of iI {omplex ulnar "adUlt' ming lag
Krt'WS.

Implant positioning

• Steps in reduction and fixation follow the concept of
turning a complex fracture into a more simple pat
tern. preferJbly with lag screws as described above
(Fig.3.12).

• The construCI is neutralized with a 3.5 mm recon
struction plate ronlOured around the olecranon.
Strive to achiC'l'e a 6-cortices fIXation proximally and
distally.

• Fragmentation andlor bone quality occasionally does
not allow proXimal cortical fIXation; in this instance.
use a long intramedullary screw with the most distal
screws intcrlocked on 10 it.

[Iosure

• Prior 10 closure aSSl'SS thc stability of the con
Struct and thc joint in lIc:rdon/clttension and prona
tion/supination of the forcarm.

• Subcuticul:H absorbable rmltcrial is used for skin clo
sure. with wide sleristrips as dressings.

• An above·elbow buck sluh is applied ovcr generous
padding. The clbow is flcltcd 10;1 comforlable position
that does not compromise the soft tissues and predis
pose to compartment syndrome.

Post~operatiYe rehabilitation and
.ollow up

• The intraopcrativc assessment dictates the post
operdtive regimc. As a rulc the wound is inspected at
48 hours and the back slab maintained until the soft
tissue envelope recovcrs and the wound is dry. Physio
therapy is commcnced.
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• An elbow cast brace is provided and motion of the
forearm and elbow cOllllllenced. It is common thaI
the elbow is unstable heyond 150 of extension in
which case the brace is locked al -30 for a period of
3 weeks.

• A radiograph is oblained al 3 weeks and the hinged
brace unlocked 10 allow full e;(Iension. It is kept on
for another 3 weeks. following which il is removed
and radiographs oblained 10 check for fracture
union.

• Further follow up is organizl'tl at 3 months wilh further
radiographs. Patients are discharged if fraclure union
is evident clinically and radiologically and there are no
ongoing problems with the hardware.

Hardware removal

• Hardware is nOI routinely removed.
• When hardwareappearslo impingeon motion (usually

extension) early removal is recommended.



Sedion II: Fradures of the
ulnar shaft
Gregoris Kambouroglou

)3 OPIN REDUCTION AND UITERNAl
FIXATION: PLATlN'

Indi(~tions

• Displaced frnclUres of the middle mird of the ulna in

adults.
• Monteggia fractures; fracture of the ulna shafl with

fracture aodfoT dislocation of the proximal radius!

radial head.
• FracturesofbOlh foreann bones.

Pre·.perative planning

(Iinical assen...nt

• MLochanism of injury; Nightstick injury: direct blO\'Il;
Monteggia fraclUTes: axial compression; foreann
fraclure: any combination. Ensure adequate examina
tion of tile elbow and wrist joint for associated pathol.

ogy.
• Low- YS. high-energy injury. ensure no open fractures

art! missed whh ulna wound volarly and covered by

splilll whclllirsl examined.
• Arm a\ risk for compartment syndrome: ducument

neurovascular SWIllS early and monitor changes.
o In multiple-injured patients treatment sequence fol

lows the 'lifc-bcforc-Iimb' protocol.
o Look for occult injuries in the rcst ofthe arm, especially

in the carpus/hand.

o Rule of 2: 2 views, 2 joints (and 2 visits). Radiographs
may be incomplctc initially as pain/splints may inter

fere with thc result.

o Traction views in theatre may be necessary for valid

pre-operative planning.

Oper~tiYetre~tment

AIIMstlMiM

o TIming of surgery essential: in low-energy injuries this
is not an issue whilst in high-energyones with displace
ment. shonening and for dislocation, early interven

tion is preferable 10 avoid complications.
o General anesthesia preferable. A\'Oid regional anes

thetic/ blocks in acute injuries as they may mask symp
toms indicating companment S}'lldrome in the imme

diate post-operative period.
o Pre-operatjve administration of antibiotics and pre

scrub the limb.
o Apply tourniquet ifnot contraindicated and inflate fol

lowing elevation for 3 minutcs once limb prepped and

draped.

Equipment and patient pesltionlng

o Supine with radiolucent hand table
o Tourniquet cylinder and diathermy in the opposite

side.
o Table turned 45 away from the an,lesthetic end to pre

vent contamination of the assistant.
o AD small fragment (3.5 mm) set. Ensure availability

of the preplanned plate length in segmental frdctures.
Small laminar spreader for indirect reduction tech

niques.

Draping and approach

o Single use upper-limb drapcs.
o Folded towels under the elbow/proximal forearm.
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Fig. l.13 Frac:ture e.posure.

• Direct approach O\'er the ulna.
• Minimal exposure of the fractureends.A No. 15 scalpel

rather than a periosleal elt"\'atOr is preferable.

• The aim of reduction in ulna fractures is to restore
length, alignment and rolalion.

• Once Ihe fracture plane is identified and the inler
posed soft lissues cleared use a Macdonald's as a bone
lever 10 reduce the fracture. Beware of the almost
always present undisplaced bendingwedge during this

manoeuvre.
• [n segmental fragmentation or fraClures with extensh'e

fr<lgmcntation usc the indirect reduction technique
with a long late-anchored screw distally and a push

pull screw proximally.

Implant insertion

• In fractures with a subSlantial wedge fragment
attempts are made 10 reduce and hold it without de
vascularisi ng the fragment. The frolgment size has occa
sionally dictatl>d the use of the mini fragment 2.7 mm

screws.
• A 3.51l1l1l AD OCP with purchase in 6 cortices is

used.
• The fracture pattern dictates plate placement for

middle·lhird fraclures, wbilst for segmental/proximal
fracture lhe volar surface is used (Figs. 3.13. 3.14).

• For most middle· third fractures plalecontouring is not

necessary.

Fig.l.U Plate powtioning and flMll/le fur.ation. Note the donal_.
• Ensure the plate is flush \Vilh lhe ulna, as any eccentric

positioning may resull in subcutaneous and prominent

hardware.
• Oncelhe fracture isstabilized lake the forearm through

the range of motion. When there is a dislocation of the
radial head, congrucncy and slability of the elbow are
checked so thai the posl·opcrath-e mobilizalion regime

can be dl"Cided.
• Plain radiographs of the forearm are obtained. II is

imp0rlanllO check IWO views laken at 90 to each other.
This is not done by simply rOlal ing Ihewrisl joint but by
rotating the forearm from the shoulder with the elbow

flexed.
• Ensure adequate films of the elbow joint are available

when there is an injury to the radio-humeral joint.

(Iosure

• Release the lOurniquet ltnd perform haemuslasis.
• Close in 2 layers whhoUl lhe usc of a drolin using a

subcu ticulll r (310 PDS) rmlleriul for the skin.
• Thick (I inch/2.54 cm) stcrislrips are used as dressings

with dry gauze and cotton wool.
• [n isolated fractures ofthe ulnll shuftll simple wool and

crepe bandage is used.
• [n associated injurics of the elbow use an above-elbow

back slab with the forearm in the position where the

radial head is congrucntly rl>dUCed.

Post-operative treatment

• The arm is elt"\'ated using a Bradford sling set up in the
recovery room.



fig. l.15 ffiKluft union.

• Circulation and neurological obsen.'3.tions are reques·
ted for the immediale post-oper31h'e period.

• TIle wound isinspccled al48 hours. If the radial head is

stable throughout the range of pronation and supina
tion. the slab is removed and active range of motion

staned.
o If there is conCCfn regarding the stability of the radial

bead. a foreann splint is requested, which allows nex
ion extension at tbe elbow bUI pre\'(!nts forearm rota
tion. This is maintained for 3 \\'eeks.

Outpatient follow up

o Depends on the injury type: slable fractures at 6 and
12 weeks with radiographson arrival. If there is clinical
and radiological evidence of fracture union, patients
are discharged from further follow up [Fig. 3. 15).

o Fracture dislocations to be seen at 3 weeks for clinical
and radiological aSSl"Ssmelll and referral to physiother
apy for forearm range of motion

o Routine removal of the h,lrdware is not wcommended.

3.4 ElASTIC: NAILS FOR ULNAR SHAFT
FRAUURU

Indications

o Displaced fractures of the ulnar diaphysis in children

older than 6 years of age.

Pre-operative planning

Clinical assessment

o Assess neurovascular status ofthe limb.
o Ensure that there are no other associated injuries.

].4 Elasli( nails lor ulnar shalt fradures 5]

Radiological assessment

o Full-length forearm radiographs: ensure no associated
wrist or elbow injury [Monteggia lesion).

o Fracture pattern indicative of the technical difficulty:
transverse and sbonened fraclures are more difficult
to reduce and bold with closed methods.

o Measure the diameter of the canal: the desired nail
thickness is 0.4 of the canal diameter.

OperatiYe treatment

AIIHst1les1a

o General anaesthesia.

Table aM ~.i,.....
o Small basiconhopaedicsetequipped with MacDonald

or Watson-Cheyne elevators.
o Elastic nail seL
o Image intensifier.

o Supine with tbe arm on the arm table.
o Prescrub the limb and set tourniquel at 100 mml-lg

above systolic blood pressure.
o Secure patient's head on the table as occasionally the

head lies too close to the edge of the table and there is
a risk of injury whilst manipulating the arm.

Draping and approach

• Upper limb drapes.
• Tourniquctllot inflated routinely.
• Thm lhe table 45° aWHy from the anaesthetic machine.
• Mark the subcutaneous border of the ulna 3 cm distal

to the olecranon tip.
• Make a 2 cm incision 10 the bone [Fig. 3.16J.

fradure redudion

o In principle. increase the deformity and attempt to
hitch the fragments 10 eacb other.

o In obliqueffragmented patterns of the middle-third.
traction with the distal forearm in Ileutral is helpfuL

o Under image intensification make the entry point in
the proximal ulna and insert the appropriate size nail
up to the fracture she. This allows some control of the
proximal rragment to facilitate reduction (Fig. 3.11).
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Fig:. 3.16 landmalks and entry point for ulnar f\ojble nili1s.

fig. 3.11 fracture ledu(tion.

• Dt'Cide early if clowd reduction is feasible.
• [t may be that closed methods are not adequate for the

passage of the mlil. Open reduction is performed with
a limited direct approach over the fral;ture site. Insert
a MacDonald in the fructure site and use it as a lever to
reduce the fracture (rig. 3.18).

Implant posilioning

• Prior to the insertion. and under image intensiflcation.
the nail is prebent with the apClt of the concavity at the
level of the fracture site (Fig. 3.19).

• The nail is advanced with steady rotational move·
ments. Avoid the use of the hammer as it may result
in penetration of the opposite cortex.

f"I!J. 3.18 PenulalleOUS "acMe le~hJ(tion.

Fig. 3.19 Prebending tile TENS.

ollis essential that the fragments be relatively opposed
to each other for the nail passageto the distal fragment.

• The nail is advanced to the level of the metaphysis, 3 to

4 em proximal to the physis. The protruding nail is cut
and using the punch and the mallet is driveo home.
Ensure the nail docs not cause d;unage to the distal

physis.
• Leave the nail proud by 2 cm to facilitate removal.
• Ensure that there is no rt'Sidual rotatiooal deformity

and obt3in h3rd copics of the radiological images.

(Iosure

• FollOWing Irngation the wound(sl is closed with
absorbable material.

• An above-elbow back slab is applied.



Post-ope,ative .ehabilitatlon

• On day I the arm is placed in an at)(wc-elbow cast.
• The cast is maintained for 4 weeks (patient ~ 10 years

of age) to 6 weeks (~IO years).

, ......p

• FoUowing the 4 10 6 weeks. the cast is removed and a
radiograph obtained.

].4 Elasli( nails lor ulnar shalt fradures SS

• Do not routinely refer patients to physiotherapy.
• Parents and patients are advised to remain off oon

tact or high-risk sports for a period of another 4 to
6 weeks.

Implant removal

• Routine removal of the nails no earlier than 6 and no
later than 9 months from the time the fraCture is healed.

• The procedure can be done as a day case.



Sedion III: Fradures of
the distal ulna
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l.5 OPEN RIDUCTION AND UITlRNAl
flIATION (DIU) FOR DISTAL ULNAR
fRAuuau

Indications

• Displaced isolated fractures of the distal ulna.
• Fractures ohhe distal ulna associated with distal radius

fractures..

Pre-operative assessment

ClinKai alless""..t

• High-energy fractures, often with an open wound ovcr

the ulnar fracture.
• Ensure the injury is in isolation and the arm remains

neurovascularly intacl.
• Specifically test for ulnar nerve impainnent.

• Ensure adequate views arc available.
• In t:omplcx fractures orlbc distal radius (Fig. 3.20) 3cr

scan may be helpful 10 delineate the injury and assist

ill rcconslTtlclion.
• Displaced fmcturcs must he reduced with simple

means 10 avoid complications but also \0 facilitate fur

ther imaging.
• Problcms are often encountercd rclatcd to the amount

offragmcntation and thequalityofthebone in the head

of the ulna.

Operative treatment

Allaest"esi.

o General anaesthetic is preferred. In acute injuries the
use of regional blocks is discouraged as it may mask

underl}ing pressure phenomena or compartment

syndrome.

opentift etI......t

o Use the mini.fragmenl set wilh 2.7 mm screws for frac
tures proximal 10 the distal radio-ulnar joint. Usea len
sion band for the most dislal fraClures.

o In associaled fraClures of lhe dislal radius with short
ening. the small external flxator is also used as a
reduction aid.

set .p ••• ,.,itioning

o Hand table at 45 .
o Imager intensifier.
o Rolled up towel.
o Surgeon on the head side of the table (Fig. 3.21).
o Prescrub the 11mb.
o Antibiotic prophylaxis and lourni(luet if there are no

contraind icat ions.
o Prepare the arm to lhe elbow as occasionally il may be

necessary to obtain a graft from the ok-cranon.

Dr.ping .nd .ppr••ch

o Upper limb urJpes.
o Mark tht:! incision almost purallel to the superficial

branches of the ulnar nerve alongside the ulnar bor
der (Fig. 3.22).

o Ensure that the branches of the ulnar nerve are iden
tified and protected at the distal part of the incision
(Fig. 3.23).

o The aim ofre<luction is to restore length alignment and

rotation.



fig. l.20 High·flIel'gy distalloreCll'm fr¥ture.

T

Fig.l.ll Set up fOf distal fOfearm hadure lUrgery.

• [n principle, avoid poimed reduction forceps as they
may easily cut through the distal ulna and create morc
problems with bone stoclc and fixation.

• Reduction is often facililmed with traction with correc·
tion of the rotal ional deformity. An cxternal fixator may
be of usc (sec aOO\'e).

• Use the indirt.'Ct reduction techniquc whenever the
fraclUre is stabilized with a plate.

•m,lIInt ,.sitioain,

Plate fixation

• The 2.7 mm OCP is fashioned to a custom-made plate
using the plate benders.

l.5 ORIF: distal ulnar 'radures 51

rig. l.22 Intision.

fig. l.B Approach.

• The appropriate length of screw is cstimated prior to
the insertion of the plate (Fig. 3.24).

• The lateral cortex of the distal ulna is drillt.'<I twicc with
a 2 mm bit at the appropriate level using an image

intensifier.
• Using small bone nibblers the entry point is widcned

and the 'blade' part of the plate is inserted. Thumb
pressure is all that is net.'tied in Illost cases.

• The proximal part of the plate is sccured to the ulna
using standard technique. It is worth attaching the
plate to the shaft gently with a bone clamp to checlc
that the fracture reduces or remains reduced and then

secure the position with a screw.
• The predetennined·size screw is inserted via the plate

through the distal hole of the 'blade'. The interlocking
of the screw threads to the platc gives a surprisingly
good fixation (Figs. 3.25, 3.261.
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F"KJ. 1.24 Cuslom·made plate and slrut SHew measurement.

fig. 1.2S final wnSllU(t. Custom-made plate of the distal ulna.

Note the dorsal branch of fhe ulnar nelve.

Tension band fixation

• The fixation of thc mOSI distal ulnar fractures distal to
the inferior margin of lhe DRUJ and fractures of the
base of the styloid require morc distal exposure and
retinacular releasc.

• Depending on the fragment size 0.8 or 1.25 mm
Kirschner wires are used.

• The wires are inserted in thc diSlal fragment and are
used as 'joyslicks' to reduce and then transfIX the
fracture.

• Astainless sleel suture or a Ihin wire is passed with the
aid ofan IV cannula under the triangularfiblOC3rtilage

fig. ].26 PosI'opefalr¥e l3dioglaph of the final {onslrud using
custom-made plaling of the dinal ulna.

complex (fFCC) complex and via a driU hole in the
dislal ulna.

• This is a fragile consiruci so the wire is tightened \vith
~re.

• The \vires are cut and buried in a similar fashion to the
TBW of the olecranon.

(Iosure

• It is imperative that the position of the fracture and the
implants arc checkLoU with gOod-qualilY rddiographs
10 ensure Ihere is no penetration in Ihe DRUJ or wrisl
joinl.

• It is advisable to leI the lmrrnilluel down and achieve
haemostasis.

• The wound is closed in layers wilh absorbable material
fur skin closure. Thick sleri-strips are used longitudi
nally as dressings.

• In isolated fractures of the distal ulna, an above-elbow
supination slab is applied.

Post·operative rehabilitation

• Dependson Ihe fracture pattern and thestabilityofthe
final construct and associated injuries (fractule of the
distal radius).



• r-or isolated distal ulnar fractures the wound is
inspected in 48-72 h.Asplillt is fashiolled with the fore
arm in supination but aUO\ving flexion alld extension
of the wrist and elbow. The splint is maintained for 3

weeks.
• Radiographs are obtained on week 6 and if needed on

week 12.
• Patients are discharged when there is evidence of

l.S ORIF: distal ulnar fradures S9

clinical and radiological union and no ongoing prob

lems with the hardware.

Implant removal

• Routing removal of the hardware is nOI routinely rec
ommended although the subcutaneous position may
cause discomfon and removal may be necessary.
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Section I: Fractures of
the proximal radius
Reinhard Meier

4.1 OPEN RID uniON AND INTlaMAl
fIXATION Of RADIAL HIAD fRACTURES

Indications

• Open reduclion and imcmal flX3.tion (DRlF) for radial
head fractures is used IOslabilizedisplaced radial head
fractures {Mason 1)'Pe II} (Table 4.1).

• Non.displaced fractures (Mason Type I) are managed
with early 1Il0lion. To facilitate immediate motion
aspiration of the ~im nuid (haemalOmaJ is recom
mended. Comminuted and displaced fractures (Mason
l)'pe III and IV) are best treated with complete early

excision.

Pre-operative planning

(Iinical assessment

• Pain localized in the affe<:tcd elbow.
• Obliterated cOlllour of the skin in the intracondylar

recess ('soft spot'),

• Assess and document neurovascular status of the

arm.
• Cawful cxamina lion or IigulIlcnl stabl] ity is mandatory.

Radiological assessment

• Anterol)()sterior (AP) radiograph. a lateral view and a
radial head view of the affl.'(;tl.'<I elbow (Fig. 4.1). A cr
scan is helpful to delllnnStratetheexacl fracturegeom
etl)'. [n children or in unclear situations (e.g. previous
injury) the contralateral side should be evaluated.

operative treatment

Anaesthesill

• Ik>gional andlor general anaesthesia.
• At induction. administer proph)1actic antibiotics

according to local hospital protocol (e.g. 3rd genera·

tion cephalosporin).

Table and equipment

• Small.fr-dgment instrumentation SC't or Herbert screw
set - ensure the availability of Ihe complete set ofsmall

compression screws.
o Radiolucent arm table.
o Image intensifier. Dieck for adequate visualization in

2 planes prior to draping.

Table set up

o The instrumentation is set up on the side of the oper·
ation.

o Image intensifier is from the front side of the aTmtable.

Patient positioning

o Supine. supinated arm extended on arm table.

surgical approach

• Prepare the skin over elbow, forearm and hand with
usual antiseptic solutions (aqueous/alcoholic povid
one-iodine).

PmctU:<I/ Procedufl!S ill OrrllOpill'f/U: Tmllmn Surgery: A Thlill"",:SComprmioll. ed. PeltrY. GiannoudiJi and Ilans-Christoph Pape.
Published byCambridge University Pres$. "Cambridge Uni\"t~f5ityPress 2006.



Table 4.1. Mason-Johnson dauilication of radial head
and neck fractures

I Non-displaced
II Minimally displaced with depression. angulation

and irnpaction

III Cornmimued and displaced
tV Radial head rrnclurt.'$ 3SSlIClaled with dislocalion or

lheelbow

'0'
Fig. 4.1 (a) AntefOposterior and (b) Iatefal view.

Fig. 4.2 Radial approadlto the elbow joint.

• Mak.e a longitudinal or s-shape incision proximally on
the lateral humeral epicondyle (Fig. 4.2).

• Find the interval between the anconeus and theexten

sor carpi ulnaris distally.
• The capsule and anularligament is incised proximal of

the ulna and lateral of the ulno-humeralligamenl.

4.1 ORIF: radial head fradures 61

"-__.JIb)

(0)

fig. 4.3 <J,b Suewli.lalion 01 radiaillead looure.

fig.4.4 Capsule repair wilh Viuyl.

• Evacuate haematoma.
• Rotate the forearm to expose the fragmem.

Implant positioning

• Temporary fragment fixalion can he made with a 0.45
K-wire if necessnry.

• Ream. determirw the screw length and reaming dis
tance using the measuring device ,llld lap the bone if
no self-tapping screws arc used.

• One or two small fragmenl screws (2.0) arc inserted
perpendicular 10 the fmclure (Fig. 4.3 a,h).

• Talw care lhal the head ofthe screw is countersunk and
lhal thll screw tip does not violate the opposite cOrlex.
Correct positioning can be verified by rotation of lhe

forearm.
• Obtain final radiographs in bOlh AI' and lateral planes

(Fig.4.3 a.b).

• Check for slabilit)'oflhejoirll.
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,.,
F"KJ. 4.S (I) Anteroposterior and (b) Lilteral virw.

fig. 4.6 lalerll Ipprol(h to the elbow.

Closure

• Irrigate the wound thoroughly and achievc hacmosta
sis.

• Repair the anl1ular ligmllcnt and capsule (No.3 PDSI
Vicryl) (Fig. 4.4).

• Skin c1osufl)- monofilamcnt non-absorbable suture or
absorbable suture placed in the subcutis.

Post~operatiYe rehabilitation

• Elevation of the operated arm and acti\'e movement of
the fmger.

• Routine radiographs within 24 hours.
• Immobilization in 90 of flexion and neutral rotation.
• Motion is begun assoon as possible and asdetermined

by associated injuries.

Outpatient follow up

• Review at 6 weeks and 3 months wilh radiographs of
the elbow.

• Discontinue as soon as dinical and radiological signs
show evidence offraeture healing.

4.2 EXCISION OF RADIAL HEAD

Indications

Excision of radial head is indicawd III the following
situations:

(a) Colllminuted radial head fracture (Mason lYPc 1lI)
(Table 4.1).

(b) Mason Type [[ fractllrcs ifoJlcl1 reduction and internal
fIXation is unachievablc.

(c) Consider prosthctic replacelllclll in complicated
radial head fractures{Esscx-lopresti. fracture ofcaro
Iwid. Monteggia. la lenll ulna r callateralligamcol dis
ruption. Mason Type IV).

Pre9 0perative planning

Clinical aueument

• Localized pain in the arr.:.'Cwd elbow.
• Obliterawd contour of the skin in the intracondylar

recessus ('soft spot').
• Assess and document neurovascularslatus ofthe arm.
• Careful examination of ligament stability must be

made.



Radiological a","sment

• Anteroposterior (AP) radiograph. a lateral view and
a radial head view of the affecled elbow to demon
strate the fraclUre geometry {Fig. 4.5}. In children or in
unclear siluations (e.g. previous injury), the contralat
eral side should be evaluated as well. In mullifragmen
lal fr3clures cr scan is helpful.

Operative treatment

Anaesthesia
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• Regional andlor general anaeslhesia.
• Al induClion, administer prophylactic amibiotics

according 10 local hospilal protocol (e.g. 3rd genera
tion cephalosporin),

Jable and equipment

• Small-fragment instrumentation set
saw.

• Radiolucenl ann table.
• Image intensifier.

Jable set up

and oscillating

fig.4.1 Exposition 01 the radial head.

fig.4.8 Oblique osteotomy at lhe radial head.

• The instrumenlation is set up on Ihe side of the oper
ation.

• Image intensifier is from the frontside of the arm table.
Oleck for adequate visualization in 2 planes prior to
draping.

Patient positioning

• Supine, supinaled arm extcndt:d on arm table.

Surgical approach

• Prepare the skin of the arm using usual antiseptic
solu tions (atlueouslalcoholic povidone-iodine).

• Make a longitudinal or s-shape incision proximally on
the lateral humeral epicondyle (Fig. 4.6).

• Find the interval between the anconeus and the exten
sor carpi ulnaris distally.

• Incise the capsule and the anular ligament proximal to
the ulna and lateral 10 the ulno-humeralligament.

• Evacuate haematoma.
• Rotate the forearm and expose the radial head

(Fig. 4.7).

fig. 4.9 laleral view 01 ladial head e~cision.

• Perform an ob!i<lue osteotomy at the radial head with
the oscillating saw lit the level of the anular ligament
(Fig.4.8).

• Remove all fragments carefully.
• Obtain final radiographs in both the AP and lateral

planes IFig. 4.9).

(Iosure

• Irrigate the wound thoroughly and achieve haemo
stasis.
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• Repair the lateralligamcnt complex and capsule (No.3
PDSfVicryl),

• Skin c1osuro- monofilamcnt non-absorbable sutureor
absorbable suture placed in the subcuticular layer.

• Check for stability especially at the distal radio-ulnar
joint byexerting an axial load on the radius at the wriSL

Post-operative rehabilitation

• Elevation of the operated arm and active mo\'ement of
the finger.

• Routine radiographs within 24 hours..

• Immobilization in 90 of flexion and ncutral rotation
in a cast splint for 2 wl'eks.

• Motion is begun as soon as possible OUi of the splint
and as determinctJ by associated injuries.

Outpatient follow up

• Review at 6 wt.'Cks and 3 momhs with radiographs of
the elbow.

• Discontinue follow up as soon as clinical and radio
logical evidence show stability and full range of move

ments.



Sedion II: Fradures of
the radial shaft
Christopher C. Tzioupis, Peter V. Giannoudis (4.3)
and Brian W. Scott (44)

4.1 OPIN RIDUUION AND INTERNAL
FIXATION (DRIf): ANtill OR
APPIOACH

Indications

• Displaced isolated fraclUrc of the radius (rotational
defonnity).

• Open fractures.
• Combined fraClUre5 of radius and ulna.
• According to AD/Muller Oassification 22-A3.2, 22

B2.2.22·C2.2.

Pre·operative planning

(Iinical assellm.nt

• Oblain a careful hislOry. including the mechanism of

injury.
• Determine concurrent ipsilateral injuries to the upper

arm, wrist and hand,
• Assess and document neurovascular status of the

arm: IIll>dlal. radial, ulnar. and posterior interosseous
nerves: and axillary, bmchial, radial, ulnar pulses.

• Evaluate the SOfllissuc compartments of the forearm.
• Look for signs indiclllivc of ischaemia.

Radiological unum_nl

• High-quality AP and latcral views of the forearm
(Fig. 4.10 a,b),

• The radiographs should include the elbow and wrist

joints.
• Exclude associated arlicuJar fractures or speciHc frac

ture typl'S such as Monteggia or Galeazzi.

Ibl

fig. 4.10 (a) Antcfopo~terior and (b) latcf<ll prc-operative

radillgraph~ of radiu~ ~haft fractolc,

liming of lurg_ry

• Early opcrative treatmcnt permits decompression of
the fracture hacmatoma and reduction offracture frag
ments, minimizing soft tissue trauma.

• Surgery can be delayed 10 allow either systemic or local

conditions to improve.
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fig.4.11 Table inulUmentation. fig.4.13 The fOfearm Is dlaped free with single use u·dlapl'S ovel

the side oflhe table.

fig.4.12 The patient is supilll' with the ilrm ovel illadiolucent
hand table.
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fig. 4.14 Make iI nrilighl skin i'l<ision and relied the skin edges.
lake tafe nollO damaqe intact superficial veins.

fig. 4.15 The l,mia on the radial side of the flexor (arpl radialis is

released, exposing the deep tlmle.

Fig. 4. 16 U~lNe of the pronator qlJadl<ltus, the flUOf digltOfum

sub~mes (FDS) and flexOf poIias longus (fPI).

fig. 4.17 After ~·disse<1ion expoilJrt of the Il<lcllJle plane.

OperaitiYe tr"tment

bHstHIN

• At induction administration ofproph)"actic antibiotics
as per local hospital protocol.

• General anaesthesia is prtremble. Avoid regional
anaestheticfblock in acute injuries as they mask symp·
toms indicating companment syndrome in the imme
diate post.operative period.

• Apply a tourniquet to the uppoCr arm if nOt contraindi·
cated (situations in which the soft tissue envelope is
extremely traumati:u."d).

Jable and equipment

• AD small.fragmcnt set 3.5 mill.
• Standard osteosYl1\hesis set as per local hospital pro

tocol{Fig.4.ll).
• Ensure availability of the preplanlled platc length.
• Fluoroscopy is necessary ror intraoperative imaging.

Jable set up

• The instrumentation is set up on the side or the oper
ation.

• Image intensifier is from the ipsilateral side.

• The patient is supine with the arm abducted and
supinated oyer a radiolucent hand table (Fig. 4.12).
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(al (bl

Fig.4.18a.b Reduuion ollhe fr;)cture with the UH' of two damps restoring length and alignment.

Fig. 4.19 Plac:ing or the applopliate dynamic (ompression plate

and holding it in place with {lamps.

Draping and ,urgical app,oach

• Prepare the whole upper extremity with usual
31l\iseptic solutions (aqueous/alcuholic povidone
iodine).

• The forearm is draped fll."C with single use U-drapes
over the side of the table (Fig. 4.13).

• If bone grafting is anticipated prepare the ipsilateral
iliac crest as well.

• Draw the skin incision O\'er the volar aspect ofthe fore
arm with a skin marker.

• Landmarks: groove between brachioradialis and distal
biceps tendon proximally and styloid process of radius
distally.

• Make a straight skin incision and reflect the skin edges.
• Take care not to damage intaci superficial \'eins

(Fig.4.14).

• Identify the flexor carpi radialis (FCR) tendon ulna
ward.

• Incise the subcutaneous fascia between the FCR and
the brachioradialis.

• Identify and protect the anterior cUlaneous nerve of
the forearm and the superficial radial nerve that run
along the brachioradialis muscle.

• Rellact FCR to the ulnar side and the brachioradialis
radial ward (Fig. 4.15),

• Now the pronator quadratus. the flexor digitorum sub·
limes (FDS) and flexor policis longus (FPL) ale exposed
(Fig.4.16).

• Subperioslc31ly clcvate the FilL and pronator quadra·
tus and strip thcm towards the ulna.

• ProxJmally release FDS, FOil and pronator musclcs
from the volar radiHI aspect tFig. 4.17),

fracture reduction

• The aim is to restore length, alignmcnt and rotation.
• limit periosteal stripping lOa minimum (I mm around

on each fragment).
• Expose the fracture ends using small Weber clamps and

right angle retractors.
• Ifa butterfly fragment exists, fix it with OJ lag screw back

to one of the fracture ends.
• Deliver the bones jointly, aetentuate thedeformilyand

rotate and fit the bones together.
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1.1

1<1

Ib)

fig. 4.20 a,b,c U~in\l the ofMt drill guide, place the fir~t (ortit:al mew in a

neutral po~ition without in~rtin\llt (ompletely into the plate. On the oPpo~lte

wde of the fract~e plate a ~e<ood Strew e<centri(ally in a ~imilal fa~hion. By

(ompres~ing these two Klews il9ain~t the plate the fracture is tlilll~lated and

(ompres~ed.

• Push them back into the wound obtaining alignment
and rotation (Fig. 4.18 a,b).

Implant insertion

• The plme must be long enough to neutralize the
torsional forces (at le<lst 6 cortices in each main
fragmellt).

• It is appropriate to prebend the pl<lte to avoid develop.
ing a fracture gap in the contralateral side.

• Place the appropriate dynamic compression plate and
hold it in place with clamps (Fig. 4.19).

• In fractures with extensive fragmentation an indirect
reduction technique can be used with a long plate
anchored distally and a push-pull technique.

• Use intraoperative fluoroscopic views to verify main
tenance of reduction.

• Using theoITset drill guide, place the first cortical screw
in a neutral position without insening it completely
into the plale.

• On the opposite side of Ihe fracture place a second
screw eccentrically in a simil..r f<lshion.

• By compressing these two screws ,Igainstthe pl<lte the
fracture is translated <lnd compressed (Fig. 4.20 a,b,c).

• Continue by placing the reSI of the screws (Fig.
4.21 a.b.c,d.e).

• Use intrJ.opcrative fluoroscopic views of the whole
forearm to assess location ofthe Il'<lte, length <lnd posi
tioning ofthe screws and reduction accuracy (Fig. 4.22).

• Clinically assess alignment and rotation, pronating
and supinating the forearm. Confirm with fluoroscopic
control images.

• Prior to closure, assessment and documentation ofthe
radial pulse is mandatory (Fig. 4.23 a,b).
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lal (al

lbl (bl

Fig. 4.21 a,b Insenion 01 the rest 01 the SHews. Fig. 4.2) a,b Priof to closure a~sessment and documentation of

the radial pul!;l! i~ mandatory.

fig.4.22 Use intlaopeliltiw f1uoronopi[ views to assess Ioc:alion ollhe

plate, I~th and positioning of the nrews and redlKtion auUlacy.
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Fig. '.2' Fig. '.25

figs. 4.24 and 4.25 Closure .. two !ayers with a Sllbc:Utirular absorbable (3/0 POS) materiallOf !he skin.

• If bone grafting is nec::essary. place il away from !.he
interosseous border.

• Release the toumiquet and perform haemostasis.
• Reallach only the supinator proximally and the prona

tor distally.
• Do not reattach the deep fascia.
• Continue in 2 larcrs with a subcuticular absorbable

(310 PDSj matcrial for the skin. (Fig. 4.24, Fig. 4.25)
• Thick stcri-strips can be used as dressings with dry

gauze and cotton wool.
• Apply an abovc-clbow back slab.

Post-oper.tive tre.tment

• The arm is clevatcd using a Bradford sling.
• Assess ncurovascular status of the forearm in the

immcdiatc post-opcmtivc period.

• Fingcr motion is encourdged on the day after
surgery.

• Inspcctthc wound at48 hours.
• Remove thc plastcr splint in 3-5 days and cncourage

shouldcr, clbow, forearm and wrist motion.

Chltp.tie..t f.ll.. up

• Revicw in clinic with routine X-ray evaluation at 6 and

12 weeks and aftcr I year.

• Advise lhe patient to perform mos! daily aeti\<ities 6
weeks after surgery, a\"Oiding spons and heavy lifting.

• RemO\-a.l of the implant is not mandatory.

4.4 ElASTIC 1"'RAMEDUllARY
MAIlI"' fOR DIAPHYSEAL fOREARM
fRAUURU IN (HIlDRIN

Introdultion

Angulatl.od and displaced diaphyseal fractures are unfor
giving injuries in both child ren and adults. Whilst bayonet
apposition may beaccepted and will remodel in children.
angular deformities are poorly IOlerated in both children
and adults and lend 1101 10 remodel irrespective of age.
As <I guiddil1e it has bcen suggested that a 15 <lngul<ltion
is <lcceptable undcr9 ycars and 1° if older. For this reason
con!rol ofalignmen Iofforcarm fract ures is importan! and
this is parlicularly difficult in this type of fracture which

is inheremly uns!ablc.
In children younger than 6-7 years. with experience and

skill with plastcr. a satisfaclOry rcduclion can be achieved
and maill1aincd in 1IIOSt cascs. Older children should be

treated along the same Iinl'S as adults.
Open reduction and fixation with metal plates is an

established and popular treatment for this tnJe of injury
but it has the disadvantage of a wide exposure and a very
visible surgical wound(s).

Overthe last decade intramedullary stabilization using
thin steel or titanium nails has become increasingly
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fig.4.26 Diaphyseal frac:lules.

popular. It has me advanlageoflimited exposure 10 insert
me wire. and usually me fracture does nOI need 10 be
exposed. Wilh experience it is also a fairly quick. proce
dure. somelimes taking as little as 20 minutes.

Indil.tionS/lontndidions

• Suitable for children between 7-15 realS. In younger
children me medullary cavity tends 10 be narrow and
me insert)on technique is technically more difficult. In
adults, where bone healing is slower than in children,
the rigidily of opcn reduction and plating is a signif
icant advantage in the early rehabilitation. With time
the indications for imramedullary nailingw:ill probably

extend.
• Diaphyseal fractures (Fig. 4.261. Metaphyseal fractures

of the radius and ulna can both be treated satis
factorily with other techniques such as plastering or

wiring.
• Radial neck fractures. '!11ere is a well-described tech

nique for this particular injury which is an extension of
thc tcchnique for radial wiring. The readcr is Icferrcd
to othcr lcxts for further information.

• Isolatcd diaphyseal fracturcs. This technique is appro
priate for MOnlcggia iUld G<llcazzi-typc injuries.

• M<llunionlnon·union. Where <In open precision oste
otomy is rccluircd the likelihood is that the cxposure
would perrnil plat ing also. The medulJarycavity is likely
to be at least partially obliterilted <lnd pass<lge of the

wire is likely to be \'ery difficult.

Patient positionin,

• Supine on operating table (Fig. 4.27).

• Hand table.
• Tourniquet.

fig.. 4.21 Patie1lt positioned supine.

fig. 4.28 AppliGltion of ucluslon drapes to Uppel arm, exposing
the whole 01 the upper limb.

• Exclusion drapes to upper arm, exposing the whole of
the upper limb (Fig. 4.28).

• Pre-operative broad spectrum antibiotics.

Surgical technique

• Use a nail diametcr of approximatcly 40% of the nar
rowest diameter of mcdullary cavity. Usu<ll nail diam
eters in children agl'CI 7-11 ycars: 2 mm; 11-16 ye<lrs:

2.5mm.
• Selcctlength based on full length ofbone segment from

growth plate 10 growth plate (Fig. 4.29).

• Use me image intensifier to mark growth plates and
skin incisions.
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fig. 4.29 sele<llength based on full length 01 bone segrnffit "om
growth plale to g10wth plale.

fig.4.31 Hold the nair in a )a(obs dwdt and adv¥Ke. introducing

a progrenive bend (OfI(ave laterally, i.e. otgainsl the nDrmill bow

in the radiul.

fig.4.30 Use an awl or drill to perforate the cortex approximately

2 em proximal to the growth plate.

• Make a 1-2 crn incisinn over the lateral distal radius.
Take CHre with incision and dissect bluntly to 3void
superl1cial mdial nerve darn'lge.

• Use an awl or drill lU perforate the cortex 3pproxi
mately 2 cm proximal to the growth plate (Fig. 4.30). If

a drill is used, use one that is 1mm wider th3Il the nail
size.

o Bend the tip of the wire slightly to facilitate entry into
the medullary cavity. Too much of a bend will make it
difficult to pass across the fracture site.

o Hold the nail in a Jacobs chuck and advance, introduc
inga progressive bend concave laterally, i.e. against the
normal bow in the radius (Fig. 4.31).

fig. 4.32 PfO'9reSS the tip of the wire to the leyel oftke "artme

~ite. The a~~lstant attempl~ to redu(e the fracture by gripping the

forearm firmly with both hands .

• Progress the tip or till) wire to the level of the frac
ture site. The assistant allemptS to reduce the frac
ture by gripping the rorearm firmly with both hands
(Fig. 4.32).

• Manipul3te the nail across the fracture through a com
bination of feci and periodic image Imensil1cation.
using a hammer as necessary.

o Advance the wire to the proximal metaphysis under
image intensifier control.

o For the ulna, two entry sites are possible. The first
approach is distal to the growth plate through the radial
border of the proximal ulna. The second approach is
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Fig.4.)) FOI' lhe ulna, two enlty $lIn ~e pos~ble.The lirst

aj)f>lo.Kh is diml to the growth plate through the radial border of

the pro1imal ulna. The se<ood itpproat:h is diredl.,. through lhe lip

01 the elbow and across the growth plile.

fig. 4.34 Advante nitil to the level of thl! IraduII!. Rl!duce Iradure

dosl!d as 101 the fitdlus.

directly through the tip of the elbow and across the
growth plme (Fig. 4.33). It is probably better to avoid
transgressing the growth plate in younger children.

• Incision and perforation of the cortex as for the radius.
• Slightly bend the tip of the wire unless a direct trans

olecranon approach is adopted.
• Advance the nail to the level of the fracture. Reduce

fracture closed as ror the radius (Fig. 4.34).
• Manipulate the wire across the fracture and advance

under image intensifier guidance to the distal meta·
physic.

o Returning to the radius, finnly clamp the nail in the
chuck and rotate the wire through 180 to restore the

Fig. 4.3S a,b Xray itt 6 weelts.

fig.4.36 lithe nail (annot be advanted atlOSS the ffacture site

despite fepeitted itttempts then open redU<tion will be IIftded.

fhis is usually possible through a 2·3 tm indsion following the

planes 01 a Henry in(ision lor the radius and Ihl! dirl!(\ approach

lor the ulna.



normal bow. [f the end of the wire requires trimming
do so lO [eave I cm of wire protruding and lea\'e lying
adjacent to the bone. A\'Oid wire teming the skin. dose

the skin ovcr the wire.
o Although the ulna is a straight bone there will be a ten

dency to somc slight radial bowing of the ulna unless
a counter bow is introduced convex tovnmts the ulnar

side.
o Trim and bury the tip of the nail. Care is needed to

avoid tenlingofthe skin usinga direct trans-olecranon
approach.

o Apply a bekw,··elbow back slab.

Post-operative care

o tittle post-operativc splintage is required-It is reason
able to use a beh:",...-clbow back slab for 2 weeks and a

sling for possibly a liule longer.
oX_ray srnming full length of foreann bones. wrist and

elhol....

4.4 Elasli( intramedullary nailing 1S

o X-r<lY at 6 weeks (Fig. 4.35 a,b). Assuming healing to be
well ad ...anced, pcrmit an increase in normal activities
and arrange a 6'\llonth review to plan removal ofwires
shortly thereafter, if X-rays demonstrate sound union.

lips and pitfalls

o If the nail cannot be advanced across the fracture site
despite repeated allempts then open reduction will be
needed. This is usually possible through a 2-3 ern inci
sion following the planes of a Henry incision for the
radius and the direct approach for the ulna (Fig. 4.36).

o Single bone fIXation is somedmes advocated
o h is generally recommended that the more displaced

fracture be nailed first.

Impa.nt Removal

o Nail should be remO\'ed between 6 and 9 momhs after

insertion.



Sedion III: Fradures of
the distal radius
Peter V. Giannoudis (45), Doug Campbell (4.6)
and Reinhard Meier (47,48)

4.5 OPIN RID unioN AND IN1IINAl
flIATION (ORU) fOR DISTAl RADIUS
,aAnURU: YOlAR APPROAIN

Indilations

• Displaced. irreducible eXlra-anicular fractures (A3).
• Unstable. partial illlra-articular fr<lctures (81. 82. 83).

or complete (Cl, OJ.

• Fractures requiring bone grafting.
• Palmarly displaced shon oblique fraclUres.
• Volar Barlon's.
o Fractures with primary instability.

Pre-operiltive planning

(Iinical IIl1eument

• Mechanism of injury: grading from low- to high-

velocity trauma.
• Typical deformity. swelling. wnderness.
• Evaluate ncuroV'd5cular status of the hand.
o Assess soft tissue damage.
• Evaluate patient for age, hand dominance, occupation.

and level of activity.
• Check for assochl1cd ligamentous lesions of fraclures

of carpal hones.

Radiological aueument

• High~quality anteroposterior and lateral radiographs
(Fig.4.37a,b).

• Oblique films (45 pronated and supinated).
• Assess degree of fragmem displacement, quality of

bone. whemer the fraclUre is imra-arlicular or extra-

anicular, direction ofdisplacemem, melaphyseal com

minution.
• CT scan if Ihe diagnosis is nOI clear in plain radio

graphs.

Ti_"" of s.rge"

• Immedialelywhen me fracwre is open or primarycom
pression ofthe median nen-e is presem.

• After 5-6 days if there is imporlam soft tissue S\\-eUing
(after reduclion oflhe inilial displacemem and immo

bilizalion in a plasler splinl).

Operative treatment

Anaesthesia

• At induction, administration of prophylactic antibi
otics as per local hospital protocol.

• General anaesthesia is preferable. Avoid a regional
anaestheticfblock in acute injuries as it masks symp
toms indicating compartmem syndrome in the imme

diate post'operative period.
• Apply a tourniquClIO the upper arm if not contraindi

cated (situations in which the soft tissue envelupe is
extremely traumatized).

Table and equipment

• AOsmaU.rragment set3.5mm orJupiter plating system
(Fig. 4.38).

• Standard osteosynthesis sct as per local hospital pro
tocol.

• Ruoroscopy is necessary for intraoperative imaging.
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Fig.4.37 Anteroposterior and lateral views 01 a distal radius

Iraeture.

Table set up

• The instrumentation is setup on the side of the oper
ation.

• Imagc intensifier is from the ipsilateral side.

Patient positioning

• The patient is supine with the arm abducted and
supinated O\~r a radioluccnt hand table (Fig. 4.39).

• Apply a rolled towel under the wrist.

4.5 ORlf for distal radius hactun!s: volar approach 77

fig. 438 IUpitCf plating system.

fig. 4.39 The patient Is supine with the arm alxlucted and

supinated over a radiolucent hand table.

Draping and surgical approach

• Prepare the whole upper extTCmity with the usual
antiseptic solutions (aqueous/alcoholic povidone
iodine).

• The hand is dral>cd free with single use U-drapes O\"er
the side of the table.

• Make an incision over the distal portion of flexor carpi
radialis (FeR).
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fig. 4.40 An Indsion is made 0Yef the distal portion of f1exOl (illpi

radialis (fCR) going through Ihe suboJtaneollS tissue to Ihe pallTlill
sheath 01 FCR.

• Incise the suhcUlaneous tissue and the palmar shealh
ofFCR (Fig. 4.40).

• Expose flexor polids longus IFPLl by incising lhe pos·
terior sheath of FCR IFig. 4.41).

• Retract FPL and the radial artery radial ward.
• Expose pronator quadratus by retracting the median

nerve and the extrinsic flexor tendons ulna ward
(Fig. 4.42).

• Incise along its radial insertion.
• Elevate pronulOrtlUadratus from the periosteum of the

distal radius and expose the fracture (Fig. 4.43).

fracture reduction

• Identify any imerposcd intra-articular fragments

before rcduction.
• Apply a rolled towel under the wrist.
• Hypcrcxtend the wrist over the towel and achieve

reduction.
• Evaluate reduction with fluoroscopic conuol images.

Implant positioning

• Placca prcbcntlupitcrvolar plate in a butuess position
(Fig. 4.44).

Fig. 4.41 Exposure of f1exOl poIKis IongllS (FPl) by ndsing the
posterior sheath 01 FCR.

Fig.4.42 Ellposure of the pronator quadratus by retradingtlKo
median nerve and the exttinsk fle)(Of tendons ulna ward.
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fig. 4.46a,b Securing the plate by placing the lest of the

'i(lews.

Ib)

fig.4.44 After achieving reduction with hypereden'iion over an

undel'wri'it towel place a plebent Jupitel volar plate in a bullre'i'i

lK''iition.

fig.4.0 Elevate pronator quadratus "om the perio'iteum of the lal

distal radius and e.po5e the fr;Kture.

o Confirm that the plate is adjaccnt wthc distal fmcture
rim.

o Using the offset drill guide first drill a hole in the oval
plate hole of the plate stcm.

o Identify the screw lcngth with the depth gauge.
o Prepare the screw hole with a 3.5 mm tap.
o Secure the plate with a screw in the elliptical platc hole

(Fig. 4.45).
o Ensure reduction maintenance with fluoroscopic

control.
o Secure the plate by placing the n.-st of the screws in the

same manner (Fig. 4.46 a,b).
o Prior to closure clinically assess flexion and extension

of the wrist }oint.

Fig. ,""5 securing the plate with a 'i(rew in the elliptical plate

hole.
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fig.4.0 Continue in 2 layers wilh a subc.utic:ular absorbable
(l/G POS) material lor the skin.

CkK.re

• Release the tourniquet and perform haemostasis.
• Irrigate the wound.
• Avoid rcapproximating pronator quadratus in case of

existing tension.
• Do not repair the fascia.
• Continue in 2 layers with a subcuticular absorbable

(3fO PDS) material for the skin (Fig. 4.47 a,b).
• Thick stcri-strips can be used as dressings with dry

gauze and cOllon wool.
• Apply a posterior sling with the forearm in ncutral

rotation.

POlt-operative treatment

• The arm is elevated using a Bradford sling.
• Assess and document neurovascularstatus ofthe hand.
• Obtain AP and lateral post-operative radiographs

(Fig. 4.48 a,b).
• Finger llIotion is encouraged on the day after sUlgery.
• Inspt.'Ct the wound at 48 hours.
• Remove the plaster splim in 3-5 days and encourage

shoulder, elbow, forearm and wrist motion.

I,)

Ibl

Fig. 4.48a,b Post·operative AP and latelal radiographs.

Outpatient follow up

• Review at the clinic in 2, 6. and 12 weeks, with radio
graphs on arrival.

• Retain the splint for 3 weeks after surgery.
• After that encourage the patiell1 to perform finger

motion exercises, wrist flexion-extension and circum
duction. as well as stfCngthening exercises using a
sponge.



Complications

o Infl'Ction.
o Malunion.
o Non.union.
o Median neuropathy.
o PosHraumatic arthritis.

Implant removal

o Rarely required.

•.6 OPIN IIDUUION AND INIIINAl
fiXATION (011F) fOI DISTAL IAOIUS
fIAC1UIIS:DOISAlAPPIOACH

Indications

Dorsal plating of distal radial fractures is performed for.

(a) Comminuted. dorsally displaced intra·articular frac

'u=
(b) Unstable dorsally displaced exira-articular fractures

untreatable by less in\'asive methods.

(cl Early malunion.

Pre·operative assessment

Clinical assess..ent

o Assl'SS vascularity of lhe hand.
o Assess for l'Vidence of neural compromise - parlicu

larly in lhe median nerve distribution.
o Assessmenl of the condition of the sk.in in the area of

proPOSl>d incision,
• Asscssmelll of ol'1:lema and compartment syndrome.

Radiological asses.ment

• Anleroposterior and hller,11 radiugraphs of the wrist
and elbow (if indicated).

• Assess radial length. r,ldhll inclination. palmar ioclina

tion and intercarpal areas.
• Pay particular allention 10 110/11 joints in the wrist:

the radiocarpal and distal radioulnar joints (DRUJ)
(Figs. 4.49. 4.50).

Operative treatment

Anaesthe.ia

o General or regional (axillary. supra- or infraclavicular

block!.

4.6 ORIF lor distal radius hactures: donal approach 81

Fig.4.49 Alltefoposterior radiograph ollrcKturf.

fig. 4.50 latcral radiograph of fraclulc.

• Intravenous dose of all1ibimic as prophylaxis prior 10

inllalion oflOurniquel.

Tou,niquet

o Well-padded upper arm cuff inflated 10 250 mmHg.
o Plastic exclusion drape to pre\'CllI any soaking of

padding by skin preparation.

Equipment

o Distal radial platingsystcrn ofchoice with fullselection

of implants and screws.
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fig.4.S1 Surla(e marking olladio(arpal ;oilltleW'l
ilnd tistel's tuberde,

• Radiolucent hand table securely fastened to operating
table.

o Image intensifier or mini C-arm fJuoroscan.

Oper.ting roem set up

o The arm must lie centrally on the hand table.
o SurgL'On is [rest seaced cephalad, assistant seated at

patient's axilla, scrub nurse seated at the distal end of
the affected Iimh.

o Image intensifier or mini C-arm is brought in from the
assistant's side Htthe appropriate time.

o Sk.in is prcparL-d from fingertips to tourniquet with
aqueous antiseptic solution,

o Entire limb fromlOurniquet distally visible and mobile
during the procedure.

o A single use drape with expandable aperture for limb
recommended,

• Dorsal longitudinal incision based on Ustl'r's tubercle
(Figs. 4.51, 4.52),

I

fig. 4.52 Surla<t malking IOf inc:iskln.

• Raising of thick skin naps to level of extensor retina
culum.

o Identification of3rd extensorcompanment containing
tendon of extensor pollicis longus (EPLJ - immediatel}'
ulnar to Lister's tubercle (Fig. 4.53),

o Opening of 3rd extensor oompartml'nt along its entire
length.

o Tendon ofEPL is lifted out of its compartment and plO
tected to the side,

o The floor of the 3rd compartment is cut directly onto
bone, and sub periosteal flaps are raised from the 2nd
10 the 4th extensor comp"rtmellls !Fig. 4.54).

o If necessilry, the radiocarpal joint is opened for direct
visualiziltion of the illlrinsic ligaments of the plOximai
carpal row.

o The mdiallength is restored and held with a temporary
1.2 mm Kirschner wire placed through the tip of the
radial styloid (Fig. 4.55).

• The articular pieces of both wrist jointS are elevated
and reduced.



flg.4.S3 btensor pollids Iongm lifted out 01 tM lId

[ompartment.

fig. ".S4 Dorsal view or r,,,(tUfe.

4.6 ORIF 101 distal radius fractules: donal apploach 83

fig. 4.SS Raliallength lestored iMld tempoi"¥ily $tabi~led by

KifS(hnef wire.

'Mpla.' posit....,

• The lransverse limb oflhe plate is applied to ensure an
anatomical reduction of the anicuiar surfaces.

• The longitudinallimb(sl ohhe plate are applied 10 sta·
bilize mdiallenglh (Fig. 4.56).

• The Kirschner wire is removed and passh'e range of
mOlion is assessed.

• Al this stage. the passh'e stabililY of the DRUJ is also
assessed (Fig. 4.57).

• Intraoperalive radiographic screening is used at each
slage 10 ensure adequate reduclion.

(Iosure

• The edges of lhe 3rd extensor compartment are closed
over the plate (4/0 Vicryll.

• The lendon of lhe EI'L is left superfidallo the extensor
relinaculum.

• Skin closure Wilh interrupted fine monofilament {5/0
NovafJI} or continuous subcuticular monofilamenl
(3/0 Prolene).

Dressing

• Bulky. not tighl. wool roll.
• Palmar plaster of Paris slab with the wrist in 20 of

extension.
• External crepe bandage.
• High elevalion in Bradford sling.
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fig. 4.56 00IsaI view after plating.

fig. 4.S7 Asse~~ment of the ~lability of the DIl:UJ.

Post·operative rehabilitation

• High clevation in Bradford sling and subsequently high

arm sling for 72 hours.
• Routinc check radiograph at first com'enient opportu

nity (Figs. 4.58, 4.59).

Outpatient follow up

• Review at 2 weeks with check radiograph, removal of
plastcr splinl and sutures. and referral for thermoplas-

fig. 4.58 Anltropo~terior radiograph aller ~...gery.

fig. 4.59 lateral radi~raph alter 5urgery.

tic wrist gauntlct manufaclurc and Qut-patient phys

iotherapy.
• Further rcviews at 6 wecks (to discard splint) and there

after to monitor recovery of range of motion and grip
strength. and radiological union.

Implant removal

• Oflen reqUired after fractme hcaling in cases or sec
ondary exlensor tcnosynovitis.

• Maypresent with allrition rUJllUre oreXlensortendons
if tenosynovitis is nOI recognised.
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4.7 ClOUD REDUCTION AND I-WIRE
FIXATION OF DISTAl RADIUS
FRACTURES

Indications

• Extra-articular dislal radial fractures ...lith good bone
stock. except flexion fractures.

Pre·operative planning

• Local pain and swelling.
• Assess and documenl neurovascular status..

Radiel.,ical alia.....

• Sr:andard ameroposlcrior CAP) and lalcral radiographs
of the wrisl. Special projeclions like Sleeher's view CAP
view in ulnar adduclionl can be helpful to find associ

ated lesions of carpal bones or ligaments.

• High-resoluLion spiral computed tomography {I

2mm, 120 kV, 80-100 mAs, axial and sagittal] helps
define the degree of comminution \vithin a fracture
as well as suspected impaction of the articular sur
face.1t should be considered in intra-articular fractures
(Fig. 4.60).

Operative treatment

Anaelthesia

• Bnlchial plexus block. intravenous regional anaesthe
sia. intrafocal anaesthesia or general anaesthesia.

• At induction. administer prophylactic antibiotic
according 10 local hospil,11 protocol (e.g. 3rd genera

tion cephalosporin).

lable and equipment

• Power drill.
• K-wiresl.2tol.8mm.
• Extension devict!.
• Image intensifler.

lable let.p

• The instrumentation is set up on the side of the oper

ation.
• Image intensifier is from the side of the fracture. Check

for adequate visuali7.ation in 2 planes prior to draping.

(al (bl

fig.4.60 (a) An1el'ioIposterior and (b) lateral view of distal radim

friKtule.

Patient polit"ni_.

• Supine arm extended in extension device in 90 lIex
ion of the elbow. weight on upper arm of 2.5 to 5 kg

{Fig. 4.61).

Draping, surgical approach and Implant
positioning

• Prepare the skin o\ICr elbow, forearm, wrist and
hand with antiseplic solutions (aqueous/alcoholic

pOVidone-iodine) .
• Apply adhcnmt drape above the elbow, 10 allow free

elbow lIIotion.
• To reduce Ihe fracture, first increa~e the fracture defor

mity by extending the wrist, then manipulate the distal
fragment in a palmar and ulnar din,'ction whilsttrac
tion is maintained, and finally lock the fraClure in place
by rotating patient's hand and fragment carefully. Avoid
repetitive and brusque manipulation,

• Dorsal skin incisions over the fracture, long enough
to ensure that pins will neither be driven through the
extensor tendons northrough the superficial branch of

Ihe radial nerve.
• In placing the pins 2 proceedings are preferable.
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fig. 4.61 Arm positioning in ex.len$iOll devKe.

IntlafDCal pinning u advef:atH .., Kapanclji
(fig. 4.61)

• Insert two to three 1.6 to 1.8 "·wires inlO the dorsal
cortex of the fracture from proximal to distal by hand
whilst prou.:cling nervc and tcndons.

• Correct persisting loss of dorsal angulation by levering
the proXimal end of the pins distally.

• Drive "·wire proximally inlG the palmar cortex of the
proXimal fragment.

• To correct radial inclination insert at least one "-wire
illlG the radial cortex of the fracture and lever distally
before driving the pin into the uln3rcortex of the prox
imal fragment.

Intertragmentar, pinning (Fig. 4.61 alb)

• After manual reduction of thc fraClure and sldn inci
sion. drill one 1.6to 1.8 "-wire from the lip ofthe radial
styloid tmvard thc fracture in an angle ofapproximately
45 to the dorso·ulnar cortex of the radius. proximal of
the fragment.

Fig.. 4.62 tntlalocal pinning as acfvo(aled by lap~ji.

Fig.4.63a,b InlerlragmentafY plnniflg of distal 'adius fraclure.

• Depending on the size atld count of fragments. drill
at least two 1.6 to 1.8 K-wires from distal-dorsal to
proximal-palmar.

• Control reposition and correct implant positioning
with the image intensifier.
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fig.4.6.( soon'afnl, U.St splint.

• In bolh procedures CUI K-wires long enough not 10
inlerfere with lendons.

• Wound and skin closure (monofilament non
absorbable suture).

• Sterile and slightly compressing dressing from palm to
foreano. Short-arm. caSI splint with the wrist in 20 of
extension (Fig. 4.64).

Post-operative rehabilitation

• Elevation of the operatt.'(I arm, Active exercises of
fingers, elbmv and shoulder.

o Routine radiographs within 24 hours.
o Short-arm, cast for 4 to 6 weeks, depending on the

stability obtained at surgery.

Outpatient follow up

o Review at day I and day J and control cast. Change cast
at day 4 to 7 if correct fit is uncertain.

• Review at day 1,4, 7 and day 28 with radiographs.
• Implant removal at da)' 28 if fracture healing is

evident.
• Discharge from the follow up after clinical and radio

logical evidence offracture healing.

,.j
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fig.4.6Sa,b Comminuled lriKtUfC of the 10rCafm and distal radius.

4.8 nono RID IniON AND
APPliCATION Of AN IIIIRNAl
FlXATOR IN DISTAL RADIUS
FRAnURIS

lnelilations

• Distal radial fraclures. intra- and extra-articular, except
flexion fnlcturcs.

• Comminuwd fraclures of the elderly.

Pre-operative planning

llinical assessment

o Local pain and swelling.
o Assess and document neurovuscular stutus.

Radiological assessment

• Standard anteroposterior (AP), and lateral radiogrdphs
of the wrist (Fig. 4.65 a,b). Special projections like
Slecher's view lAP view in ulnar adduclion} can be
helpful 10 find associated lesions of carpal bones or
ligamems.
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fig. 4.66 Make a 5 mm irn:ision O'tef the bale alea 01 the r.tdius.

• HiglHesolution computed tomography (1-2 mID.

120 kYo 80-100 mAs. axial and saginal) helps define the
degree ofcomminution within a fracture as well as sus·
pecll'd impaction oftne ankular surface. It should be
considered in intra-articular fractures.

Operative treatment

Anae5thelia

• Brachial plexus block.. intr.lVenous IL'gional anaesthe
sia or general anaesthesia,

• At induction, administer prophylactic antibiotic
according to the local hospital protocol (e.g. 3rd gen
eration cephalosporin).

'able and equipment

• External rlXation system
• Radiolucent arm table.
• Image intensifier.

'able let up

• The instrumentation is setup on the side of the oper
ation.

• Image intensifier is from the front sideofthe arm table.
Check for adequate visualization in 2 planes prior to
draping.

fig.. 4.67 Use a damp to dine<l gently down to bone to avoid

damage to neurologk and vaKlIlar SIJur:lurn.

fig. 4.68 Altel the hole is drilled remove the inner cannula and

place the pin through the outer cannula,

Patient politioning

• Supine. pronllted arm extended on l\rlll table.

Draping, lurgical approach and Implant
positioning

• Prepare the skin o\'er elbow, forearm, wrist and hand
with the usual antiseptic solutions (aqueous/alcoholic
povidone-iodine).

• Apply adherent drape above the elbow, to allow free
elbow motion.

• Make 2 small puncture skin incisions at a 45 angle
to the plane of Ihe radius and of metacarpal II.
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fig.4.69 "tthe mela<afpal YpIau one pin in the baH' and OIH' in

the mOfe di~al aspect.

Place the 2 pins in the distal diaphysis of lhe radius,
approximately 10 to 12 em proximal to the radial
styloid (Figs. 4.66. 4.67, 4.681. AI mel3carpalll place
one pin in the base and one in the more distal aspect.

• Drill holes and insc" the 4 fixatOr screws (2 mm at the
mClacarpal. 4 111m at the radius) by hand, creating an
angle of 45 to 60 between the 2 pins at the metacarpal
and between the 2 pins 31 the radius whilst protecting
tendons and nerves by retracting them with forceps
and drill guides (Fig. 4.69),

• Confirm poshian oflhe pins and their depths by image

control.
• Attach joint bridging rods,
• Perform positioning after fract urc reduction and fix the

screws.

("
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fig. 4.10 Tle.llmefll willl tllemalli.r.ation.

• Apply slerile. sligllll)' compressing bandage from !.he
palm 10 !.he foreann.

Post·operatift rehabilitation

• Ele'~dlion of Ihe operated ann. AClive exercises of fin
ger. elbow and shoulder.

• Routine radiographs, fronlal and sagittal view, wilhin
24 hours.

Outpatient follow up

• Review at 4 weeks with radiographs (Fig. 4.70).
• Implant removal after 4-6 weeks.
• Discharge from the follow up after clinical and mdio

logical evidence offraclure healing.
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Fradures of the wrist
Doug Campbell

5.1 PER(UTANIOUS fllATlON Of
SCAPHOID FRAU URIS

Indications

Percutaneous fixation ofscaphoid fraclUres is performed

for:

(a) Undisplaced scaphoid fractures in active individuals

or multiple injuries.
(bl Do not use this technique if fractures are displaced

>1 mm.

Pre-operative assessment

Clinical allessmen'

• Assess vascularity of the hand, particularly the radial
artcl)'.

• Assess for evidence of neural compromise - particu
larly in the mt."<Iian nerve distribution.

• ASSl'SS the condilion orthe skin in the area of proposed

incision.
• Assess for tenderness in olher areas around the wrist

which may rcprescm a second injury.

Radiological assessment

• Anteroposterior (AP),lalcral, 45 oblique and long-axis

radiographs of the scaphoid.
• AsSl'SS scaphoid length and look for evidence of frac

ture collapse (hump-back deformity. loss of carpal
height].

operative treatment

Anaesthesill

• General or regional (axillary. supra- or infraclavicular
block).

• Intravenous dose of amlbiodc as prophylaxis prior to
inflation of tourniquet.

lo.rniq_et

• Well-padded upper amI culflnllated to 250 mmHg.
• Plastic exclusion drape to prC\'ent any soaking of

padding by skin preparation,

Equipment

• Percutaneous screw system ofcboice with full selection
of implants and SCrl'\\'S.

• Radiolucent hand table securely fastened to operating
table.

• Image intensilier or mini C-arm f1uoroscan.

operating room set up

• The arm must lie centrally on the hand table.
• Surgeon is best seatt.'<I at the dis!<ll cnd of the affected

limb.
• Image intensifier or mini C-arm is brought in from the

head of the table throughout thc procedure.

PmctKal Procedrun ilr Orfl.opaf!flk Tmllmn SmgeTy: A Thti"....:sComprmioJl. ed. !'eler V. Giannoudl.S and Ilans·ChrlslOph PupE'.

Published byCambridge University Pres$, c: Cambridge Uni\"Cl'Sily Press 2006.



Fig. 5.1 SUlliKe malking olllle wrist joint and

scaphoid tubelde.

Draping and surgical approach

• Skin is preparL"CI from fingertips to tourniquet \\ith
aqueous antiseptic solution.

• Entire limb from tourniquet distally is to be visible and
mobile during the procedure.

• Single-use drape with an eXI)andable aperture for the
limb is n:collllllelldL"CI.

• Mark the radiocarpal joint and scaphoid tubercle on
the skin with a marker pen (Fig. 5.1).

• Using image illlensifier. ascertain the Jevel of the
scaphotrapezial joint (STJ) and long axis of scaphoid
with the wrist in extension. Mark these siles with a
marker pen Wig. 5.2).

• Make a 511\111 transverse incision just distal to the Sn.
• Blunl disseclion through thenar musculature to reach

srI.
• Insert guide wire by hand illlo theSOfJ alldconHrm mdi

ologically.

fncture reduction

• UnnLocessary.

5.1 Pelculaneous fiulion of scaphoid "adules 91

Fig. 5.2 SwliKt malting 01 tile 51! and long axis of scaphoid.

fig. 5.3 Kirsdmer wire introdu<ed by hand to Ioc:alize the 51J.

Implant positioning

• Ensure the tip of the guide wire is decp in the STj to
guar<lntee correct entry poinl (Fig. 5.31.

• Introduce the guide wire under image intensifier con
trol along the long axisofthesCtlllhoid al45 to the skin
surface (Fig. 5.4).
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fig. S." Anteropoilerior sun aller guidt! will' iniertion.

fig. 5.5 lateral S(an after guide wire inseltion.

• Check on AP, lateral and oblique views that the
wire remains within the scaphoid throughout its
course. Pay particular attention to ensure the tip does
not penetrate the dorsal parI of the proximal pole
(Fig. 5.5).

o Countersink the cortex. The articular cartilage is ,·ery
Ihick and the screw head will appear to be protruding

fig.. 5.6 Insertion 01 Wtw.

into the Sf] even though it iswell buried in the ;u-ticular
surface.

o Measure the length of the guide wire.
o Choose and insert a screw of appropriate length

(Fig. 5.6).

o Check position ami length radiographically (Fig.
S.7a.b).

(Iosure

o Interrupwd absorbable sUlurc(s) (5/0 Vieryl Rapide).

Drening

• Bulky, not tight, wool roll.

• Palmar plaster of Paris slab with thumb extension and
wrist placed in 20 of extension.

• External crepe bandage.
• High elevation in Bradford sling.

Post·operative rehabilitation

• High elevation in Bradford slingandsubsequenlly high
arm sling for n hours.

• Routine check radiograph at first conveniem opportu
nit}:
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Ib'I.'
Fig. 5.1 a,b AtltefOj)Ostefior ,Ad \'tef<lll ro&diogr,ph ,fief suew insertion.

Outpatient follow up

• Revicw at 1-2 weeks with check. radiograph and
removal of plastcr splint.

• Rcfcrral for thcrmoplastic wriSt gaunLlet manufacture
and outpatient physiOlherapy.

• Furthcr revicws at 6 weeks and 3 months to monitor
recovery ofrangc ofmotion and grip strength, and radi·
ological union.

Implant removal

o Not required.

5.2 OPEN REDUCTION AND INTlRNAl
fiXATION (ORIf) OF A(UTI
UAPHO-lUNATI OISSO(IATION

Indications

Acutc repair of a scapholunate ligament tear is
performcd:

(a) In the isolated case, within 2 months of injury: bUI
preferably whhin the first 10 days.

(b) When the injury exisLS in combination with an intr.l.·
anicular fracture of Lhe distal radius or as pan of a
perilu natc dislocat ion.

Pre-operative assessment

(Iinical assessment

o Assess vascularity of the hand.
o Assess for cvidence of neural compromise - particu

larly in the median nerve distribution.
o Assess thc condition ofthe sk.in in the area ofpruposed

incision.
o Assess for tenderness in other areas around the wrist

which may represent a second injury.

Radiological assessment

• Anteroposterior (AP) and lateral radiographs of the
wrist (Figs. 5.8. 5.9).

• Assess scilpholunatc gap (normally 2 mm distall}'.
3 mm proXimally maximum).

• Assess scapholunatc angle 1:>80 is suggestivc of a
complete tear of Lhe scapholunate ligament}.

• Look for thc 'ring sign' of an excessively flexed
scaphoid.

• Assess carpal hcight.
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rig. S.8 AnlefOf)C"lefiof radiograph showing dissociation between
IIII' Kaphoid aoo lunale.

fig. 5.9 lateral fadiogfaph sllowlng inueased scapho-Iunate

angle.

Operative treatment

Anaesthesia

• General or regional (axillary. supra- or infraclavicular

block).

Tourniquet

• Well.paddcd upper arm cuffinnaled 10 250 mmHg.

rig. 5.10 ln1ra~aIM "ie", 01 Kapho·lunale dissoc:iation.

Fig. 5.11 Anleroposterior radiograpll sllowing position of

KirKhner wilts.

• Plastic exclusion drape to prevent any soaking of

padding by skin preparalion.

I"quipment

• 1.0 mm and 1.2 mill Kirschnerwires 10 act as 'joysticks·
and lodrill holes ifrC(luircd,

• Mini bone anchors with 4/0 non-absorbable suture.
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fig. 5.12 Liltefal,iIdiogtilph showing (on~ion of Kapho-lulIiIll'.....

fig. 5.13 Anteroposteliolladioglaph at] months after sUlgelY.

Note bcme anchors.

• R<ldioluccnt hand table sl"Curcly fastened 10 operating
table.

• Image intensifier, or mini C-aml fluoroscan.

operating room set up

• The ann must lie celllrally on the hand table.
• Surgeon best seated cephalad for a dorsal approach.

fig. 5.14 l/llerallildiogl/lph /II] months /lltef surgery.

• Image inlensifier or mini C-arm is brought in from the
axilla of the patient.

Draping and s.rginl approach

• Skin prepared from fingertips to tourniquet with aque
ous antiseptic solution.

• Entire limb from tourniquet distally to be visible and
mobile during the procedure.

• Single-use drape with expandable aperture for the limb
is recommended.

• Dorsal transverse skin incision JUSt distal 10 the radio
carpal joint, centred over the scapho-Iunate interval.

• Opening of the distal part of the 3rt! and 4th extensor
comparuncnts and retraction of the extensor tendons
therein.

• Transverse capsular incision from dorsal scaphoid to
triquetrum, preserving the extrinsic ligaments.

• Identification of the scapha-lunate interval under
direct vision (Fig. 5.10).

Surgical procedure

• Insert 1.0 or 1.2 nun Kirschnerwire inlO the lunate and
use it (lilce a joystick) to control rotation of the lunate
and the width of the scapha-lunate gap.

• Assess for any small avulsion fractures attached to the
ends ofthe torn ligament.

• Assess and document the condition ofthe articularcar
tilage on the surface of the distal radius.

• Reduce the rotall'd lunate and close the scapha-lunate
gap using the joystick.

• Assess the reduction radiologically.
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fig. 5.15 Wfiu ulension 3 monlhs after SlHgef'I.

fig. 5.16 Wrist flexion) month~ after surgery.

• Insert percutancous 1.2 mill Kirschner wires from
scaphoid to lunatc, lunate to triquetrum (to control
lunate rotation) and sc,lphoid to capitate (to control
carpal hcight) (Figs. 5.11. 5.12).

• Rcpair/Teallach the lOrn edges of the scapho-lunate
Iigamcnt using mini bone anchors or drill holes
through scaphoid.

• Cut Kirschnerwircs deep 10 skin.
• Release the mcdian ncrve through the standard palmar

approach if indicatcd.

(Iosure

• Intcrruptcd absorbable sutures (4/0 Vicrylj to dorsal
capsule/cxtrinsic ligaments.

• Reconstruction of extensor relinaculum 14/0 Vicryl).

fig.S.11 Radial devjation) months after SlHgery.

fig. 5.18 Ulnaf deviation 3 monthl after surgery.

• Continuous subcll1icular nOll-absorbable suture
(3/0 prolene).

Dressing

• Bulk.y. not tight. wool roll.
• Palmar plastcr of Paris sl;lb with thumb extension and

wrist placcd in 20 of cxtcnsion.
• External crepe bandagc.
• High elevation in Bradford sling.

Post·operatiwe rehabilitation

• High elevation in Bradford sling and subsequently high
ann sling for n hours.



• Routine check radiograph at the first convenient

opportunity.

Outpatient follow up

• Rl.'View at 2 weeks with check radiograph. removill
of suture and application of full scaphoid lightweight

cas!.
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• Remo....<ll of plaster cast and Kirschner wires (under
local anaesthesia) at 8 weeks (Figs 5.13, 5.14).

• Gentle exercise to regain range of movement with no
heavy loading fora further month tFigs5.15. 5.16, 5.17,
5.18).

Implant removal

• Not required.
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Sedion I: Fradures of
the first metacarpal
Reinhard Meier

6.1 KIRSC"NIR WilE fiXATION OF
BASAL 'RAnUIIS Of 1HI fiRst
METACARPAL

Indications

Fractures orlhe baseofthe firsl melucarpallcnd to dislo
cate O\\ing to forces from the tendons le.g. abductor pol
Iicis longus (APU tendon in Bennett's fraclurej. Therefore
operative treatmem is necessary if stable retention can
not be achie'l'ed by casting. Oosed reduction and internal
K-wire fIXation can be performed for.

(a) Fractures with small fragnlCms.
(bl FraclUrcs wilh good alignment after dosed reduction

but no stable retention without fraclUre fIXation, in
the absence of large impression defects.

Pre·operative planning

Clinical assenment

• Pain and swelling localized In carpometacarpal joint l.

• Assess and documcnl neurovascular status of thumb.

Radiological assessment

• Standard antcropostcrior {APJ and lateral radiographs
of the tnlpezium lKapandjiJ obtained by placing the
hand for a true lateral view, with abduction of the
thumb and directing the imaging beam centred over
the trapeziometacarpal joint.

• Computed tomography helps to define the degree of
comminution within a fracture, as well as suspected
impaction of the articular surface.

operative treatment

Anaesthuill

• Brachial plexus block, inlra\'cnous regional anaesthe
sia or general anaesthesia.

• Prophylactic alllibiotic according to the local hospital
protocol (e.g. 2nd generation cephalosporin).

Jable and equipment

• Hand surgery instrumentation sct, K-wires: 1.2 mm.
• Radiolucent ann table.

• Upper ann tourniquet.
• Image intensifier.

Jable set up

• The instrumentation is sct up on the side of the oper
ation.

• Image illlensifler is from che frollt side of the arm
cable.

Patient positioning

• Supine. supinated arm extended on arm table.

fracture reduction

• Gentle axial traction and pTL'ssure on the displaced
fragment usually reduces displaced fraclUres.

• Open anatomical n..'duclion is indicated if closed
reduction fails andlor stable reduction cannot be

achic\'ed.

PmctU:<l1 Proc~llIrn in Orrlwpanlu: Tmllmll S",g~ry:A ThtinnsCompallioll. ed. PelerY. Giannoudlli and Ilans-Chrlsloph Papoe.
Published byCambridge Uni\"t'l1ity Pm" c: Cambridge Uni\"t'r.iily Press 2006.
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,.,
fig. 6.1 a,b ff3Ct...e stab~iled witll K-wirfl.

Draping ancllurgi(al approadl

• Place tourniquet al upper arm.
• Pn.1Jare the skin over elbow. forearm. wriSI and

hand using amiseplic solUlions (aqueous/alcoholic
povidone-iodine).

• Apply adherent drape abo\'e the elbow, to aDow free
elbow motion,

• If sufficiem closed redUCIion is unachievable or large
areas of impaclion have to be filled with autologous
bone grafting (e.g. for a Rolando fraCiureJ a dorsoradial
approach is made to the base of the first metacarpal
bone after applying a tourniquet [required only for an
open procedure).

Implant pOlitioning

• Undernuoroscopiccontrol insert a 1.2 111m K-wirefrom
the dorsomdial-distal end of the first metacarpal hone
to the trapezium for temporary traosfixation of the
thumb carpometacarpal joint.

• If stable retention cannot be achieved (e.g. frac
tures proximal to Ihe APL tendon) the fragment is

fixed by at least a second 1.2 mm pin monitoring
its position on the image intensifier. If in doubt. a
second K·wire appears to be the safer altemati\'e
(Fig. 6.1).

• Bending the ends of the pins. cut and sink them below
the skin.

Ib'

Post-operative rehabilitation

• Elevation of the operated ann. Active exercises of fin
ger. elbow and shoulder are encouraged.

• Radiographic check within 24 hours.
• Short-arm, thumb spica casl splim, leaving the inter

phalangeal joint free for 4-6 weeks,

Outpatient follow up

• Follow up at 4 to 6 weeks (clinically and with X-ray
check control).

• Normal use after 4 to 6 weeks when bone healing is
secured.

• Remove thll other pin when hone healing is secured.
• Discharge from the follow up after clinical and rddiu

logical evidence offmcture healing.

6.2 OPEN REDUCTION AND INTERNAL
FIXATION (ORIJ) OF BASAL
FRACTURES OF THE FIRST MITA(ARPAl

Indications

Fmctures of the base of the first metacarpal tend to dis
locate owing to fon::es of the cendons (e,g. abductor polli
cis longus (APL) tendon in Benneu's fracturel. Therefore
open reduction and internal ftxation is necessary ifstable
retention cannot be acllie\'ed bycasling. Open reduction
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and internal fixation (ORIFl with screws and plates can

be performed for:

(a) FrdCtures where the fragments are not too small.
(b) Fractures where closed reduction would be imprac

tkal.
(c) Combined fractures.
(d) Fractures with huge impression zones (e.g. a Rolando

fracture).

Pre·operative planning

o Pain and swelling localized to carpometacarpal joint I.

o Assess and document neurovascular status of thumb.

Radiological auessment

o Standard anteroposterior and lateral radiographsofIhe
trapeziulll (Kapandjil obtained by placing the hand
for a true lateral view, \vith abduction of Ihe thumb
and direcling the imaging beam centred over the

tr<lpeziometacarpal joint
o Computed tomography helps define the degree of

comminution within a fmclUre. as well as suspected
impaction of the articular surface.

Operative treatment

Anaesthuia

o Brachial plexus block, illlr<l\'cnous regional anaesthc
sia or general anaesthesia.

o At induction, administer prophylactic antibiotic as
per local hospital protocol (e.g. 3rd generation cepha

losporin).

Table and equipment

o I'land surgery instrumentmion set.
o I'[and small fragmelll implant s)'Stem.
o A mdiolucelll arm table.
o An upper arm tourniquet.
o An image intensifier.

Table set up

o TIle instrumentation is set up on the side of the oper

ation.
• Image intensifier is from the front sideofthe arm table.

Patient positioning

o Supine. supinilted arm extended on arm table.

Draping, surgical approach and implant
positioning

• Place tourniquet at upper arm.
• Prepare the skin over elbO'!\I. forearm, wrist and hand

with usual antiseptic solutions taqueousfalcoholic

povidone-iodine).
o Apply adherent drape circularly al>o\oe the elbow, so

free motion ofthe ell>o\\1 is possible.
o Tourniquet after exsanguination.
o Skin incision via a dorsoradial approach to Ihe base of

the first metacarpal bone.
o Longitudinal incision of the periosteal and sub-

periosteal reflection of the thenar musculature.
o Open carpometacarpal joint.
o Reduce fracture under direct vision.
o Huge zones of impression ha\'e 10 be filled with auto

logous bone grafting from the distal radius {e.g. for a
Rolando fr<lcture).

o In unstable situations temporary fixation with towel

clip forceps or K-wires.
• Drilling and interfragmentary lag screw fixation (seIf

tapping scn:Wli 1.5 to 2.3 mm) with fluoroscopic and
direct visual control of correct repositioning. and sta
bilization with mini-plate (self-tapping screws 1.5

2.3 mm) (Fig. 6.2a, b).

o Suturing of the periosteum 10 cover the implants
to minimize interferences with the tendons [No. 5
PDSfVicryl).

o Wound and skin closure (monofilament non
absorbable suture).

o Sterile. slightly compressing drcssing from thumb and
palm to rorc:lrm. Short-arm, thumb spica C:lst splint
leaving the illlcrpimiange:ll joint rree with thc wrist in

20 or extension.
o Release or tourni(luel.

Post·operative rehabilitation

o Elevation of the opcrated arm. Acth'e exercises of Hn

ger. elbow and shoulder.
o Routine radiographs within 24 hours.
o Short-arm, thumb spica caSt splint leaving the inter

phalangeal joint free for I to 6 weeks, depending on

the stability obtained at surgery.



'.1
fig. 6.201, b !leMell'S Ira<1urt: open rtdlJction and inttmallixalion.

Outpatient follow up

• Review at 6 weeks with radiographs.
• If the implant gives rise to S)'1nptoms, remm'3J after 12

wccks is possible.
• Dischargc from the follow up aftcr clinical and radio

logical evidence offraclUre healing.

6.] UlNAR COllATERAlliGAMEN'
REPAIR

Indilations

• Ulnar collatcralligamcnt rupture with a Stener lesion.

Pre~operatiYe planning

llini(al assessment

• Pain and swelling localized ovcr the ulnar aspect of
metacarpophalangcal joint L

• Assess and documcnt ncurovascular status of thumb.

• Standard an teroposterior and lateral radiographs ofthe
uapezium (Kapandjil obtained by placing the hand
for a true latcral view, with abduction of the thumb
and directing thc imaging beam centred over the
uapeziomctacarl'al joint to \~rifylesions involving Ihe
bone.

6.] Ulnar (ollateralligament repair 101

'01

• Ultrasound examinallon oCthe joint can \'erify aStener
lesion (Fig. 6.3).

Operative treatment

ARMsthelia

• Brachial plcxus block, intra\'cnOuS regional anaesthe·
sia or gencral anaesthesia.

• At induction, administer prophylactic antibiotic as
per local hospital protocol (e.g. 3rd generation
cephalosporin).

Jable and equipment

• Hand surgery instrumentation SCI.

• A radiolucent arm table,
• An uppcr armtourniqucl.
• An image intcnsifier.

Jable set up

• The instrumcntallon is sct lip on the side of the oper
ation.

• Image intcnsificr is from the front side of the arm
tablc.

Patient positioning

• Supine, supinated arm extended on ann table.
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fig. 6.] Utlrasovnd~ 01 mela<¥pall and proximal phalanx L Simer lesion: ruptule of the ulnar (ollateialligament.

fig.6.4 Rupture 01 the ulnal (oHatefill1igami'nt.

Draping, surgical approach and implant
positioning

• Place tourniquet ,II upper arm.
• Prepare lhe skin over elbow. forearm. wrist and hand

with usual antiseptk solutiuns (aqueouslakoholio.:
povidone-iodine).

• Apply adherent drape circularly above lhe elbow. so
free motion of the clbow is possible.

• Tourni(luctllftcr cXSllnguination.
• Skin incision from thc mid-Iatcral aspect of the ulnar

sidc of thc thumb, curvcd over the metacarpophalyn
geal (MP) joint and extcnded proximally ulnar to the
extensor pollicis longus IEI'Ll tendon.

• Divide intcnendinous lamina and joint capsule and
expose the collateralligamelll (Fig. 6.4).

Fig. 6.S Adaptation with POS sutures.

• Verify a Stener lesion by identifying the cxtensor polli
ds longus IEI'LL its extensor hood, and the adduo.:tor

aponcurosis.
• Dependingon the typeofruplure rellxaliono.:an be PCI

formed as dcscribcd bclow:
• If thc ligamcllt shows an intro.lsubSlance rupture it

should be suturcd (No.5 PDS) (Fig. 6.5J. If lhere is
an avulsion of the ligamcnt it should bc refixed wilh a

So.:TCW (1.3-2.0 mm screws). [hhc fragmenl is 100 small,

pins or bOlle sulurL'S can be used.
• [n unstablc situations temporary fixation of lhc

mctacarpophalangeal joint is possible with a K-wire
(1.2-1.4mm).

• Drilling and interfragmclllary lag scrL'W fixation (self
tapping screws 1.5 10 2.3 1111n) witb fluoroscopic and
direct visual control of COITCCt repositioning. and



stabilization with mini-plate (sclf-tapping screws 1.5
2.3 mm).

• Suturing of the periosteum to cover the implants
to minimize imcrferences with the tendons (No. 5

PDSlVicryl).
• Wound and skin closure (monofilament non-absor

bable sUlure).
• Sterile. slighlly compressing dressing from thumb and

palm 10 forearm. Shon-ann, thumb spica cast splinl
leaving Ihe intcrphalangcal joim free lvith the wrist in
20 of extension.

• Release of lourniquet.

6.] Ulnar (ollateralligament repair 10]

Post-operative rehabilitation

• Elev-.Hion of the operated arm. Active exercises of fin
gers. elbow and shoulder.

Outpatient follow up

• Shari-arm, thumb spica casl splillileaving Ihe inter
phalangeal joint free for 4 weeks

• FuU use is allowed after 6 weeks.



Sedion II: Fradures of
the metacarpals II-V
Reinhard Meier

6.4 OPEN RID unioN AND INHaMAl
fiXATION (DIU) OJ MIDIMAn
fRAnUIU Of THI MI1A("I'AU

Indications

Screw and plate fixation is used 10 stabilize:

(a) Fractures ofZ or more metacarpal bones.
(b) FmclUres irreducible b)' dosed reductKin.
(e) Open/comminUled fractures.
(d) FraclUres with rotational mal-alignmenL
Ie) Angulation of more than 30 .
If) Fractures if eany mobilil.alion is required.

Pre·operative planning

(Iinical IIuelimen'

• Pain and swelling localil.cd over the metacarpus.
• Assess and documcill neurovascular status of hand.
• Assess and document rotational alignment, axis and

range of movement (HOM) of fingers.

Radiological as.essment

• AllIcrol>oslcrior, lateral. iHld oblique views (Fig. 6.6).
• A30 pronated lateral view for 2nd and 3rd metacarpal

fractures and 30 supinated lateral view for 4th and 5th
metacarpal fractures are helpful.

Anaesthesia

• Brachial plexus block. intravenous regional anaesthe

sia or general anaesthesia.
o At induction, administer prophylactic antibiotic as per

local hospital prolOcol (e.g. 2nd generation cepha

losporin).

• Hand surgery insnumenlation set.
• Hand small·fragment implant SYSU~fll.

• Aradiolucent ann table.
• An upper ann tourniquet.
• An image intensifier.

Table set.p

• The instrumentation is set up on the skle of the oper
ation.

o Image intensifier is from the front side ofthe ann table.
Check for adequate visualization in 2 planes prior to

draping.

Patient p.sitMning

• Supine, supinawd arm extended on arm table.

Draping, surgical approalh and implant
positioning

• Place tourniquet at upper arm.
• Prepare the skin over elbow, forearm, wrist and hand

with usual antiseptic solutions [,lqueolls/alcuholic

pOVidone-iodine).
• Apply adherent drape above the elbow, to allow free

elbow motiun.
• Tourniquet after exsanguination.
• Skin incision via a longitudinal dorsal approach lateral

to the metacarpal bone.
• Hold extension tendon laterally.
• Longitudinal incision of the periosteum and lateral

moving of the periosteum and the insertion of the
interosseous muscles (Fig. 6.7).

o Open reduction.



6.4 ORIF: midshaltlra(tures olthe metacarpals lOS

fig. 6.6 Anteroposterior and oblique view!. of met3larpal"t fTadlile.

fig.6.7 Exposed fraclUre.

Fig. 6.8 Open reduction and lag screw lixalion.

• Under fluoroscopic control of correct repositioning.
drill and stabilize wilh mini-plate (self-tapping screws
1.5--2.3 mm) in lateral posilion and for lag screws (seU"
tapping screws 1.5-2.3 mm) (Fig. 6.8).

• SUluring of the periosteum and the interosseous mus
cles (No.5 PDSfVicfyl).

• Wound and sldn closure (monofilament non
absorbable suture).

• Sterile. slightly compressing dressing from palm to
forearm. Short·ann. cast splint leaving the interpha
langeal joint fn.-e wilh the wrist in 20 enension.

• Releaseoftourni(luet.

Post-operative rehabilitation

• Elevation of the operated arm. Active exercises of fin
gers. elbow and shoulder.

• Routine radiographs within 24 hours (Fig. 6.9).
• Short-arm. cast splint leaving the interphalangeal joint

free for I week.

Outpatient follow up

• Review at 6 weeks with radiographs.
• If the implant givl'S rise to symptoms, removal is pos

sible.
• Discharge from the follow up after clinical and radio

logiC'"dl evidence offracture healing.
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lal (bl

fi9.6.9 (a) Antefoposlerior and (b) obli~ Yil'ws of a metalafpallll tr.nt~e after intefnitl fixation with 1"9 so_s.

6.5 UOnD RIDUUION AND
INTRAMIDUllARY fllATION (CRIF)
0' DISTAl THIRD 'RAUURU 0'
MITACARPAlS II·Y

Indications

Intramedullary fixation is uSt-od to stabilize:

(a) Subcapital fraclures of metacarpal bones.
(b) Fractures with rot3tionalmalalignment.
(c) Angul:ltion of more than 30 .

• Open reduction and screw and plate fixation can also
be used for the nbove indicntions. However, interfer
ence with tendon shenths is possible.

• Screw and plate fixation is prcfer.!ble in fractures at the
proximal or middle part orthe metacarpal bone and, in
cases were acceptable reposition and reduction cannot
be achieved, with intramedullary fixation.

Pre·operative planning

(linic" assessmfllt

• Pain and swelling localized over the metacarpals.
• Assess and document neurovascularstalus ofthe hand.

• Assess and documenl rolational alignmenl of the
fingers.

Radiological assessment

• Anteroposterior, lateral and oblique views (Fig.
6. lOa. b).

• A30' pronated lateral vk'w for 2nd and 3rd metacarpal
fractures and a 30 supinated later.!l view for 4th and
5th metacarpal fractures are helpful.

Operative treatment

Anaesthesia

• Bmcllial plexus block, intra\'enOUS regional anaesthe
sia or general anaesthesia.

• At induction, administer prophylactic antibiotic
according to the local hospital protocol (e.g. 3rd gen
eration cephalosporin).

Table and equipmfllt

• Hand surgery illStrumentalion set
• K-wires. atleasl1.2 mm.
• Radiolucent ann lable.
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lal lbl

Fig. 6.10 (a) Anteroposterior and (b) ob~qUl" views of a melacarpal Vhclln.

1'1

Fig. 6.11 a, b, c Metacarpal Yfracture of a patient treated with intramedullary k-wire hatioo.
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• Upper arm tourniquet.
• Image intensifier.

'able se'.'

• The instrumentation is set up on the side of the oper·
ation.

• The image intensifier is from the frOnt side of the arm
lable. Check for adequate visu.dization in 2 planes prior
10 draping.

• Supine, supinated arm elnendcd on arm table.

D,..,.." s_"teal appr.adl _II .,131.'
,.sitiHtag

• Place tourniquet at upper arm.
• Prepare the skin o\"Cr elbow, forearm, wriSI and

hand with antiseptic solutions laqueousfalcoholic
povidone-iodine).

• Apply adherent drape abO\"C the elbO\y, to allow free
elbow motion.

• 1.2 mm·diameter Kirschner wires are prebent into
shape.

• Tourniquct.
• Perform closed rcduclion oflhe fracture.
• Make a small stab incision in the proximal metaphysis

on the dorsoulnar aspect of the metacarpal.
• Elevate the periosteum.
• Fenestratc thc mctacarpal bone with a 2 mm drill bit,

that facilitates manual introduction of the Kirschner

wires into the diaphysis and across the fracture
site.

• Place as many prebent K-wires (at least 1.2 mm
diameter) as possible (3-4) under fluoroscopic control
for correct repositioning and implant position before
bending and culling thcm (Fig. 6.11 a, b, d.

• Suture of the periostcum to cover the implants
and minimize interference wilh the tendons (No. 5
PDS/Vicryl).

• Wound and skin closure (monofilament non
absorbable suture).

• Sterile. slightly compressing dressing from palm to
forearm.

• Release oftoumiquct.

Post·opeAtive rehabilitation

• Ele\"alion of the operated arm. Acth'e exercises of fin·
gers. elbow and shoulder.

• Routine radiographs within 24 hours.

outpatient follow up

• Clinical review weekly.
• Review if dinical evidcnce for dislocation occurs and

before aUO\\ing full weight-bearing (at 6 weeks) \vith

nldiographs.
• Removal of the implants is usually not necessary; how

evcr, if the implant gives rise to symplOms, removal
after secured bone healing is possible.

• Discharge from the follO\\1 up aftcr clinical and
mdiological evidcnce offracture healing.



Sedion III: Fradures of the phalanx
Reinhard Meier

6.6 OPIN REDUUION AND UllElMAl
fiXATION (DIU) Of (ONOILAR
FIAUURU

Indi(~tions

• Unstable dislocated intra-anicular condylar (ractures
(Fig. 6.12).

Pre·.perative planning

(liDKal .sses....ent

• Local pain and swelling.
• Assess and document neurovascular status of finger.
• Assess and document axial or rOialKmal dislocation.

Racliological autisment

• 51 andard anteroposterior and lateral radiographs ofthe

finger.

Operative treatment

Anaesthesi.

• Bnu::hial plexus hlock, imravcnollS regional anaesthe

sia or general allllcslhcsia.
• AI induction, administer prophylactic antibiotic as

per local hospital protol;Ol (e.g. 3rt! generation
cephalosporin).

'ab" and e..uipment

• Hand surgery instrumcll1ation set.
• Hand small-fragmcnl implam system.

• K-wires 1.0--1.2 mm.
• A radiolucent ann table.
• An upper ann tourniquet.
• An image intensifier.

Table set.p

• The instrumentation is set up on the side of the oper
ation.

• Image intensifieris from the front sideorthe ann table.
Check. for adequate visualization in 2 planes prior to

draping.

Patient positioning

• Supine. pronated arm on arm table.

Draping, surgical approach and Implant
positioning

• PlactllOumiquet at uPI>cr arm.
• Prepare the sk.in over elbow, forearm, wrist and hand

with usual antiseptic solutions (aqueous/alcoholic

povidone-iodine).
• Apply adherent drape circularly abovtl the elbow, so

free motion of the elbow is possible.
• Tourniquet after exsanguination.
• Sldn incision via a dorsal 'S' or 'Z' approach to

the metacarpophalangeal or inteTJlhalangeal joint.
In combined fractures the skin incision is via the

wound.
• Incision of the extensor tendons.

• Open joint.
• Reduce fracture under direct vision.
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Fig. 6.12 Unslable Irac:ture 01 the base 01 the proiOmai phaliKUl.

• Drilling and inlerfragmentary lag screw fixation (self

lapping screws 1.5 to 2.0 mm) wilh fluoroscopic and

direct visual control of correct repositioning if frag

menls are big enough. Otherwise rlX with K-wires (1.0

1.2 mill).

• Conlrol reduction and implant position wilh image

intensifier (Fig. 6.13a. b. c).

• Wound and skin closure (monofilament non

absorbable suture).

• Sterile, slightly compressing dressing. Short-arm. fin

ger cast splint in intrinsic plus position.

• ReleascoftournitlUel.

Post-operative rehabilitation

• Elevation of the operllted ,ifill. Active exercises of the

elbow and shoulder.

• Routine radiogmphs within 24 hours.

• Shan-ann. thumb finger intrinsic plus splint for I

to 4 wlocks, depending on the stability obtained at

surgery.

Outpatient follow up

• Review before removing the splinl with radiographs.

• If K-wires are implanted, remO\'e after 4 weeks.

• Discharge from the follow up after clinical and radio

logical evidence of fracture healing.

6.7 OPIN RID UniON AND INtlRNAl
fllATION (ORn) Of MIDIHAn
fRAnURU

Indications

• Unstable displaced midshafl fraclUre!;.

• Open fraCiures.

Pre-opeAtift planning

• Local pain and sw,~Uing.

• Assess and document neurovascular SlalUS of Ihe

phalanx..

• Assess and document axial or rOlational displacemenl

{Fig. 6.14).

.adiologKal asse"....'"

• Standard anleroposterior and laleral radiogrnphs ofthe

phalanx (Fig. 6.1 Sa. b).

Operative treatment

Anaesthesia

• Bmchial plexus block. intravenous regional anaesthe

sia or general anaesthesia.

• At induction, administer prophylactic antibiotic

according to lhe local hospital protocol le.g. Jrd gen

eration cephalosporin).

'able and equipment

• 1·land surgery instrumenllllion sel.

• 1·land small.fmgmelll implant systcm.

• K-wircs 1.0-1.4 mm.

• A radiolucent arm table.

• An upper arm tourniquet.

• An image intensificr.

'able set.p

• The instrumentation is set up on the side of the oper

ation.
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«,
fig. 6.1la, b, ( Ahet fiution with~ wews tM}oint is stable again.

• Image intensifler is from thefron! sideoflhe aTm table.
Checl; for adequate visualization in 2 planes prior to
draping.

• Supine, pronated arm on arm table.

D'lIping, I."iell' IIpp,.lIeh lind imp"n'
politi.nin,

• Place tourni(luet at upper arm.
• Prepare the skin over elbow. forearm, wrist and

hand using antiseptic solutions [aqueous/alcoholic
povidone-iotH nel.

• Apply adherent drape above the elhow, to allow free
elbow 1II0ti0I1.

• Tourniquet afler exsanguinatiun.
• Skin incision via u lateral upproach to the phalangeal

shaft.
• Prepare fmcture at the proximal phalange via longitu.

dinal incision between the extensor tendons and the
tendons of the interosseous muscles.

• Remove debris from the fracture-line.
• Reduce fracture under direct vision.
• Drilling. illterfragmentary lag S(:rew fIXation (self

tapping screws 1.5 to 2.0 mm) and/or mini-plate fix
ation in a lateral position with fluoroscopic and direct

fig. 6.14 Rotational displa(ement of the 4th phalanx.

visual control of correct repositioning if fragments are
big enough {Fig. 6.16a, bl. In case of very small frag
ments perform the fixation with K-wires (1.0-1.4 mm).

• Readaption oftendons und oft he interosseous muscles
if separated before.

• Wound and skin closure [monofilament non
absorbable suture).

• Sterile. slightly compressing dressing. Short-arm, pha
tanx cast splint in intrinsic plus position.

• Release of tourniquet,
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(a) (b)

fig. 6.15a, b Oisplac:ed ffac:lure of the proximal phalanx II.

,.) 'b)

fig. 6.16<1, b Displac:ed ffMtufe 01 the proximal phalanx Iltfeated with open Iedu<tion and plale fixaliOll.



Post·operative rehabilitation

• Elevation of the operated arm. Active exercises.
• Routine radiographs within 24 hours.
• Shon·ann, phalanx intrinsic plus (40-45 extension

of wrist, 10-80 flexion of metacarpophalangeal joint
and extension in proximal and distal interphalangeal
joints) splint for one to 4 weeks, depending on the sta
bility obtained al surgery.

6.1 ORIF: midshaft fradufes 113

Outpatient follow up

• Review weekly.
• Review before removing the splint with radiographs.
• If K·wires are implanted, removal after 4 weeks.
• Discharge from the follow up after dinical and radio

logical evidence offracture healing.
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Pelvis and a(etabulum
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Fradures of the pelvic: ring
Peter V. Giannoudis

7.1 APPliCATION Of ANTlalOR fRAME

Indications

Fixation of pelvic fraclUres associated "ith major bleed
ing including AP (anteroposterior) II, AP III, LC (lateral
compression) II. LC III. venical shear fraclUres and frac
tures with a combined mechanism of injury. according
to Young's dassification. Dependingon the rype of pelvic
injury and when the physiological Slatus ofthe patient has

been nonnalized. thcextcrnal fiXalorcould be exchanged
with an open reduction and inlemal fixation procedure
of the pelvic ring. This usually takes place after the 4th or
5th day from the time of the injury.

Pre·operative planning

tlinical assessment

• Inspection of the anterior lateral and posterior asPL'Ct
of the pelvic ring would allow evaluation abollt the
extent of the soft tissue d'lI11age.

o Neurological examimltiol1 of the lower limbs is of

paramount imporlance.
o Careful inspeclion of lhe perineal region would allow

idenlification of opcn fr.lctures. Evaluation of the gen
itourinary syslcm is OfVit,11 imporlance in order not to
miss any inju ries to the urethra. bladderand the vaginal

walls.

Radiological asseslment

o Standard anteroPOSterior radiographs demonstrate

the type offracture.

o Accurate e\llIuation of Ihe injury to lhe posterior ele
ments of the pel\ic ring (sacrum and sacroiliac joinl)

require cr scan evaluation.
o Inlel and outlet views would allowace:urate evaluation

of the displacemenl oflhe hemi-pehu. prO'\oiding use
ful information to Ihe surgeon regarding (he manoeu
vres necessary in theatre for accur-lle reduction of the

fracture.

Timing of I.'gtry

o The application of an cxlemal fixalor on the pelvis in
the presence ofh)'J>O\'olaemia is an emergency proce
dure. This can be performed either in a trauma room

or in the operating theatre.

Operative technique

AnHlthtlia

o Genenll anaesthcsia.
o Administration of prophylactic antibiOtics as per local

hospital prOtocol.

Table and equipment

o This includes the HolTmann II external fixator pelvic

tray.
o The instrumentation is set up on the sitc of the opcra

tion.
o An image intensifier is from the contralateral side.
o Position of the table diagonally across the operating

room so that the operating area lies in the clean air

field.

Pmc/irol Proadllres ill OT/llofX'~ic Tffl,,,,,,, S,,'8/'ry. A lhIillU':S CllmfX'"ioll. ed. ~ler V. Giannoudis and Hans-ChrislOph Pape.
Published by Cambridge Unh-enity Pre50S. r;. Cambridge Uni\'ersily Press 2006.
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(al lbl

Fig. 1.la, b lhe irw:ision should uoss the iliac: Ufit at a right angle.

Draping MId s.rgical approach

• Preparelheskinanddr.Jpelhepatienl in Iheusual fash
ion from above the pubis symphysis 10 jusl below the
umbilicus.

Operation details

• The tray is kept pre-assembled.
• The appropriate chucks and hand braces are included

so that the tray can be used independently of other
equipment including IXlwer tools.

Pin positioning: two .pti.,u .1 pin inserti.n
ore GIfGUable

(a) Either along the iliac crest.
(b) Orinto the area oftheamerior inferior iliaespine (this

is just above the acetabu lu rn where there is thick bone
stock).

• However, in nn aCUle trauma situation placement of
the pins into the iliac crest is the unly acceptable route.

• Landmarks for the pin insertion are easily identified
even in the prl'Sence of quite extensive soft tissue
swelling.

• The incision should cross the iliac crest at a right angle
and be planned to take into consideration the finalcor
reelh'e position of the pelvis (Fig. 7.la, b].

• It should be nOll'd here that an incision above the crest
will lead to extensive pressure on the skin from the pins
as the pelvic jXlsition is reduced.

Fig. 1.2 Owillgto the ~ape 01 the anterior iliac crest, the pins will

converge interiorly and lollow the plane 01 the iliar crest.

• The ideal sile for pin placement extends posteriorly
along the iliac crest from the anteriorspinefur8-IO cm.

• Placement of2 pins in each side ofthe crest is adequate
10 proVide the necessary stability of the ring: howe\'Cr.
ifin any doubt. and ifeach one has been checked man
ually for security, then a third one could he inserted as
well.

• Owing to the shape of the anterior iliac crest, the pins
will cOlwerge interiorly and follow the plane of the iliac
crest (Fig. 7.2).

• This requires that the ftxator applied must accommo
date free pin placement ill all plalll'S.

• After a bar is secured to the pins in each crest, a large
alpha or quadro-lateral rrame iscollSlructed across the
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Fig. 1.3 After a bar is sewrfllto~ pins in uc:h (li'St, a l;uge alpha Of quadro-Iateralframe is constflKtfll ;KlOSS the

front of the patie'flt, standing well up from the abdomen.

Fig.7.4 The pelvic displacement is manually reduced and

subsequently all tile frame joints tightened.

front oft he patient, standing well up fcom the abdomen
(Fig. 7.3).

• FrJClure reduction will create a loose application.
• The pelvic displacement is manually reduced and sub

sequently all the frame joints tightened (Fig. 7.4).

• II is of paramount importance thaI the emergency
frame is well abOl/e the abdomen to accommodate the
massive swelling Ihalwill develop (Fig. 7.5).

Fig.1.S 1\ is of Pil/amount importance that the emergency frame

is well above the abdomen to accommodate the mas~ive swelling

that will develop.

• After the insertion of the pins the wound should
be checked and any pressure on the skin should be

released.
• The wound is closed with 3.0 nylon and the pin sites

can be covered with a prima pore dressing.
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fal (b)

fig. 1.6a Radiological exarTWnlltion.

PosI·opeqliYt! complicalioas

(I) Be aware ofcontamination of the pin site.
(Z) Loss orthe initial reduclion achie\'ed.

• The pelvic frame is applied to aid the resuscilation pro
cess and nowada)'S it is very rarely used as a definitive
method of treatment for pelvic ring injuries.

Implanl removal

• The pins are usually remOIled in thealre during the
ORIF procL't!ure of the pelvic ring.

• lfthesurgeon hasdecidt:d tokt..'eplhe frame as a defini·
tive method of treatment then the pins are usually
removed after a period of approximately 6-8 weeks.
from the time of lhe application.

7.:1 PlATING OF THE PUBU SYMPHYSIS

Indications

• When diastasis of the pubis symphysis exceeds 2.5 cm.
• According 10 Young's classification. use for such injury

pilllerns as AI' II. AP Ill. \'ertical shear injuries and
injury patterns where there is a combined mechanism

of injury.
• In cases where there is injury to the posterior elements

of the ring, fixation of the ring alone (pubis symphysis)
is insufficient and must be accompanied by reduction
of the ligaments of the posterior pelvis.

fig. 1.6b CT uarnination.

• Contraindications for imernal foouion of the symph·
ysis pubis include unstable crilically ill patienls, open
fraclUres \\ith inadequatcwound debridemem and the
crushing type of injuries where the exlenl of the injUl)'
to l.he skin could not tolerate a surgical incision.

Pre·operative planning

(Iinical assessment

• These injuries require immed ialeeval uation and resus
cilation of the patiem and a multi-disciplinary team
approilch is necessary for their treiltment including
general SUrgL'OnS, orthopaedic surgeons and urolo

gists.
• In mille patients it will be neCeSs.lry 10 do a retrograde

urethrogram 10 ensure thatlhe urethra is intact before
passing a Foil')' catheter. The presence of blood at the
tiP of the penile meatus is considered a sign of urethral
lrauma. Whcn1he urelhra is inl<lct a Folcy calheter is

passed and a tyslOgmm obmined.
• In female patients because lhe urethra is only several

centimetres in length a urethrogram is not required for

1he insertion of a Foley catheter.

Radiological assessment

• After the initial evaluation and resuscitation of the
patient, radiogmphic studies are obtained. Radiolog
ical eXilmination consists of an anteroposterior CAP)

X-naYilnd inlet/outlet views (40 cephalad and 40 cau

dal) lFig. 7.6a).



fig.7.7 The Matta plating system.

• Computerised tomographic scans are recommended
to assess the posterior pehic analOmy and injury pal·
tern (Fig. 7.6bl. These \iews will aUow Ihe surgeon to
delermine the direction and magnitude of the symph.
ysis pubis disruption and the relath'e position of the
pubic bones. The most common injury pattern associ·
ated with disruption ofthe symphysis pubis is cephalad
migr.lIkm. posterior displacement and external rota
tion of one hemi-pehis.

Timing of lurgery

• It is usually 4 or 5 days after the injury.
• Initially as part of the resuscitation process, the pelvic

injury may have been stabilized with an external
fuator.

Operative treatment

Anaeltheda

• Prophylllctic ,tIltibiotics arc given as per local hospital
protocol.

• General anllesthesin is ndministered with the patient
in the supine position.

Table and equipment

• This includes the Matta plating system and se\'eral
reduction tools (Fig. 7.71.

• An image intensifier is required from the beginning.
and a radiolucent table (OSI table).

• The equipment tray is set up on the site of the opera
tion.
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fig. 1.3 the draping of the patienl is .. the usual lashion !10m
2 lingen below 1M pubis symphysis to 2 lingers Sl,lpI'riol to tM
OOIbilir:us.

fig. 1.9 AIrilnsvefse Plaennestiel incision is used lor redlKtion
ilnd fixation 01 the symphysis.

• The image intensifier is on the opposite side of the
surgeon.

Draping and lurgical approach

• The skin is prepared with the usual antiseptics.
• The drapingofthe patient is in the usual fashion from2

fingers below the pubis symphysis to 2 fingers superior
to the umbilicus (I:ig. 7.8).

• A tranS\'erse rfaennestiel incision is used for reduction
and fuation of the symphysis (Fig. 7.9).

• In cases where there has been marked disruption of
the symph~'sis, detachment of olle head of the rectus
abdominis is a common finding.
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fig. 1.10 Hofmann ,elf3<ton are plae;ed in the obturator foramen
allowing enharKement 01 lhe ellpOSUre.

Fig. 1.11 For the ,eduction several manoeuvres have been
desuibed including the pla(ement 01 large pointed fedurtion
damps on each side 01 the symphysis.

• Thl! Iinl!a alba is dividl!d longitudinally, with elevation
of thl! insl!rtion of the abdomlnis muscle laterally.

• Transverse sectioning of the rectus abdominis should
be avoided as this will impair subsequent repair and
healing of the abdominal wall.

• Hofmann retraCtors are placed in the obturatm fora
men allowing enhancement ofthe exposme (Fig. 7.10).

• For the reduction several manoeuvres ha\'e been
described including the placement of large pointed
reduclion clamps on each side of the symphysis
(Fig.7.1l).

• The pelvic reduction pialI' is secured to Ihe pubis with
4.5 mm screws insened into the pubic wall in an anle-

fig. 1.12 Se'lflal different implants (an be used 11M fixation of 11M!

disrupted symphysis INld the mon Ir~uenlty u~ implants are
peMc: rel:OIlstnKtion pIaleS.

fig. 1.U The 3.5 mm plate could be applied su~riorly. anteriorly
or on the inner surface 01 the pelvic ,ing.

rior to posterior difl'ct ion (the screws are placed in such
a way as to not interfere wilh the subsequent applica

tion of the symphysis plate).
• Several differellt implants can be used fur fIxatiun of

the disrupted symphysis and the most frequently used
implants are pelvic reconstruction plates (Fig. 1.12).

• (mplants of3.5 mill arc considered the favoured option
by many surgeons. with 3 screws inserted on each side

of the symphysis.

Implant positioning

• The 3.5 mm plalc could be applit.-d supcriorly. ameri
orlyoron Ihe inner surface of the pelvic ring (Fig. 7.13).
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• [ntrd operalively, in addition to visualizing the reduc
tion, screening with an image intensifier and obtaining
AP, inlel and outlet views will confirm the adequacy of
the reduction achieved (Fig. 7.14a, b, c).

Closure

• Irrigate the wound thoroughly.
• Adrain should be placed iuthe space of Retzius.
• Any detachment of the abdominis from the pubis

symphysis should be re-auached with 1.0 Vicryl

sutures Fig. 7.15a.
• The linea alba should be repaired with interrupted 1.0

Vicryl sutures (Fig. 7.15b).
• The fat layer should be approximated with 2.0 vicryl

sutures.
• The skin should be c1ost."C! with either surgical staplers

or 3.0 nylon sutures in an interrupted manner.

7.2 Plating of the pubic symphysis 123

(b1

fig. 7.14a, b, l Intra opefatively, in addition to vi'iualizing the

,E'dUltioo. 'ioeefling with an image inten'iifi('l and obtaining AP,

inlet and oollet view'i will (onfirm the adequiK'f of the redultion

iKhievro.

Post-operative management

• 1\vo further doses of prophylactic atltibiotics.
• Anticoagulation therapy is prescribed in terms of low

molecular heparin until the patient is discharged

home.
• Routine bloods and radiographs of the pelvis in 24

hours. including inlet/outlet views (Fig. 7.16a, b, c).
• Post-operatively watch for deep vein thrombosis {OVf}

and infection.
• Partial weight-bearing on the injured side for 8 weeks

for the isolated open book is advisable; however, in
patients with combirlt.'d internal fIXation of the ante
rior and posterior pelvic ring, weight-bearing sbould
be delayed for 6-12 weeks,

• When full weight-bearing is allowed, pbysiotberapy is
indicated.

• Physiotherapy should be indicated at increasing hip
abductor strength.
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lal lbl

rKJ. 1.1S (a) Any detae:hment 01 the abdomink from the pubis symph~s should be re·allad'ted with 1.0 Vio'y1 sutures. (b) The ~nea

alba should be repaired with inlellupted 1.0 Vinyl sutures.

" 1

'<I

, bl

fig. 1.163, b, ( Radiographs 01 the pelvis, induding Judet views.



7.J Sacroiliac screw insertion US

1.1

Ibl

fig.7.17 (a) Radiogfaph 04 !he peIvk ring d~tr.ltinq!he deqrft' and direc:tion of displacetllflll. (b) '" CT sun is n~tiallor

a«urate nalualion 04 lhe IrcKture pattern.md lor pl't-opl"I'ative planning lor the in~ion 04 the s.Kroilia< 5(l'~.

• Forrestorationofanormalgail,lowcrbackslTength. 7.] SACROiliAC SCREW INSERTION
ening exercises could be beneficial to the patient.

Inditations

Pest-operlltive complications

• Pneumonia, OVf, pulmonary embolism (PE) and
dehiscence of the wound.

• Loss of fixation is usually associaled willi inadequate
reduction anti fixalion oflhe poSlerior pelvic ring. If this
occurs the entire fixation conStruCt requires revision,

reduction anti fixation.
• Because ofthe physiological mon~mentofthe symphy·

sis pubis, screw cut-out or plale failure are occasion
ally seen. However, it is unusual for these 10 become
symplOlIlatic and late hardware removal is infrequent.

o Other long tcrrn corn plications include impotence usu
ally in the presence of an associated urelhra injury or

bladder injury.

Outpatient follow up

o Follow up al 2, 4, 8 and 12 weeks after surgery and then

at 6 monlhs and a year.
• The palienl can be discharged and seen again at lhe

requesl of their Gp.

Implant removal

• Implanl removal is not indicated unless there is good
evidence 10 suggest that any ongoing symptoms are
secondary to the presence of the implant.

• Sacroiliac screw ftxation is indicated in unstable frac
tures of the posterior pelvic ring. including sacroiliac
joint dislocations, sacral fractures, ce"ain iliaccrescent
fractures and a combinalion of the abo\'e injuries.

Pre·operative planning

(Iinical a"usment

o Evaluation of the soft tissue envelope both anteriorly
and posteriorlyofthe pelvic ring. Assess and document

the neurovascular Slams of the leg.
o Careful examination for other injuries must be made

as quile frequently disruptions of the posterior pelvic
ring are associated with olher injuries and lhey are lhe

result of high·energy trauma.
o Inspeclion of the perineal region is essenlial, as weU as

examination of the lumbar spine.

Radiological assessment

• Anteroposterior radiograph including inlet/oullel
views of the pelvic ring (Fig. 7.17a). These would
demonstra Ie the degree and direction ofdisplacement.

• A IT scan is essential for accurate evaluation of the
fracture pallern and for pre-operalive planning for the
insertion of the sacroiliac scrC\YS (Fig. 7.17b).
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rig. 7.18 "7.J mm (¥Iflulated ~(feW'l \.l'I.

Anaesthesia

• General anaesthesia at induclion.
• Administration of prophylactic antibiotics as per local

hospital protocol.

Jable and equipment

• A 7.3mm cannulall"d screws set (Fig. 7.18).
• A mdiolucent table whh the appropriate traction

devices is essential (051 table).
• An image intensifier.

Table set up

• The instrumental ion is set up on the site of the opera
tion.

• Image illtensitier is from the contralateral site.
• Position the tuhle diagonall)' across the operating

roolTI.

Patient pOlitioning

• Supine. with a well-paddt"<l radiolucent pudendal
post.

• If there is a venical shear disruption of the sacroiliac
joint then a pin is inserted in the distal femur. This
will facilitate the application of longitudinal traction
for reduction of the joint dislocation.

fractare 'eduction

• In cases ofanteroposterior (AP) injury to the pelvic ring.
internal rotation and immobilization of both lower
limbs is adequate. In case of a vertical shear disrup
tion, apply longitudinal traction for reduction of the
ileum to the sacrum. Often anatomic reduction and
stable fixation of the anterior peh~c injury improves
the posterior pelvic displacement.

Draping and surgical approach

• Prepare the perineum, abdomen, pan ofthe nanks and
lower extremitit"S with the usual antiseptic solutions
(aqueousl alcoholic povidone-iodine).

• Using fluoroscopic control3 views are taken: inlet, out
let and lateral, for the uccurate verification of the entry
poilll{Fig.7.19).

• Thc skin is incised around the point selected for the
insertion of the wire.

• Blunt deep dissection is llccomplished with a narrow
periosteal elevator.

• FollOWing image intensifier control, the guide wire is
progressed frolll the ilium across the sacroiliac (51)
articulation and into the lateral aspt'Ct of the sacral ala
(using especially inlet and outlet pel\'ic images).

• The guide wire tip should bc directed within the mid
portion of the alar bonc on the inlet \'iew. It is then
advanced up to the midline ofthc \'enebral body of the
sacrum (Fig. 7.20a, b. c).
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Fig. 7.19 Us.ing IIUOfOs(opiC control )~ arl' taken inlritOpl'latively: inlet. outll't and Iatl'fal. fOf thl' a((\,Ilatl'
verification and mafking of thl' I'ntry point.

o Checking on the outJet view, the guide wire should be
above the SI foramina and on the inlet view should be
in the middle of the sacral ala.

o The guide wire depth is measured with the reverse
ruler and the cannulated drill is advanced accordingl)'
{Fig. 7.2Ia. b).

o The appropriate length 7.3mm cannulated can·
ceHous screw is inserted over the guide pin and
tightened (Fig. 7.22).

• Partially threaded cunccUous screws with 32 mm
thread length or 16 mm lhrcad lenglll are chosen, when
compression OffJXlltioll is iudicllted.

• Full threaded 7.3 mm cunccHuus screws are used
when compression flxation is not desired such as
after accurate reductions of Iransforaminal sacral
fractures.

• During cannulated drilling und screw insenion, fre·
quent nuoroscopic images should be obtained to
assure no displacement of the guide wire.

o A washer should be used with the screw for better
grip.

o The gUide wire then is relllO\'ed manually.
o Additional screws are used if residual instability is

noted on the fluoroscopic stress examination.

(Iosure

o The percutam.'Ous wound is then irrigated.
o The wound is closed with absorbable sUlUres 2.0 Vier)'1

for the subcutaneous fat layer.
o Skin closure could be performed either with stainless

steel SUrgical staples or monofilamelll non-absorbable
suture placed in a subcuticular layer.

Pitfalls to avoid and tips

• Screws inserted to treat sllcral fractures arc usually
longer than those for 51 joints.

• The initial jJiosacral screw is positioned in such a way
as to allow the insertion of a second screw if required.

• The SI joint screw is usually different from the sacral
screw.

o Compression lag scrcws arc routinely used to treat SI
joint disruptions: howcllcr, sacral fractures may inllollle
injury to thc sacral neurofora rnina and therefore, in this
situation. compression with lag screws may produce
nerve root injury.

o In the transforamina sacral fracture a fully threaded
non·com pression cancellous screw is indicated.
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fig. 7.20;" b, ( following image iotensilier (onllol, the K·wire is

progressed from the ilium ac:ross the SI artiwlation and into the

lateral aspect of the sacral ala (using especially inlel and outlet

poelvi( images).

'0'

,.,
fig. 7.21a, b Thoe guide pin deplh is measured with the reVl'fSl' ruler and the {annulated drill is advan(ed over the K-wire.



fig.7.22 The appropriate length 1.0 nvn caMubted rarxellous

KFl!W b insetted ove1 the guide pin and tightl'fltd.

"~I
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• The SI joint SCrl'\VS begin caudallposteriorl}' on the
ilium and are din.octed cephalad/anteriorly to be per·
pendicular to the oblique SI articulation. By obtaining
such a direction a violation ohhe articular SI joint car·
tilaginous surfaces is usually a\'Oided.

Post·operative rehabilitation

• 1\.,.0 further doses of prophylactic antibiotics, routine
bloods and radiographs of the pelvis including AP

inlet/outlet views (Fig. 7.23a. b, c).
• Olemica! Ihromboprophylaxis or compression cuff

pumps are indicated.
• The mobilization of the patient is dependent on the

overall condition of the patient and other associated
injuries.

fig. 1.23a, b, ( PosHlperati...e AP, intet and OIJtlet ...iews
demomlrating the SI SHl!WS position.
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• Depending on the type of injuries sustained the sta
bilized hemi-peillis is usually protected by means of
partial weight-bearing with crutches for a period of6

8wecks.
• Progn.'Ssille weight-bearing is subsequently allowed

with a goal to progress to fullwcighl bearing3 months

after the operation.
• It is essential post-operativcly to accurately evaluate

the neurological status of the patient. If there are any
clinical signs oflumbar or sacral neflle root lesion, then
a cr scan should be obtained to exclude perforation
of the sacral foramina or insenion of the screw away
from the safe anatomical zone. If Ihis is Ihe case then
the screw should be relllO\'Cd immediately and should

be re·insened.

Outpatient follow up

• The patient is reviewed at 6 weeks initially and th£>n at
3 months. 6 months and a rear. Discharge from foUow
up after clinical and radiological C\'idence of fracture
heating. Review again at the request of the GP, usually
after a period of 18 months.

Implant removal

• No removal is indicated unless there isa good evidence

of soft tissue irritation.

7.4 OPEN RED uniON AND INnRNAl
FlIATION (ORIF) Of THE SACROiliAC
JOINT ANnRIORlY

Indications

• Disruptions of the sacroiliac join t posteriorly.
• I'P Ill. LC III und lIerticlll shCllr fracture pallcrns.

Pre·operative planning

Clinical asseument

• Pain localized at the affected hip site.
• Assessment and documentation of the neurovascular

status of the leg is essential.
• In young patiencs careful examination must be made

as this inju!)' is usually thc result ofhigh-energy trauma
and other associatt.-d injuries are usually present.

Fig.l.24 Antetopostetior rildiograph ollhe pdvis.

• Overall initial assessment should follow the Adllanced
Trauma life Suppon (ATlS) protocol.

• After haemodynamic stability has been achieved fol
leMing initial resuscitation with the adminisnation of
crystalloids and blood products. temporarilystabiliza
tion of the sacroiliac (51) joint can be achieved \\ith
either an external fixator or a c-c1amp posterKirly.

liming of surgery

• The definitive procedure could be lX'rfonned be 3-5

days after the day of injury.

Radiological assessment

• Radiological assessment includes anteroposterior (AP)
mdiographs of the pelvis including inlet{outlet views
(Fig. 7.24).

• Acr scan will help to cllaluale bctter lhe injury pattern
and assist in the pre-operative planning.

Operative treatment

Anaesthesia

• General anaesthesi.1.
• Administration ofprophylaclic antibiotics as per local

hospital protocol.

lable and equipment

• Radiolucent table (OSI) with the appropriate traction

devit.-e.
• An image intensifier.



fig. 1.25 The fim window 01 the ilioinguinal appload1 is u1i1izrd
wf'tfle the abdomin.al mus<1es and the fascia olthl!' i1iac:u'i Me

detac:hed 110m the i~um following wbpefio'lteal ele¥ation. AUeJ'i

is made to the 51 joint.

Table let up

• The instrulllelllation is set up at the site of the
operation.

• Image intensifier is frolllthe COlllralateral sile.
• Position the table diagonally across the operating room

so that the operaling area lies in Ihe clean air field.

Patient pOlitioning

• Supine with a well-padded radiolucent pudendal post
in cases where traction is indicau..'<1 for the reduction of
the fracture.

Reduction of the frillcture

o Closed fracture reduction can be achieved with the
application ofaxialtraClion through a distal femoml
pin.

Draping and lurgical approach

o Prepare tht) skin over the lower abdumen.
• Shaving of the pUbic hair would allow simultaneous

exposure or an anterior lesion (Le. symphysis disrup
tion).

• The fust window ofthe ilioinguinal approach is utilized
where the abdOlllinalmuscles and the fascia of the ili
acus are detached from the ilium follOWing subperios
teal elevation. Access is made to the SI joint (Fig. 7.25).
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fig. 1.26 A narrow 3-hole DCP 4.5 or 3.5 are the pretefled

implant'\.. All angle 016-9 betWffn the two plate'i enables

fixation in area'i 01 dense booe and prevents '\healing.

• Care has to be taken 10 avoid any injury to Ihe lumbar
sacral nerve root 1.5 which runs very close by. approxi
mately 1.5 cm across the ala of the sacrum.

• Usually the reduction is achieved by manual lateral
compression or the insertion of a lag screw into the
iliac wing.

o Also a Farabeuf clamp can be ,lpplied by the insertion
of two 3.5 screws on the sacral ,Ila and the ilium for
reduction of the dislocation.

o A narrow 3·hole DCI' ,1.5 or 3.5 are the preferred
implants (Pig. 7.26).

o 2 plat(!s enables fixation in areas of dense bone and
prevents shearing.

o The holes of the sacral SCf(!WS are drilled und(!r direct
vision and parallel to the joint.

(Iosure

• Irrigate the wound thoroughly and achieve haemos
t3sis.
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• The fascia is c1osl>d with No. I POS or Vicryl over one
drain.

• Subcutaneous fat is closed with absorbable sutures 2.0

POS or Vicryl.
• Skin is c1os(>d wilh stainless steel surgical staples

or monofilament nylon SUlures in an interrupted
manner.

Post·operatiYe rehabilitation

• T.....o further doses of prophytactic antibiotics, routine
bloods and radiographs ofthe pelvis at 24 hours includ·
ing AP pelvis and inlet/outlel views.

• The drains are remO\'ed in 24 hours.
• The patienl is mobilized lac lOuch, .....eight·bearing on

the affected side,

• Pos\.operath'ely watch for ovr, !lE. infection and loss
of R>duction.

Outpatient follow up

• Review at 3 weeks, 6 weeks, 6 months and 12 months
with both clinical and radiographic assessment ofthe
pelVis.

• Discharge from follow up after clinical and radiologi
cal evidence offraeture healing and full restoration of
functional capacity. usually after 12-18 months from
the lime ofthe injury.

• Review again at the request ofthe GP.

Implant removal

• No remO\~.ll is indicated.
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Fradures of the atetabulum
Peter V. Giannoudis

8.1 OPIN RIDunlON AND INTERNAL
fiXATION (ORIf) OJ POSTIRIOR WAU
JRAnUIIS - KO(HIR-lAHGIHBIU(
APPROACH

Indications

FraclUres of:

• Posterior wall.
• Posterior column.
• Posterior column and wall.
• Trans...crse fractures.
• Transverse poslerior waU and T-shaped fractures.

Pre·operative planning

tlinical assellment

• Examination of the injun.-d limb is essential, including

the soft tissue envelope.
• [n cases of high-energy trauma examination for other

potential associated injuries should be performed

carefully.
• The Advanced Tmuma Ufc Support (ATLSl evaluation

protocol should be followed.

Radiological aneumll!nt

• Anteroposterior radiograph of the pelvis, as well
as ludet views, can IJrovidc substantial diagnos
tic information in terms of fracture tn>e ami also
indicate the need for emergency treatment (in
cases of fracture dislocations of the femoral head)
(Fig. 8.1 a,b,c,),

• cr scan will supplement the plain radiographs and
imponant additional information can be obtained for
the pre-operative planning (Fig. a.2a,b.c).

Timing of lurgery

• Operative treaunent is generally delayed for 3-5 days
to allow stabilization of the patient'S general Slatus.

• Two 10 four units of blood should be made a\'3ilable,
depending on the extenl of the fracture pauem.

Indicationl for emergency acetab.lar
fracture fixation

• Recurrent hip dislocation arter reduction despite
traction.

• Progressh'{' sciatic nerve deficit arler closed reduction

• (rreducible hip dislocation.
• Associated vascular injury rC(luiring repair.

• Open fraclures.

Anaelthelia

• General anaesthesia at induction.
• Administration or prophylactic antibiotics as per local

hospital protocol.

Table and equipment

• Radiolucent fracture table which provides controlled
traction and positioning, assisting the fracture reduc
tion (OSI table),

Pmcliml Procedllres ill OrrlrojXledk TM'II/Itl S,,'8I'ry. A Th1illee:S CllmjXlllioll, ed. ~ler V. Giannoudis and Ilans-ChrislOph Pape.
Pubtished b)' Cambridge Unh"enily Press. '" Cambridge Uni\'ersily Press 2006.
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• Traction is applied by using a distal femoral pin with
the knee flexed approximatcly 90 .

• The angle of knee fle)(ion places the sciatic nerve in a
relaxed posillon minimizing the risk of intraoperative
sciatic nerve injury.

Equipment

• Malta platingsyslem.
• The instrumelllmion is SCI up on the site of the opera

tion.
• Image intensifier is from the contralateral side.
• Position the table across thcoperaling room so that the

openlting area lies in the clean air field.

Patient positioning

• Prone with a well-padded radiolucent pudendal post.
• A r'Olcy catheter is inserted prior to the operation.

fig.8.1a,b,l, Anteroposterior, obturalOf oblique and ili<K oblique
views of a ~imple posterior wall 'r<KIUre of Ihe <Ketabulum.

• For surgery, for instance on the right hip, the affected
limb is placed in traction with thekneel1cxed t090 and
with the traction applied through the distal femoral pin
(Fig. 11.3).

Draping and surgical approach
(Kocher-tangenbeck)

• Prepare tlw skin of the but lock and the lateral aspects
of the thigh (Fig. 8.41.

• The skin incision is centred o\'er the greater tro
chanter.

• llleproximal branch orthe incision isdirected towards
the posterior superior iliac spine, ending approxi
mately 6 cm short O\'er this bony landmark.

• Distally the incision extends approximately 12 cm
along the mid-lateral aSI>CCt orthe thigh. The skin inci
sion is carried through the subcutaneous tissue and
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superficial fascia onto the fascia lata ofthe laterallhigh
and the thin deep fascia overl~'ingthegluteus maximus
muscle.

• The fascia lata is then divided in line with the skin inci
sion. beginning at the distal aspect uf the wound. con
tinuing approximately tow,lrds the greater tuberosity
and ending at the first site ofthe gluteus maximus mus
cle fibres (Fig. a.5a.bl.

• Continue the proximal dissection by splitting the glu
teus maximus muscle.

• The incision should be made between the upper 1/3
and lower 213 of the muscle as this is a relati\'e avas
cular interval and in the desired plane of dissection.
(Fig. 8.63.b).

• There is no internervous plain.
• Release of the gluteus maxirnus insertion to the femur

allows adequate posteromedial retraction of the large
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fig. S.2a,b,( C1 Kan 01 a posterior walilracture of the oKetabulum.

fig. S.3 The patient is prone with a well'padded radiollKent

pudendal post. The aUe(ted limb is placed in traction with the

knee lIexed to 90 and with the traction applied through a distal

lemorill pin.
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fig.... Pteparalion of lhe SUI and draping.

,., 'b'
Fig. 8.5a,b The skin in(lslon is (arlied through the subcutaneous lissue and sUl'erlidallas(la onto the fascia lala 01 lhe lateral thigh and

the thin deep las(la overlying the gluleu'l maximus musde.
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fig.8.6a,b 11M! ilK~n should be mad!! between u.. upper 1/3 and Iowrr 2/3 of tM musd!! as this is a relatively avascular interval and
in tIM! dnirl!d pfarll! 01 disse<tion.

fig.8.7 Identify the piriformis tendon running alongside the

gluteus mlnlmus muscle.

mass of the gluteus 1I1ilximus muscle without undue
stretching on the inferior gluteal nerve.

• Whilst the tendon is released care should be taken to
avoid damage of the first perforating branch of the pro·
funda femoris artery, which nms in dose proximity.

• Locate the sciatic nerve: the relationship between the
sciatic nerve and quadratus femoris muscle should

serve as a reference point.
• Identify the pirirormis tendon running alongside the

gluteus minimus muscle (Fig. 8.7).
• It must benoted here thilt variabilityexists in relation to

the sciatic nerve and the piriformis muscle. One there
fore should be aware of the ilnatomic variability in this

area and prior identification of the sciatic nerve on the
posterior surface of the quadr.llus femoris muscle will
pre\'ent intraoperati\'e confusion and decrease the risk
of iatrogenic sciatic nerve injury.

• After the identification of the piriformis tendon it
should be tagged with a suture and released from ilS
insertion (Fig. 8.Sa,b).

• Subsequently identify the obturator imcmus tendon
with the sUI>erior and inferior gerncli muscles, which
can be found just inferior and slightly deep to the

piriformis.
• External rotation of the hip will relax the tendon allow

ing easier access to its deep SUrfilce. 111e obturator
internus tendon is isolated, tugged with il suture and
released from its insertion. Both the piriformis and
obturator internus tendons should be incised approx
imately 1.5crn from ,heir insertion points into the
grea'er trochunter to ,woid injury to the blood supply
of the femoral heud (Fig. 8.9l\,bJ.

• mevate the obturator internus tendon away from the
hip capsule along with the gemeli muscles.

• Access to the lesser sciatic nlllch is now possible and
a specially designed sciatic neT\'e retractor can be
placed with its tip anchoring to the lesser sciatic notch
(Fig.8.10a.b).

• With the appropriate position of the sciatic nerve
retrdctor, access is now possible 10 the posterior hip
capsule und retroacetabulilr surface of the posterior
column, which can be explored and cleared of any
debris (Fig. 8.11 a,b).
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fig. a.8a,b Altet the idefllification 01~ pirifOfmk tendon it should be tagged wilh a Wlutt and I~awd Irom ib inwrtion.

(bl

Fig.8.9a,b lhe oblulatGf ioternus tendon is isolated, lagged with it wlure and released 110m its lnserliGll. Both the piriformi'! and

obturator inlemus tendons should be inched appfoximiltely 1.5 (m hom their insertion p.oinls into the greatel trO(hanler to avoid injury

10 Ihe blood supply of the lemOfal head.

(.) (b)

fig.8.10Ol,b With tile pililormis being held bad: digitally, the sciatic nerve is visualized funning posterior to the obllJr.ltOf inlerni'i

tendon. It sciatic netve fetfiKtOI is pl<tced anteriorly 10 the oblufalor internllS tendon into the lesser sciatic notch.
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,.,
fig. '.11 (a) With Itle appropriate position of the srialk nrrve retractor ",cuss is now pouible to the post~ior hip (iJPSllle 0JnCl
retrOOJC:etabulaf wrliKe olltle post~ior (010011I. whKh (iJCl be explored iJncI (leiJl'ec1 of any debris (b).

• Superiorly the hip abductors are ele\'ated from the
external surface of (he ilium \\ith a curved retractor
(Langenbeck}.

• Careshould be taken in the region ofthe greatersciatic
notch not only to a\"Oid injury to the sciatic nerve but
also to the superior gluteal neurovascular bundle.

• The extent of the fracture pallern dictates the eXl.ent of
the surgical approach; for instance. for isolated poste
rior wall fractures the disS(.>(:tion is completed at this

stage.
• In cases where there is a tranS\'crse or a T.shape frac·

ture, dissection must continuc through the greater
sciatic notch into the true pclvis and on to the quadro.
lateral surface of the acetabulum.

• Usually in cases where fracture dislocation has
occurred visuuli7..alion of the hip join! is possible with·
out the Ileed for any capsulotomy.

• The intm·articular surf;lce of the hip joint could be
beller visualized by applying traction to the femur
(Fig. 8.12).

• Osteotomy of the greater trochantcr in an alternpt
to extend access of the Kocher-Langenbeck approach
along the external surface of the anterior column is

rarely required.
• In cases of an isolated posterior wall fracture. a pos·

terior wall fracture fragmell! is reflected and reduced
anatolllically and held with the aid of K-wires.

• Lag screws can then be inserted from the wall to the
posterior column (Fig. 8.13a.b.cl.

• The screw length is usually determined by using lile
measuring gauge.

fig. 8.12 The intca·arti<ular surface of the hip joint could be beller
yisualized by applying tcaction to the femur.

• Screws of 3.5 mm are used from the posterior waJlto
the posterior column.

• The ovcrall fixation is then ncutralized by the appli·
cation of a 3.5 plate appropriatcly contoured 10

accommodate the shape of lhe posterior column
(Fig. 8. 14a,b).

• Intraoperative fluoroscopic images can assist in cval·
uating the accuracy of reduction and also the implant
and screw positioning (Fig. 8.15a.b,c).

(Iosure

• The wound is irrigated thoroughly and haemostasis is
achieved.
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1.1

fig.8.lla,b,c IrHases 01 isolated posterior walllracture, a

posterior walllfiKtufe lfagment is relle(led and reduced

anatomkany and held with the aid 01 I-wires. lag suews can

then IH! inserted lfom the wall to the posterior column.

Ibl

fill.8.14a,b The ovefallli-.ation is then neutralized by the application 01 a l.S p!.lte appropriately (ontoured to auommodate the shape

01 the posterior (olumn.
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Fig.8.15a,b,c Inllaope1'atM lluoroscopic images (all .mist in evaluating the auur.Ky of reduction and also the implant and su_

positioning.

Fig.8.16 Both the piriformis and the obturator intelnus are

fe·attached by using non-absorbable sutures.

o Both tlw piriformis lHld Ihe obturator inlernus are reo
lluached by using nOlhlbsorbable sutures (Fig. 8.16).

o After the placement of a deep. dosed suction drain.
the fascia lata. gluteal f,lsda ,Illd subcutaneous tissues
are dost'<l in layers with 1.0 and 2.0 Vicryl absorbable
sutures.

o The skin can be closed either with stainless steel surgi·
cal staples or monofilamelll nylon sutures in an inter·
rupted manner.

Pest-operative reh~bilitati.n

o Two funher doses of prophylactic antibiotics.

o Routine bloods and radiographs of the pelvis in
24 hours. including Judet \'iews (Fig. 8.17a,b,cl.

o The drain is removed in 24 hours.
o The patient is administered low-molecular weight

heparin for thromboproph)'laxis until discharged
home.

o Subsequently the patient is prescribed 75 mg aspirin
for a period of6 wt'eks.

o Mobilize b)' toe touch weight-bearing for a period of
3 monlhs.

o Subsequently progress to full weight-bearing and refer
the patient to physiotherapy.

Outpatient follow up

o Review at 6 weeks and 3 months with I;ldiographs of
the hip.

o Follow the patient for a minimum of 2 years to
evaluate the developmenl of posHraumatic osteo
arthritis with both c1inicai and radiologil;aJ assess
ment.

o After 3 period of 3 yellrs review again 3tthe request of
the GP.

Implant rem.y~1

o No removal is indicated unless there is evidenceoflow
grade infection or soft tissue irritation or development
of heterotopic ossification.
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8.1 OPEN REDUCTION AND INTERNAL
FIXATION (ORn) VIA THE
ILIOINGUINAL APPROACH

Indications

• Stabilization of the majority ofbuth assucialcd column
fractures.

• Certain tmnsverse fractures.
• Anterior colul11n and anterior wall fractures.

Pre~operatiYe planning

(Iinical assessment

• Pain is usually locali7.cd in the affected hip site.
o Inspt.'Clion oflhe sofllissue envelope oflhe pelvis anle

riorly and po5leriorly is of paramount importance.

fig. s.11a,b,( Post-operatiVi! radiographs 01 the pelvis within

24 hours, jmluding Judet views,

o Accurate assessment and documentation ofneurovas
cular status of the leg is imperative.

• In young patients careful examination or detcction of
other injuries must be made as they are frequently
present as a result of the high-energy tra uma sustained.

Radiological assessment

• Anteroposterior CAP) radiographs of the pelvis, includ
ing Jude! views.

• cr scan adds important information regarding the
fmcture conliguration and the presence of incarcer
ated or impacted fragments within the acetabulum
(Fig.8.18a.b.c).

• Drawing the fracture on a dry-bone. pel\'icmodel helps
ensure thai the surgeon understands the fracture con
figumlion.
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fig. 8.lla,b,c Anteroposterior radiographs of tile pelvis, inc:luding

Judet views. (l scan adds important information regalding the

fracture configuration and the presence 01 ill{al{elilted or impa<led

Iragmenls within the ilcetabulum.

I"~

liming of surgery

o Surgery is usually I>crformed 3-5 days after the date of

injury.
o Chel11oprophylHxis Ilgninst development of deep vein

thrombosis (DVn and pulmonary embolism (PEl is
administerl"tl when the patient"S haemodynarnic con
dition is smble (in cases where lIIultiple injuries have
been sustained).

Operative treatment

Anaesthuia

o General anaesthesia at induction.
o Administration of prophylactic antibiotics as per local

hospital protocol.

table and equipment

o The Malia plating system should be available with all
the necessary reduction instruments.

o Radiolucent table (051) is used with the appropriate

traction devices.
o An image intensifier.

table set up

o The instrumentation is set up on the site of the opera

tion.
o An image intensifier is from the cOlllndateral site.
o Position of the table is diagonally across the operating

room so that the operating area Iit:s in the dean air

field.
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fig. '.19a,b Outing the opel"ation the patient is pla<ed wpiM with a well-padded JadiohKent pudendal post to lac:i1itolte triKtion, whidl

is eJlerted viol the inseftion 01 ol distailemoral pm.

'atient positioning

• During the operation the patient is supine \\ith a well
padded radiolucent pudendal post to facilitate trac
tion, which is exerted via the insenion of a distal
femoral pin (Fig. 8.19a,bl.

• Trdction can be applied imraoperath-ely and that can
assist in the reduction of the fractu~.

Draping and surgical approach

• The affected legis positiont'd with thehip Slightly llexed
to relax the iliopsoas muscle, femoral nerve and exter

nal iliac vessels.
• Before surgery a Foley catheter is introduced into the

bladder.
• ShaVing of the pubic hair is indkatt.J and the whole

area of the lower abdomen is draped, as well as the
gluteal region down 10 the middle of the thigh.

• The incision hegins at the midline, 3-4 cm proximal to

the symphysis pubis.
• It isdirected latemlly to the anterior superior iliac spine

and then along the anterior two thirds of the iliac crest
(Fig. 8.20).

• The periosteum is then incised along the iliac crest and
the attachment of the abdominal muscles and the ori

gin of the iliacus arc releast'd.
• By subperiosteal dissection the iliacus is elevated from

the internal iliac fossa as far posterior as the sacroiliac
joint and medially to the pelvic brim.

• The internal iliac fossa is then packed for haema
stasis.

Fig. 8.20 The inci~lon Is dlfe(ted laterally to the anterior
superior iliac ~pine and then along the anterior two thirds
of the ilia( (fcst.

• Through the lower portion of the incision, the aponeu
rosis of the external oblique muscle and external rectus

abdominis fascia arc exposed.
• TIle incision is in line with the cutaneous incision at

least 1cm proXimal to the external inguinal ring.

• The aponeurosis ofthe external oblique muscle is then
reflected distally. This unroofs the inguinal canal and

exposes the inguinal ligament.



Fig.8.21 APenrose drain is pliK~ around the spennati< cord or
the fOUnd ligament and the adjiKtflt ilioinguinal nerYe.

Fig.8.22 Immediately beneath the inguinal ligament the late/al
femolal cutaneous ne/ve e~ils into the thigh. Arrow indicates
latelallemo/al cutaneous nelve.

• The spermatic cord or the round ligament is visualized
at the medial aspl'Ct of the incision.

• A Penrose drain is placed around the spermatic cord or
the round ligament and the adjacent ilioinguinal nerye
(Fig. 8.21).

• The inguinal ligament is sharply incised SO that a
1-2 rom cuffof the ligament remains with thecommon
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Fig.8.n The iliopec:tineallaKia separates vessels and Iymphatin
whidl afe retracted Irom the mediallSpe<t of the i~ogedineal

lasda, and the iliopsoai musc:1e and 'emorcll_lrom the latelal
asped. Identify the ~iopenineallasda,latelal clllaneous lemoral
_, iliopsoas mUKIe and the otemal iliiK vessek.

origin orthe internal oblique and uanSVCfSUS abdomi
nis muscles and the transversalis fascia.

• Immediately beneath the inguinal ligament the lat
eral femoral cutaneous nerve exits into the thigh
(Fig. 8.22).

• Directly beneath the mid l)Onion of the incision He the
external iliac \·essels.

• Medial to these vessels the insenion of the conjoined
tendon on to the pubis is incised.

• It may also be necessarylO incisea portion ofthe rectus
abdominis tendon just above its insenion on to the

pubis.
• The retropubic space of Hetl-ius is now accessible and

is packed wilh swabs after evacuatiOn of the fracture

haemalOma.
• The anterior asp,ects orthe femo"ll vessels and the sur

rounding lymphatics are exposed in the mid portion of

the incision within the lacuna V'lsorum.
• The iliopectineal fascia sepanlles vessels and lym

phatics which are retracted from the medial aspect of
the iliopectineal fascia, l\lld the iliOllSO;lS muscle and
femoralnen'e from the Imeral aspl'Ct (Fig. 8.23).

• The iIiopl'Ctineal fascia is sharply incised 10 the
pectineal eminence. Detaching the iliopectineal fas
cia allows access to the true pelvis and subsequently to
the quadrilateral surface of the posterior column.

• Asecond Penrose drain is placed around the iliopsoas.
femoral nerve and lateral femoral cutaneous ner"e for

retraction purposes..
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fig. S.H It. ~ond Penrose dran is p!3l:ed around the il~,

femoral nerve a.nd !atefal femoral tutaneous nerve for retfiKtion

purposes. A thild Pfllrose dra.n is plated around the femoral

vessels and Iymphalin.

fig.8.2S A se3fCh is made lor an allOfl\ilfous origin of the

obturator artery Irom tne infefior epigastrk artery or the prf'St'IKe

of an anastomosis belween the obturator and the extefnal iliar:

vnwls (Corona mor1is).

fig. 8.26a.b The reduttlon and fixation of lhe fradUle ran now j)e rom()klled by working bark and forth in the lhree windows for

vizuallsalion.

• A third Penrose drain is placed around lhe femoral ves
sels and lymphatics (Pig. 11.24).

• Care should be taken 10 leave undislurbed the fally
areolar lissues surrounding the \'essels as this conlains
lhe Iymphalic vessels.

• Before retraclion of lhe exlernal iliac vessels. the obtu
rator nerve and artery should be idenlified poslero
medial 10 the vcssels.

• A search is made for an anomalous origin of the
obluralor artery from the inferior epigastric artery, or
lhe presence of an anastomosis between lhe obtu
ralor and lhe external iliac vessels (Corona mortis)
(Fig. 8.25).

• Subperiosteal dissection is used 10 expose the pelvic
brim and superior pubic mltlus.

• The periosleum can also be elevaled from lhe quadri
laleral surface.

• The reduclion and fixalion of the fmClure can now be
compleled byworking back and forlh io the 3 windows
for vizualisation IFig. 8.26a.bl.

• Medial retraction of lhe iliopsoas and femoral oen'e
allows vil.ualisation of the enlire iliac fossa, lhe sacroH
iac joint and the pelvic brim via the first window.

• Lateml retraction orlhe iI iopsoas and lhe femoral nen'e
combint.>d with medial retradion of the external iliac
vessels opens the second window.



fig.8.27 Lalefal retranion of~ iliopsoas and femoral nefYe

combined with medial rellaction of~ extefnal iliac: ftSl.e'Is

opens the second window as shown.

,"

I"~
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fig. &.28 Visualilalion 01 the fracture pattefn thloogh the Iatelill

window.

'b'

fig. 8.29a.b,[ Posl·operati~ radiographs of the pelvis.
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• This window giv~s access to the pelvic brim from the
sacroiliac joint to the pectineal eminence as well as
access to the quadrilateral surface for reduction of
posterior column fractures. The pulse of the extl'mal
iliac artery should be frequently checked when work
ing within this window (Fig. 8.27).

o Medial retraction ofthe vessels gives access to the supe
rior pubic ramus and the symphysis pubis if required.

o The spermatic cord or the round ligament is retracted
medially or lalerally as needed.

Technique of reduction and fixation

o Reduction usuaU)'stans from the back.
o The iliac crest and \\ing are reduced first.
o The reduction of fracture lines in the ilium must

be perfect if the anicular surface is to be reduced
(Fig. 828).

• Traction could facilitale disimpaction ohhe iliac wing.
• Farabeufand Weberdampscan be used forme reduc

tion of iliac crest fraclUre fragments. Screws can be
inserted between the tables oflhe ilium. para1lello the

iliac crest.
• The anterior column fraclure can then be reduced (the

manoeuvre may be accomplished with the use of a
Farabeuf clamp and ball spike).

o Ascrew plact."CJ from juSt lateral to the pelvic brim and
directt."CJ towards the scialic notch will hold the reduc·

lion.
o A long curved plate is Ihen contoured to Ihe superior

aspect of the pelvic brim. This plate usuall}' extends
from thc front of the sacroiliac joint to Ihe body of the
pubis. The platc must be twisted to match appropri·
ately the contour of the ilium. It is important that the
plate fits the bone as perfectly as possible to avoid loss
offracturu reduction,

• Thc posterior column can be rcduced with the use
of an angled rcduction clamp rcslOring the profile of
the greater sciatic notch. The reduction clamp is usu
ally placed entirely within the second window of the

approach.
• Posterior column fixation is achie\'ed by screws placed

parallel to the quadrilateral surface. These screws can
be plac~d either inside or separate from the pelvic
brim plate to achieve fIXation in the retroacetabular

surface.

(Iosure

• Irrigate the wound thoroughly and achie\'e haemosta
sis.

• dosure of the ilioinguinal ligament is performed \\ith
non-absorbable sutures (2.0 l>rolene). The closure

extends up to the superior iliac spine.
o Drill holes can be made through the ilium to re-allach

the iliacus fascia and external oblique abdominal mus

cles.
o A drain is insened within the iliac fossa.
o The fallayer is dosed wilh 2.0 Vicryi.
o The sun is closed with either slainless steel surgical

staples or mOllofl!ament nylon interrupted sutures.

Post-opemive treiltment

• Two further doses ofprophylaClic anlibiotics.
• Suction drains are generally remO\·ed after 24 hours or

when drainage has ceased.
• Anticoagulation therapy is prescribed in terms or low

molecular heparin until the paliem is discharged
home.

• Subst.'quentlya 6-week course of aspirin (75 mg) daily.
• A toe-touch, weight-bearing protocol is initiated for a

period of 12 wl!eks.
o Subsequently the patient can progress to rull weight

bearing.
o No heterotopic bone prophylaxis is nt."CeSsary.

Outpatient follow up

o At 6 weeks, 3 months, 6 months, a year and yearly
thereafter with radiognlphs of the pelvis. including
Judet views (Fig. 8.Z9a,b,c).

o After a period orz years revkw ag,lin at the request of

the GP.
o Patients are usually able to relurn to normal recre

alional activities after 11 period of 6 months and vig

orous athlelics after'1 period of a year.
• Be aware ofpost-openltive complic,ltions of 1'1Ie infec

tion. development of an inguinal hernia, deep vein
thrombosis, pulmonary embolism and post-Ir.lumatic
ostL"Oa rt lui tis.

Implilnt .emoVilI

• No removal is indicated.
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Sedion I: Extrac:apsular fradures
of the hip
Raghu Raman and Peter V. Giannoudis

9.1 DYNAMIC: C:OMPRUSION HIP
URIW

Indications

Sliding compression hip screw devices are used (0

stabilize

{al IntcHrochanteric hip fraclUres (Fig. 9.lab).
(b) Intrdcapsular fraclUred ueek or femur.

Pre-operative planning

Clinical assenment

• Pain locali1.t.-d in the affected hip site with rudiation of

pain 10 the knee.
• Limb is shortened and externally rotated.
• Assess and documcnl neurovascular status of the leg.
• [0 ),ou ng patients careful examination for other injuries

must be made. as they are a result of high-energy
tr,lUma.

• Acomplete medical examination in elderly patients.

Radiological asseument

• Alllcroposlcrior (AI') radiograph and a laleral view of
the affected hip \0 demonstrate the fracture geometry.

Operative treatment

Anaesthuia

• Regional (spinal (epidural) andlorgeneral anaesthesia.
• At induclion. administer prophylactic antibiotic as

per local hospital protOcol (e.g. 3rd generation

cephalosporin).

Table and equipment

• DHS instrumentation set-ensure the availability ofthe
complete set of implants lFig. 9.2).

• A radiolucent table or a fraclUre table with the appro
priate lraction dcvices.

• An image intcnsifier.

Table set up

• The instrumentation is set up on the side of the oper
ation.

• Image intensifier is from the contralateral side.
• Position the table diagonally across the operating

room so that the operating area lies in the dean air

field.

Patient positioning

• Supine with a well-padded radiolucent pudendal post.
• Position the uninjurl'd leg in a leg holder (i.e. Uoyd

Davies with adl'<luate paddingoverlhe peroneal nerve)
orin wide abduction by a foolplale atlached to the leg

extensions of the fmcture wllic.
• A foolplatc attached to lhe other leg extension of the

fracture table holds the injured leg (Fig. 9.3).

fradufe fedudion

• Gentle traction and imernal rotation reduces mini
mally displaced fraCIUreS.

• Apply longitudinal traction to restore the neck. shaft
angle (excessive lraction may cause valgus over
reduction).

Pmcl;ml Procedllres ill OrrlrojXle<lie Thumlfl S,,'8/'ry. A n-aillee:S CllmjXlllian. ed. ~tcr V. Giannomhs and Ilans-ChrislOph Pape.
Published 11)' Cambridge Unh-enily Pre50S. () Cambridge Uni\'crsily f'res:o; 2006.
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fa} fbI

fig. 9.1a,b InteHroc:hanteril: hip Ir¥lure.

Fig. 9.2 OHS inmumentatlon set· ensure the availability 0' the

complete set 01 implants.

• Opcn anatomical reduction is indicated if closed
reduction fuils to achieve ,I stable reduction.

• Non-anatomical methods such as a valgus osteotomy
are reserved for failed reduction and unstable fractures.

Draping and surgical approach

• Prepare thesldnover the proximal femur with the usual
antiseptic solUlions (aqueous/alcoholic povidone
iodine),

fig. 9.3 Afootplate attached to the other leg extension 0' the

"a(tulI~ table holds the injured leg.

• Apply u transparent, plastic, adherent 'isolation' drape
directly over the proposed incisiOn site. This vertical
drape is unchored above on a rail (Fig. 9.4).

• A direct laleral upproach is made to the proximal
femur from the greuter trochanter, extending distally
(Fig. 9.5).

• Divide the fascia lata in line with the skin incision
(Fig. 9.6).

• Expose the proximal femur by splitting the vastus
latemUs along ils fibres or by elevaling the vastus



fig.9.4 Apply a tlansparellt, plastk, a""'ll'nt '"tsolation' drape'

dirl'dly Ovef ItII' Ploposl'd i'l<ision site. This VI'fIilal drape' is

andlOll'll abaft Ofl a rail.

Fig.9.S Adirl'(tlall'ral approath is m~e to the proximal

femul from the greater trochanter, I'ltending distally.

Fig.9.1 uposI' the proximalll'fflur by splitting the vasttlS Iatl'lalis

along ils fibres 01 by elevating tM vastus Iatl'l. ollltll' Iatl'lal

intl'lmusullar septum (beware of the pWOfilton as they pil'l(1'

the Iatl'lal inll'lmuscular septum).

Fig.9.8 The Il'nl'r lfochanll'r malks the level oll'ntly 01 a

13S-degll'l' angle plate.

Fig. 9.6 Oivide the fascia lata in 111"1I' with tM sltin illCision.
Fig.9.9 undl'f Iluoroscopic contlol inselt a thll'adI'Il J.2 mm guilk>
pin by JXlWl'lUSing the appropriate Ilxl'll angle guide.
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•

fig.9.10 P1ac:e the lip in the subt:hondral bone. The gtJide pin must lie in the (entle 01 the

lemoral head in 1ne anteroposterior and !atel'" views.

,., 'b'
Fig.9.11a,b Set the reamel S mm shorter than the length measuled. Ream the lemur by using the 'triple reamel'.

(a) lbl

fig.9.12a,b Inseflthe lag Klew ovellne (entling slene aher assembling it OIl the inserlion devil:e. Position lhe lip in the sub(oondlill

boo•.



fig.9.13 AdYante the 5iOe p1ak OYer the lag SUI'W shaft and US!!
the plat!! ta~ to fully 54!at the plate.

lateralis off the lateral inlermuscular septum (beware
of the perforators as they pierce the lateral intermus·
cular seplum) (Fig. 9.7).

Implant pesitionint

• The lesser trochanter marks the level ofentry of a 135
degree angle plate (Fig. 9.81.

• Under fluoroscopic control insert a threaded 3.2 mm
guide pin by power dri ....er using lhe appropriale fixed
angle guide (Fig. 9.9).

• The body of the guide must be flush and parallel wilh
the lateral corlex.

• Advance the guide pin IOward the apex of the
femoral head. monitoring ils position on the image
intensifier.

• Place the lip in Ihe subchondral bone. The guide pin
musllie in lhe celllre uflhe femoral head in the AP and
lateral views (Fig. 9.10).

• Determine lhe lug screw length und reuming distance
using the measuring device.

• Set lhe reamer 5 mm shorter lhan lhe length mea·
sured. Ream the femur by using lhe 'triple reamer' (Fig.
9.lla.b).

• Ream coaxially and use image intensification views 10

confirm lhal the guide pin is not advancing into lhe
pelvis or being withdrawn at the conclusion of the
reaming.

• Tap the bone in young patients and patients with hard
sclerolic bones.
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• Insert the lag screw o\'er the centring slee\·e afler
assembling it on the insertion device. Posilion the lip
in the subchondral bone (Fig. 9.12a.b).

• The tip-apex distance (sum of the distances from lhe
apex of the femoral head 10 the tip of lhe lag screw on
both AP and lateral views. correcting for magnification)
mUSl ideally be less than 25 mm.

• On completion of lhe screw insertion, the handle of
the insertion device must be parallel 10 Ihe axis of the
femordl shaft (perpendicular ifa Richards compression
screw is used) to allow the correct slotting of the lag
screw to the plale barrel.

• Achllnce the side plale over the lag screw shah and use
the plale tamper to fully seat the plate (Fig. 9.13).

• Unscrew the lag screw relaining rod and remO\'e the
gUide pin.

• Secure the plate to the femoral shaft usinga plaleclamp
or a Haygl"O\leS clamp.

• Release traction (In unstable fractures. release lfaction
after securing lhe plale). Using Ihe 3.5 mm h\isl drill
lhrough lhe neutral drill guide, make screw holes cor
responding 10 the holes in the plate.

• Delennine the screw length using the measUTing
gauge. Use 4.5 mm screws after lapping to secure lhe
plale (Fig. 9.14a,b,c).

• A compression screw through lhe lag screw 10 com
press lhe fracture primarily (caution in oSleoporotic
bones) is oplional and available for use.

• Obtain Hnal radiographs in both lhe AP and laleral
planes (Fig. 9.15a.b.c.d).

Closure

• Irrigate lhe wound lhoroughly and achieve haemo
slasis.

• Close fascia lata (No.1 PDS/Vicryl) uver a drdin (12F)
and the subcutaneous fut with absorbahle sutures
(2/U PDSlVicryl).

• Skin closure - stainless steel surgic,11 staples, monofll
amenl non~absorbableSUlures or absorbable sutures
placed in the subcuticular layer.

Post·operative rehabilitation

• Two further doses of prophylactic ullIibiolics.
• Routine bloods and radiographs of lhe pelvis in 24

hOUTS.

• Remo\'C drains in 24 hours.



,.,

fig.. 9.14a,b,c Determine the ~(f_leogth ~ing the measuring

gauge. Use 4.5 mm StrewS alter tapping to secure~ pialI'.

,,'

,.,

,,'

.--.....

'"

fig.9.15a,b,c,d Obtain linal.adiog'3Phs in both the

AP aOll lateral planes.



• Mobilize full weight-bearing at the earliest opportunity
and tailor physiotherapy to meet indi\'idual needs and
demands.

Outpatient follow up

• Rl:view at 3 months with radiographs of the hip.
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• Discharge from the follow up after clinical and radio
logical evidence offracture healing.

• Review again at tlte rCtlul'St of the GP.

Implant removal

• No removal is indicated unless there is good evidence
ofsoft tissue irrilation.



Sedion II: Intra(apsular fradures
of the hip
Christopher C. Tzioupis, Peter V. Giannoudis (9.2) and
David A. Macdonald (93)

9.1 (AN"UlAHD URIW fllAl10N

• Undisplaced fractures of neck orremur (G;nden Grade
I. 11).

• Displaced fraclUTes in patients with adequate bone
density and no 5e\"ere chronic illness (rheumatoid

arthritis. renal failure).
• AClive individuals up 10 mid 70s.

• Groin pain localized in the affected hip sile- radiation
of pain to Ihe knee.

• Limb is shortened and externally rotated.
• Assess and document neurovascular status of the

leg.
• [n you ngpal iellts careful examination for other injuries

must be made, as they arc a result of high-energy
trauma.

• A complete medical cXUlllirm\ioll in elderly patients.

Radiological au.ssm.at

• Anteroposterior radiogralJh and a lateral view of the
affected hip (Hg. 9.IGa,bl,

• Evaluate head retroversion and IXisteriur comminu
tion.

• Assess primary and secondary compression and ten
sion trabeculae on radiographs.

o cror bone scans when physical signs are lacking.

Ti_iag.f s.'ge"

• The outcome is improved ir the surgery is performed
within 8 hours.

• For roung patients iI is a trueonhopaedicemergency.

OperatiYe treatment

AaaestMsia

• Regional (spinallepidural) andlorgeneral anaesthesia.
o At induClion, administCf prophylactic antibiotic as per

local hospital protocol.

o Use a 7.0 or7.3 cannulated SCreW5et-ensure the avail
ability or the complete sct of implants.

o A radiolucent wble or a fracture table with the appro
priate traction devices.

o An image intensifier.

Table set up

• The instrumenul1ion is setup on the side urthe oper
ation.

o Image intensil1er is from the contralateral side.
• Position the table diagonaJlyacross the operating room

so that the operating area lies in the dean air field.

Patient positioning

• Supine with a ",..ell-paddl'<l radiolucent pudendal post.
• Position uninjured leg in a leg holder (i.e. lloyd Davies

\\~th adl"quate padding over the peroneal nerve) or in
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(.,

(.,
Fig. 9.16a.b Antefoposleriof iWld Ialefal view5 of a light nl"dc of femur undisplated Iratture.

Fig. 9. t7 The patient is positioned supine with a well·padded

radiolu(enl pudendal post.

wide abduction bya footplate attached to the legexten
sions of the fracture table.

o A foot plate attached to the other leg extension of the
fracture table holds the injured leg with up to 20" and
up to 20 internal rOlation [Fig. 9.17).

'rachlre red.ction

o Flex the affected limb al hip up 10 90 .

o Inlernally rolate the thigh.
o Apply traction in line with the femur.
o OrcumducI the limb into abduclion maimaining Ihe

internal rolation.
o Bring it down to table level.
o Evaluate the n.'<luclion with the image imensilierusing

Garden alignment index.

Draping and ,.rgic.l.ppr••ch

• Prepare the skin over the proximal femur with usual
antiseptic solutions (uqucous!alcoholic povidone
iodine).

• Apply lranspurcnt, plllSlic, udherent "isolation" drape
direclly over the proposed incision site. This vertical
drape is anchored ubo\'e on u rull [Fig. 9.18).

• A direct luteral approach is made to the proximal
femur frolll the greater troch,lllter exteoding distally
(Fig.9.19).

o Divide the fascia lata in line with the skin incision
(Fig. 9.20).

o Expose the proximal femur bysplitting the vastus [ater
alis along its fibrt.'S or by elevating Ihe vaslus lateralis off
lhe lateral intermuscular septum (beware ofthe perfo
rators as they pierce the laleral hllemluscular septum)
(Fig. 9.21).
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fig. 9.18 It. lJansparent, plastk, adherent 'OO/ation' drape is

applied difedly over Ille proposed nc:ision \lte. This Vt'rtilitl dfilpe

i~ arKhoifli above on a fail.

Fig. 9.19 Adif«t lateral approa(h i~ made 10 Ihe proximal femur

Irom the gfeater trochantef, extending dislally.

Fig.9.20 The lasda lali! is divided in line with the skin inli\lon.

f"I!J.9.21 Vastus latetalis is split along its fitwn.

fig. 9.22 A guide pin is pla(ed (entrally in the ne<k undel

fluoroUOllit (ontfOl in 2 planes.

Implant positioning

• A guide pin is placed centmlly in the neck under fluo·
roscopic control in 2 planes (Fig. 9.22).

• Use image intensification to confirm the correct place
ment of the guide pin.

• Insert a guide pin into the subchondral bone of the
femoml head through each of the outer triangle
patterned placement holes (Fig. 9.23a,b).

• Determine the insertion depth with the direct measur
ing device and calculate screw length (Fig. 9.24).

• Passing the cannulated tap over the guide pin tap the
near cortex (Fig. 9.25).

• Insert the cannulated screw over the gukle wire.
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Ibl

fig.9.2la.b Insertion 01 a guide pin inlo the '1l/lxhondraJ bone of the felTlOfal head Itwough eadl oIlhe OlIte' Il'iangle-patter~

pla<emenl holes.

fig.9.24 Determination of the insertion depth with Ihe dired

mea'll/ling device and <alwlation 01 the screw length.

Fig. 9.2S Tapping ollhe near <Oltex.

fig.9.26 Insertion 01 the <annl/la'ed screw ovel the gl/ide wire

l/sing a washe, to prevenl the mew head hom 'linking inlo the

corlex.

• Use a washer to pn:velll the screw head from sinking
into the cortex Wig. 9.26).

• Remove the gUide pin and rcpeatlhe screw insertion
tedmique for the remaining screws. inserting each
screw befoTe proceeding to the next.

• Obtain final mdiographs in both the AP and lateral
planes (Fig. 9.27a.b).

(Iosure

• Irrigate the wound thoroughly and achieve hat'mo
stasis..
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(.,

Fig. 9.21a,b rlllalladioglaphs in both the AP and lateral pianes.

'"
fig.9.28a,b Wound closure.

• Close fascia lata (No.1 PDSlVicryl) and the subcuta
neous fat with absorbable sutures (2/0 PDSlVicryl).

• Skin closure with 3/0 monofilament absorbable
sutures placL'<I in the subcuticular layer (Fig. 9.28).

Post-operative ,eh.bilitation

• Two further doses of prol'h)'lactic antibiotics.

• Routine bloods and radiographs of the hip in 24 hours.

Ibl

[bl

• Remove drains ill 24 hours.

• Mobilize by partial weight-bearing allhe earliest and
tailor physiotherapy 10 meet individual needs and
demands.

Outpatient follow up

• Reviewal 2, 6, 12 weeks. 6 months, 1 and 2 yeaTS with

radiographs of the hip.
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o In high demand/younger paticnts consider reduction
(open or closed) and internal fixation or total hip

replacement.
o Austin Moore fl'quircs an intact femoral ned: and a

'normal' diameter proximal femur.
o Thompson'scan beused when a fracture compromises

the femor-.ll neck.

o Assess limb and patient.

• M.
o FBC. U&ES. Grp lie Save.
• Social and mental assessmenl.
• Chest X-ray and ECG if indicated.
o Urinary catheter if indicated.
o Thromboembolic prophylaxis, 75 mgasprin once daily

for6weeks post surgery. Mark thelimb lvilh an indelible
marker on the thigh so that the mark can be viewed

when the limb is draped.
o Consent including a realistic assessmenl of Ihe out

come.
o Start the discharge plan.

o X-raysofthe pelvis, lateral hip, APofthe hip toshowthe
proximal femur and the whole femur if a pathological
frdcture is suspcctL'<l.

Pre·.perative planning

··-0

fig.9.30 'Prepped and draped', showing posterior and ploximal
ancss. Position 01 leg lor initial skin indsion.

fig.9.29 Position in the aoanthetk loom with a sand bag lJf1Hr
!tie sauoilia< joint and U·dlape to M'al!tle perineum. The

tllKhantel and PJopose1I skin indsion is highlighted.

• Discharge from the follow up after clinical and radio·
logical evidence offmclUre healing.

• Review again at the request of the GP.

• Regional/general anaesthetic.
• Prophylactic antibiotics: 1.5 g intrdvenous cefuroxime.

Patient pOlitioning
9.3 HEMIARTHROPLASTY FOR
INTRACAPASUlAR HIP FRAUURU:
AUSTIN MOORE UNCEMENTID
HEMIARTHROPLASTY AND
THOMPSON'S CEMENTID
HEMIARTHROPLASTY

• Supine with a sandbag undcr the ipsilateral sacroiliac
joint. plus perineal isolation drape tFig. 9.29J.

• Apply diathermy plate.
o Protect pressurc areas.
o Check side.

Indications and alternatives

o Displaced intracapsular (subcapitall hip fractures in

the low·demand patient.

o Laminar now.
o X-rays on viewing box.
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fig.9.)1 faKia lata iodse4 in line with sOl in<ision and mal

ilKision letl,}{tOi.

• Diathenny and suction on contralateral side - avoid
where the leg will go when dislocated.

Drap., _d s••,ical app'Udl

• Ensure 'prepanddrnpcs' are farenoughproximaUyand
posteriorly to allow the skin incision to be centred on
the greater trochanter (Fig. 9.30).

• Alcoholic betadine or chlorhexidene (if allergic to
iodine).

• Waterproof drapes.
• Perineal seal.
• Adherent isolation drap,e, loband or similar.

lateral approach

• The incision is centred on the greater trochanter with
the leg flexed, adductccl and internally rotated to create
a posteriorly ell rved incision 10 aid deliveryofthe femur
into lhe wound (Fig. 9.30).

• The fascia lata is divided in line with the skin incision
avoid curving an terimly-a nd the initial illcision retrac
lOr. such as the Charnley how [Fig. 9.31].

• Incise from tip of the trochanter along the com
bined tendon of glulCuS mcclius and vastus lateralis
(Fig. 9.32).

• Elevate the anterior flap of the combined tendon to

expose the anterior capsule of the hip (Fig. 9.33).
• NB: diathermy circumflex \'essels below the trochan

teric flare.
• Deliver the femur by external rotation and adduction

to allow the tibia to be held parallel 10 the floor with the
knee in 90 of flexion (Fig. 9.341.

fig. 9.12 The proposed line 01 indJion is into the {ombmed

tendon of gluteus medius and ¥astus Iate'falis.

fig.9.33 Anterior femoral neck expose4 to allow t'xc:isionjindsion

of anterior capsule.

Neck resection

Austin Moore

• Resection is 11 finger's hre'ldth ahove the lesser
trochanter llCroSS to the pirifnrtllis fossa to ensure thai
the implant is supported hy the femoral neck.

• Compare to 11 Thompson·s in which resection is from
the upper 1/3 of the lesser trochanter across to the piri
formis fossa to ensure that the collar of the implant sits
on the lesser trochanter {Fig. 9.35}.

• Removal of the head wilh a ·corkscrew·. Keep twisting
the corkscrew until the whole head rotates, indicating
a disruption of the ligamentum teres [Fig. 9.36).

• Incise/excise the superior capsule to allo\\' easy
removal of the head and ease of relocation of the
implant.
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• Trial reduction or 'dummy' trial.
• Take care of performing a fuJi reduction in porotic

bone, as re·dislocation can cause a femoral fracture.
Consider a 'dummy' trial with a SW(lb in the acetab
ulum to prevenl Full rclocation, but ensures that the
hip is locatablc, leg lengths arc equ(ll and the hip is
stable.

fig.9.36 IrKM the superior capsule and Iabi'um 10 allow easy

remo¥ill of the head with a '(Ofks<feW. and relocation 01 the

implant.

Fig.9.37 Gently leel way down the shaft with the Trethowan to

avoid I'erfofation with broiKhes.

Fig.9.35 Femorallle<k cut for Thompson's down on to the lesser

trochanter, so that the Implant (ollar rests on the wt surface of the

trochanter.

fig.9.34 The lemuf is deli~ed out oll~wound by adduction

MId tlltefnal rotation.

Siling •• the head

• Canal elllry with a blunt probe, such as a Trcthowan
spike (Fig. 9.37),

• Prepare canal with reamers (Fig. 9.38).
• Prepare a bone block from the femoral head (0 aCI as a

cement restrictor for the Thompson's.

(emenl.lion •••• Thompson

• Bone block as a ccment restricwr,
• Retrogmde IWing with a cement gun.
• Pressurize cement with thumb,
• !nsen implant when the cement is 'doughy'; approxi

mately4 minutes with Palacos R- the lime varies with



166 Pr;uti(al PrCKedufu in Orthopaedi( Trauma Surgery

fig.9.)8 Enlarge unal with the bfoach.

fig. 9.19 Surgeon ~hes implant into joint whikt assistant

aplllies trMtlon.

the type of cement and the theatre tcmperature and

humidity.

Uncemented Austin Moor.

• Ensure a firm fit and use light blows with a mallet. If
not progressing down the canal, consider changing
to a narrower implant or aborting to Thomp.
son's.

• NB: 'It is the last blow thilt breaks the fcmur'!

Reduction

• Traction combined with internal rotation from an
assistant, whilst the operator pushes the head into
the joint (Fig. 9.39), Ensure the superior capsule and

labrum are not blocking the reduction. Divide/resect if

this occurs.

• Check stability.

• Haemostasis.
• Drains: one in joint.onedeep to fascia lata. In lheobese

patients, consider one drain in the fat layer.

• Abductor repair with I PDS or Vicryl.
• Fascia lata repair with I PDS or Vicryl.
• Fat layer - if anything. a few interrupted 2·0 PDS or

Vicryl, but NOT continuous sutures,

• Skin closwe: staples or subcuticular absorbable
sutures.

• Antibiotics: 750 mg cefuroxime, 8 hourly, 3 doses.
• Drains: remo'{e the following morning.

• Mobilize.
• Check Hb and U&Es..
• Thromboembolic prophlaxis: early mobilization plus

asprin 75 mg once daily for 6 weeks.

Distharge

• When safe.
• Follow up at GP's request.

(omplitations

Peri-operlltive

• Must ensure that the hemiilrthroplilstyis stable and the
femur intact at the end of the operation. Do not adopt
a 'hope for the best' attilude!

• Fractured femur or perforation. This mLlst be identified
and treated - don't 'hope for the best'.

• Unstable join!. May need revising.
• [f unable 10 resolve instability, le3\'e as an excisional

arthroplasty.

• Wound leakage: if the wound is not dry by the 10th day
or when sutUfesfclips are due for removal, return 10

theatre.



• Infl'Ction: culture, then treat aggressively with appro
priate antibiotics. Eurly washout if infection is
deep.

• Dislocation: maninupation and examination under
anaesthetic. If recurrent or likely to be, then plan ror
either rcvisonlexcisioll.
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• Pain: assess for infection.

late failure

• Septic or aseptic.
• Conversion to a tOlal hip replacement is not an 'casy'

revision. Consider referral to a hip surgeon.
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Sedion I: Subtrochanteric fradures
of the femur
Peter V. Giannoudis

10.1 INTRAMEDUllARY fllATlON
fOR SUITROCMANTlRI( 'RAnUIES
USIN' A PROllMAl UMORAl
NAil (PfM)

Indications

• Low and extended subnochameric fractures..

• Ipsilateral femoral nKk and shaft fractures.
• Unstable inter-trochanteric fractures.

• Failed plate fixation of subtrochanteric fractures.
• Pathological fractures..

Pre-operative planning

Clinical allenment

• Obtain a thorough patient's history (mechanism of
injury. pasllllooicaJ records),

• Mechanism of injury: as a result aflow-energy trauma
in patients with oSK'OJlorotic bones (watch for under·

lying pathology).

• High·cncr~:y trauma: mowr vehicle acddents, falls
from a height. gunshot injuries.

• In polytTlIUma patients the Advanced Trauma Life sup
port (ATLS) protocol must be followed.

• Look for associatcd injurics. cspccially in polytrauma

patients.
• The extremity is shortened. the thigh is swollen and

there is a prominence of the proximal fragment.
• Neurologic and vascular injuries arc uncommon; how

ever. neurovascular assessment is mandatory.

• Although rare, be alert for signs of compartment syn

drome.

Radiological assessment

• High-quality anteroposlerior lAP) and lateral radio
graphs of the femur including the knee, the femoral

neck and head (Fig. IO.la.b).
• Anteroposterior radiograph ofthe pch-is.

• Look for extension of the fracture into the greater

trochanter and pirifonnis fossa.
• Contralateral radiographs of the unaffected femu,- are

useful in assessing the widlh of the medullary canal.

the shafl·neck angle and for Ihe determination of the

nail's length.

Operative treatment

Anaesthesia

• Spimd or general anaesthesia.

• Prophylaclic antibiotic as per local hospital protocol.

Table and equipment

• PFN set Wig. 10.2).

• Siandard ostcosylllhcsis sct <IS per local hospital pro
tocol.

• An image intensifier.

Table set up

• The instrumentation is SCt up on the side of the oper
ation.

• Image intensifier is from the contralateral side.
• Position the table diagonally across the operating room

so that the operating area lies in the clean air field.

Practical I'rocft/urn in Orrll(}pal"(li~Tmllmn Surgery: A ThtinnsCompallioll. ed. !'eler¥. Giannoudl.S and 113M·Christoph Papt'.

Published byCambridge University Pres$, c: Cambridge Uni\"efSily Press 2006.
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,.,

fig. 10.1a,b Anletoposterior and laletal viotw ollhoe Ilip and fem'" on llle alfedetl!>ide.,.,

'.J
Fig. 10.2 PFN inllamedulla.y ost~ynlhoes.is 51,'1.
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fig. 10.1 Positionifl!l lor the PfN. The patient ilo SlJl*1e on the
IriKlure table, with the affe<ted ~ in a foot holder attadled to
the Irac:ture table.

fig. 10.S Make a 5<rn il'Kision,. S-S Ull proximallrom the tip 01
the greater tro(hanter.lfKiloe the g1uteUi maJtimLK laIDa and split

the musde in ~ne with iu libtes.

Fig. 10.4 Fluoroscopi< image demonstrating the reduClion of the

subtrQ<hanteli< fracture.



,., 'b'
fig. 10.6 (/I) It. WIVed awl is intlodu(td 10 the tip ollhe greater Ifoc:hanter and driven in gently in line with the femoral ~ft 01

the PfOlimal hagment. (b) An /IttefR/I~ lemniqtH" is the use of a 2.8 mm guide wife inserted lal~/Illy al an angle 0160 to Ihe

shaft up to /I dept" 01 15 em.

,., 'b'
Fig.l0.7a,b Obtain f/ldiogl/lphs 10 verity the end: determination of thl.' elltry point.

'b',.,
Fig. 10.aa,b Ac.quife lIP lind Iater/ll flUOlo$£opi( images to ensure wfTed insertion 01 tile wire.



lal (b)

fig. lO.9a,.b Use lhe cannulated dr~1 billo ream as far as the slop on the proll'dion sl_.

'.1
fig. 10.10a,b Using a ruler, taltulale Ihe approIHiate nail length.

'.1 Ibl

fig. 10.11a,b Alta<.h and assemble Ihe applopriate nail to the insertion jig.
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fig. 10.12a.b,( Inselt the nail oYe{ the guide wire into the

medullary canal using manuallor(1' under lIl1Orouopk (ootJoL

fig. 10.13 The nail is passed until the prollimallocking w:n~w hole

allows 101 pl.xement olllle saew in !hi' inferiOlto (I'ntlal portion

olllle flI'(k.

Patient positioning

o The patient issupineonthe fracture lablewith traction
applied to the affccwd leg through a skeletal pin in the
proximal tibia or a foot holder attached to the fracture
table.

o The affected leg is adducII'd aboul 10-15 to facililate
the nail's entrance.

o The unaffcct{:d leg is plact."d in a Iithotom)' position
{Fig. 10.3).

o The ann of the affected side is draped over the body.

• Beware of maintenance of rocationalmul-alignment.

Draping and surgical approach

• Prepare and drape the skin from the iliac crest
together with the lateral lhigh 10 the tibial tuber
de with usual antiseptic solutions (;lqueouslalcohoJic
povidone-iodine) .

o Obtain Iluoroscopic AP and lateral images of lhe frac
ture site (Fig. 10.4).

o Using a marker pen draw lhe fracture plane over the
skin.

o Make a Scm incision, 5-8 em proximal from the tip of
the gre3ter trochanter (Fig. 10.5).

o Incise the gluteus maximus fascia and split the muscle
in line with ils fibres

o Palpate the lip of Ihe trochanter and che piriformis
fossa.



,.,
fig. lO.l.u,b The guide wife is adv31Ke<! ~Io 'iulKhondral bonlo.

1.,

fbi

Ibl

fig.l0.1Sa,b,< AppfOpfiate lengtll reaming is performed and the
appropriate femoral neck mews are pl~ed.
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•••
••••••L._"'~~"", .

Fig. 10.17 Preparation 01 the end cap lor insertion.

,.,

fig. 10.16a,b,c for distal locking, a freehand perle<1 drde

ledmiqul' is used.

Fig. 10.18 Anltloposterior radiograph during follow up.
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• Introduce a curved awl to the tip of lhe greater
trochanter and drive it in gentlyin line with the femoral
shaft of the proximal fragment.

• An alternative lechnique is lhe use of a 2.8 mm guide
wire inserted lalerally al an angle of6 10 the shaft. up
10 a depth of 15cll1 (Fig. 10.6).

o Obtain radiographs 10 verify Ihe exaCI delermination
of the entry point (Fig. 10.7a,b).

o Insen the guide wire in line with the proximal fragment
and forward it down the nledullary canal.

o Acquire AP and lateral fluoroscopic images to ensure
correct insertion of the wire (Fig. 10.8a.b).

o Use the cannulated drill bit to ream as far as the SlOp
on the protection slC'C"e. (Fig. 10.93,b).

o Using a rule, calculate the appropriate nail length (Fig.
10.lOa.b).

• Auach and assemble the appropriate nail 10 the inser
tion jig (Fig. 10.lIa.b).

• Insen the nail over lhe guide wire illlo the meduUary
canal using manual force under fluoroscopic control
(Fig.lO.l2a,b,c).

• The nail is passed until the proximallockingscrewhole
allows for placement oCthe screw in the inferior to cen
Ir.lI ponion of the neck (Fig. 10.13).

• Once the nail is inscnt."d abduct the limb 10 correct any
varus deformity.

o Once the nail is at its proper depth, a true laleral radio
graph must be oblained.

o With the nail centred within the jig and both centred
within the head and neck, the screw muSI be in the
centre of the head when placed. This rotation must
be maintained while the guide wire for the screw is
advanced.

o Inscrt the stacked drill sleeves and push them to the
bone.

o Advance lite guide wire into lhe subchondral area of
the bone.

• Confirm correct guide placemenl with image intensi
fier views (l'ig. IO.14l1,bj.

• Perform lIpproprime length reaming and place the
lIppropriatc length fcmoral neck screw into the dense
subchondral bone of the fcmoral head.

• Verify that the femoral neck screw threads are within
the subchondral bone.

• ConHrmcorn.'C1 screwplacemem with lhcimageinten
siller (Fig. 10.15a,b,c).

• Fordistallocking a freehand perfecl cin::le technique is
used (Fig. 1O.IGa,b,c),

• Insertlhc end cap (Fig. 10.17).
o Obtain AP and true lateral radiographs of Ihe whole

femur.

(Iosure

o Irrigate the wound thoroughly and achi("\'e haemo
stasis.

o Oose fascia (No.1 PDSfVicryt) and the subcutaneous
fat with absorbable sutures (2/0 PDS/Vicryl).

• Skin closure- stainless Sled surgical staples, monom
ament non-absorbable sUlures or absorbable sutures
placed in the subcUlicular larer.

Post·opentive rehabilitation

• Two further doses of prophylactiC anlibiotics and
thromboembolic proph)'laxis are adminislered.

• Partial weight-bearing is allowed from the 2nd posl
operati\'e day with the use of a walker or crulches.

o ROUline bloods and radiographs of the whole femur in
24 hours.

Outpatient follow up

o Review in dinicwith Xrays every 3-4 weeks (Fig. 10.18).
o Allow progressive full weight-bearing after radio

gr.lphic callus detection usulllly 4--8 weeks after the
surgery.

Implant removal

• Rarely beforc one yellr lifter the operlllion.
• Ensure the radiogruphic exislence of mature callus

bridging the fracturc cnds in bOlh AP lind I<lteml radio
graphs.



Sedion II: Fradures of
the femoral shaft
Hans-Christoph Pape, Stefan Hankemeier, Thomas Gosling
(10.2,10.3,104,106) and Brian W Scott (10.5)

10.1 iENIRAl ASPUTS

Pre~operatiYeplanning

(Ii.Kal alfes~"

• Pain, swelling. defonnity. shortening, loss offunClion.
• Assess neurovascularslatus of me leg and c\<l1uate soft

tissue damage of closed fraClUre5.
• Do not open dressings of open fraclUres placed on

the scene ill the emergency unit, but in the opE'rnting

theatre.
• Assess compartment pressure (clinical signs of com

panment syndrome: tense swollen compartment,
severe ischaemic muscle pain, pain on palpation
and passive stretching, nerve disturbances such as
numbness. tingling and molor weakness). If in doubt,
measure intracompanmental pressure: in case ofcom
partmcnl syndrome the difference in diastolic sys
temic pH.'Ssure and compartment pressure is less
than 30 rnmHg.

• remoral compartments:
o Anterior (quudriceps femoris. sartorius. iliacus.

psoas. pectineus muscles; femoral artery and vein:
felllorul nerve, lateral fellloral cutaneous nerve).

o Medial (grllcilis, ,lddllctor longus, adductor brevis.
adductor mugnus, ohtllr.ator e;tternus muscles; pro·
fundus femoris urtery, oblUrator artery and vein:
obturHtor nerve).

o Posterior (biceps femoris. semitendinosus. semi·
membranosus, portion of the adductor mag·
nus muscle: branches of the profundus femoris
artery; scialic nen'e, posterior femoral cutaneous

ner\'e).
o Assess the local injury severity by the Abbreviated

Injury Scale (AIS) and the total severity ofinjurie5 with
the Injury Sco.'erity Score (ISS).

(Iosed fractures

Tscherne Oassification:

Grade 0:
o No or minor sofl tissue injury.
o Simple fracture types, indirect fraclUre mechanism

(e.g. pathological fraclUtes).

Grotie I:
o SuperfICial abrasion or cOnluskin by fragmem pres·

sure from the inside.
o Simpleor medium to se\'ere fraclUrelypes (e.g. spiral

tibia fractures in a skiing injury).

Gmtiell:
o Deep contaminate<! abrasions and localized skin or

muscle contusion through an indirect trauma {e.g.
tibia fraclUre from a direct blow by a car bumper),
blisters. Usually medium to severe fraclUre types.

o Also: immincnt compartment syndrome.

Grade l//:

o Extensivc skill contusions.
o Destruction of musculature.
• Subcutanl'Ous tissue avulsion.
• Also: manifest compartment syndrome and vascular

injuries.
• Severe and mostly comminuted fr,lcture types.
• Soft tissue treatment is often more difficult than a

type III open fmcture.
The alllount of soft tissue damage in closed fractures

is often undercstimaled.

Open fra<tures

Gustilo Classification:

Typel:
o Skin wound less than I em.
o 'Clean' wounds with litlle or no contamination.



178 Pr;uti(al PrCKedufu in Orthopaedi( Trauma Surgery

o Skin wound results from a perforation from the
inside by one of the fracture ends.

o No comminution.

Typel/:
o Skin laceration larger than I cm; surrounding tissues

have minor or no signs of contusion.
o No extensive soft tissue damage or dead muscula

lure.
o No naps or a\'I.t1sions.

Typef1l:
o High-energy injury involving extensive soft tissue

damage.
o l'ype ilia:

• Adequate soft tissue coverage of bone despile
extensi\'e soft tissue damage.

o Type IUb:
o Exlensive sofl tissue injury\vith periosleal strip

ping and bone exposure.
o Major wound comamination.

o Type 1Ue:

o Open fraCluce with arterial injury requiTing
reconstnlClion.

The main part of the tissue damage may be covered by
intact skin. TIle severity of soft tissue damage does not
a1wa)'S correlate with the sire of the skin laceration. The
correcl amount of tissue damage is judged intraopera
tively.

o Anteroposterior tAP) and lateral views inclUding the
adjacent joints.

o Assess the fracture geometry by the AD-c1assiftcation:
o 32-A: simple Femoral shaft fractures (Al: spiral, A2:

obli4l.le, 1\3: transverse).
o 32-8: wedge fractures [BI: spiral. 82: bcnding, 63:

fragmented).
o 32-C: complex fmctures (CI: spiral, C2: scgmentaL

0: irregular).
o Assess fracture deformity and shortcning:

o Fractucesoftheproximalthird are usually flexed and
externally rotatl'<l owing to the pull of the iliopsoas
muscle on the lesser trochanter. Gluteal muscles
pulling 011 the greater trochanter cause abduction
of the proximal fragment.

o Adductor muscles exert Strong axial and varus forces
to the femoral shaft and can therefore cause adduc
tion of the distal fragment and shortening.

o Pull of the gastrocnemius muscles in distal femoral
shaft fractures usually causes recurvatum of the dis
tal fragment.

Implant selection

• Closed intramedullary nailing offen the mOSI biome
chanical and biological advafllagesand is the preferred
trealmefll for femoral shaft fractures.

o There is discussion about the advantages of reamed
versus unreamed intramedullary nailing in open frac
twes. Reamed femoral nailing can be perfonned in
Gustilo type I. II and 11Ia open fractures. Unreamed
femoral nailing can be perfomled in all closed femoral
shaft fraCluces and open femoral shaft fractures,
Gustilo Iype I to IIlb.Afterreamed nailing, interlocking
screw breakage is observed less frequently O\\ing to the
larger locking screws.

o HO\\1wer. reaming of the medullary canal may cause
s)'Stemic fat embolism. Unreamed nailing is associated
with less damage to the endosteal and cortical blood
supply, reduces heat necrosis. and therefore may also
be benefICial in the treat ment ofopen fractures. Gustilo
type II. ilia and 111b. Solid nails seem to be less suscep
tible to infections than tubular nails.

• Damage control orthopaedic surgery; patients with
femoral fractures, who arc at high risk of de\'elop
ing post-IrJumatic s)'Stemic complications le.g. mul
tipleorgan failure, Adult respiratory distress syndrome
tAROS)), or haemodynamically unstable patients,
should be treated by minimally invasive, rapid fracture
fixation with external fixation. Guidelines for primary
external fixation are:
• systolic blood pressure on arrival in the shock room

<lOOmmHg
• necessity of calecholamines

• anuria
• signs of increased illlTllCerehral pressure
• hypothermia (reClallCmperature <32 C)
• thrombopaenia <80000
• severe thoracic trauma

treatment of open fractures

o Do not open the dfl'ssingofopen fractures in the emer
gency unit. Most commonly, infection follows contam
ination with bacteria from the hospitaL

o In the anaesthesia room of the operating theatre, open
the wound after adequate anaesthesia, take a smear
from Ihe wound, remove the hairs by shaving. and
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scrub the skin with sterile gloves. sterile scrub, sterile
soap and sterile, isotonic electrolyte solutions.

• Change sterile gloves, scrub and dean the wound and
bone fragments rnechanicall)'. Rinse the wound with a
sufficient amount of sterile, isotonic electrolyte solu
tions. Cover the wound with a sterile dressing.

• Intraoperatively, the wound is rinsed with high
amounts of sterile, iSOlOnic solutions. Debride
necrotic and contaminated tissue. High-pressure irri
gatkln ('let Lavage') increases decontamination from
bacteria.

fig. 10.19 (a) lntraopefati'le (ontrol of the alignment with the

'Cable Technique' aftef (Iosed ffa<lure fedu(tion. The knee is fully

extended and the patella fa(es anleriorly, With lhe image

inlensifief beam stfietly vcnkal, the eleetuxauter (able is

spanned belW1!en the (enlre Ollhe femofal head and the (enlre

of the ankle. Then the image intensifier is (entred on lhe knee

joint and the varus/valgus mal-alignment is determined using the

projection 01 the (able. (b) In(Olleet (teft) and (Ollect (fight)

position 01 the hip, knee and ankle joint centre on the image

intensifief.

• 'Diameter difference sign': In case of malrotation, the
transverse diameters of the proximal and distal frag
ment can be diffeTCnt.

• Clinical judgement of the rotational range of move
ment (ROM) in the hip joint in comparison to the con
tmlateml side: depends on the position of lhe patient

and of the leg during surgery.
• Pre-operative testingofradiologic imaging on the oper

ating table is recommended to confiml sufficient intra
opcmli\'C control options,

CorrectIncorrect

Ibl

Intnoperative (ontrol of alignment,
rotation and bone length

Rotational alignment:

AxNiI ali,...ne"':

• 'Lesser trochanter shape sign' (most accuratemethod):
Pre-operatively, the shape of the lesser trochanter of
the uninjured limb with the patella facing anteriorly is
stored on the fluoroscope screen. The X-ray contour
of the lesser trochlllller depends on the rotation of the
bone. Before locking, with the patella facing anteriorly.
the proximal fragment is rotated around the nail. until
the shape of the lesser trochanter is symmetrical to the
stored picture on the fluoroscope. ExternaJ malrotation
leads to a 1lI0re prominent lesser trochanter, whereas
the lesser troehan ter decreases in internal malrotation.

• 'Cortical step sign': Especially in transverse or short
oblique fractures, rotation of the main fragments may
be judged roughly by the thickness of the cortices of
the proXimal and distal fragment.

Techniques of closed, indirect fracture reduction do not
rely on anatomicaJ reduction of the fracture fragments.
Exact intraopera!i\'e control of alignment, rotation and
bone length is crucial. Tricks for intraoperative control

are:

• 'Cable technique': The knee is fully extended and
the patella faces anteriorly. With the image intensifier
beam strictly vertical, the centre of the femoral head
and the centre of the ankle are marked. Now the ele<:
trocautercablecan be spanned between these 2 points
and the image intensiftCr centred on the knee joint.
Varusfvalgus mal-alignlllCIlI can nO\v be determined
using the projection of the cable (Fig. IO.19.a,b).
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10.] OPEN REDUUION AND INTERNAL
FIXATION (ORU): PLATING

Indilations

o Fractures involving the metaphyseal and diaphyseal

area.
o Technical conlraindications to intramedullary nailing

(\'ery small or sclerotic medullary canal).
o Complex shaft fractures in young patients with open

growth plates.

Pre-operative planning

o Dut.1ined cartier in this chapter (under 'General

aspects'. p. 179).
o Limited contact plates (e.g. LC-DCP) reduce the con

tact between implant and bone and improve bone

blood supply.
o To achie\"C compression in AD type A and B frac

tures. use interfragmentary lag screws in combi
nation with a neutraliution plate or compression

plating.

Opentive treatment

o General or regional anaesthesia.
o Pre+operatlve prophylactic single shOt antibiotics (e.g.

2nd generation cephalosporin).

Table and equipment

o Instrumentation set and set of implants (e.g. broad Le
Der 4.5 mm,4.5 mm cortex screws/5.5 mm cancellous
bone screws).

o Image intensilier.

Table Ie' up

o InSIrUllIentatioll is sct up on the side of the operation.
o Image illlensifier is set up on the contralateral side.

Pa.ient pOli'ioning

o Supine position on a radiolucent table.
o Lift the bUllOCks to expose posterolateral aspect of the

thigh and bUllOcks.

Draping and lurgical approach

o Dean the skin from the hip to the fOOl with antiseptic

solutions.
o Make a longitudinal lateral incision of the appropriate

length in aline from thegreatenrochanterw the lateral

femoral condyle.
o Incise the fascia lata longitudinally.
o Elevate the vastuslateralisoffthe lateral intermuscular

septum, or incise the vastU$ lateralis muscle along its

fibres.
o Ligate perforating branches of the profunda femoris

anery perpendicular to the femur.
o For minimally invash-e perentaneons plate osteosyn

thesis (MIPPO). make a small incision at the lateral
femurm'er the lateral femoral condyle, tunnel the vas
tus lateralis muscle at the lateral femoral condyle and
push the plate proximally, without opening of the frac

ture site.

o External manual traction.
o Adistractklndevice (e.g. the AD distractor) canbe help

ful to restore length and resist major mU$(:le forces.
o Pointed bone forceps for exact fracture reduction.
o Minimize soft tissue damage. Extensivedeperiostation

affects blood supply and bone healing.

Implan. pOli'ionin,

o Position t.1lC plate on the poslerolateral aspct:t of the

femur alongside the linea aspcra.
o Use atleast3 bicortical screws on each side of the main

fragments.
o Dependingon the fracture loclllir.ation, thcplate needs

contouring by a bending press or hand-held bending
pliers to fltt he individual anatornical shape ofthe bone.

o Predrill holes perpendicularlO the bone. Minimize heat
production by using sharp reamers and 1;001 water

irrigation.
o The screws arc correctly positioned, when they pene

trate the opposite cortex fully and protrude by at least

one rotation of the screw.

(o........ional p"'i.,

o Simple fractures. AD type A and B. can be reduced
precisely and fIXed rigidly by interfragmentary
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Fig. 10.20a, b IrregulM compler femoral shaft hiKtufe "Ootype

)2·0.201 a 38'year-old man,

1.1 Ibl fig. 10.21 a, b Minimally in~asive percutaneous plate

osteosynthesis (MIPPO). No anatomical redoction of alliragments

is performed, but indirect stabililation is iKhie~ed ~ia slab

incisions, in order to minimile soft tissue damage and preservt>

blood SUjlpI~ of the bone fragments.

compression. lbis can be adlk"Ved by lag screws. by
o\'erbending of the plate or by a combination of both.

• To fIX simple oblique or spiral diaphyseal fractures, use
lag screv·:s combined wilh a plate (functions as a 'neu·
tralization' plate), Lag screws generate high forces at
the fracture gap and should be used whenever possi·
ble in convell1ional plating, The neutralization plate
helps to neutmlize hending forces at the fracture site.
Lagscrews generally prod LIce their best efftciency when
the screw is oriell1ated perpendicularly to the fracture

line.
• Afully threaded screw can be used as a lag screw: drill a

gliding hole into the fragmcllI close to the screw (larger
hole diameter than the outer diameter of the screw
thread).

• Wedge fragmellls can be reduced with the aid of a
pointed reduction clamp and fixed by a lag screw.

• To compress transverse fractures, use a dynamic com
pression plate (DCP), and drill eccentrical holes with a

DCP·drill guide. Tlte design oftlte screw holes allows
compression of 1.0 mm.

• For axial compression over a distance of more than
2.0 mm. an articulated tension device is helpful.

• Owing to the eccentric position of a plate on a mbular
bone, compression forces are higher underneath the
plate and less atlhe opposite sile, where a small gap of
the fracture is frequenl.lfa lag screw cannot be applied
for technical reasons, I.e. in transverse fractures, bend
the plate sliglltly at the height of the fracture. By insert
ing the screws, the bCIII plate is straightened, which
leads to compression of the opposite cortex.

• Be careful not to disturb fracture healing b}' extensive
deperiostation: convcntional plating of femoral shaft
fractures with open rfacture reduction generally causes
soft tissue damage at the fraclllresite, increases the risk
10 devitalize fracture fragments. and increases blood

loss and the risk of infection.



182 Pr;uli(al PrCKedufu in Orlhopaedi( Trauma Surgery

I.' ,., ,., Ibi

Fig. 10.22 Radiogfaphi( (ontrol alief 12 months dlomonstfiltes

wlid (Onsolidation with ((Mltet axial alignment.

Minimally invasive ...«.......s plate
.s.e.synthesis (MIPPO)

• In an effon to Iimilthe amount of soft tissue dissection
at the fracture site, indirect reduction and minimally
invasive fixatiol1lechniques have been developed: via
a small incision, usually at the lateral distal femur, the
plate is pushed proximally below the vastlls lateralis
III uscle along Ihe femur without opening uf the fracture
site (Fig. 10.20a, hl.

• The fracture is reduced in a c1nsed manner and fixed by
a minimum of 3 hicortical. percutaneous plate screws
in each main fragment.

• OWing 10 indirect fracllJre reduction, precise control
of alignment, rotation and bone length is mandatory
(Fig. 1O.21a, bl.

(losUfe

• Irrigate the wound thoroughly and achieve haemo
stasis.

• Subfascial drainage in conventional plating.

fig.. lO.Ha, b AUUfa(y 01 pfe'operative planning with templates

depends upon the X·fay magnilkation. Sele(tion ollhe nail ran be

based on intlilOperative measurements.

• Close fascia lata over subfascial drainage and close sub·
cutaneous fat with absorbable sutures.

• Close the skin with monofilament non-absorbable
sutures.

Post·operative (are

• Post-operative radiogruphs in 2 planes.
• Routine post·operative blood laboratory control.
• Physiotherapy on the 1st post-opeT<ltive daywith aClive

range of motion exercise.
• Remove drains within 48 hours.
• Partial weight-bearing {15 kg}.

Outpatient follow up

• Serial radiographs at 6 weeks, 3 months, 6 and 12
months post·operatively (Fig. 1O.22a,bl.

• Full weight-bearing usually afler 6-12 weeks, depend
ing on the fracture pattern and radiographic signs of
fracture healing.



fig. 10.24 Make /I '-6 (m long stab iniliion ploximalto the tip of

the tnxtlantef ma,iol, UiKtly in line with the medullary (iIniJI.

fig. 10.25 5plitthe l,mja lata 10ngilUdinaily and divide the fibres

of the gluteus ma~imul mUlde.

Fig. 10.26 flUOIOS(Opk (onltol of the nail entlY point.
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• Routine implant removal is not mandatory.
• Earliest implant TCmoval 1.5 to 2 years post-opera

tively.

10.4 IN'RAMIDUIlARY NAIliNG

Indications

• In adult femoral shaft fractures, intramedunary nail
ing continues to have the besl biomechanical and
biological properties and represents the method of
choice. Reamed femoral nailing can be performed in
Gustilo Type I. II and ilia open fractures. unreamed
femona! nailing in Gustilo Type I 10 IIIb open

fractures.
• Fractures involving the metaphyseal area can be

treated by intramedullary nailing. if the locking bolts
can conuol alignment and provide sufficient stabil
ity of the metaphyseal fragment. The Slability in short
metaphyseal fragments can be increased by 'poner
screws'.

• Additional intra-articular fraclUres do not represent
a general contraindication for intramedullary nail
ing. Anatomical reduction and fixation of Ihe intra
articular fragments are required. Then, Ihe insertion
ofthe intrdmedullary nail mUSlnOI dislocate the inua

articular fragments.
• Damage conuol orthopaedic surgery: patients with

femoral frdctures, who are at high risk of devel
oping post-traumatic systemic complications {e.g.
multiple organ failure, ARDSl, or haemodynamically
unstable patients, should be treated by minimally
invasive, rapid fracture fixation with external fixa

tion.
• After primary fracture fixation wilh an external fha

tor. intramedullary naUingcan he pcrfonned, provided
the pill sites arc clean without signs of infection. If
signs of 101".11 infection <Ire present, remove the fix
ator, curelle the pin tnlCts and stabilize the leg in a
plaster or in extension until all signs of infection have

disappeared.

Pre-operative planning

• See 'General aspecls' (p. 179l.
• Accuracy of pre-operative planning with lemplales

depends upon the X-ray magnification. Selection of
the nail can be based on intrd0l>crative measurements
(Fig. 10.23a, b).
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(a) (bl

fig. 10.27a, b lnseu a long cenual guide wire and drivt' It thfOugh the IIacture into !he distallragmenl. l(lSeft the guide wire 010 lhe
(enlle ollhe intefcondylM notch.

OpentiYe treatment

Anaesthelia

• General anaesthesia preferable. especially in the case
of multiple injuries and operations.

• Regional (spinalfepiduralJ anaesthesia is possible in
the case of a single injury.

• Pre-operative prophylactic single shot antibiotics (e.g.
2nd generation cephalosporin).

Table and equipment

• Nail instrumentation set including a complete set of
implants.

• Standard mdiolucent OllCrating table.
• Image intensifier.
• The authors do not recommend the use of fracture

tables. because they are associated with a higher inci
dence of post-opcrath'e rotational deformities and
increase the risk of additional iatrogenic soft tissue
damage during surgery. Without a fracture table the
logistic pre-operative set up in the operation theatre is
less time-consuming.

Table let.p

• Instrumentation is set up on the side of the oper.nion.
• Image intensifier is set up on the contralateral side.

Patient politioning

• Supine position allows the best control of the align
ment. A lateral position provides comfortable access
to the piriformis fossa. but fracture r!.'<luction and
control of alignment is more difficult. A lateral posi
tion is favourable in instances such as prophylactic
intramedulla ry nai ling ofimmi nent pathologic femoral
fractures which do not need reduction.

• In the supine position. the contralateral leg is posi
tioned on a gynaecologiculleg holder in a flexed posi
tion of the hip and knee joint, in order to facilitate easy
access of the imuge intensifier in a lateral direction.
Some surgcons position the contralateral leg on the
operatingtable, in order to provide intraoperativecom
parison of leg length. rotation and alignment.

• The tip of the trochanter major must be visible in 2
directions under the image intensifier.



fig. 10.28 Inselt the nail maOU3lly into lht,o medullary aoal by
tw~ting n'IO'temefllS Of with slight blows oj a hammrr.

fig. 10.29 Oimllo<kirtg 01 itoI' nail with the 'fr~-hand

tedmique': the position of the ('arm perfectly aligns with the
lo<king hole. The lip of a radiolucent dlill is polilioned into the
centre of the hole, brought up in line with the image intensifier
and driven thlOugh the 2cortices. Befole ploximal kKking, the
'racture gap can be closed by 'backstroking' the nail.

o Under unsterile conditions. examioation of the con
tralateral 'Iesser trochanter shape sign' is useful.

o Adduction, flexion and Imernal rotatioo ofthe hip joint
facilitates an adequate approach to the piriformis fossa

and medullary canal.

Implant selection

o Asterile radiolucent ruler permits measurement of the
correcl implalll diameter and nail length. Proximal and
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fig. 10.)0 for insertion olttle plollimallocmg bolts, tfM' aiming
drrite ft Kfewecl tightly into the inttlnal thread at tfM' plollimitl
tip of the intt'lloc:king nail. TlIen ttle hole1.IOf the bolts all' dlilled
ttuough the aiming devic.e.

distal ends oflhe bone han' to be centred in the X-ray
beam and the ruler placed parallel 10 the diaphysis.

o Alternatively. landmarks can be drawn on the skin
using a sterile pen. To determine nail length, Ihe dis

tance is measured by a ruler.
o Optimal nail length can also be determined with a

guide wire, which is Imroduced into perfect intra
medullary position at fhe distal femur. The desired
nail length can be calculatl"<l measuring the extra
medullary length of the guide wire and knowing the

total length of the guide wire.

Draping and surgical approach

o Prepare the skin from the gluteal arca down to the foot
using antiseptic solutions. ACOlllmon mistake is insuf
ficient dmping at the proximal and dorsal gluteal area.

o The draping often detaches from the skin during
manipulation of the hip. A trick is to fix the draping

to the skin with metal clips.
o For unreamed nailing. make a 2cm-long stab incision

!Q...15 em proximal to the tip of the trochanter major.
exactly in line with the mooullarycanal, under the con
trol of <In image intensifier.

o For reamed femoral nailing. the incision has to be a
bit larger. in order to prOlecl the son tissue from the
re<lmer with a protection sleeve (Fig. 10.24).

o Split the fascia lata longitudinally and divide the fibres
ofthe gluteus maximllS muscle (Fig. 10.25).
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fr.cture reduction

fig.l0.11a,b Post'operative radiograpns.

• Under the control of the image intensifier, idenlify the
interval between the trochamer major and the piri
formis fossa.

• The entry point varies attording 10 Ihe nail design.
The entry point for unreamed femoral nails is slightly
anterior and laleralto Ihe base oflhe pirifonnis fossa.
For reamed femoral nails, the insertion is slightly more
lateral al Ihe anterior aspecl of Ihe medial grealer
lrochanter. If the nail design has much curvature, the
entry point has to be more posterior.

• Some nails have a proximal angulalion, and can there
fore be inserted at the tip of the trochamer major.

• Open the medullary canal with a 3.5 mm guide pin
and drive it into the cenlre or Ihe medullary canal (Fig.
10.26).

• If the position of the guide wire is nOt perfect, insert a
second pin using the initial wire as a reference.

• A laleral enrry point can cause varus mal-alignment
and iatrogenic fracture of Ihe medial portion of the
proximal fragment.

• An inadequate medial posilion of Ihe enrry point can
cause ostL'Onecrosis of the femoral head secondary to
iatrogenic damage to the vascular arcade around the
femoral neck, and can increase slress in the femoral
neck.

• I'or unreamed femoral nails, cut a cylinder of cortic
ocancellous bone with a cannulaled CUller. r'Or solid
nails. the guide wire has co be eXlracted.

• If a cannulaled nail is used, insert a long central guide
wire and drive it through the fraclUre into the distal
fragment (Pig. I0.27a. b). In fraclures with translational
mal-alignment. bending of the tip of the cenlral guide
wire helps to cross the fracture gap. Insert the guide
wire into the centre of the intercondylar notch.

• [n reamed femoral nailing, use low pressure and sharp
reamer heads. The guide wire is not extracted during
the change oflhe reamer heads. Limited reaming until
the point of cortical challer is recommended to avoid
heat necrosis. In case of comminuted fractures, push
the reamer across the fracture 10 pre\'enl sofl tissue
damage.

• Dmvn·size the nail diameter 1.010 1.5 mm 10 Ihe size
of the last reamer head.

• Owing to indirect fmcwre reduction, precise control of
alignment. rotation and bone length is mandatory.

• Open reduction is roscn'ed for very rare fraClures which
cannot be reduced.

,.,

• Manual reduction is usually sufficient to reduce fresh
fraclUres. Closed fmcture reduction techniques help to
preserve osteogenic cells in Ihe fraclure haematoma
and reduce the risk of infections.

• Delayed fracture reduction orfractures of patients with
a very thick soft lissue envelope may require reduction
aids:
• Use temporary Schanz screws, conneeted by a uni

versal chuck with the T-handle as a 'joystick' to
manipulate fragments. Place the Schanz screw uni
cortically in the proximal fragmen!. close to the frac
ture.

• For the reduction of delayed fractures with short
ening. the use of a distraClor is helpful. The prox
imal pin can be placed anteriorly abO\'e the lesser
trochanter, medial to the entrance point oflhe nail.
The distal pin may be placed medially or laterally
into the femur at the proximal border oflhe palella.

,.)



• The optimal length of the nail can be determined intra
operatively under image intensifier control by a central
guide wire, a metal ruler or a nail. For pre-operative
measurements based on X-rays, the magnification of
the femur has 10 be taken into atCQlmt.

• The implant is assembled wilh the insertion handle

and the tonncction Strew.
• Insert the nail manually into the medullary canal by

twisting mO\-'emems or with slight blows of a hammer
(Fig. 10.28),

• If solid nails are used, the nail is introduced without a
central guide wire, whith keeps the fracture reduced.
The proximal part oftbe nail can be used as a 'joystick'
to manipulate the proximal fragmem and reduce the

fracture.
• Drive the nail through Ihe fracture and place the tip

ofthe nail directly into Ihe cemre ofthe intercondylar

notch.
• Control alignment. rotation and bone lenglh.
• 'Poller screws'; In fr.lc1Ures involving the proximal or

distal femur, cemr.ll placemem of the nail and cor
rect alignment may be difficuh because ofstrong mus
cle pull and wide medullary canals. 'Poller screws' are
locking screws orcon\'emional screws, which block an
incorrect path ofthe nail. Theycan be used as a supple
ment 10 correct nail position or mal-alignment, while
simultaneously increasing slability in a short fragmenl

after insertion oflhe nail.
• By the insenion of the nail, distraclion of the frac

ture gap may be produced, Therefore, dislal locking
is recommended before proximal locking. in order to
ha\'e the opportunity to 'backstroke' the nail, until the
main fragmellls are reduced and the planned length is

achieved.
• Porfemoral dislallockingstrew insertion, use the'free

hand technique'. The position of thee-arm has to align
perfl'Ctly with the locking hole in the nail. Position the
tip of a radiolucelll drill into the centre of the hole.
Bring up the drill in line with the image intensifier and
drive the reamer through the 2 cortices (Fig. 1O.29).

• With a measuring gauge, determine the bolt length.
• The locking screws have to pass both cortices.
• Check bone length and rotation before you proceed to

lock the nail proximally,
• For insenion of the proximal locking screws, Strew the

aiming device tightly iruo the internal thread at the
proXimal tip of the interlocking nail and drill the holes

for the screws (Fig. 10.301.
• Perform proximal and distal locking in case of

unreamed nailing, Some nails offer the option to lock
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the nail and are therefore rotationally stable, but allow
dynamic axial compression. Dynamic locking can be
chosen depending on the fracture l)'pe and localiza
tion, cortical contact at the fracture site, and nail t)'pe.
Ifin doubt, static locking is recommended.

• Remove theaimingdevice.An end cap maybe inserted
into the internal thread, Disadvanlages of the end cap
are that the cap may get lost in the soft tissue and the

additional cost incurred in using one.

• Irrigate the wound thoroughly,
• Achie...e haemoslasis.
• A subfascial drainage is usually not necessary.
• Oose fascia lata and the subcUianeous fal with

absorbable sutures.
• Oose the skin with monofllamem non-absorbable

sutures.

Post-operative (are

• Post-operative radiographs in 2 Slandard directions
(Fig.10.3Ia.b).

• Routine post·operative blood laboralOrycontrol.
• Physiotherapy on the 1st POst-operalivc day with free

active and passive r.lnge of motion exercises.

• To prevent post·operative soft tissue contraction or in
case ofsoft tissue contraction, the patient is positioned
in the bed with 90 flexed hip and knee joint for the first

3 days.
• Allow post.operative partial weight-bearing (15 kg).

The amount of weight·bearing depends on the frac
ture type, amount of conical contact at the fracture
site, fracture localizmion, qualityoffraclUre reduction,
body weight. and the activity and compliance of the
patien!. Pain·free loading is an important aspect for

increase of weight bearing.
• Post-operative full weight-bearing can usually be

allowed inAO type A3 and C2 femoral shaft fractures in
case of broad cortical contact at the fracture site, and
in some A1-2 and B1-3 fractures oflhe middle femoral
shaft. depending on the cortical contact and fracture

localization.

Outpatient follow up

• Serial radiographs at 6 weeks, 3 months, 6 and 12
months to document fracture healing and remodelling.



188 Pr;uli(al PrCKeduru in Orlhopaedi( Trauma Surgery

• Dynamizat.ioll of st.atically locked nails is indicated
in cases of delayed healing. 3 10 4 months after
nailing.

• Nail removal is not a routine procedure. Prerequisites
for nail remmal are radiographic signs ofbony consoli·
dation in 2 standard directions. Implant removal is only
recommended in symptomatic patients. I.e. in casesof
soft tissue irritation by the implant, and usually not
before 1.5 years after trauma.

10.5 fllllBlI IN,RAMIDUllAIY
NAIlS IN (HIlDIUI

Introduction
fig. 1033 Two nails 01 each diameter all' ideal. Typt' and

avitilability should be (h«ked.

Femoral shaft fractures in infants and young toddlers can
be effectively treated with Gallows traction. Healing is
rapid and the fracture is stable. even \\ithin 2 or 3 weeks.
Older pre-school children are small enough 10 be man
aged using a combination of traction in a Thomas splint.
followed by early application of a hip spica under gen
eral anaesthesia. Older children present different prob
lems. since the fracture healing is sh:f\\'er and hip spicas
are poorly tolerated by larger children and their fami·

,., 101

fig. 10.34 Uninjurerlleg flexed at hip and knee and abdocterl

lully.

lies. Standard adult techniques for intramedullary nailing
will damage the trochanteric physis and also threaten the
femoral capital epiphysis blood supply which originates
in part from an anastomosis of vessels close to the piri·
fonnis fossa at the base of the femoral neck. Internal fIxa·
tion using a compression plate is possible and works well,
but it requires a substantial exposure and leaves a scar in
a visible place. External fIxmion may he used and this
is a qUick and minimally invasive technique, especially
useful for patients is an unstllhle cundition with multiple
injuries but it is a techni<IUe which hlls been assllCiated
with re·fracture on removlli of lhe device.

Intramedullary fixation using flexible nails is a good
alternative !l'chniquc, cspecilllly useful in children of
school age and prior to skeletal maturity. The advantages
are:

fig. 10.32 (a) M radiograph fo' site and palll'fn oflraduu.·;

(b) a Iaterall'iew may give CIlia information, but will be diflkult

to obtain and is not nsential in this group 01 patients.

• A minimally im'asive technique with little scarring.
• Sufficient stabilization to allow early mobilization and

weight.bearing (according 10 fracture pattern).
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,., ,.,
fig. 103511, b Image intensifier b from the opposite ~ide. Do a 'Trial run' 10 dIfl:k antsii and fracture reduction.

fig. 10.36 U~e the Image inten~ifier and bone ~pike to IlKate the

trlKhante,ic plate.

• No risk of avascular necrosis of the femoral capital

epiphysis.
• No appreciable o\·crgrowth.
• No damage to growth plates.

Indications

• Diaphyseal fracture in the central 50-60'Jl. of the
femur.

• Age: school age to skeletal maturity.
• Suitable ror pathological fractures.

Pre-operatift planning

clinical annUilent

• There are oflen high-energy injuries; check for other
injuries.

• Check distal neurovascular runction (NB: May ha\'e
been given a femoral nerve block ill the accident

deparunenl).

Radiological auenment

• Anteroposterior (AP) radiograph ror site and pattern or
fracture.

• A lateral view may give extra inrormation. but will be
difficult 10 obtain and is not essential in this group or
patients (Fig. 10.32).

Operative treatment

Anaesthesia

• General anaesthesia.

Table and equipment

• The rracture table is usually the best. A standard radio
olucent operating table may be used ror smaller chilo
dren and if an experienced assistant is available.
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Fig. 10.31 Ched! na~ leogth aganst the lemur and prebend
Mils.

• TWo nails of each diameter are ideal. Some nails are of
a standard length and are cut to fit. Other manufactur
ers supply nails ofpredetennined length and diametPr.
T)'I)I" and availability should be checked (Fig. 10.33).

• Image intensifier.

• Patient supine. FraclUre reduced and affected leg put
on miction in slight abduction and in neutral rotation.

• Uninjured legfiexed at hip and knee and abducted fully
(Fig. 10.34),

• lmal:.>e intensifier from oPPOsite side. Do a 'Trial run' to
check access and fracture reduction (Fig. 10.35a. b).

• Skin preparation from iliac crest to ankle.
• Adhesi\'e paper drapes around groin and to co\'er the

opposite uninju red leg, Adht.'sive paper drapes to cover
from the ipsilateral shin dist ally. An adhesive clear plas
tic drupe is a good alternative.

Operative technique

• Use the image imensifier and bone spike to locate the
trochanteric plme (Fig, 10,36) and distal growth plates
and murk with a skin pen. The nails will enter the meta
physis obliquely lind the skin incisions will be more
distal than the entry site into the hone.

• To avoid O\'ercrowding of the relatively narrow
medullary cavity, select a nail diameter approximately
one-third of the diameter of the narrowest part of the
canal. Check nail length against the femur and prebend
nails (Fig. 10.37).Thenailsshould bethesamediameter
and belli to thesame eXlent and in thesame direction as
the prebellltip, There are no firm rules on the amount
ofbend needed, but a bow of about 3cm apex to base is

fig. 10.38 Use a ".S dfill and guide and drill the metaphysis at the
pledetemlined tntfy site, 2 em proxmal to the growth plate.

aboUi right. The apex should be situated so that when
the wire is fully insened, illies at about the 11"\'1"1 oflhe

fmclUre.
• Beginning laterally, make a superfidal3 cm incision in

the plane of the femur. Divide the fascia lala longitu
dinally and deepen the incision funher using scissors
and blunt dissection to 3\'Oid bleeding from geniculate

vessels.
• Use a 4.5drill and guide and drill the metaphysis at the

predetermined entry site, 2 cm proximal to the growth
plate (Fig. 10.38).

• It is difficult to drill an oblique hole and it is best
to begin perpendicular 10 bone and to gentl)' re
direct the drill cephalad with the drill spinning. which
will minimize the chance of the drill bit breaking
(Fig. 1O.39a, b).

• Mount the lateral wire in a h'llld-held chuck and pass
into the intramedullary clwity (Fig. 10.40), advanc
ing under image intensifier control across the frdcture
(Figs. 10.41 a. b). Often it helps to use a hammer but
beware of buckling of the n;lil, particularly narrower
ones. Sometimes it is prefemble to mount the wire with
the chuck close to the tip 10 lIvoid bucking on insertion
but this can be difficult with a prebent wire. In these
circumstances the chuck can be backed off by a few
centimetres at a time lind driven into the bone. with
small degrees of bend sequentially introduced using
the bone entry site as a fulcnml (Fig. 10.42). If the nail
does not easily pass across the fracture then leave it at
the level of the fracture and proceed to pass the second

nail.
• With the surgeon now standing on the medial side of

the knee (Fig. 10.43), a similar approach is made to
the medullary canal through the medial metaphysis
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,.,
fig. 10.39a, b II is difti(ult to drill an oblique hole and it is b6t to begin perpeodirular to booe ami to gently re·dire<t the drill rephalad
with lhe drill spinning, whi<h will minimize the <harKe of the drill bit breaking.

fig. 10.40 Mount the lateral wire in a hand·held chmk and j)a~~

into the intramedullary cavity.

and the second nail passed in a similar way toward the
fracture site.

• One or other of the wires is manipulated across the
fracture site, foUowl'<l by the other (Figs. 1O.44a. bl. This
is often the must dirticult part of the procedure and an
assistant may be needed 10 manipulate the fracture
site. It isoften helpful to rotate the tip of the nail, which
helps to engage the proldmal fragment. If after several
attempts, the proldmal canal cannot be engaged then
it is reasonable to make a 4 I'm incision laterally at the

site of the fracture site 10 clear any interposed tissue
and assist the reduction and passage of the nail

• Radiographs in both planes are required 10 check the
nails are intramedullary. The nails are driven proxi·
mally using the impaction device for the final few cms
(Figs. 10.45a. bl.

• The proXimal metaphyseal bone is surprisingly hard
and the medial nail wUl not progress berond the lesser
trochanter. The lateral wire usually impacts in the
greater trochanter (Fig. 10.400, b, cl.

• The protruding nail should be trimmed to about Icm
and ifnecessary bem a little 10 prl'"1lent protrusion. Any
tendency to protrusion will be more marked when the
knee is flexed.

• Nails supplied in predetemlincd lengths have ends
designed to f:lcilitate application of a removal 1001.
l.ength selection can be done in tJleatrc using the unin
jured leg as a templ:llC. If the nail is too long then it can
be cut to size after insertion as described above.

• The skin only is closed. The compression bandage can
be applied according to need and preference.

• Before the child wakes, the legs should be freed and
checked for rotational alignment clinically (Fig. 10.47).

Post-operative care

• For most fraclUre pattems this lcchnique provides suf
Iidenl longilUdinal and rotational stability to permil
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lal (b)

fig. 10.41a, b Advaoc:ing under image inten\lfier {ontrol iKIOU the fr.Kture.

fig. 10.42 Using tile bone entry site as a lukrum.

mobilization with crutches in a day or two within the
limits of discomfort,

• For stable fracture patterns, weight.bearing is pennit·
ted. For unstable fracture patterns it is preferable to
allow some callus to form before commencing weight·

bearing.

follow up

• Review at6 weeks for X-rays.
• Review 3 to 6 months tater for a further X-ray, with a

view to scheduling metalwork removal (Fig. 1O.48a, b].

Implant remowal

• Only when the fracture is radiologically united.
• In pathological fractures, consider not removing.
• The procedure for removal is straightforward. Thespe.

cial removal tools are particularly useful.
• If the nail is found 10 be irremovable then it is reason·

able to trim any prominence and lean~ ill sitll.

Fig. 10.43 With the surgeon now standing on the medial side 01

the knee.
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10.6 APPliCATION OJ AN IXTERNAl
JlIATOR

Indications
• Damage control orthopat'<lic surgery: patients with

femoral fractures, who arc at high risk of developing
post·traumatic systemic complications (e.g. multiple
organ failure, ARDS), or haemodynamically unstable
patients. should be trea led by minimally inV'"dsi\'e, rapid
fracture fixation with external fixation (Fig. 1O.49a, b).

• TransrlXation of unstable, intra-articular knee frac
tures. which are not stabilized as a definite treatment

in the primary operdtion.
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fig. 10.4401, b one 01 other 01 the wirl."l is manipulated aoUon the llilcto-e site, lollowed by the othu

1bl

1'1

fig. 10.453. b The nails are drivi!n proximally using the impaction device lor the linal lew centimetres.
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lal Ibl

I"~

• Severe soft tissue damage of open or closed femoral
fractures.

• Children's femoral shaft fractures.

Pre-operative planning

• See 'General aspects'. on p. 179.

Operative treatment

Anaesthesia

• General anal'Sthesia is preferable in multiply injured
patients.

• Regional (spinal/epidural) anaesthesia possible in iso
lated operations of the femur.

• Provide pre-operative prophylactic single-shot antibi
otics (e.g. 2nd generation cephalosporin).

fig. 10.46a, b, C The lateral wile usually mp<lcts in the greater

trlKhanter.

Table and equipment

• Monolatcral extermll fumlor set including: 5.0 and
6.0 mm diallll:ter Schanz screws.

• Carbon fibre rods or metal lUbes (disadvantage: they
obstruct X-ray assessment of the fracture).

• Tube-Io-tube clamps and pin-IO-tube clamps.
• Standard radiolucent opemling l'lble.
• Image intensilier.

Table set up

• Instrumentation is set up on the side of the operation.
• Image intensifier is set up on the COntralateral side.

'atie.t politiOft""

• Supine position.
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f ••du.e redudion

fig. 10.48a, b Review) to 6 months latellor a furthel X-lay, with
a view to w:heduling metal wOlk.

,.,("

• 'Tube·to·tube' technique: after insertion of a pair of
pins in each main fragment, which are each joined by
a shan tube. the fracture can be manipulated using
the two tubes as ·handles'. Fix the 2 tubes by a short
third tube with 2 'tube-to· tube' clamps in the desired

• [n case of definite fracture treatment with external
fixation, usually 3 Schanz screws in the proXimal
and distal main fragmcnl are used to increase sta·
bility at the fracture site (Fig. 1O.50a, b), depending
on the patient's weight nnd the extent of soft tissue

damage.
• Soft tissue tension around the pins must be released

during surgery by stab incisions,

• Drill holes for the Schanz screws perpendicular to the
bOlle. Some surgeons prefer to place the screws in an
oblique direction into the bone, in order to increase

bone-implant contact.
• Minimize hem production using low pressure, sharp

reamers, and cool water irrigation. Heat damage can
cause early loosening of the pins and can increase the

risk of pin infections.
• The Schanz screws have to penetrate the full opposite

conex and to protnlde some millimetres past it.

• Insen a pair ofSchanz screws into each main fragment.
and connect them with a short tube.

Drap., ~1HI1.r.QI ."rudl

• Prepare the skin from lhe gluteal area down IOthe tibia

using antiseplic solulions.
• Via slab incisions. insen the SChanz screws in a pos.

lerolaleral direcl.ion in the plane of the lateral inter·
muscular septum, in order to minimize transfixalion of
the \'astus lateralis muscle, Considerfuture approaches

of planned secondary procedures.
• Under special circumstances, the SChanz screws can

be positioned in a sagiual position. i.e. in patients with
tntnsflxed unstable, intra·articular knee fractures. or in
polylraumatiz.cd patients requiring rapid fractureftxa·
tion and long-term respiration with kinetic respiratory

therapy.
• r"Or better orientillion, lhe femoral surface is palpated

through the stab incision with a small clamp before

drilling.

Impl~nt pOlitioning

Fig. 10.47 Belore the child wakn, the ~s shook! be herd and
c~ked lor rOlational aligrment dWlkally.
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fig. 10.49<1, b "'imary lapid slab~iwtionof a lemofilIl !halt lliKtull.' of iI 21-yeill-okl polytraumaliled patient.

I.'
fig. lO.SOil, b Uodel special circumslanU'!i, tIM- St:hanz Klews (an be po~tioned in a wgittal position, i.e. 101 lemporary

lranslixalion of unstable inlta-alli(u!<t, knee lrallllfes (with (ompartment syndrome ollhe Iowef I~) 01 101 kinelk

lespiratolY Ihefapy 01 severely injured patienl'i with tnora<K IfilUmiI.



fragment position. This technique can be applied with
out X-ray facility or image intensifier in the operating
room. Fracture reduction may be done at a later point

in time.
• Tube-to-tubc clamps have a betler grip on stainless

slecltubcs Ihan on carbon fibre rods.
• An additional carbon fibre rod between the main frag

ments increases the stability althe fracture site.

Post~operati.e care

• Post.operative radiographs in 2 directions.
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• Routine post-operative blood laboratOry control.
• Physiotherapy with acth'e ra nge ofmotion exercise and

partial weight.bearing 00-20 kg) is allowed on the
first post-operative day, dCI>ending on the concomi

tant injuries.

Outpatient follow up

• Serial radiographs in 2 slandard directions.
• Intense physiotherapy to maimain knee motion.
• Intense care of the pin sites.



Sedion III: Fradures of
the distal femur
Stefan Hankemeier, Thomas Gosling and Hans-Christoph Pape

10.7 fil"IRoll.SPUTS

• Check for pain. swelling, deformily, shortening and
intra· articular effusion.

• Assess neurovascular SlalUS of the leg and sofl tissue

damage ofclosed fractures.
• Open fractures: do nOl open dressings placed on the

scene in the emergency unil; onlyopen in the operating

theal.re.
• Assess the local injury $C\'('rity by the Abbreviated

Injury Scale (AlS) and the 101al sC\'crilyof injuries willi
the Injury Sc\'crity Score (ISS).

• Check for previous surgery. especially tmal hip arthro·
plasty (fHA) and IOtai knee arthroplasty (TKA).

• BeawareoflypicaUyassociatcd injuries: proximal tibia
fracture. patella fraclure.ligamclU ruptures of the knee
(posterior cruciate ligament). femoral neck fracture,
femoral head fracture, acetabulum fracture.

AHiological alltumen!

• Ordcr anteropostcrior (AP) and latcml radiographs of
the kncc joilll, as well as the femur shafl.

• Pcrform a CT scan in casc of an intra-articular fracture
or ifan intra-articular extension could not be excluded.

• Classify thc fracture according to the AO/ASIF

classification system.

fixation techniquel

• Be aware of damage control (sec Fractures of the
fcmoral shaft, General aspects, page 179). Do external
fcmoro·tibial transfixatiOn in these patients. If possi
ble perform preliminary fIXation of the intra-articular

fragmcnts.

• Definitive stabilization:
• l)<pe A fraclUres: retrograde nailing is preferred.

Minimall)' in\'asi\'e percutaneous plate osteosynthe
sis (MIPPO) is an alternative but technicall)' much

more dcmanding.
• Type Bfracturcs:c1osed reduction and percutaneous

screY.' fixation is preferred.
• Type C fractures: CI fractures can be treated either

by retrograde nailing or techniques ofMIPPO. Mini
mall)' im'asive pcrcutaneous plate osteosynthesis is

prefcrred in C2 and C3 fractures.

• Specials:
• Lmv fracture in osteolJoenK bone: consider primary

TKA.

• Periprosthetic fracture: use MIPPO.

10.8 MINIMAllY INVASlYE
PERCUTANEOUS PlATE
OSTEOSYNTHUII (MIPPO)

Advantages

Preservation of blood supply 10 thc metaphyseal fracture
zone with reduccd non-union ,lIld infection rates.

Implants

• Buttress platl'S (Lc. condylar buttress plate).
• Condylar scrcw plates (i.e. dynamic condylar screw).
• Locked screw plates (i.e. less invasive stabilization

s)'stem).
• Advantages of locked screw plates: exact contour

ing of the plate is not necessary; no primary loss of
reduction owing to screw tightening; Improved sta

bilit)' in osteopenic bone.
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fig.10.Sl (ustom'made ,educ:tion c~mp.

Indilations

A111ype Aand C fractures of the distal femur.
Periproslhetic fraclUres (Jl(A and THAI.

Operative technique is presenled below for lhe Less
Invasive Stabilization SyStem (llSS. Synlhes Group).

Pre-opentive pI...in,
• Draw all fracture fragments.
• Choose the correct plate length. Use at least 4 (beller

5) monocortical scre....'S in lhe proximal fragment.
• Bone grafling is rarely necessary.
• Plan Ihe poslt.ion of your lag scrC\\'S in case of an

intra·anicular fracture. Do not use lag screws for sta·
bilization of the methaphyseall diaphyseal fracture
part.

table and equipment

• Basic fracture sct with 4.5 mOl cortical screws and 6.5
mOl cancellous screws,

• USS instruments,
• T·handle. Schanz screws. dislractor or external fixator.
• Huge reduction clamps (custom-made (Fig. 10.51) or

pelVic reduction clamps).
• Herbert screws may be of use in frontal split fractures

(Hoffa fracture).
• Additional package oflOwels.
• Image inlensifler.

Staff

• One scrub nurse and at least one assistant surgeon.

fig.10.S2 Lateral skin lnasion fOf distal femur fl<JCtures.

Positi..iltg

• Supine position as described for theanlegrade femoral
nail With this position lateral image inlensilier control
is facilitated.

• Check lhe contralateral leg clinically and radiographi
cally for rotation. Note down the \'alues ofexlernal and
internal rotation.

• In case of extensh'e comminution measure the
contralateral leg length under fluoroscopic control
(distance: cranial borderoflhe femoral head 10 the lat
enll joint line). Note down Ihe leg length.

• Examine knee )oint stability under anaesthesia.
• Leave the region from the iliac crest 10 the middle of

Ihe tibial shafl free from drapes.

Approach

• For cxtnHHlicular fractures lHld those intra-articular
fractures thai can be reduced percutant."'Ously. use a
laleral approach. Start the skin incision 4-6 crn proxi
mal 10 the knee joint and end 2-3 CIIl diStal to the knee
joint. Theincision is in line with the rniddleofthe femur
shaft (Fig. 10.52). Split the skin and subcutaneous tis
suesharp onto Ihe traclus.lncise the Iractus and split it
with Ihescissors in a longitudinal direction (Fig. 10.53).
The scissors is introduced relrogradely and the space
between tractus and femur is blunt dissected.

• For lhase intra·articular fractures that cannot be
reduced percutaneously usc an anterolateral appr
oach. Start the incision 2-3 Col proximal to the cra
nial pan of lhe patella. End up directly lateral to the
luberosity (Fig. 10.54).Split the laleral retinaculum and
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"''9.l0.S) longitudinal splitting olthl' tIac:tl,lS.

Fig.l0.s4 Anterolall'fal approach in a patient with an intra

a/titular distal femur Ira<ture and an ipsilatefililracture 01 the

tibial shall.

fig. 10.SS UfUeSlfieted auess to the joint alter retracting 01 the

patella.

fig.. 10.S6 Manipulation 01 me distal fragment in me sagittal

plane with a S<hanl wew that can be <onr"l('<tec! to an otemal

Itutor.

reflect the patella medially. Now you have an unre
stricted access to the anicular pan while leaving the
metaphysis untouched (Fig. IO.SS).

• A1wa~'S start with the reduction and fixation of the
intra-articular fracture part. The distal screYo'S of the
USS have no lag effect and are not for stabilization of
the intra-articular fraclUre. Reduce and fix the fracture
accord ing to the general AOIASI Fprinciples. Make sure
that your lag scrl'WS will not interfere with the distal part
of the USS.

• Do not go for anatomic reslOmlion of the metaphyseal
fracture part. The aim is to restore the alignment of the
proximal and distal main fragmellts. with preservation
of the length of the femur.

• Reduce the fracture before application of the lISS.

• Tricks that may beofuse for indil"l'Ct fracture reduction:
• Put towels under Ihe distal part of the femur to

bring the knee inlO slight f1eKion. The gastrocne
mius. which tends to bring the distal femur into
recurvaturc, is relaxed and the distal main fragment
is supported.

• An external ftxator or distractor can be used to
restore and retain alignment and length.

• Additional Schanz screws can be used as 'joysticks'
for manipulation ofthe distal or proximal fragments.
These joysticks can be connected (0 the flXator
(Fig, 10.56).
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fig. 10.57 RelfoglaOe inseltion 01 the U55 with the aiming guide.

fig. 10.58 s.queeling 01 an uternally pla(ed towel (an be UlOed to

manipulate the proximal ',agment. This iT done undel fluolo1Copi(

(ontrol 01 the knee with a cable as varus/valgul indicatol that

runs through the midpoint of the femoral head and the ankle

joint.

o Ahamlller enn be used for pushing; a towel can be used
for pulling on the main fragments.

o Check alignment under fluoroscopy in a lateral and
anteroposterior lAP) direction.

• Connect the LlSS 10 the aiming guide with the fIxation
boll and insert it retrogradely between the periosteum
and the vastus lateraJis (Fig. 10.57). Retract the USS
slightly distally until its end is 1-2 em proximal to the
joint line.

• Check the corre<:t USS length under fluoroscopy. At
least 4 (better 5) screw holes must be proximal to the
fracture.

• Fix the L1SS preliminarilywilh a K-wirc distally through
the fixation bolt.

• Make a 2-3 cm incision O\1:r the mOSt proximal screw
hole. Incise the fascia and dissect the vaslUS muscle
bluntly. Connt.'Ct the second fixatiOn bolt to the most
proximal screw hole. With the 2-3 em incision you can
palpate with one finger the position of the end of the
plate in relation to the femur. This step is worthwhile,
especially for beginners, to pre\'ent an anterior step
off of the L1SS with a compromised or no screw hold.
After correct positioning of the end of the plate, the
USS is proximally fixed with a second K-wire through
tile flXation bolt.

• Secure the position of the USS to the distal pan of the
femur with the above mentioned clamps..

• O1eck now again for alignment. For rmational con
trol use the minor trochanter method. For varus/valgus
alignment use the cable method. l\linor varus/valgus
corrections can be done with the USS in place using
the manufacture's traction device or an external towel
for squeezing (Fig. 1O.58).

• If correct alignment is achieved stan 10 fix the proxi
mal fragment. Use stab incisions for screw placement.
Usually 26 mm·screws are used for the shaft. Use the
irrigation system to prC\'eIlt heat necrosis. Be aware
that ),ou do not have any reflection of the screw hold
during tightening with locked scrC\v dellices.

• The length of the distal screws is predicted according
10 the manufacture's schedule.

• After removing the aiming device l:heck the alignment
..gain. Verify l:orre<:t rotation by internal and external
rotation with the hip flexed 10 90 . Compare these val
ues to the contralateral side.

(Iosure

o Do a thorough irrigation, espednlly with the antero
lateral approach.

o Use a distal dmin.
o Close the fascia resp. retinaculum with strong

resorbable sutures. Headapt the subcutis with resor
bable sutures. Close the skin in your preferred tech
nique.

• Perfonn AP and lateral radiographs with the patella
centred. This is best done on the operation table. The
patient is under anacsthesia and pain free.
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• Start continuous passive motion (ePM) on the first day
after the operation especially in intra-articular frac

tures.
• The drain can usually be removed on the second day.
o Start mobilization on the second day with partial

weigtll.bearing (15 kg).

Outpatient follow up

o Do clinical and radiographic foUo\\' up at 6 \\'eeks,

3 mondls. 6 and 12 monlhs afler the operation.
o Order partial weighl-bearing for at leasl 6 weeks in

extra·articular fraclures and 12 \\-ceks in inlI3-articular
fractures. depending on lhe radiographs.

o Rel1lO\'e die implam only in case of symptoms after a
minimum ofl2 monlhs. TrylO be asminimallyinvasivc

as on implanlatkm.

10.9 RITROiRAII NAILING

• Presel"\'3tion of blood supply 10 Ihe metaphyseal frae
lure zone widl reduced non-unKin and infection rates.

o A less demanding ledlllique compared to MIPPO.

I..plantl

o Alilypesoffemorainaiis.
o Special retrograde nails preferred.

Indications

• Type A, CI and C2 fractures of the distal femur.
• Periprosthetic fractures (TKA and THA).

• TKA: Be sure that lhe retrograde nail can pass the

femoral shield.
• THA: I\void sucss zones betwcen the tip of the nail

and the tip of the hip stcm [Fig. 10.59).

Technique

Operative tt.'Chnique is presented for the Distal Femoral
Nail (DFN, SynthesGroup).

Pre~operativeplanning

o Estimate nail length and nail diameter on die pre
operative radiographs. The nail tip can be placed distal

10 the minor trochanter.

fig. 10.59 Patient with a distalfemuf fractufe and ips.ilatefitilHA.

5tress shieldif'KJ betwftn the implants lead to fra(turing.

o Bone grafting is rarely necessary.
o Plan the position of)'our lag screws in case o( an intra

articular fracture. Do not use lag screws (orstabilization
of the methaphysealldiaphyseal fracture part.

Table and equipment

o Basic fmcture set with 4.5 mill cortical screws and

6.5 mm canccllous screws.
o DFN instruments.
o T-handle, Schanz scrcws.
o Additional package of lowcls.
o Image intensil1er.

• At least one scrub nurse.

Patient positioning

• Supine position as described forthe antegrade femoral
nail. With this I)()sition latcral image intensifier control

is facilitated.
• Check die contralateral leg clinically and radiographi

cally for rotalion.
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fig. 10.60 lengltl Md~ of the inc.ision in retrograde nailing.

fig.10.61 InSelllon point In the laleral projection.

o Note dmvn the values ofexternal and internal rotation.
o [n case of extensive COlllminution, measure the can

tr:tlalCralleg lenglh under fluoroscopic conlrol (dis
tance: cranial border of the femoral head 10 the lateml
joint line). Note down the leg lenglh.

o Examine knee joint stability under anaesthesia.
o Leave the region from the iliac crest to the middle of

the tibial shaft free from droping.

App•••ch, .eduction .nd 'iutioft

o In case of an intra-anicular fracture start with the per
cu taneous reduction and lagscrew fixation from laterol
to medial. Use at least twO 6.5 mm cancellous screws.
Make sure that these scre'iVS do not interfere with the
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nail !fyou cannot reduce the fracture pen:U1aneous}y
use the anterolateral approach as described for the
MIPPO.

o Check the nail length and diameter with the ruler. The
nail end should be at least Zmm underneath the sub
chondral bone. If possible place the tip proximal to the
minor trochantCf. \'Vith this locaJi:tationthe risk ofneu
rovasculardamage is reduced for AP locking.

o Support thedistal part of the fracture with se\'eral tow
els until )'ou have a flexion of the knee joint between
Z5 and 30 . Choose your incision in line with the mid
dleofthe femur, which is usually slighlly medial to the
patellar ligament (Fig. 10.60a.bl. The incision should
be long enough to pass the drill bit to open the femoral
canal. The indsion is rarely longer than 3em.

o Incise the joint capsule in line with thc skin incision.
o Insert the guide wire under fluoroscopic control. The

entry point is slightly mediul (In the AP in extension of
the midline of the femur. This line is usually angled
8 to the joint line. In the luterul conlrol the entry
point is the beginning of the line of Blumensath (Fig.
10.61).

o Open the femur by passing the drillo\'cr thc guide wire.
We do not recommend reaming of the shaft.

o Push the Ilail forward until the tip is just distal to the
fracture.

o Reduce the fracture. Use the nail to manipulate the dis
tal fragment.

o Additional tricks that lIlay be of use for fracture
reduction:

o Put towels under the distal part of the femur to bring
the knee into slight Oexion. The gaStrocnemius. which
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Fig. 10.62a, b Medial poller Klew to JHe~nt varus

mal·alignment.

fig. 10.63 IMelted nail with rings on the i'lwtion devi<e whidl
indiute the nail depth. This naM IJ much too ~Iy inSffted.

101,.,

tends to bring the distal femur in recurvature, is relaxed
and the distal main fragment supported.

• Schanz screws Clln be used ,IS 'joysticks' for manipula.

tion.
• V;tlgusiltion relaxes the Iliotibial tractus and eases

reduction. With insertion of Ihe nail in the proximal
fragment. the shaFt straightens around the centric n;ti!.

• A hammer can be used to push the fragments. A towel
can be used to plillthe fragments.

• Check axial alignment. Forvaruslvalgus alignment use
the cable method

• If mal·alignment is present slash the nail back and
insert pollerscrews (Fig. 1O.62a, b).

• Be sure that the nail is al leaSI 2 mm underneath
tbe subchondral bone. Most nail designs have marks
on their inlroduction device to verify the nail end
(Fig. 10.63).

fig. 10.64 Twisted blade which un be inserted distally over the

aiming device to implo~ stability in olteopenic bone.

• Ifcorrect alignment is achieved start locking in the dis·
tal part using the attilched aiming device. Inosteopcnic
bone the twisted blade should be used [Fig. 10.64).

• Check the rotation now using the minor trocbanter
techniquc. III case of a trochanter difference the dis
tal fragmcnt can be angulmed o\'Cr the nail until both
troch3nters have the SHmc shape with Ihe palc1l31 cen
treed.

• If there is no comminution of the fracture check the
fracture site under fluoroscopy and push the nail gen
tly forward until the distal and proximal fragments get

under slight compression.
• In comminuted fractures check femoral length as

described above. Slash Ihe nail forward or backward



fig. 10.65 Oistallo<king.

to achiC\"e the length measured for the contralateral
femur.

o Proximallock-ing is best perfonned with a radiolucent
drill AP interlock-ing is much easier in Ihe proximal
region than lateral-medial interlocking (Fig. 1O.65).

(Jos...

o Do a thorough irrigation.
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o Do not use a drain routinely.
o Only skin closure is ncccssary.

Post-operative ca,.

o Perfonn AP and lateral radiographs with the patella
centred. This is best done on the operation table. The
patient is under anaesthesia and pain free.

o Start CPM on the first dayafter theoperation, especially
in inlfa·articular fractures.

o Start mobilization on the second day with partial
weight.bearing (15 k.g).

Outplltient follow up

• dinical and radiographic follow up al 6 weeks, 3
months. 6 and 12 months after the operalion.

• Partial weight·bearing for at least 6 weeks in exua
articular frdctures and 12 weeks in intra-articular frac
tures depending on the radiographs.

o Implant removal is only recommended in S)'JIlplomatic
patienls. First infillIate the distal locking screws with
local anat.'Sthesia. If the patient becomes pain free
remove just the distal locking screws instead of the
whole implant. For nail removal. arthroscopic assis
tance is very useful.
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Fradures of the patella
Stefan Hankemeier; Thomas Gosling; Hans-Christoph Pape

11.1 TlNSION BAND WIRING

Implants for patellar fractures ha\'C to resist high-tensile
stress. Tension band wiring lransfonnsdistraction {orces
of the extensor mechanism to compression forces. The
wires provide anchorage for the tcnsion band wire and

neutralize the rOlational forces.

Indications

• Transverse and multifragmenlal patellar fractures. In
case oflIlultifragmcnlal fraclUres, oftcn a combination
ortension band wiring and conical screws, lag screws,
K-wires or cerclage wires is necessary.

• A pair orlag screws can exert high-compression forces

10 transverse fractures.

Pre·operative planning

Clinical asseument

• Pain. swelling, dcformicy. hacmarthrosis,loss offune

lion.
• Pillpate gap bctWl-c1l the fragments. Rule oul an injury

of the quadriceps and pnteUar tcndon.
• Soft tissue injuries like ahrasions are cummon and may

require debridement or delayed operatiun, in urder to

reduce the risk of infection.
• Assess neurovascular status of the leg.

Radiological assessment

• Analyse fractu re geometry by Slandard anteroposterior
(API and lateral X-rays, and a tangential patellar view
(Fig. 11.1).

• Differenliate belween fractures and growth abnonnal·
ilies (e.g. a bipartite palclla is typically found on the
proximal lateral quadrant of the palella, usually with
scleroticedgcs ofthe fragmcnt in contrast 10 fractures).

• Rule out an abnonnal patellar position caused by iso·
lated quadriceps or patellar lendon ruptures.The Insall
index calculates Ihe ratio ofgreatesl patellar length and
the distance between the diSial patcllar pole and the
tibialluberosit)'. Normal ralio = I; a ratio <1 suggests
a patellar tendon mplure. If in doubt. compare with
the laleral view of Ihe contralatcral side. Uluasound
re\'eals the lendon rupturc site and haematoma.

Operative treatment

Anaesthesia

• Regional or general anaesthesia.
• Pre·operative prophylaclic singlc shot antibiotics

(e.g. 2nd generation cephalosporin).

Table and equipment

• lnstrumenlation SCI with 2.0 mm K-wires and 1.25 nun
stainless sleel cerclage wires.

• Small fragment 3.5 mill cortex screws.
• 4.0 nun cancellous lng screws.
• Radiuluccntlllbic.
• Image intensifier.

Table set up

• Instrumentation is sel up un the side of the operation.
• Image intensifier is set up on tbe contralateral side.

Practical ProcedurrJ ii' OrrllO/X'nlk TmllmLJ Surgery: A Thli""",:SComprmioll. ed. PelerV. Giannoudi5 and 113ns-Christoph Pape.
Published byCambridge University PrI"s$, CtCambritlge Uni\'ttSily Press ZOO6.
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Ibl

I.'
Fig. 11.1 (a) The AI' lIl1"ay demonstrates the numbel ollragments and __tul splits in the sagittal plane that are not 't!I.ibk- on the

latefilllll·ray; (b) Iaterallil-ray 6emonstrating rompk-te "'JliIfiltion 01 the patella with loss of the I'ltensOf IJ'II'(hanism.

Fig. 11.2 (lear the Ira<ture line 110m debris to allow an exart

re(()n~truetion.

Patient positioning

• Supine posilion.
• An inflated tourniquet may affcct the fracture reduc

tion. as the {IUadril;cps lIlusdc is fixed in a shortened
position.

Draping and surgical app,oach

• Prepare the skin over the femur up to the foot with
antiseptic solutions.

• Midline longitudinal incision over the patella. Pay
allention to crossing infrapatellar branches of the
saphenous nerve.

Fig. 11.3 Redu<Ilon of the Ira<ture.

• Alternatively. a parapalcllar longitudinal incision can
be performed.

• Remove the prepatellar bursa in l;ase ofopen fractures.
injuries of the bursa or pre-existing chronic bursitis.

• Incise the superficial fascia.
• Avoid excessivesoft tissue stripping from the bone frag

ments.

fradure redudion

• Clear the fracture line rrom debris to allow an aact
reconstruction (Fig. 11.2).

• Irrigate the fracture thoroughly.
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fig. 11.4 Olill two parallel 2.0 mm I( 'M" longitudinally in a
distalKe of 25-10 ITWll through the redUl:ed fragmenb. (.1 (0'

fig. 11.S Jighlefl Ihe (ef(lage under inspedion and simuttMleilus
I'atpation ollhe "acture line and the retropatellar surfac:e.

fig. 11.6 tn transverse Ira(tures with lurthellragmenlation 01 the
main fra.gmenu, lag mew osteosynthesis (an be performed prior
to tension band wiring,

fig. 11.1a,b AP and Ialeral X-lays duling follow up.

• H)"perextension of the knee helps 10 redure the main

fragments.

• Reduce main fragments with large, poimed, bone
reduction forceps (Fig. 11.3),

• The reuopatellar surface can be palpated through tom
retinacula or through a parapatellar arthrotomy. Exact

restoration of the joilll surface is essential in order to

prevent post.traumatic arthrosis.

Implant positioning

• Drill 2 parallel 2.0 mm K-wires longitudinally in a dis
tance of25-3O mill through lhe reduced fragments. The

ideal position of the pins is at the anterior half of the

patclla (Fig. 11.4),

• Push a cerclage wire close to the edge between bone
and protruding pin tips/screws, A curved large.bore

needle helps to pass through lhe Strong ligamentous

insertion. The cerclage wire is to be placed directly on

the bone surface, so as 10 prevent secondary loosening

of the wire during post-operative mobilizatiun.
• The cerclage wire can be placed either as a 'fJgure-of

eight' or as a 'ftgure-of-zero' at the anterior aspect of

the patella. Theends ofthe cerclage are placed medially

or hltcmlly.

• Tighten the cerclage under inspection and simultane
ous palpation of the fracture line and the retropatellar

surfacc (Fig. 11.5),

• Shorten and bcnd thc pin lips,
• Push the pin tips into the palclla to pre\'ent soft tissue

irritation.



• Alternatively. the main fragments are stabilized by two
4.0 mm cancellous lag screws instead of2 longitudinal
K-win.'s.. Lag screws provide better compression and
rotational stability.

Implant pesitioning in other fracture patterns

• In U3nS\1!tse fraclures wilh further fragmenlation of
the main fragments. lag screw osteosynthesis can be
performed prior 10 lension band wiring (Fig. 11.6). In
mu!lifragmentary fraClures, a circumferential cerclage
prior to tension band wiring may be necessary.

• Control anatomical reduction, e.g. by palpalion ofthe
retropatellar surface.

• Control slabilily oflhe osteosynthesis by knee flexion.

• Irrigate the wound and joint. AchiC1.'e haemostasis.
Suture 10m relinacula with absorbable material.

• A drainage may be necessary,
• Close the wound \\1th absorbable subcutaneous

sutures and the skin with monofilamenl non·
absorbable material.
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Post-operative rehabilitation

• Post-operative standard radiographs in AP, lateral and
langential direclions,

• Routine post.operative blood laboratory checks.
• Remove the drainage within 48 hours,
• Physiotherapy is recommended from the firsl post·

operative day onwards, with active assisted mOlion
exercise and continuous passive motion (CPM). The
primary posl.operali\·e range of movemenlS (ROM)
depends on Ihe fraClure pallern and bone quality. Usu·
ally,90 lIexion is allowed post·operath·ely.

• St>\'Crely comminUled fractures or fraclures of
oSleopenic bone may require delayed mobilization.
Isometric quadriceps exercises help 10 avoid adhesions
and 10 retain quadriceps muscle lone,

• Panial weight·bearing (15 kg).

Outpatient follow up

• Progressive physiolhernpy and weighl·bearing.
• Radiographs at 6 and 12 weeks post.operalh'ely

(Fig. IUa,b).
• Implant remo\'al is nOI mandatory, but can be per

fonned after 12 months.
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Section I: Fractures of
the proximal tibia
John F. Keating

n.1 OPIN RID unioN AND INTlRHAl
fiXATION (ORn) OJ A LAIIRAl TIBIAL
PLATEAU fRAUURE

Indications

• Clinical: instabiJity of the knee on wlgus testing.
• Radiological: split. central depression or splil depres

sion fracture typcs,

• Joint depression;> 3 mm.

Pre·operative planning

Clinical assenment

• Swollen knee.
• Valgus deformity common.
• Common peroneal palsy possible but rare.
• CompartmclIl syndrome - possible but rdre.

AitdiologilallJssessment

• All anteroposterior (AP) radiograph is most useful to
dCll'Cl fractures and assess degree orjuinl depression
(Pig. 12.1).

• A lateral mdiograph is less helpful in determining the

degree of depression.
• ACf scan is most \Isdul for additional imaging-mainly

indicated in cases where there is doubt about the
extent or degree ofdepression and in complex rractures
(Fig. 12.2a,bl.

Operative treatment

AnaesthuMi

• (J(>neral anaesthesia preferred - a\"()id local blocksl
spinal anaesthesia which mask s)"rnptoms and signs

of companment syndrome.
• ProphyiacLic antibiotics at induction.

o Standard AO set whh reduclion clamps and Kirschner

wires.
o Radiolucent table with abilily to flex at the 1C\'el of the

lm~.

o Equipment to harv(.'St bone graft or calcium phosphate

cement.

Set up

o InstruIIll:ntation on the side of the injured leg.
o Image intensifier on comralateral side.
o Knee flexed al 90 at the outsel of the prm:edure to

fadlitale exposure (Pigurc J2.3a,h).
o Knee brought into extension once the fracture is

reduced to complete flxation.

Patient position

• Supine position.
• Tourniquet on thigh inflated to 300 llunHg at the start

ofthe procedure.

Pmetical Procei/urrs i,r Orrlwpal'flic Tmllmn Surgery: II Thti"nsComprmioll. ed.Peterv. Giannoudl.S and Ilans-Chrisloph Pape.
Published byCambridge University Pres:!. c: Cambridge Uni\'efSicy Press 2006.



Fig. 12.1 AP view of a split depr~ssion tibial p1at~au tract~~.

Draping and I.rtical approach

• Sldn preparation with amiseptic solution.
• Stockinette applied to leg and brought a!>m'e the le\'el

of the knee.
• Large drapes applied below upper level ofstockinette.
• U.drape and adhesive transparent drape on skin.

• Longitudinal incision ICIn lateral to midline (Fig.
12.3b).

• Division of skin and subcutaneous tissue in line with

the incision.

• Subperiosteal exposure of the proximal aspL'Ct of lat·
eral tibial plalCau. reflecting Illuscle from medial to

lalCraJ.
• Anterolateral arthrotomy; evacuate haemarthrosis.

• Develop plane between the l,lteralllleniscus and joint

capsule by sharp dissection.
• Horizontal incision under ,Illterior horn (Fig. 12.4).

Redurtion and fixation tluhniqu.

• A split componcnt is almost always present - exit

anterior.

• Split can be USL'd to access depressed fragments.
• If a pure depression fmcture.then an anterolateral cor·

tical window needs to be created.
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• Depressed fragments arc ele\'ated and maintained with
temporary Kirschner-wire fixation.

• Reduction confirnlL'd by dircct vision and fluoroscopy
(Fig.12.5a).

• Definith'e fixation -either use a lateral plate or multiple
screws (Fig. 12.5b).

• Fill signiftcant subchondral defects with bone graft or
calcium phosphate cemem (Fig. 12.5c, d).

(Iosur.

• Re·attach the lateral meniscus 10 the join! capsule with

interrupted 2/0 V'lCryi.
• dosure ofcapsule with I/O Vieryl.

• dosure ofsubcutaneous tissue \\ith 2/0 \ficryl and skin

with staples.

P05t-operative rehabilitation

• Mobilize louch weight-bearing for 6 weeks.

• Use hinged knee brace with full extension and 90 of
knee flexion for 6 weeks (Fig. 12.6).

• Physiotherapy to restore range of knee motion.

outpatient follow up

• Review at 2 weeks post-operat ively to check the wound,
radiograph knee and ensure physiotherapy has com

menced.
• ReviC\'\I at 6 weeks with a radiograph to determineifit is

appropriate to remove the brace and allo\'\l progression

to full weight-bearing.

• Review at 3 months and 6 months with radiographs
to ensure the patient has progressed (0 full weight

bearing with rcs(Oralion of motion.

• Review at I Yllar 10 assess functional outcome and
risk of posHnlultlatic oS!L'Qarthritis. P,ltients with evi

dence of degenerative change or any loss of reduction

need longllr term follow up to determine the need for

knee joint replacement.

Indi(ation5 for removal of implant5

• Patients with implant-rclatcd discomfort.

• Patients with rndiographic signs of post-traumatic

osteoarthritis de\'eloping.

• Implants can usually be safely removed from 9 months

post-injury onwards.
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(al (bl

fig. 12.2a,b (l Kan and )'0 r«onsttudion of a tibial plateau ffiKture showing deprl!'Ssion 01 the Ialeral plateau.

(al (bl

fig. 12.) (a) Position 01 leg at the beginning of the procedure and (b) after the initial incision.
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Palella _

Patellar tendon --

Eleyation of anterior
horn of laleral meniscus

Lateral plateau

Fig. 11.4 Completion of disSfttion.

, bl

'"Fig. 12.5 (a) Clle<king redu(lion ~d (b) inilialfixation with a lag screw and definition of sub(hondral deltl:t with a dis~dor.
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Ie) ldl

Fig. 12.S(. d Completion olliution with {akium phosphatl'
(ement.

Fig. 12.6 Hinged knee bra(e to allow early pOlt-operative

mobililatlon.

n.:I OPEN REDUUION AND INTERNAL
fiXATION (ORU) Of A BUONDllAR
TIBIAL PLATEAU 'RAUURE

Indications

• Clinical: instability oftlle knee on valgus orvarusstress
testing.

• Radiological: bicondylar tibial plateau frdcture with
joint depression;> 3 Illlll.
• Ideally used for articular simple bioondylar fracture

pauerns-typeC I/Cl injuries; can be used for com
plex anicular fractures (rype O} but fine wire, exter
nal fixation should be considered as an alternative.

• Minimally invasive surgery with locking pla1l's is
now preferred to 1Il0re radical CJ[posures and con

ventional plating.

Pre-operative planning

Clinical auessment

• Swolll'n knee.
• Valgus or varus deformity can occur.
• Common peroneal palsy possible. partkularly If there

is signifICant varus deformity which puIS the nerve

under tension.
• Companment syndrome-a definite risk with this m.c

ture pauem: incidence 5-IK.

Radiological assenment

• An anteroposterior tAP) l1ldiograph is mOSt useful to
delect a fracture and assess the degree of joint depres
sion (Fig. 12.7a).

• A lateral radiograph is needed 10 help detennine distal
extent of the fraclure (Fig. 12.7bJ.

• A IT scan is most useful far additional imaging - lhis
should be rouline in the majority aflhese fraclures.

Operative treatment

Anaesthesia

• General anaesthl>sia preferred - avoid local blocksl
spinal anaesthesia which mask symplOms and signs

of companmelll syndrome.
• Prophylaclic antibiotics at induction.

Equipment

• Siandard AO sel with reduction clarnl)S and Kirschner
wires.

• Radiolucent tilble with ability 10 lIex <llihe level of Ihe
knee.

• Equipmcnt to harvest bone gmft or calcium phosphate
cement.

Set up

• Inslrumentation on the side of Ihe injured leg.
• Image intensifier on contralatcral sidc.
• Knee flexed at 90 at outset of procedure 10 facilitale

exposure.
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Late'll
meniscus

1<1

fig. 12.7 (a) Anteroposterior and (b) lateral radiograph 01 a
lomplu bkondylar tibial plateau fracture; (c) make a horizontal

indsion under the anterior hom (d) and (e) post-operative view

showing the redu(tion.

1'1 ,.,
• Knee brought into extension once the fracture is

reduced to complete fixation.

Patient positioning

• Supine position.
• Tourniquet on thigh inflated to 300 mmllg at start of

procedure.

Draping and surgi(al approuh

• Skin preparation with antiseptic solution.

• Stockinette 'lpplied to leg .lnd hroughl above the level
of the knee.

• Large drapes llpplied below upper level of stocki-
nelle.

• U.dmpe and adhesive tranSparefll drape on skin.
• Longitudinru incision 1 em ImerallO midline.
• Division of skin and subcutaneous tissue in line with

incision.
• Subperiosteal exposure of the proximal aspect of the

lateral tibial plateau, reflt."Cting muscle from medial to
lateral

• On mediru side, smallstab incisions to apply clamps or
insert screws.
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• Usual pattern is split depression lateral plateau with
single medial plateau fragment.

• Anterolateral arthrotomy; evacuate haemarthrosis.
• Develop the plane between the lateral meniscus and

joint capsule by sharp dissection.
• Make a horizontal incision under the anterior hom

(Fig. 12.7c),

Red.dion and fixation tec.hnique

• Asplit component on the lateral side is almost always

present - exit anterior.
• Split can be used to access depressed fragments.
• Ele\'ate fragmellls - using temporary Kirschner-wire

fixation.
• Allach lateral side 10 medial side wilh additional

Kirschner wires andlor bone reduction clamps.

• Reduction confirmed by direct vision and lJuoroscopy.
• Carry out initial fixation \vith canceDous lag scrC\\'s in

subchondral region.
• Slide plate in along the lateral side via a proximal

incision.
• Using traction, reduce the metaphyseal component of

the fracture.
• Additional external fixation/femoral distractor can be

used if necessary.
• Some plate designs now aUO\v placement of Kirschner

wires through plates to help maintain alignment.
• Insert screws into plate above and below fracture (Fig.

12.7d, el.
• A common error is to fix the fracture in a varus

position - this Q\'erloads nledial side of knee.

• Check alignment with the image intensifier.
• Significant subchondral defects should be tilled with

bone graft or calcium phosphate cement.

(Iosure

• Re·attach the laterallllelliscus 10 the joint capsule with
il1lerrllpted 2/0 Vicry!.

• Closure of capsule with I/O Vieryl.
• Closure ofsubcutaneous tissue with 2/0 Vieryl and sk..in

with staples.

Post~operative rehabilitation

• Mobilize touch weight-bearing for6 weeks.
• Use hinged knee brace with full extension and 90 of

knee fiexion for 6 weeks.

• Physiotherapy to reslOre range of knee motion.

Outpatient follow up

• ReviC\v at 2 weeks post-opcratl\'ely to check wound.
take radiograph of knee and ensure physiotherapy has

commenced.
• ReviC\v at 6 weeks with radiograph to deu'rmine if

appropriate to remove brace and allow progression to

full weight·bearing.
• ReviC\v at 3 months and 6 months with radiographs to

ensure patient has progressed to full weight-bearing
with restoration of motion.

• Review at 1year todetermine final Outcome and risk of
post~traumaticosteoanhritis. Patients with evidence
of degeneratl\'e change or any loss of reduction need
longer term follow up to determine the need for knee

joint replacement.

Indications for removal of implants

• Patients with implalll-related discomfort.
• Patients with radiographic signs of post-traumatic

osteoarthritis developing.
• TIming ofimplant removal varies with bK:ondyiar frac
,~=

• Fractures with significalll Illetaphyseal comminution
or diaphyseal extension should not undergo implant
remo\~d1 until wter 12 months. For more complex pat
terns of injury, metalwork removal may need to be

delared for 18-24 months post-injury.

12.3 EXTERNAL fiXATION Of
BICONOYlAR TIBIAL PLATEAU
fRAnURES

Indications

• Clinical: instability of the knee on valgus/varus test
ing. Significant soft tissue prublems th,lI preclude early
internal fixation e.g. extensive fr,lcture blisters. marked
soft tissuc swclling and contusions.

• Radiological: bicondylar tibial platcau fracture with
joint depression;> 3 mm. Can be used for simple or
complex bicondylar fracture patlerns. Safer than inter
nal fIXation for high-energy type C2/eJ injuries.

Pre~operative planning

(Iinical aueument

• SwoDen knee.
• Valgus or varus deformity can occur.
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,.)
fig. 12.8a Type n bKondytar tibial ~tl.'iKI frildure.

• Common peroneal palsy possible. particularly if there
is significant varus deformity which puts the nerye
under tension.

• Compartment syndrome- a definile risk with this frac
ture pattern: incidence 5-10"",.

Radiological aSifisment

• An APradiograph is most useful to detect a fracture and
assess degree of joim depression.

• Alateral radiograph is needed to help determine distal
extent of fmclUre (Fig. 12.8a).

• A cr scali is most useful for <lddition<ll im<lging - this
should be routine in the /Il<ljoril}' of these fractures.

Operative treatment

Anaesthesia

• Gencml anaesthesia preferred - avoid local blocks/
spinal anaesthesia which /IIask symptoms <lnd signs
of compartlllent syndrome.

• Prophylaclic antibiotics at induction.

Equipment

• Modem external fixatorwith oplion of ring or semicir
cularcollStruction around proximal tibia: alternatively
a ring flxator may be ust.-d.

• ReduCiion clamps and Kirschner wires..
• Femoral distrdClor is a useful addition.
• Radiolucent table with ability to flex al the level of the

Im~.

• Equipment to harvest bone grafl orcaldum phosphate
cement.

Set up

• Instrumentation on side of injured leg.
• Image intcnsifieroll contralateral side.

Patient position

• Supine position with knee in full extension.
• Tournilluet on thigh. Inflation not required unless open

reduction is undertaken.

Draping and surgical approach

• Sldn preparation with antiseptic solution.
• Stockinette applied to leg and brought abo\'e the level

of the knee.
• Large drapes applied below upper level of stockinette.
• U-dmpe and adhesive transparent drape on skin.
• Minimally invasive surgical approach preferred.
• Minimal access incisions on ml-dial and/or lateral side

to facilitate reduction.
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lb'

fig. l2.ab Post-llIX'filtiVl!' vil'W mowing combined internal and eJltemal !illation.

fig. 12.a(,d final position alter 'rame femOY"!.

Reduction and fixation tMhnique

• Consider a transarticular femoral dislractor 10 assiSI
achieving dosed reduction.

• Alternatively Ihe external flxator frame can be fIXed 10
the femoral condyles to aid diSlraction and reduction.

• Use limited incisions to manipulate fragments and
gukie reduction.

• Temporary Kirschncrwircs/rcductiondamps to main
tain reduction.

• Reduction conflrnwd by fluoroscopy.
• Apply a cluster of 3 pins distal 10 the fracture in the

tibial shart.
• Proximally. a ring or semicircle can be used (Fig.

12.8b.c.d).



• Pins or wires can be introduced into periarticular
fragments.

• Fine-wire tixatioll preferred in C3 injuries.
• Pins suitable for type Cl/C2 fracture patterns.
• joint capsule extends I cm below' plateau - amid

pins/wires proximal to this to minimize risk of septic

arthritis.
• Common peroneal nerve is related to fibular neck 

this is to be taken into account when placing pins and

wires.
• Reduction confirmed by direct vision and t1uoroscopy.
• Fill significant subchondral defects with bone graft or

calcium phosphate cement.

• Oosure ofsubcutaneous tissue with 2/0 Vicl)i and skin
with staples.

Post-operative rehabilitation

• Mobilize touch weight-bearing for 6 weeks.
• Depending on fracture configuration. partial or full

weight-bearing.

• Ph)'Siothenlpy to restore range oflmee motion.
• l1mingofframeremo\'31 \'aries between6and 12 weeks

depending on fracture configuration and radiographic

e\'idence of union.

Outpatient follow up

• Review at 2 wl"Cks post-operatively to check wound.
radiogmph knee and ensure physiotherapy has com
mencl'<l.

• Review at 6 wl"Cks with radiograph to detennine if it is

appropriate to remove.
• Brace and allow progression to full weight-bearing.
• Reviewat 3 months and 6 months with radiugraphs to

ensure pll1ient has prugressed to full-weight-bearing
with restoration ufmotion.

• Review at 1 year to assess functional outcome and
risk of post-t raumatic usteoarthritis. Patients with evi
dence of degenerative t,;hange or any loss of reduction
nelod longer term follow up to determine the need for

Imee joint replHcement.

Indications for removal of implant,

• P'dtients with implant-related discomfort.
• P'dtients with radiographic signs of post-traumatic

osteoarthritis deYeloping.
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• Timing of implant removal varies with bicondylar frac
tures.

• Frat,;tures with significant mClaphyseHI comminution
or diaphyseal extension should not undergo implant
removal until after 12 months. For more complex pat
terns of injury, metalwork removal may need to be

delayed for 18-24 months post injury.

n.4 OPEN REDUCTION AND INTERNAL
FIIATION (ORU) Of ANTERIOR TIBIAL
SPINE fRACTURES

Indications

• Oinical: evidence of anterior cruclate.
• Radiological: type 2 or lype 3 tibial spine fractures \vith

panial or complete displacement.

Pre-operative planning

Clinical assessment

• Assess for signs of anterior cruciate ligamcntlaxily.
• Cleek other major Imee ligaments to rule OUI associ

ated ligament disruption.

Radiolctgical assessment

• Anteroposterior (AP) and lateral radiographs.
• CT scan may help in doubtful cases to assess the degree

of displacement more accurately.

Operative treatment

Anaesthesia

• General anaesthesia prcferflod - avoid local blocks/
spinal anaesthesia, which mask symptoms and signs
of compartment syndrome.

• Prophylactic alllibiolics at induction.

Equipment

• Facilities for knee arthroscopy.
• 3.5 mm cannulated screws.
• Radiolut,;ent table with ability to !lex Ht the level of lhe

knee.

Set up

• Instrumentation on side of injured leg.
• Image intensifier/anhroscopy screen on contralateral

side.
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,.)
Fig. 12.9a,b Avulsion ollibial~.

,.,
Fig. 12.10a,b Position aile! 'ixation.

Ibl



Patient position

• Leg in knee clamp in 70 of flexion.
• Tourniquet on thigh inflated to 300 mmHg.

Draping and su,gical app,oach

• Sldn preparation with antiseptic solution.
• Stockinette applied to leg and brought above the level

of the knee.
• Large drapes applied below upper level ofstockinette.
• U.drape and adhesive transparent drape on skin
• Diagnostic anhroscopy initiaUycarried OUL
• Minimallyinwsh-e surgical approach preferred iftech

nleally feasible.
• Reduction of fragment using arthroscopic probes.
• Fixation secured using guide wire inuo<1uced through

patellar tendon portal.
• Fracture fixed with cannulated 3.5 mOl screw and

washer (Figs. 12.9a.b, 12.10a,bl.
• If fracture cannOI be reduced anhroscopicaUy then

carry OUI anleromedial anhrotomy.
• Clean and reduce fraclUre and fix as above wilh can

nulaled screws.
• In patients who have ret 10 reach skeletal maturity

screws can be introduced in a more horizontal orien
tation to a\!Oid the growth plate.

(Iosu,e

• Closureofsubcutaneous tissue with 2fOVicryi and skin
with staples.
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Post-operative rehabilitation

• Mobilize in hinged knee brace 0-45 of flexion for
2 weeks.

• O-«l ofllexion in weeks 2-4.
• 0--90 degrees offlexion in weeks 4-6.
• Alloo.Y weight-bearing as tolerated on fully extended

knee.
• Physiotherapy to restore range of knee motion.

outpatient follow up

• Review at 2 wt."eks post-operath'ely to check wound.
radiograph knee and ensure physiotherapy has com
menced.

• Review at 6 weeks with radiograph, remove brace and
aUO\\' progression to full range of motion and full
\\-eight-bearing.

• ReviC'\\' at 3 months and 6 months with radiographs
10 ensure the patient has progressed to full weight
bearing \\ith restoration or motion.

• Followup for 12-18 months may be needed in patients
with knee joint stiffness.

Indications for removal of implants

• Patients with implant-related discomforL
• Patients with significant (l,ersistcnt stiffness, particu

larly flexion deformity.
• Implants can be remo\'ed (usually anhroscopicailYl

from 6 months onwards.



Sedion II: Fradures of
the tibial shaft
Charles M. Court-Brown

n.s INTRAMEDUllARY NAil IN'
OJ THI Tl81A

• TIbial diaphyseal fractures.

Pre·.peratiYe planning

Clinical asseHftl..t

• History of mechanism of injury. May be a high.
energy injury associated with considerable soft tissue

damage.
• History of increasing pain. Suggests compartment

syndrome.
• Assess and document neurovascular status orleg.
o Complete physical examination in older patients.
• Careful examination for open wound [20-25% of

patients).

• AlllCrO[>oslcrior (AP) and l<lleral radiographs (Fig.

12.11 a,b) to identify fwclurc morphology.

• Look for:
• Extent offmclurc comminution (high-energy injury

or oSll'opcnia).
• Displacement urbone fragments suggestingdevital-

ization.
• Bone defects suggesting missing bone.
o Presence of co-existing pWlimal or distal fractures.
• Gas in the tissues (open fracture. ana~robic infec

tion).

• Previous fracture.

• Use comparunent monitoring where possible.
• Place cannula in anterior compartment dose to frac

ture.
• Unk. to pressure monitoring system.
• Monitor compartment pressure and blood pressure

hourly.
• Compartment syndrome when t:. P (diastolic BP - CP)

> 30mml1g.

Operatiye treatment

AINIesthesy

• Regional (spinalfepidural) andlor general anaesthesia.
• At induction administer prophylactic broad spectrum

antibiotic. Usually 2nd or 3rd generation cephalo

sporin.

Table and equipment

• Lock.ed nailing set. All implallls and instmments
should be available (Fig. 12.12'I,b).

• Nailing lable useful. Tibial nailing can be done on a fiat
table bUI it is more difficult Wig. 12.13).

• Image intensifier.

Advantages of a nailing table

• Reduced requircmellt for surgical assislance.
• Maintains knee at 90 of flexion.
• Maintains traction on libia.
• Ensures reduced fracture position is maintained.
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• Usually use 4 large drapes around the foot and lower
thigh and over other the leg, Another large drape is
secured to the lateral aspect of the injured leg to ensure
sterility when the C-arm is used for lateral imaging.

• Sterile cover o\'er head ofC-arm.
• Tourniquet not required.

• 1\'0'0 common approaches; longitudinal and trans
verse.

• Longitudinal approach
• Incision is 8--10 em from tibial tuberosily to patella.
• Incision crosses Langer's lines.
• Risk of damage to lateral geniculate nen'e.
• Easier exposure.

• Transverse approach
• Incision is 6-8 em, halfway between joint line and

tibial tuberosity.
• Parallel to Langer's lines (heals better).
• No nerve damage.
• Transverse incision recommended,

• Subcutaneous dissection. Make a 1.5-2 cm longitudi
nal incision. jusl medial to the patellar tendon, down
10 bone (Fig. 12.15a,b).

(., Ibl Surgilill telhnique
fig. 12.11 <l,b Anteroposterior and lateral I'rays of a patient

involved in a load Ifaltic a<ddent.

Disadvantages of a nailihg table

• Open wound debridemem is morc dirtl.cult.
• Less easy to treat 'lIoating knees' (ipsilateral femoral

and tibial fractures).
• Allows applicallon of excessive traction. (Increased

incidence of compartment syndrome.)

lable set up

• Scrub nurse and instrumentation on side ofoperation.
• Image intensifier comes in from the opposite side.
• Ensure adequate room for the operating table and

image illlensifier.

• Prepare skin with andseptic solution from lower thigh
to below' malleoli (Fig, 12,14),

• Phlce pointed bone awl on the amerior ridge of tibia,
I cm belowthejoint line, in line with theintrdmedullary
canal.

• Push bone awl through the cortex, As the awl enters the
cortex, angle the handle downwards to be parallel with
the tibia. Failure 10 do this may cause posterior cortical
damage.

• Pass small prcbem hand reamer into the proximal
intramedullary canal through the proximal tibial meta
physis.

• Pass olive-lipped guide wire down the intramedullary
canal.

• As the guide wire is passl'<1 down the canal use the
image intensifier to check fracture reduction (Fig.
12.16a,b,c). Varus or \'algus angulation can be reduced
by a laterally or medially applied force.

• lfthe guide wire is not central in the distal tibia, repass
it. If il cannot be centralized use a bent olive-tipped
guide wire. Rotate under intensifier control to central
ize guide wire.
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,.)

fig. 12..12a.b loc:ked nailing sel. All implant'! and instrument'! ~Id be ;J'IMlabie.

fig. 12.13 Position of patient on nailing table. Knee is at 90 . The

(-arm can visualize all of the tibia.

• The guide wire should be central In AP and lateral

planes.

Reaming

• Ream in O.5mm increments, making sure fracture is

fl'duced as reamer is passed.
• Ream until there is cortical chatter.
• Ream 1-1.5 mm larger than the proposed naildiameter.
• Use a 9-11 mm nail depending on the canal diameter.

fig. 12.14 Prepare skin with antiseptic solution from IoWN thigh

to below malleoli.

• Ream slowly with sharp reamers to avoid thermal
necrosis and the reamer becoming stuck.

• Ream the full length of the nail (Fig. l2.i7a,b).
• If using an unreamcd nail take care to ensure the frac

ture is not distracted.

Nailing

• Change guide wire if re<luired. The necessity to do this
varies with different nailing sets.

• Calculatethe length ofnail. Usually a measuringdevice
is supplied but the guide wire can be measured (Fig.
12.18).
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,.,
Fig. 12.15a,b SulKulaneous disse<lion, performing a longitudinal indsion just medial 10 the patellar ltndon,

down to bone.

," ,., '0'
fig. 12.16a,b,c A guide wire is passed centrally into the distal tibia, using the image intensillellO che<k Ir3ctule redu<tion.
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(a) (bl

fig. 12.17a,b Ream slowly the fu8 k!ngth oj thl' nail with sharp realT1l'rs to avoid thl'rmal nl'(fosis

and thl' fl'amI'f bl'<oming stlKk.

Fig. 12.18 (3l(013tlon of nailll'ngth.

o Apply nail 10 introducer making sure the connection is
tight.

o Insert lhe nail into the tibia making sure the nail does
not rotate as it is passed down the tibia. This makes
distal cross-insertion more dirficult.

o Check the fracture is reduced before the nail is passed.
o Bury the nail in the proximal cortex. but only jus!. You

may have 10 remove it!

o Check nail length 011 the image inlensifier (Fig.

12.19a.b.c).
o Proximal cross screws are insened with the appropriate

jig (Fig. 12.20a.b,c).
o Distal cross screws are insertl'<l with free-hand tech

nique.

Distal suew insertion: free·hand te(hnique

o Align C-arm exactly at 90" to the leg.
o Rotate table and patient if required.
o Adjust image intensifier so the screw holes in the nail

appear as perfect circles.
o Insert cross screws from the medial side to avoid the

ftbula.
o Place sharp point on skin so lhat it is central in one of

the screw holes.
o Make a I cm skin incision.
o Replace sharp point on bone to appear in centre of

screw hole.
o Make a divot or screw hole in the bone in line with the

C-arm {Fig. 12.21).
o Complete screw hole.
o Measure screw length.
o Insert screw(s).



,., Ibl ,,'
fig. 12.19/1,b,< Inseft (he nail into the tibill maldng SUfI' the nail don nol 101/111' as it is paued OoWfl the tibia. (ht<k nd k-ogth on the
imilgt' intensifier.

Ibl

fig. 12.2lla,b,( PfOJlimal (Ion screws inserted willi the appropriate jig-

'"
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fig. 12.21 Di~laI «os~ mew nsertion ~ usually ~traightforward.

The C·arm and Ihe palient are adj~led 10 en~ure the di~tal suew

holes appe/l( as dltles.

Prollimaltibial diaphyseal fractures

o Five 10 11% of Iibial diaphyseal fractures are proximal.
o Usually high-energy, comminuted fractures.
o Varus or anterior mal-alignment is common arter

nailing.
o Femoral distractor or unilateral external fixator can

be used to maintain fracture reduction prior to
nailing.

o Blocking (poller) screws can he used to avoid mal·
alignmclll.

o If closed nailing is difficult LIse anothcr mcthod.

Distal tibial diaphyseal fractures

o Modern nailing systems have very distal screw holes.
o Fractures within 3-5 CIll of the ankle are usually

straightforward to nail.
o If an intra-articular fracture is present it should be

reduced and fixed with interfragmentary screws prior
to nailing.

o Indistal fractures the nail mUSt be placed into the distal
subchondral bone.

o The distal metaphysis must be fully reamed prior to
nail insertion.

Open fractures

o Easy to nail as reduction is under direct vision.
o Same techniques as for closed fractures.
o Good evidence that nailing of open fractures gives

good results regardless of lhe Gustilo grade of the
fracture.

o Nosubculaneous sutures are needed although Iheyare
often used.

o Staples. non -absorbable sutures, or subcuticularsUlur·
ing is used (Fig. 12.Z2a.b).

o Replacecompartment: monitor after nailing operation
is finished.

o Anteroposterior and lateral X-rays {Fig. 12.23a,b,c.d.e}.

Post·opentin rehabilitation

o Remove compartment; monitor when compartment
pressure stabilizes.

o 1\\'0 further doses of prophylactic antibiotics.
o Mobilize weight-bearing as tolerated.
o No protccti\'ecast is required. This will onlyeause joint

stiffness.
o Physiorner<lpy may be required. particularly in older

patients.

Outpatient follow up

o Follow up at 2 weeks with AP and lateral r<ldiographs
orthe tibia.

o Thereafter follow up every 4 weeks.
o With reamed tibial nailing lhere is 96% union in closed

fractures.
o Exchange nailing in the remaining 4%.
o Open fmctures with bone loss Ittay require later bone

grafting.
o Discharge patient after union.

Implant removal

o Mainly removed because of knee pain.
o No other good reason to remove tibial nails.



Ib'

I.'
fig. 12.22i1,b SlilpleS, l1OfI-ilbsorbable WIUles, 01 subr:utir:ubr suturing is used.

Fig. 12.21il,b,(,d,e Posl-opel"live AP ilnd later,,1

x-rays. Good redu(\ion hilS been ildlieved

Id' ,.,
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fig. 12.24 ArIleJopololeJioJ and Iatef;,lradiograplu 10 iMnlify
friKture morphology.

,.) ,.)
fig.. 12.2S Adiagram 01 interfragmentary wew fillalion
supplemented by a OCP.

n.6 PlATlN' Of THI Tl81A

Indi(ations

• Tibial diaphyseal fraclures.
• Non·unions and malunians of the libia.

Pre~operati¥e planning

(Iinieal aueHmen'

• History of mechanism of injury. May be a high-energy
injury associated with considerdble soft tissue damage.

• History of increasing pain. Suggests compartment
syndrome.

• Asscss and documcnl ncurovascular status afleg.
• Complclc physical examination in older patients.
• Careful cxmnimuion for opcn wound (prescnt in 20

25% of paticnts).
• Ifplating for non-union, chcck hislOryoffracture man

agcmcnt. In particular check for previous infection.

Radiological auessment

• An tcropostcrior (AP) and lateral radiographs to identify
fracture morphology (Fig. 1224a,b).

• Transverse fracture. Use DCP or l£-DCP.
• Spiral fracture or short oblique fracture. Use inter

fragmcntary screws and neutralization plate. DCP or
LC·DCP.

Fig. 12.26 A diagram of bridge pia ling of a comminuted
fractulc.

• Wedge fracture. Use interfragmentary screws and neu-
tralization plate, DePor 1.e·DCIl Wig. 12.25).

• Comminuted fracture. Use bridge plate (Fig. 12.26).
• Osteopenia. Use a locking plate (LCPI (Fig. 12.27).
• For proXimal diaphyseal fraclures consider a locked

plate. particularly in oSleopenic bone.

• Look for:



fig. 12.27 It. locked plate used to stabmre a Iibialostrotomy

undertaken be<ause of malunion.

• Extent offraclUre comminUlion (high·energy injury
or ostoopenia). May require a bridge plate.

• Displacemem ofbone fragmems suggesting devital·
ization.

• Bone defec1s suggesting missing bone. Will require
bone graft.

• Presence of co-exisdng proximal or distal fractures.
• Gas in the tissues (open fraclUre, anaerobic infec·

tion).

• Previous fraclUre.

• Use compartment monitoring where possible.
• Place cannula in anterior compartment close to frnc·

ture.
• Ullk to pressure monitoring system.
• Monitor compartment pressure and blood pressure

hourly.
• Compartment syndrome when t::.. P (diastolic BP-CP)

> 30 mmHg.

Operative treatment

Anaesthesia

• Regional (spinal/epidural) and/orgeneral anaesthesia.
• At induclion administer prophylactic broad spectrum

amibiotic. Usually 2nd or Jrd generation cephalo.
sporin.

Table and e._ipm.nt

• Full rnnge ofplates including 4.5 mm DCP, 4.5 mm Le·
OCP and LeP, L1SS system if considering proximal tib
ial diaphyseal plaling (Fig. 12.28).
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fig. 12.28 full lange of plates including 4.5 mm OCP, 4.5 mm
lC·OCP and lCP. Use U55 s~tem if (Onsidering pi"oximaltibial

diaphyseal plaling.

• Complete inslfUmentation.
• Rat table.
• Image intensifler required ira minimally invasive tech·

nique is used for a proximal diaphyseal fracture.

Table set up

• Scrub nurse and inSlnlmentation on side of operalion.
• Image intensil1er cOllies in from the opposite side if

reqUired for a minimally invasive technique.
• Ensure adequate room for the operaling table and

image intensifler.

D.aping

• Use a thigh tourniquet.
• Prepare skin with antiseptic solution from lower thigh

to hindfoot. If it is thought that bone grafting \\;][ be
necessary. prepare ipsilateral iliac crest.

• Use appropriate drnpes to leave the leg exposed - and
Ihe iliac crest if required (Fig. 12.291.
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fig. 12..29 Ptepare skin with antiwpti< solution from Iowft thigh
to hindfoot. Use appropliate drapes to leaW!' leg exposed.

• Drdpe the C·ann if a minimally invasive technique is

to be used.

• Use the standard tibial approach. The incision should
be placed 1-2 em lateral to the crest of the tibia Proxi·
mally it curves laterally towards the head of the fibula
and distally it curves to\vards the medial malleolus
(Fig. 12.30).

• The length of the incision should be appropriate for
length of propoS(."d plale.

• Sharp diSS(.'Ction dO\\'n 10 fascia without raising skin

flaps.
• Incise deep fascia.
• If plate is being placed on the mL"diai side of the

tibia, use sharp extraperiosteal dissCl;:tion to mobilize

skin.
• Ifplllte is being placed onlater,ll side, usc sharp extra·

periosteal dissL'CtionlO mobilize overlying muscle.
• There is no tension side to the tibia. Plate can be place

medially or tutemlly.
• A lateral, submusculllr IOC<ltion is preferable - causes

less skin irri tation.
• Latcrallocalion easier proximally. Medial location eas

ier distally,
• Plates placed extr.tperiosteally.

f.adu.e recludion

• The goal is to achieve alignment in all planes.
• Fracture manipulation should be gentle. Avoid devas·

cularization. particularly of loose bone fragments.

fig.. 12.30 The ind:lion is plac:ed 1 - Zun Iater~ To the ((1"51 01 the

tibia. F'foximall.,. iT curves laterally towards the head 01 The fibula

ilIld di~tall.,. iT (urves Towards the medial malleoh,Ji.

fig. 12.31 fracture fedu(tkm.

• Direct reduction iJwolves direct digital manipulation

ofthe fracture fragments.
• Direct reduction is useful for sinlple fracture patterns

such as transverse. shorl oblique, spiral or wedge frac
tures (Fig. 12.31).
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,.,
fig. 12.3Za,b Positioning of the ptale.

,.,
fig. 1Z.33a,b Wound ,Iosu,e.

'bl

'bl
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1.,
fig. 12.l4a,b Post-~rati'R radiographs.

o Indirect reduction involves reduction by tTaction.
ehher applied manually or with a frncture distractor
or wlilateral t.'Xternal fixator.

o Indirect reduction is useful for comminuted fractures.
For indirt.><:t reduction an image intensifier maybe use
fulto check the reduction.

Plate types and applilation

Intertragmentary IUew and neutralilation plate

o Initial AD tibial fracture plating technique.
o Direct reduction ofsimple fr,lcture pattern. Transverse.

oblique. spiml or wedge.
o Interfragmentary lagged screw mains reduction and

ensures rigid fixation.
o Neutralization platc used to suppOrt screw fixation

(Fig. 12.25).
o Minimum of screw fixation in six cortices on each side

of the fracture.
o Longer plates in osteopenic bone.
o Bone graft used for bone defects.

Dy_a..ic co..."eni... ptate (DlP)

o Interfragmenlary screw not required to achieve frac·
ture compression.

Ibl

o Fracture is reduced by direct means.
o Plate is secured onone sideofthe fracture with a screw.
o Eccentric screw is placed in dynamic screw hole on the

other side of the fracture.
o Screw is tightened and fraclUre compressed.
o Same rules governing screw number as with neutral

ization plate.

low-contact dynamic comprenlon plate (U-D(P)

o Same principle as dynamic compression plate but is
shaped 10 minimize. interference with periosteal cir·
culation.

o No proven advantage overdynanlic compression plate.
o Use in exactly the same way.

Bridge plate

o Namercfers to different lIlodeofuseofDCPor LC-OCP.
o Useful for comminuted fraclUres (Fig. 12.26).
o Indirect fracture reduction by traction.
o Do not disturbcomminu ted Ixme fragments. Minimize

vascular damage.
o Place longer plate across fracture (usually8- or IO-hole

plate).



• Screws arc placed proximally and distally. not into frac
ture (Fig. 12.32a,b).

• Procedure can be done with a minimally invasive tech
nique using an image intensifier.

• Bone grafting is not required.

locked p'-tel
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• Replace compartlllent monitor after nailing opera
tion is finished. Anterior comp,Jrtmelll is probably
decompressed but not the other 3 compartments.
Plal'e monitor in another compartment. preferably

deep posterior.

Post·operative trnlment

0 Screws lock into the plates (Fig. 12.27). 0

0 Very useful in osteopenic bone.
0 Screws must be placed at 90 to plate. 0

0 Not used much for middle- and lower-third fractures. 0

where intramedullary nailing gh'es better results.
0 Useful in proximal-third fractures. 0

• Can be inserted using a minimally invash-e te<:hnique

with an image intensifier. 0

• Technique requires specific plates (LISS) and instru-

mentation. •

Remove compartment monitor when compartment

pressure stabilizes.
1\.,.0 further doses of prophylactic antibiotics.
Mobilize and keep non-weight-bearing for 4-6 weeks
(Fig.12.34a.b).
Shon-Ieg protect.i\-e cast or splint is useful for 4-6

weeks.
At 4-6 weeks increase weight-bearing. Usually full
weight-bearing by 10-12 weeks.
Physiotherapy programme usually required.

Plating for non-union

• Same surgical tcchniques as for fracture.
• Skin incision may ha\-e to be altered be<:ause of previ

ous scars or flaps.
• OCP or LC-OCP usually used.
• Bone grafting is not required for hypertrophic non

union after cast managenlent.
• Required for atrophic non-unions and bone defects.

(Iolure

• No subcutaneous sutures are needed. although they
arc often used.

• Staples. non-absorbable sutures. or subcuticular sutur
ing used (Fig. 12.33a.b).

Outpatient follow up

• Follow up at 2 weeks with AP and lateral radKigraphs
of tibia.

• Thereafter follow up ('\'ery 4 weeks.
• Discharge after union.

Implant removal

• Probably no good reason for implant removal.
• Often removed for theoretical reasons such as stress

sparing or re·fracture.
• May be uncomfortable if on medial border of tibia.
• If removed avoid strenuous activities for 3 months.



Sedion III: Fradures of
the distal tibia
Peter V. Giannoudis (127); Toby Branfoot (12.8)

12.7 OPEN RID uniON AND INHaMAl
fIXATION: PlATING PILON

• FraclUres with;>2 mm anicular incongruity.
• FraclUres with signiricant displacement of the meta

physis.
• Reconstructuble fraclUres (joint fragments that are

large enough 10 hold small fragment screws).

• Companmcnt s)'Ilurome.
• Adequate soft tissue envelope.

Pre·.periltive planning

• Mechanism of injury (fall from a height, skiing injury,
motor vehicle accidcm, forward fall with a trapped

foot).

• Look for associated injuril.:s.
• Thoroughly assess the soft tissue condition.
• l.ook for the presence of an open injury.
• Assess the neurovascular SWillS of the extremity.
• l.ook for c<lrly signs or symptoms of compartment

syndroml!.
• Review patient's past medical history and recognize

the presence of existing medical conditions (diabetes.
osteoporosis. vascular disease) that call modify the
plan oftreatmentj.

• Displaced or dislocated fractures must be reduced
immediately.

Radiological auessm.nt

o Standard high-<Iualiry anteroposterior (API.lan-ral. 45
external rotation and mortise vie....'S oCthe ankle.

• CT scan: provides information regarding the fracture
pallen\, the number and location of the cortical frag
menlS. the extent of anicular comminution and the
amount of anicular displacement (Fig. 12.35a,b,cl.

• Open fractures are treated on an emergency basis.
• Generally it is detennined by the condition of the soft

tissues.
• Simple fractures or fractures .....ith minimal soft tissue

injury can be definitively stabilized in 6-8 hours.
o r-or other types offractures a 6-12 day delay is prefer

able.
• The use a joint bridging external fixalOr \vith elevation

of the limb in the meantime is mandatory.

Operative treatment

Anaesthesia

• Spinal or geneml anaesthesia,
• Prophylactic antibiotics as per local hospital protocol

(e.g. 2rd genemtion cephnlnsporill).

Table and equipment

• Flallened ll3tubuiarpiatesormoJified 3.5 mmclover
leaf plates or 3.5 mill lC-DC plates can be used.

• Standard osteosynthesis set as per local hospital
protocol.

• An image inll.'llsifier.

Table set.p

• The instrumentation is set up on the side of the oper
ation and at Ihe foot oflhe operating table.
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fig. 12.35 (a) Ante,oposlWof I'fay of a pilon fraclull' with a displ,ul'd antl'lolall'lal !IactUft; (b) lall'lal X-lay dtmonslratng 1M
impiKbon of thl' antl'liof latl'lal sl¥fa(t; () 0 Kall of tilt IractUft.

fig. 12.36 An antelOmedial incision is placed medially to the

palpable tibialis anterior tendon, It is important when performing

this apploach that the tendon sheath will not be violated.

• ImagtJ intensifier is from Ihe contralateral side.

• Position the tabltJdiagonally across Iheoperaling room
so that the operating area lies in the clean air field.

Patie..t posido..i..,

• The patient is positioned supine on a radiolucent table.

• Place a pneumatic tourniquet and inflate if needed.

fig. 12.37 The Incision is brought down directly to bone, medial to

the tibialis anteliol tendon sheath; a large void is seen adjacent to

the talar articular SUI lace caused by the Impa(tlon 01 the anterior

articular surlace.

D.aping and su.gical app.oach

• Prepare the skin o\'er the lower leg, ankle and entire foot
with the usual antiseptic solutions (aqueous/alcoholic
povidone-iodine). Prepare skin bclween toes thor·

oughly.
• Applystandard draping around lowerleg in calfregion.
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Fig. 12.18 Aoo,tO\Kh tel:tlnique n utilizl'd with H'/f-retaining

retr.xton. allowing auesli 10 the intra-artic:u1ar di'lpwement. The

two artKuIar Iragrnenll. induding the impacted artic:u1ar

fragment, are visible with medial relr.xlion of the plafond.

• Apply tape around toes to minimize the risk of infec
tion.

• Palpate the tibialis anterior tendon and using a skin
marker dmw the ailleromedial incision line medially
to the tendon over the skin, staning proximally, slight!y
lateral to the anterior tibial crest and curving distally to
the medial malleolus (Fig. 12.36).

• Incise the sun, taking care not 10 violate the tendon

sheath.
• Bring down the incision directly 10 bone creating full

thiclmess flaps (Fig. 12.37).

• Using self.retaining retraClors lno-touch technique)
access the intra·anicular displacemelll. The 2 articular
fragments, including the impacted anieular fragment,
can be visualized with medial retraClion of the plafond

lFig. 12.38).
• Identify the impacted anicular surface that mUSI be

reduced.

I"~

,<,

,b'

fig. 12.l9a,b,( RedlKlion is normally performed by pliKing a

rurved osteotome above the attached (an(ellous bone 01 the

allKular segment and lor(elully manipulaling the Iragment

distally againsllhe talus as a template.
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Fig. 12.43 ftle redlKtion is anatomic and SUPPOfled wiltl two low

plolile plates, one medially and one anterofaterally.

Fig. 12.42 A pointed ,eduction clamp will then be used to rrl!uct'

the anterolaleral fragnll.'f1tto ttle leconsrlfuclrl! anteromedial

poI"tion of ttle joint,. wtlktl tlu been reconsln,ICtrl!. A pelculallt'OUS

Krew and an .mterolate,al pustl plaIt' is ttlen u~ 10 support the

reduction.

Fig.12.41 The joint Is now well reconslructed anteriorly and

medially. A lag Strew tlas been lJ'Sed to lix the anterior impacted

fragment and a medial pustl plale lias been used to support the

anteromedial cortical rim.

fig. 12.40 A bone tamp can be used to support the ,utKular

~urta(e against the talus while lnation k pfflonnrl!, typic:a1ly

with a lag screw Of push ~te.
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Fig. 12.44 Ante1opl»te1ior and Iate,a1 ,adiog,aph'l dmIonstraling good alignment and liution ollhe pJalond 1';Kture.

Fig. 12.45 Closure Is pellormed in layers, being (ale/ul to proted
the tibialis anterior paratendon and solt tissue sleeve. The (Iosure
should be pellormed with vertical matlress sutures of Donilti
without tenslon. 1/ any tension is present, relaxing incisions or a
pie·crusting technique should be utili~ed.

• Place a curved osteotomc abc)','c the attached cancel
lous bone ofthe anicular segment and manipulate the
fragment distally against the talus, which is used as a
template (Fig. 12.39a,b,c).

• Use a bone tamp to suppon the articular surface
against the talus (Fig. 12.40).

• Once the anicular surface has been restored, use a lag
screw to fix the anterior impacted segment.

• Place a medial push plate to support the anteromedial
cortical rim (Fig. 12.41),

• With the helpofa pointed reduclion forceps reduce the
anterolateral fragment to the rcconstmcted anterome

dial portion of the joint.
• Place a percutaneous screw and an anterolateral push

plate to support the reduction (Fig. 12.42).

• The reduction is anatomic and supponed with 2 low
profile plates, 1 medially and I anterolaterally (Fig.
12.43).

• Use fluoroscopic images 10 \'l'rify axial alignment.
length and joint congruency (Fig. 12.44).

(Iolure

• Leave the anterior tibiHI fascin open.
• Repair the capsule and close 'he wound in layers using

2.0 Vieryl and 4.0 nylon Donn,i sutures for the skin.

• If any ,ension is present. relaxing incisions or a pie
crus,ing technique should be utilized (Fig. 12.45).

'Oll·oper.live Ire.lmenl

• Two more prophylaclic doses or antibiOtics are admin-
istered.

• Applya posterior splint with the foot in90 dorsiflexion.
• Ele\~dte the limb for a time period of 48 hours.
• Carefully assess the neurovascular stams of the

extremity.



• Begin ankle lIIotion only when the surgical wound has
sealed and the soft tissue condition has improved.

Outpatient follow up

• Review in clinic after2 w~kswith X-rays on arrival and
monthly afterwards.

• Allow ambulalion with crunches only afler swelling
diminUlion and wound healing.

• Afler 2 weeks begin aClh'e range of motion.
• Toe+lOuch weight-bearing is msli(uted for 8 wet>ks.

• Full weighl·bearingis aUowed belween3and 4 months

posl+operalive!y.

Implant removal

• Rarely indicated.
• After 12 months if there is soft-lissue irritation.

12.8 CIRCUlAR FRAME FIIATION FOR
DISTAl TIBIAl FIAnaRU

Indications

Circular frames are used 10 stabilize:

(aJ Panial articular pilon fractures.
(b) Complete articular pilon fractures.
(c) Extra-articular distal tibial fractures.

Pre·operative planning

(linKal assenment

• Historyofhigh-cllergytriluma to the Jowcrleg. typically
a fall from a significant height or a high-speed road
trafflc cf'dsh.

• Pain and swelling .Iround the distal tibia and ankle.
• Assess and document thc soft tissues of the lower

leg and fOOL (consider the involvemenl of plastic sur
geons).

• Asscss and document neurovascular status of lhe leg.
• Becausc tlll'sC arc a result of high-energy trauma a

careful and full cxamination for other injuries must be

made:
• locally (e.g. UsFranc or calcaneal fraclures) or
• generally (e.g. compression frattures around Ihe

knee, pelvic fractures, compression fractures of Ihe
Ihorare·lumbar spine after a fall from a heighl).
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Radiologicalanessment

• Anteroposterior (AI') and a lateral radiograph of the
whole tibia.

• Anteroposterior radiograph and a lateral view of the
distal tibia and fOOl, tentred on Ihe ankle joint, to

demonslrate the fracture gcomelry.
• IT scan of Ihe fracturc to;

• assess the cXlent of joint surface danlage
• demonsuate Ihe majorfracwrc fragmenlS requiring

reduction/rlltation
• plan surgical approaches for percutaneous or

limited open reduclion and fixation (Fig. 12.46a,b).

Operative treatment

AIIHStlteSia

• Regional (spinallepidural) and for general anaesthesia.
• AI induction, adminislerprophylacticanribiotic as per

local hospital prolocol (e.g. 3'" generation Cephalo

sporin).

• Circular frame instrumentation (e,g. IIizarov or Tay
lor Spatial Frame) including appropriate sizes of rings
(radiolucent if possible) and a foot-plate, plain & olh'e
fine-wires and half-pin fixation options.

• Small~fragment fixation screws (cannulated ifdesired).

• Large and small clamps for percutaneous reductions.
• Large (approximately 10 l( 20 cm) and small (approx

imately 5 l( 10 cm) lOwell bolster rolls to elevate and

support the leg.
• A radiolucent table table, whith for taller patients may

require an extension to ensure adequate operative
space without Hldio-opaque bars etc compromising

surgery.
• Thigh IOU rn iquet (not usually infl,lled befure the oper

alion slarts).

• An imagc intensifier and a tompclenl radiographer.

Table set up

• The instrumentation is set up on the side of the oper
ation.

• Image intensifier C·arm is from the oonrralateral side.
• Image intensifier screen is either 011 the contralateral

sideal the level oftile patienr's shoulder, or beyond the

patienr's feCI.
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(a) tb)

Fig. 12.46a,b CT K3fl ollltoe tral:ture.

Pal".1 ,..,ili..i.,

o Supine with adequate extension of the table below the
fOOl for surgery,

o Ensure uninterrupted C-arm \·iew of the whole tibia
and foot before draping.

Draping

o Prepare the stin over the whole foot and tibia to
above the tlW(' using usual antiseptic solutions (aque
ous/alcoholic povidone-iodine).

o Apply transparent. plastic. adherent 'isolation' drape
(or small glove) over forefoot/toes if required.

Surgical approach

o PracUlre reduction:
o Pre·construct a basic 3-ring frame using rings sized

for the patient's leg. planning for a single ring at the
level of the fracture and 2 rings proximally. one just
above the le"cl of the frilcturc and one 15-20 cm
proximally (this may be a 5/8ths ring to allow for
better tnee flcldon ir (Iuite proximal).

o Add an additional half-ring or rootplate below the
distal ring for attachment of a calcaneal distraction
wire.

o Ensure there is a sufficient spare rod/strut length
to allow for distraction and adjustmem affinal ring
positions,

o Apply the frame to the injured leg. and pass a
single plain calcaneal wire parallel to the ankle
join!. which is then tensioned across the distal foot
ring.

o Wires should be sharp and passed through the stin
by pressure only. noc rotating on the drill. to min
imize the chances of neurovascular injury. Passing
them through bone should beclone bydrm ing slOWly
and \\;thout excess!\'e pressure to minimize heat
ing and burning the bone. Frequent pauses. long
enough to allow the wire tip to cool, may be required.
Repeated passes through cortical bone should not
be made with a progressively hlunter wire - a ne\¥
sharp wire should be used, This is especially impof
tant when passing wires through the tibial diaphysis
in young patients as the cortical bone is thick and
dense.

• Once through the bone. ide.dly the wire should be
pushedor hammered through. rather than drilled. to
minimize ristto soft tissue structures. Muscles and
tendons should ideally be under tension when the
wire is passed through that compartment. to min
imize subsequent problems of tethering. This will
require the assistant to mo\'e the foot between dorsi
and plantar·f1exion,

o Pass a second single plain 'reference' wire, perpen
dicular to the tibial shaft, at the level of the proximal
ring to which this is tensioned.

o Apply distraction across the fracture/ankle joint
using this frame to achieve as much reduction as
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fig. 12.ot1/1,b Intraoperative IIUOf05<opk iffill9fi.

possible of the fraclUre by ligamentotaxis under
image intensifier guidance in the AP and lateral
planes - the medial and posterior columns usually
reduce well, the anterolateral fragment often does
not (Fig. 12.47a.bJ.

• Using small incisions (avoiding injury to tendons
and neurovascular stroCIUre5 by limited open explo.
ration), guided by the pre-operative radiographs and
CTas well as image intensification, use small instru·
ments (K-wires, Macdonald's, small-fragment set
periosteal elevalOrs, small punches, etc.lto reduce
the major metaphyseal fragments to anatomical
alignments and restore the joint surface as much as
the extent of injury allows.

• 'Perfect' rl'duction of the diaphyseal components
may not be ncressary, provided restoration oflength
and anulOmical alignment of the joints is achieved.

• Percutaneous screws (solid or cannulated) can be
used (under image intensificatioo guidaoceJ to
secure the major metaphyseal fragments to each
other. Remember that 'cruSSl,'d olive wires' can pro·
vide alternative/additional stabilization. especially
in the coronal plane.

• Fntcture stabilisation:
• The distal ring position should be adjusted on the

rods to lie just above the ankle joint-a \\ire fastened
to the distal surface of this ring should lie 9-12 mm
from the joint surface to ensure it is clear of the joint
capsule.

• In some complex andlor distal fractures it may not
be possible to stabilize the fracture without intra.
anicular \\ires (and the risk ofseptic anhritis) -this
maybe a rclati\'e indication to consider bridging the
metaphysis to the ankle.

• Fixation of the 2 proximal rings would nonnally
be with 4 plain wires, 2 on each ring, usually the
transverse and 'medial race' wires illustrated in stan
dard 'safecorridor' atlases. In tall andl heavy patients
additional wires should be considered. Maximal
crossing angles should be achieved ir possible to
enhance the stabilityor the frame. \Virl,"S should nor·
maHy be tensioned to approxilll,ltely 1300 N to max·
imize frame stiffness.

• Six mm half.pins may be used instead of, or in addi·
tion to, fine wires. At best (i.e. wheo damped directly
10 the ring rather than elevated on a postur Rancho
blocks that can cantilever) a 6 film half.pin isequiva·
lent to 1wire. Using5 mill hulf·pinsandlor3.hole (or
more) Rancho blocks markedly reduces the half-pin
stiffness and thus additional fixation will be required
to reach the l,'quivaletlt of 4 wires.

• Distal fixation on the distal ring would ideally be with
4 wires: 2 attached directly 10 the ring, plus 2 'fly
ing' wires off the ring. Olive wires may enhance the
stability and help with the reduction of fragments.
The addition or substitution of wires with half.pins
(6 10m diameter if possible) nlay be appropriate
sometimes the only way adequate stability can be
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fig. 12.48 Posl'opefati~ radiograph of a df(ular IrarTM'

app~ution.

achievl>d. Wires can bypass internal fixation screws
under image intensifier guidance usually without

difficulty.
• If satisfactory levels of stability on the metaph}'sis

can be achieved the distal calcaneal fixation can be
removl>d.1 (inadequate stability (owing to poor bone
quality, extensivecomminution , low level ofthe frac
ture, ctc.) is achieved, bridging fixation to the cal
caneum should be retained and an additional cal
caneal wire should be passed. rurther stabilization
of the forefoot rna}' be appropriate.

• In cases where exten~ive chondral damage has
occurred to the Hnkle joint surfaces, consider bridg
ing the ankle and maintaining ankle distraction
{possibly with a hinged (;onstructl to allow for opti
mal (;artilage healing.

(Iosu••

• Close larger skin indsions wilh 2-layerclosure. e.g. 2/0

Vicryl for deep layers and 3/0 Monocry! for skin.
o Close small 'stab' incisions with a skin suture only.

fig. 12.49 Patient mobililation with pi"ogressiYe lull weight

beilfillg.

• Use subcuticular and absorbable sutures where pos
sible to minimize problems and patient anxieties of
removing sutures from within the frame.

• Apply pin·site dfl'ssings after deaning - 2 layers of
padded absorbable sponge (e,g. Alevyn from Smith &

Nephew) with firm compression (rom a clip-will min
imize subsequent problems of pin-site infection.

Post·operative rehabilitation

• 1\'/0 funher doses ofprophyla(;tic antibiotics.
• Routine bloods, and mdiographs ofthewholetibia.and

ofthe distal tibia centred Oil the ankle joint (Fig. 12.48).
• Provide adequate analgesia toencourageearly rehabil

itation and independell(;e, avoiding NSAIDs ifpossible.

• Redress the pin sites at 48 hours arler cleaning with
alcoholic chlorhexidille, and then weekly lhereafter.

o Encourage early ankle motion (if fixation allows} and
prevent equinus (;ontracture using a Themband loop.



• Mobilize touch- or partial-weight-bearing (depend
ing on strength of fixation and the hame applied,
and being pragmatic about what a patient can real
istically achil'Vel at the earliest opportunity and
tailor physiotherapy to meet individual needs and
demands.

Outpatient follow up

• Review at 2 weeks. 4--6 weeks. 8-10 weeks and 12-14
weeks wilh check radiographs to look for.
• Maintenance of fracture reduct:ion.
• Radiological evidence of healing.
• Progressh-e ph)'Sical rehabilitation towards weight

bearing without aids and full knee and ankle joint
function.

• Progressive functional return to independence in
activities of daily living. mobility. employment. etc.
(Fig. 12.49).

• Satisfactory pain connol.
• Satisfactory pin·site care - lreat pin-site infections

if they occur inilially by optimizing (and reinforc
ing) pin·site care prolOcols. and ghoing a short course
of oral antibiotics (e.g. f1udoxacillin SOOmg 4 times
daily for 7 days).
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• Expect significant radiological and clinical evidence of
progress towards healing at 8-10 weeks - if there is
no evidence of this, consider actions to enhance heal
ing such as cyclical compression-distraction. iliac crest
bone grafting. ultrasound, Ctc.

• dinically (i.e. the patient is wcight-bearing indepen
dently without walking aids) and radiologically (i.e.
callus is spanning previous fracture gaps) anticipate
the fracture to have nearly united at 10-16 weeks
(significant diaphyseal components take longer than
purel.y metaphyseal injuries). At this point dynamize
the frdme by deslabilizing the construct across the frac
ture site (e.g. removing the foot plate and wires, SOffie
conlleCting rods or \vires. etc.).

• Review the patient 2-4 weeks later. If there is funher
progress towards clinical and radiological union, the
frame may be remO\-ed- in the operating thealre under
anaesthesia or in dinic. according to local practice and
patient preference.

• No removal of internal rlXation is indicated unless
there is good evidence of sofl tissue irritation or other
problems.
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Fradures of the ankle
Christopher C. Tzioupis and Peter V. Giannoudis

n.1 OPIN RED unioN AND INTlRMAl
fIXATION (ORIf) FOI B.MAllEOlAR
ANKlE'RAUURIS

Indications

• None of the existing dassifications is adequate alone
to dictate the lreallnent suategy.

• Fractures with talar displacement.
• Almost all bimalleolar fraclUres.

Pre-operative planning

• Mechanism of injury. direct or, more commonly. by
indircct rotational. translational and axial forces.

• Sofllissue swelling. ecchymosis. tenderness.
• Look for associated injuril.:s,
• ASSl'SS neurovascular inwgrity of the extremity.

• Obtain 11 careful patient history.
• Evaluate age, oswoporosis and systemic conditions.

Radiological assessment

• HiglHluality anteroposterior (AP) and lateral radio-
graphs (rig. 13.1 a,h).

• Mortise vicw: AI' in 20 intern,l! rotation.
• CT scan: for evaluation of posterior malleolus.
• Assess: degree of fragmelll displacement. quality of

bone.

Timing 0' lurgery

• Dictated by the sofl tissue condition.

• Before the dewlopment of soft lissue swelling or
blislers.

• Delayed ORIF when soft tissue injury resolves.

Operative treatment

Anauthuia

• Spinal or general anaesthesia.
• Prophylactic antibiolics as per local hospilal pro

tocol
• Application of a pneumalic tourniquet 10 Ihe upper

thigh.

Table and equipment

• AD small fragment SCI.
• 3.5 mm cortical and 4.0 cancellous screws.
• Standard ostcosYllIhesis set as per local hospital

protocol.
• Aradioluccl1I lable.
• An image inlellSifier and a compclCnI radiogrnpher.

Table let up

• Thc instrumentation set is at the foot end of the
table.

• Image intensifier is from the contralatcral side.

Patient pOlitioning

• TIle patient is positioned supinc with a bolster under
neath the bUllock of Ihe affectcd side (Fig. l3.2).

PmctU:(11 Procft/UfrS ill OrrllOpoft/k Tml<mn S"rgr-Ty: A Thtill"",:SCompo"iol. ed. !'eler¥. Giannoudl.S and Ilans-Chrlsloph PupE'.

Published byCambridge University Pres$. c: Cambridge Uni\"t~rsilyPress 2006.
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Fig. 13.1 a,b Anleroposlerior and laleral views of a bimalleolitr lliKtun,' oflhe lighl ankle.

fig. 13.2 The pallent is posilloned ~upine wilh a bol~tel

undemeath lhe bullock ollhe alfe(led side.

Draping and lur,ieal approach

• Prepare the skin over lower leg. ankle and enlire fOOl
with usual anliseplic soh.l1ions (aqueous/alcoholic
poVidone-iodine). Prepare skin belween toes lhor
oughly.

• Draw the skin incision plane using a skin marker
(Fig.13.3a,b).

• Applystandard draping around lowerlt.-g in caltregion.
• Apply tape around tocOS to minimize the risk of

inft'Clion.

Lateral malleolus

o Make a longitudinal incision over the distal fibular
shaft.

o Care should be taken n0110 damage thesuperficiaJ per
oneal nerve [anteriorly) or the sural nerve (posteriorly).

o Avoid subcllIaneous llaps (Fig. 13.4),
o Incise just anterior 10 the perOne,lJ tendons and mus-

culature and rctractthcm pOsteriorly.
o Visualize the fracture site and the talardume (Fig. 13.5).

• I rrigate and use suct ion to inspect for articular damage.
• Periosteal stripping must be kept to a minimum.
• Usc pointed reduction forceps to reduce the fracture.

placingit perpendicular 10 the fracture plane (Fig. 13.6).

• If the fraclure is sufficiently oblique and with a good
bone sioek, place a 3.5mm lag screw perpendicular
10 Ihe fmcture line, from anlerklr 10 posterior (Fig.
13.7a,b).
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fig. ll.la.b Skin inl:i1ion planes drawn with a skin milfker Oftf the fibula 0Jnd the fTlt'dial malleolus.

Fig. ll.4 Longitudinallndsion over the distallibular shalt

avoiding ~ubc:utaneous naps.

fig. 11.S After indsion and rett<l(tion of peroneal tendons and

musrufature, exposure 01 thoe Iril(ture plane.

fig. ll.6 Aftcr irrigation and minimum periosteal stlipping,

redudion of the fracture.

• USIl intraoperative fluoroscopic views to verify main
tenancll of rt.'1..I uction.

• Precontour a 1/3 tubular neutralization plate (concave
abovilthe plafolld and convex above the lateral malle
olus).

• Place the plate over the fibula and secure it with a
clamp, avoiding loss or reduction (Fig. 13.8a.b).

• Use intraoperative fluoroscopic views 10 verify main
tenance of reduction.

• Using theoffsct drill guide, flrst drill a hole in the plate
hole proximal to the fracture line.

• Identify the scw..¥ length with the depth gauge.
• Prepare the screw hole with a 3.5 nun tap.
• Secure the plate, with a screw in the plaw hole.
• On the opposite site ofthe fraCture place asecondscrew

in a similar rashion (Fig, 13,9a,bl,
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fig. 1l.7a,b Insertion 01 a 3.5 mm lag scrl'W IH'fpendicular to tM fradule line. from anteriol to ~te1iot.

(" Ibl

Fig. 1l.8a,b Aprecontoured 1/3 tubular neutralization plale (cofl(ave above the plalond and wnve. above the lateral malleolus) is

plated over the libula and secufed with a clamp.

,.) 'b)

Fig.1l.9a,b Pla<ing 01 the !llsllwo screws, opposite to tM lradure plane.
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Fig. 13.10 (ooli,matioo 01 restOiation 01 alignml'flt, length 01
fibula and anulate wew positioning with f1U010SUlpi< images.

• Ensure reduction maimenance with fluoroscopic
control.

• Secure the plate, placing the rest of the screws.
• Belowtheplafond level one can use cortex screws with

out tapping, or umapped fully threaded 4.0 cancellous
screws.

• Take care not to penctratc thc articular surface in the
distal lateral mallcolus.

• Obtain AP and lateral radiographs confirming restora
tion of alignment, length of fibula and accurate screw
positioning (Fig. 13.t0).

,.,

Medial malleolus

• Make an incisionslightlyposterior 10 the medial malle
olus, in line with the tibia, and curve it anteriorly dis
tally to form a 'I' incision.

• Retract the skin with the subcutaneous tissue to pre
serve the blood supply to the area.

• Protect the saphenous vein and nerve.
• Expose the fragment medially and anteriorly (Fig.

13.lIa.b).
• Using a periosteal elevator or a eurelle, remove the

inlerposed periosleum from the fraclUre sill.'.
• Using a pointed reduction forceps grasp the medial

mallt.'Olus and reposition it, maintaining the reduction
with a reduction clamp (Fig. 13.12).

• Stabilize the fragment temporarily with K-wires or a 2.5
drill bit (Fig. 13.13).

• Evaluate reduction with AP and lateral fluoroscopic
viC\V5..

• Defmite stabilizalion is achiC\'ed wilh tw04.0 mm par
tially threaded cancellous bone lagscrews inserted per
pendicu�ar10 the fracture plane (I:ig. 13.14).

• Ensure thatlhe screws have nOl crossed the articular
surface at the interior of the joint.

• Thethread should pass fullybe)'ond the fracture plane.
staying in the dense boneofthedistallibia metaphysis
(Fig. 13.15).

(Iosure

• Irrigate the wound thoroughly and achie\'e haema
stasis.

'b'
fig. ll.11a,b A 'J' inrisioo wrved anteriorly is pfflOimed slightly posteriOi to the medial malleolus, exposing the lragment.



fig. 13.12 USing a point" r"uction f(M(eps the medial maJ1eolll5

is reposilioned.

fig. 13.13 fragmenl stabilization using a drill bit.

Fig. 13.14 l'ermanenlli.aUon with two partially threaded

4.0 mm (an(ellolii bone lag suews.
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Fig. 13.15 Intlaoperalj~ lIuofoKopic: image (onfirming the

«(Mlel:l p\a(emenl 01 can(ellous lag Krews and the restoration 01

articular (ongruily.
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(a) lbl

fig. 13.16a.b Skin (Iosure with 3/0 wlKuticuIM monofilament wture.

Fig. 13. t7 Application of a short-leg posterior plaster splint with lhe foot at 90 .
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fig. 13.18 a,b Posl'operatiYe AP and latenl radiographs.

• Leave lhe fascia open.
• dose subcutaneous fascia (2.0 PDSIVICryI).
• Skin closure - 3/0 subcuticular monofilament suture

(Fig.13.IGa,bJ.

Post-operative treatment

• Apply a shon-Icg postcrior plasler splinl with the fOOl
3190 (Fig. 13.17).

• Assess neurovascular SlatuS of the extremity.
• Obtain post-operativc All and lateral radiographs

(Fig. 13.18a,b).
• Early activc movement of toes at 24-48 h after the

surgery.

o_tpatient folio. up

• Review at 2 weeks, 6 weeks and 12 months \vith radio·
graphs on arrival.

• At 2 weeks allow protected panial weight-bearing.
• At 6 weeks encourage active mobili7..alion.
• Start full wcight-bearing after 6 weeks if radiographs

are satisfactory.
• Ascenain complcte fracture healing with radiographs

after 12 wl.'Cks.
• Discharge from thc follow up aftcr clinical and radio

logical evidence of fracture healing.
• Review again at rl.'<lul.>st of the gcncral practitioner.
• Consider implam removal if there is soft tissue irrita

tion aftcr I year.
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Fradures of the foot
Martinus Richter

14.1 OPIN IIDUUION AND INTlRHAl
URIW 'IXATION fOR TAlAR HUK
,aAnURIS

Indications

• open reducllon and internal screw flxation (ORlF)
is used to stabilize a displaced Ialar neck fracture
(Fig. 14.1).

Pre·operative planning

C1inKal antument

• Swelling, neurovascular status. stability.
• Be aware of comparlmcllt ~1'ndrome (see belm....). If

suspicion for comparllllcni syndrome exists, pressure
measurement should be performed {for example with
the InlJaCOmparl mental Permanent Pressure Monitor·
ing System. Slrykcr™ Corporation, Santa Clara. CA,

USA). FasciolOlIlY is indicated. jftherc is a difference of

less than 30mml-lg between diastolic blood pressure
and compartmcl1\ pressure.

• Be aware of 1tssociawd fr,lcturcs in the adjacent foot
and ankle (Fig. 14.ia,bl.

Radiological assessment

Three standard views:

• Mortise view of the ankle (20 internal rotation).

• True lateral ankle view,
• Anteroposterior (AP) view of the talar neck and head

(15 internal foot rotation, 15 caudo-cranial X-ray
angle): Canale viC\v,

• CT Scan.

(lassiIKation

• Talar neck fractures are dassifed according 10 Hawkins.
and Canale and Kelly (who added l)'PC IV, Fig. 142).

operative treatment

Anaesthesia

• Regional (spinalfepiduralfpopliteall or general anaes
thesia.

• Prophylactic antibiotics as per local hospital protocol
(e.g. 3rd generation cephalosporin).

Table and equipment

• 3.5 mm standard cortical and cancellous screws, steel
or titanium alloy.

• Standard osteosynthesis sct as per local hospital pro
tocol.

• A radiolucent table.
• An image intensifier and a competellt radiographer.

Table let up

• The instrumentation sct is at the fOOl end of the table.
• Image intensilier is from the contralateral side.

Patient positioning

• Supine position.
• Tourniquet use not rccommendl-d because of

increasl-d risk of ischaernic wound necrosis.

Pmctical Proc~/lIrn i,r OrrllOpanlk Trauma SlIIgety. A Thti".....:sComprmioll. ed. PelerV. Giannoudi5 and Ilans-Christoph Pape.
Publi5hed byCambridge University Pm$. l:;Cambridge Uni\"ersily Press 2006.
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Fig.14.1 Talilf neck ilacture Hawkin~ lit with incomplete talar

head 'racture and a~mciated ankle 'adure: (a) latelal radilHJraph

with the talar body ~till dislocated in the ankle and subtalal joint;
(b) (f scan altel do~ed reduction.
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fig. 14.2 Hawkins (liI~~i'i(alion 01 tillal neck 'rilcture~ i1(colding

to the number 01 joints involved.

Draping

• Prepare the skin over lower leg. ankle and entire foot
with usual antiseptic solutions (aqueous/alcoholic
povidone-iodine). Prepare skin between toes thor
oughly.

• Applystandard draping around lower leg in calfregion.
• Apply tape around toes to minimize the risk of infec

tiun.

Approach

• Anteromedial approach is standard for most talar neck
fractures (Fig. 14.3). A combined anteromedial and
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Fig. 14.) Ante.omedial appi"OiKh to the talar ned. Stab ioc:isions
from tibial naiting (broken Moe: indsioo; T.P., tibialis posterior
tendon; N: l'iaYKular; IK: lIl('dial malleolus).

anterolateral approach to the ned: of the talus should
be used if reduction and internal fixation through the
standard anteromedial approach is insufficient.

• The anteromedial approach is performed from the
anterior aspect of the medi31 malleolus to the dorsal
aspect of the navicular tuberosity (Fig. 14.3).

• The dissection is made down 10 the bone, just dorsal to

the posterior tibial tendon.
• Disruption of the deltoid ligamcnt should not be per·

forml>d, bl'Cause it will violate some of the remaining
blood supply to the body of the talus.

• The fr3cturecan be visuali;i:Cd and suhsl'quentlymobi·
Iized through this incision to allow remuval of frac
ture hael11aloma lind to begin mobiliZing the fracture
(rig. 14.4).

• Dissl"Ctiol1 of soft tissues 3t the talar neck dorsally or
plantarly should not be pcrformed 10 a\'oid disrupting

the blood supply any further.

Open reduction and Inteft,al fixation

• Fracture comminution is fTl"qucntly present on the
medial neckofthetalus, and visualization ofthe lateral
aspect of the nt.'Ck can provide a more accurate gauge
of the adequacy of reduction because there is rarely
comminution laterally (Fig. 14.4).

fig. 14.4 Talar I'le(k IriKture Hawkns III through lIl('dial appi"OiKh.
friKture displaced with a ras-pato.-ium to.- deaning.

• The fracture is reduced under direa \isualization.
• The surgeon must be aware of comminution of the

medial neck of the lalus. It can lead to a varus mal
reduction of Ihe neck of Ihe laiuS that may increase
inadequate rigid supination,

• The frdcture site often demonstrates a diastasis or gap
if the fracture is malpositklned in \'ilrus positions. Once
prm1sional reduction is performed, it should be tem
por-drily stabilized with 2.0 mm Kirschner wires.

• After provisional pin stabilil.3tion, the clinical align
ment of the foot should be asses5t.>d to ascertain that
no tendency toward varus or supination occurs. Intra
operative latera\, anteroposterior (API and Canale f1uo
roscopicviews should be obtaint.>d to assess the quality

of reduction.
• Ureduction is :ldl'(luate, fully threaded tit3niumscrews

may be placcd for dellnitive Ilxation.
• Ml>dial comminution is frequclllly present. Therefore,

lag screw fixation typically is /lot used, because it may
displace the fracture into varus.A minimum of2 screws
should be placed across the fraclllre site.

• A hard. conical ridge of bone l11ily be present illong the
dorsal aspect of the Sinus tarsi that allows for excel
lent fixation with I or 2 screws inserted from the lat
eral nt.'Ck of the talus across the fraclure site (Figs. 14.5.

14.6a.b).
• Titanium screws allow for post-operative milgnetic res

onance imaging (MRI) of the talus to assess for pres
ence of avascular necrosis. Stainless steel screws may
also be used, blllwith MIU scanning, signal abnormal
ities adjacent to the screws are expected and preclude

visualization of part of the talus.
• If the fracture is located in the distal neck of the talus.

the head of the screw should be countersunk into the
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fig. 14.5 Talar ne<k "allure Hawkins III th'ough a medial
apjlIOiKh. f'acture alief open reduction and nlefnal fillalion with

2 fully threaded l.5 mm litanium Wlew'l (wrews on top). One

KII'W was used IOf fiulion 01 the talCll head l.adu,e (w'I'W on

bonom). Medial plantill comminution beneath the talal dome

(bollom ,ighl).

head of the talus. As an allernalh·e. a different method
offlxation such asa polylaclK: acid (PU\) bioabsorbable
screw (Bionix Implallls, Inc.. Blue Reil. PA, USA.J.
Hcrben scn."W lZimmer Corp.. Warsaw. IN. USA.). or
Aculrak screw (Acumed, Beavenon, OR, USA). can be

,.)

used in an antegrade direction. Although placement of
the scrmvs from the posterolateral approach from the
posterior lUberoshyofthe talus into the head has been
shown to provide good mechanical slability. it is amore
difficult approach, and fracture reduClion may be more
challenging.

(Iosure

• Irrigate the wound thoroughly and achieve haemosta·
sis.

• dose subcutaneous fascia (2.0 PDS/Vicryll O\'era drain
(l2F).

• Skin c1osure-slainless Sitel surgical Siapies or monofil
ament non·absorbable sUIUres.

• Apply splintered lower leg cast.

Post-operative rehabilitation

• RemO\'e drains and casl in 48 hours.
• Mobilize 15 kg partial weight-bearing al Ihe earliest.

and lailor physiotherapy 10 meet individual needs and
demands.

(0)

Fig. 14.6 Tala, ne<k hamrre Hawkins 111 aile, open ,edullion and intemallixationwith2Iullylhreadedl.5mm!ilaniumwfl.Ws (w,t'W'l

on top). one K,ew was used IOf lillation ollalal head fradure (ml'W on bottom). Tibiall'l/liling and plale 'illation 01 fibula lor

auompanying "allUres, (a) AP vieW; (b) lal~1 view.
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Outpatient follow up

14.:1 OPIN RIDUUION AND IMlIRNAl
PlATE fiXATION fOR as (AUIS
'RAUURIS

Indilations

• Review at 6 weeks with radiographs.
• Start full weight-bearing after 6 weeks if radiographs

are satisfactory.
• Ascertain complete fracture healJng with radiographs

after 12 weeks.
• Discharge from the follow up afler clinical and radio

logical evidence of fracture healing.

• Review again al reqUl'St of the general practitioner.
• Review after I year with radiographs to rule Out head

necrosis.
• Implant removal is rarely indioued.

• Open reduction and internal plate fixation (DRIF) is ......

used to stabili1.e intra-articular calcaneus fractures fig.. 14.1 Sanders dauifKation.
Sanders 'J)'J'C II and III (Fig. 14.7).

Pre-operative planning

Clinical anenment

• Swelling. neurovascular status. stability.
• Be aware of compartment syndrome (see belmv). If

suspicion for comparlmellt syndrome exists. pressure
measurement should be performed [for example with
the IntJacompart mental Permanent Pressure Monitor
Jng System. Stryker'IM Corporation. Santa Clara. CA.

USA). FasciolOmy is indicalL'd, if there is a difference of
less than 30mml-tg between diastolic blood pressure

and compartrnenL pressure.
• Be aware of Hssocialed fr,lctures in the adjacent fOOl

and ankle.

Classification

• Sanders classification: CT based, coronal ,<jew of pos
terior joint facet, number and course of joint frdcture
lines (Fig. 14.8c).

Operative treatment

Anaesthesia

• Regional [spinal'epidural'l)()plitcall or general anaes
lhesia.

• Prophylactic antibiotics as per local hospilal protocol
(e.g. 3rd gelleflliion cephalosporin).

Table and equipment

Radiological assessment

• Four standard views:
(I) Dorsoplantar view of the foot [20 caudo-cranial

X-ray angle).
(2) Laleral view of the hindfoot [Fig. 14.8a).
(3) Axial view of the calcaneus (Fig. 14.8b).
(4) Broden's view [45 internal foot rotation,20 cauda

cranial X·ray angle).

• CTScan.

• 3.5 mm cortical screws, stecl urlitanium alloy, standard
osteosynthesis sct as pcr local hospital protocol.

• Calcaneus plate.
• A radiolucent tablc.
• An image intensificr and a competent radiographer.

Table set up

• The instrumentation sct is at the foot end of the table.
• Image intensifier is from the contralateral side.
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,.,

'd'

'b' I"~

,.,
fig. 14.8 (al<a~ Ira<ture type sanders III AB: (a) lateral radi09r<1ph.; (b) axial radiograph; (t) 0, <Olonar view through posterior fa<et;

(d) 0, parasagittal view; (e) O,horizontal view.

Patient positioning

• TIle patient is placed in the lateral decubitus position,

with the affccted side up.
• Tourniquet usc not recolllmended.

Draping

• Prepare the skin over lower leg, ankle and entire foot
with usual antiseptic solutions (aqueous/alcoholic
povidone-iodine). Prepare skin between toes thor
oughly.

• ApplysHlIldard draping around lower leg in the middle
between knl'e and ankle,

• Apply tape around toes.

Approach

• Extensile lateral approach (Figs. 14.9, 14.10).
• A curved incision is designed with vertical and hori

zontallimbs.

• The \'ertic,dUmb is oriented halfway between the pos
terior aspect of the peroneal tendons and the anterior
aspect of the Achilles tendon,

• At the superior margin of this incision, the sural nerve
passes in the subcutaneous tissue,

• The horizontal limb ofthe incision parallels the plantar
surfaceofthe foot llnd is inclined slightly at the anterior

margin.
• The sural ner.'e crosses at the junction uf the middle

and distal third of the horizontal limb of the incision.
The sural nerve is very closely associ<ned with the sub
cut,lIleous tissue ubove the peroneal tendons.

• The incision should be brought sharply 10 bone on its
vertical limb and on the curved portion of the incision
and then carried more superficial distaJlyto thearea of
lhe peronealtendolls,

• Careful dissection should be performed near peroneal
tendons and in the area of the sural nerve. The skin is
dissected and raised as a full-thickness flap from the
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fig. 14.9 lltensile !aletal 3ppi"03(h to t~ ukaneus (broken ~M:

approadt; f: fibula; SH: SUfai nerve; ", alhilles tendon atliKhmenl;

MT V: 5th me1atafl.a1; P8: peroneus twevis lendon).

fig. 14.10 blensile laleral aWroa(h 10 Ihe (al{aneus.

fas<io(utaneus flap aller elevation and ,elenlion wilh 1.8 mm

K-wires in lalar bodV, fibUla, naviwlar and cuboid. Inse,lion of a

S mm 5(hantl screw in the upper tuber fragment 'or reduction

manoeuvres.

pcriosteum of the calcancus and should include the
calcaneollbular ligament.

• The subtalar joint can beseen as the flap is raised. Four
1.6 mm Kirschner wires (navicular. I;uboid, talar nedc,
fibula) are plal;l'd to maimain retraction of the flap
without eXl;essive tension (Fig. 14.10). The Kirschner
wires (K·wires) are advanl;ed into the bone by approx
imately 1.51;111, and bent 10 provide soft tissue retrac
lion.

• The lateral aspect of the calcaneus is displaced in a
more lateral and distal position to its nath'!' position

fig. 14.11 Sanders III AS (al(aflWS Ira(tl¥e through ex.lensile
lateral appfDal:h." patt olllle talar joinl S1Jrfil(e of 1M poslerior
falet is risib~.

and tends to block \isualization of the joint until the
fracture is redUl;ed.

• After exposing the sublalar joim, the organizing
haematoma and small fraclure fr.IgmenLS are removed
by sul;tion. irrigation, and use of a pituitary rongeur.
The lateral asped of the posterior facet typically is
depressed into the body of the atlcancus. Depression
of the posterior fal;el initially allows improved visual
ization oflhe anterior process.

Open reduction and internal fixation

• There are multiple steps 10 redudng and fixing a dis
placed fral;lure.

• First, the surgeon should insert a 51llm Sl;hantz scre..\l
in Ihe tuber through a posterior stab indsion. This
allows easier rt.'<Iul;lion for all steps described below
(Fig. 14.10).

• The lateral wall fragmcnt should bc opcned and the
impal;lcd posterior fal;et fragments should be lifted
up. These should then bc rcdul;cd and held with a
Kirschner wire. Next, one or two 3.5 mlll fully threaded
lag screws should be inserted to fix the posterior facet
fragments (Fig. 14.11),

• After the medial wall and the anlerior process are
redul;ed. redul;tion or the postcrior facet can be per
formed. The posterior fal;et l;annOI be reduced prop
erly until the front of the medial part of the posterior
faret is elC\lated to its proper height. The relationship
between the anterior I;akaneus and the tuberosity is
redul;ed medially and plantarly.

• Then. redul;(ion or Boehler's angle (normal. 25-40 I.
ukaneus lengrh (normal. 70-90 mml and tuber



position in the sagittal plain [a\'oid \'arns) should be
achh:wd with traction at the Schantz pin. Temporary
retention with 1.6-2.0 Illlll K-wires with transfixation of
subtalar joint for increased stability follows. Hindfoot
.....drus, i.e. \'arus of the tuber should be avoided.

o The entire anterior process is typically elevated toward
the talus. To reduce the remaining fractures to the
anterior process. the anterior process can be retracted
plantar·ward. A Langenbcck retractor or a laminar
spreader is therefore placed bem'(.'en the lateral aspecl
of the talar head and the anterior process of the calca·

neus.
o Insenion ohhe calcaneus plate.
o Many different plates can be used for treatment ofcal

caneus fraetures. The preferred plate should ha\'Ca low
prortJe, panicularly in the area ofthe peroneal tendons.
The plale should be sriffenough 10 correct vaeus align
ment. and it should ha\'C a superior limb Ihat prevents
depression of the posrerior facel. Tongue-type frac
tures require Ihe plate ro prc\'(.'n1 rotation ofthe tongue
rrdgment. This can be accomplished with a trnditional
Y.shaped plate augmented with a SeTav from dorsaJto
plantar or by use ofone of the more recently designed
plates that allows multiple screws to be placed in
the tongue frngment anteriorly and posteriorly. The
main aspect of the plate MUST NOT be bent. Plate
bending is only allowed around the posterior facet
(Fig. 14.12). If the calcaneocuboid joint is imolved,
reduction and temporary K-wire filGltion priorlo inser
tion of the plate is neressary,

o r"Or a tongue-type fracture, i,e, a horizontal fracture
through the calcaneal tubercle, an additional screw
from the top of the tuberosity towards the bullom is
recommended [Fig. 14.13a).

• [ntraopenllive dorsoplalll,tr, lawral, axial and Bro
den's fluoroscopic views should be obtained to
assess the quality of reduction and internal fIXation
PigI4.13h,c,d.

the main goall of the ORIF are:

• Anatomic reduction ofthe posterior facet and lagscrew
H:mtion.

o Restoration of Boehler's angle (normal, 25--40'), cal·
caneus length (normal, 70-90 mm) and orientation of
tuber in sagillal plain (a\'Oid yarns).

(Iosure

o Irrigate the wound thoroughly and achieve haemo

slasis.
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fig. 14.12 Sanden III AB eakaneus 'l<Kture altel applit:ation of

the ~te.. Belole appli<ation 01 tile plate the lr<Kture in tile

anterior prlKeu through the akaoeoc:uboid ;Oint w,n fedIKed and

tempolarily fi.ed with two 1.8 mm It·wiles. Then, leduction of

Boehler'sangle (20-40 IIOImal), <akaneuslength and tubef

po~tion in tile wgittal plain was aehieYed with lloiKtion at tile

Sl:hiJlltz pin. temporary retention with t.6-2.0 mm I-wiles with

lIansfixation 01 the subtalar joint 101 incfeased stability followed.

Chisel in tile posteriOl beet.

o aose subcutaneous fascia (2.0 PDS/Vicryll overa drain
(l2F).

o Skin closure _ monofilament non-absorbable sutures.
o The sutures should start at the 2 ends of the inci

sion and should be placed in a manner to allow abso
lute tension-free closure at the corner of the incision
{Fig. 14.14).

o Stainless steel surgical staples or intracutaneous
sutures should not he uSl:d bl.'Cause of the critical soft

tissue conditions.
• Apply splintered lower leg cast .

Post-operative rehabilitation

• Remove drains and CllSt in 48 hours.
• Mobilize IS kg partial weight-bellring at the earliest

and tailor physiotherapy to meet individual needs and

demands.

Outpatient follow up

o Review at 6 and 12 weeks with radiographs.
o Start full weight-bearing after 12 weeks if radiographs

satisfactory.
o Discharge from the follow up after clinical and radio

logical evidence offracture healing.
o Review again al request of the general practitioner.
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fa! lbl

1'1

Fig. 14.1) Inlraoperative radiographs of a sanders III AB ul<aneus fraclure OIlier open reduclion and
internalfixalion: (a) latelal view· nole the mew running lrom Ihe top of Ihe tulJ.er to the bollOm, for
Ihe tongue-type fragment; (b) dor~plantar view; (c) Broden's 20 view; (d) axial view.

fig. 14.14 sanders HI AB calcaneus frac:lure afler wound dasure.
Note ttle absolute tension-fret> condilion OIl the (orner 01 the

ilKision.

• Review after I year with radiogr<lphs to rule OUI devel
opment of osteQarthritis.

• Implant removal can be considered if there is soft

tissue irritation.

14.] OPIN RIDUnlON AND INTIRNAL
SCREW AND H-WIRI FIXATION FOR
lISfRANC 'RAnURE DISLOCAtiONS

Indilations

Open reduction and internal screw and K-wire rlX3.tion is

used to slabilize:

(a) Usfranc dislocalion after unsuccessful closed

reduction.
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Fig. 1•.15 Quenu and Kuss dassilication: homolat~al (left), ~ated (middle), divergent (light).

(b) Usfranc fracture-dislocation after unsuccessful Operati.e treatment
closed reduction.

Anaesthesia

Pre-operative planning

• Swelling. neurovascular status, stability.
• Be aware of compartment syndrome (see below; inci

dence up to 25%). If suspicion for compartment
syndrome exists. pressure measurement should be
performt.-d (for example wilh the Inuaoompartmen
tal Permanent Prt.'Ssure Monitoring System, Stryker'""
Corpordtion.Sama Dara, CA. USA). Fasciutomyis indi
cated. if there is a difference of less than 30 mmHg
octween diastolic blood pressure and compartment
pressure.

• Be aware of associated fractures.

Radiological aneument

• Three standard views:
(I) Dorsoplanlllr view of the foot (20 caudu-nanial

X.myangle).
(2) Exact lateral view of entire foot.
(3) Oblique view of entire foot (fuot45 internal rota

tion).
• Stress views if there is anatomic reduction but a suspi

don of instability.
• Cfscan.

(Iauitication

Quenu and Kuss classification (Fig_ 14.15); later modified
by Hardcastle and Myerson.

• Regional (spinai/epidural/poplitealJ or general anaes
thesia.

• Prophylactic antibiotic as per local hospital protocol
(e.g. 3rd generation cephalosporin).

Table and equipment

• 3.5 mm conical and cancellous scrC\vs, 1.0-2.5 mm K

wires. steel or titanium alloy. standard osteosynthesis
set as per local hospital prolOCOI.

• A radiolucentlable.
• An imagll intensifier and a competent radiographer.

Table set up

• TIle instrumentation set is at the foot end ofthe table.
• Image intensifier is from the contralateral side.

Patient positioning

• Supine position.
• Tourni(luet usc not recommended.

Draping

• Prepare the sldn o\'er lower leg, ankle and entire foot
with usual antiseptic solutions (aqueous/alcoholic
povidone-iodine). Prepare skin betwccn toes thor
oughly.

• Applyslandard draping around lower leg in the middle
between knee and ankle.
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-

fig. 14.16 OOrsal median approac:h to the Lidran( joint (broken

line: approac:h; R: letinac:ulum, EH'-' exteniOl hallocis longllS

tendon; TA: dorsalis pedis artery; AT: tibialis anterior tendon.

• Apply tape afOund single toes (better for reduction
manoeuvres).

Approach

• A long dorsalmedinn Incision is used in the major
ity of the open procedures. Incision between 2nd and
3rd ray. starting at the level of the ankle and ending at
metatarsophalangeal joint level (Fig. 14.16).

• Be aware of the dorsal pcdis artery that is located
betwccn the 1st and 2nd ray.

• Isolate and mobilize cxtensor hallucis longus and
extensor digitonlnl tendons. Mobilization of tendons
allolVs shifting of tendons towards medial and lateral.

• Extensor retinaculum is Icft intact.
• Dorsal aspect ofLisfranc joint is placed beneath exten

sor tendons.
• Leave dorsal joint capsule intact.

Open redurtion and internal fixation

• Open reduction startS at the 2nd mctatarsal. The sec
ond metatarsal Ilts betlVccn thc medial and lateral
cuneiform as a keystone. Thcre must be no gap, espe
cially betlVt.'Cn the base of the 2nd metatarsal and the
medial cuneifonn. Check reduction fluoroscopy. For
anatomic reduction, resection of soft tissue might be
necessary. Internal fixation with 1.8-2.0 mm K-wire
ntnning retrograde dorsal of 2nd mCtatarsal base to
intennedium cuneiform.

• Open reduction of 1st metatarsal follows. For inter
nal stabilization between 1st metatarsal and medial
cuneifonn. a 2.0 mm K-wire or a 3.5 mm fully threaded
cortical screw is appropriate.

• Open reduction and illlemal (nation of 3rd to 5th
ray requires K·wire (nation crossing the Usfranc joint.
Sometimes additional transfixation be(ween lesser
metatarsals is nec:essary to achieve enough stability
(Fig. 14.17).

• A primary arthrodesis should be performed in cases
with massive or irreconStnlClable articular damage.
The clinical outcome is beller aftcr primary than after
secondary anhrodesis. Arthrodesis of parIS of the Lis
franc joint shows bener results than anhrodesis of the
entire Usfranc joint. For anhroot.'Sis the dorsal capsule
of the joint should be opened and the remaining car
tilage removt.'tI. Intemal filUllion should be performed
with 3.5 mm fully threadt."d conical screws for all rays
that are fused.

(Iosure

• Irrigate the wound thoroughly and achieve hacmo
stasis.

• Closesubcutancolls fascia (2.0 POS/Vinyl) avera drdin
(l2F).

• Skill c1osure- stain less steel Sllrgicul staples or monofil
ament nOIHlbsorblible suturcs.

• Whcn a primary skin closure is nOt possible, the skin
defect should bccovered with artificial skin. Within 1or
2 weeks a st.'Condary skin closure is normally possible
and a skin graft is mostly not necessary.

• Apply jigsaw lower leg cast.

Post·operative rehabilitation

• Remm'c drains in 48 hOUlS-
• Apply closed lower leg cast when swelling has

improved.
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fig. 14.17 Homolatefal lateral lislrall( Iracture-disllKation of lst-5th ray; metatafsal 3-neck Iracture. (Iosed redll(tion and internal

K-wire liKation with temporary 'fansliJIatiGn 01 metatarsals to metatafsal 3 and 4. Intraoperative evaluation of redll(tion with

three-dimensional X-ray aquisation (150-(-30, 5iemens Inc., Germany); (a) and (b): Pre-operative ritdiographs; (e): intraoperative view

belore reductiOll with base 01 2nd ~tatarsal dislocated; (d): intraope1"ative view after reduction of 2nd metatarsal and internalliKation

with 2 mm K-wire; (e) and (I): Post-operative radiographs; (9) and (h): three-dimensional X-ray aquisatiOll with 150+30; (I) and (j):

post-operative CT.
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fig. 14.18 faKio(omy. (SUp.: superlkial (ompartment; t: lateral

superfkial compartment; Add.: adduct(N compartment; Med.:

medial compaflment; no 6esignation, iIltefosseous
compartments).

• Mobilize 15 kg panial weight-bearing al the earliest
and tailor physiOlherapy 10 meet individual needs and
demands.

Outpatient 'ollow up

• Revit.-w at 6 and 12 wecks with radiographs.
• Remove cast and implants that weTC inserted for tem

porary mlllsfixalion at 6 weeks if radiographs are sat
isfactory.

• Start full weight-bearing afler6 weeks without the cast
after removal of temporary implants.

• Discharge from the foUO\v up afler clinical and radio
logical evidence of fracture healing.

• Review after I year with rndiographs to rule out post
traumatic osteoarthritis.

compartment syndrome - 'asciotomy

• Compartment syndrome of the fooL is an emergency.
PasciOlol11Y for COmp,ITllllent syndrome muSI be per
formed without delay.

fig.. 14.19 Fasc.iotomy thlough one 60fsal incision.

• If suspicion for comparllnent syndrome exists, pres
sure measurement should be perfomled (for exam
ple with the Intracompartmental Pennanent Pres
sure Monitoring System, Strykernl Corporation. Santa
aara. CA. USA). FasciOlomy is indicated ifthere isa dif
ference of less than 30 mmHg between diastolic blood
pressure and compartment pressure.

• Specific pressure measurcment recommended (for
£>xample with the Intracompartm£>ntal Pennan£>nt
Pressure Monitoring System. Str)t:erT'-I Corporation.
Santa aara, CA. USA), TI1C indication for a fasciotomy
is a difference of less than 30 mml-lg belween diastolic
blood pressure aod comparunent pressure.

• Imminent compartmelll ~1'ndrome is treated
with elevation to heart level. intensh'e cooling,
maintenance/elevation of blood pressure for suffi
cient circulation and monitoring of compartment
pressure.

• Technique rasciotomy (Figs. 14.18, 14.19): 1 or 2 dor
sal incisions. Two dorsal incisions are only recom
mended if needed for further surgicallreatment (for
example for DRIP in a USFrullC fr;lcture-dislocalion).
The skin bridge between incisions is alleasl 5 em. All
compartments should be incised.
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Fradures of the c:ervic:al spine
Peter Millner

15.1 APPliCATION OJ A HALO AND
HAlO·YUT FOR naYICAl SPINI
TRAUMA

Indications

Halo devices are used in a variely of (rauma settings.

including:

• Reduction ofcervical spine facet subluxations and dis
locatiollslu5uallyvia axial traction applied through lhe
halo).

• Stabilization of undisplaced cervical spine fractures.
• Post ·reduction stabilization ofcervical spine fractures,

subluxations and dislocations.
• Temporary stabilization ofa rervical spine injury. prior

10 definitive surgical treatment, or to facilitate safe
lmnsfer of the patient to a spt:daliSI spinal centre.

If Ihe patient is physically able to mobilize, the halo can
be attached to a 'vest '. The vest Illay be a custom-made
plaster or fibre-glass orthosis, or olle of the readily avail·
able 'off-tile-shelf devices. SCverill orthopilooic implant
manufilcturcrs nwrkct combinations of haloes and vest
orthoses, in a range of siles. The most useful halo and vest
devices contain no ferrous components and are therefore
MRI.compatible, permiuingsCilnning of the patient after

application.

Pre~operativeplanning

Most halo and halo-\'est systems are available as pre
packl:d kits containing all of the necessary implants and
tools for halo application and subsequent attachment of
the halo 10 a detachable \'est. Acareful check ofthe manu-

facturer's kit im'CnlOry against the kit components and
instruments should be done in f'\'ery case; do not assume
that f'\'en a pre-packed kit will be complete! If the halo
is to be used for ambulatory cervical spine stabilization,
a suitably-sized orthosis (\'cst) is selected. Standard anti
septic skin preparation solutions should be available. If
not supplied in the halo kit, a small pointed scalpel \\ill

also be needed.

• Measure head circumference using a tape measure and
select the smallest possible halo size (Fig. 15.1).

• The halo selccted should penni! an air gap of approx
imately 10 mm bel\\'Cen the inlier aspect of the halo
and the largest circumference of the skull, measured
as shown on the diagram (Fig. 15.2).

Anaesthesia

• The cervical spine must be protl'CtOO from further
injury at all times, and ulis may rl'<luire manual in-line
immobilization by an assistam,

• Locill or general anaesthesiil can be uscd. i1ccording to
circullIstanccs :md thc overall stillUS of the piltient.

• In a conscious plllicnl, 1% or 2% ligl\oCiline with
adrenalinc (cpinephrine) should be used.

Positioning and set up

Most modern haloes arc i1n incomplete ring, deficient
posteriorly. and these can be fitted 10 the patient with
a hard cervical collar still in place. Older \'ariilllts of hala.
consisting of a complete ring. may require removal of a
cervical collar and slight elevation of the head from the

Pmc/iml Proadllrrs ill OrrlrojXle<Jic Tm"mtl Surg«y: A Tmillee:S ClJlJljXl/lio/l. ed. ~lCr V. Giannoudis and Ilans-ChrislOph Pape.
Published b)' Cambridge Unhoenily Press. Cambridge Uni\'ersily Press 2006.
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\5

fig. 1S.1 The maximum dr(umlefenc:e of the lINd i'i 1Tll'il'i..ed,
jU'it above the eyebIOW'i and ear'i.

fig. 1S.l (~) The halo is p!a<ed by the surgeon, and held in the
correct po'Iition by three temporao-y positioning pin'i; (b) the
definitive halo pins are pLKed though the KftW hok>'i 01 the halo
and into the skull at the previously deaned and anae'itheti'led
'sale lGOeS'. 5equentialtightening 01 dialTll'lric.wty oppcKed halo
pin'i maint~ins equilattfal deowaoce between the Mlo and the

'ikull.

10mm
~ -

-

--
fig.1S.2 The halo is positioned su(h that there i'i ~pprolim~tely
10 mm 01 <Ieafance above the ears and the eyebrow'i, with ~

similar gap between the halo and the skull.

table or bed to ensure that the halo can be placed behind

the occiput.

• The patient is placed in the supine position on a trol

ley, bed or operatinl; table. At least one assistant is

required. 10 nmintain in-line cervical immobilization.

and the more help that is available, the better! The sur

geon stands at the lOp ofthe table or bed, looking down

towards the patient's feet.

Application of halo

The surgt.'On holds Ihe halo to ensure that the pin sites will

be in the correct positions. Three temporary positioning

fig.1S.4 The safe zones IOf pin insertion are shaded. Anteriorly,
~n ~re~ 10mm above the latefalthird oltne eyebrow will iI\Ioid
the (ut~neous nerves and Irontal sinuses medially, and will be

OYeI the relatively thi<k plate 01 bone at the Ironto·temporal
jun{tion. Posteriorly, the safe lOne lies over the thick bone 01 the
eltern~1 ouipital protrubefance, avoiding bran{he'i of the oc{ipit~1

nerve po'iteriorly, and bramhes of the auriwlar nerves more

~nteriorfy.

pins, with detachahle soft contact l}<lds in lieu of sharp

poillls. arc placed throul;h the halo screw holes at approx

imatelyequal distances around the skull and tightened to

ensure equilateral placement of the halo from the skull
surface. Thegap between halo andskinshould beapprox

imately 10 mm (Figs. 15.2, 15.3).

The optimal positions for halo pin site insertion are

shown in Fig. 15.4:

• Anteriorly: 10 mill above the lateral thirdoftheerebrow

Uunction between frontal and telllpor.J.1 bones).

• Posteriorly:externaloccipital protuberance, just below

maximal circumference of skull.
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fig. lS.S Anterior pin plac:ement within the sale lOfK'.

• Correctly placed anterior pins will lilerefore amid
injury to the supra-orbital and supra-lrOChiear cuta
neous nerves, or penetration into the sinuses (Fig.
15.5).

• lhe anterior pins always lea\'e visible scars, and where
possible the patient should be warned of this in

advance.
• The sites ofpin site insertion are cleaned lvith antisep

lie agent; the 2 anterior pin sites are usually in lile bare
skin ofthe forehead, whilst it maybenecessarytosha\'e

the 2 posterior pin sites.
• With the patient's e)'es tightly closed, 1-2 ml of ligno

caine is injected at each of the 4 pin insertion sites,
down to bone. If the eyes are not tightly closed at the
lime ofpin insertion, the pat ient will not be able to close
them subsequently, owing to the 'tenodoesis' effect of
the pins on the orbicularis nluscll'S.

• A small pointed scalpel blade is used to incise the skin
entry point at each of the 4 proposed pin sites.

• A halo pin is then inserted through the appropriate
screw hole of the halo at each of the 4 pin sites, taking
care to ensure thatlhe halo position is not lost.

• Initially, the pins arc tightened manually using 'finger
anu thumb' only. Manually stretching the skin around
the pin using finger and thumb as the pin is inserted
will minimize cosmetic problems from skin puckering.

• Once the pins arc 'finger-tight', torque screwdrivers
are uSlod for llnaltightening (usuall)' supplied as part
of pre'packed kit), Diamctrically opposite pins should
be tightened against cach other, eithersimultancously
by the surgeon and an assistant using 2 screwdrivers.
or sequentially by the surgeon using a single screw
driver, alternating between diametrically opposite pins

in steps of I inch-pound torque.
• The maximum torque applied to each pin is 6-8 inch

pounds. Locking nutS are then placed over each halo

pin, ami thl'Se arc tighten.:.'d with a spanner to lock the
halo pins within the halo,

• The temporary positioning pins are removed.
• Once seCUfl'd in place, the halo can be attached to the

vertical posts of a thoracic or thoraco-Iumbar orthosis;
this constitutes the so-called halo-vest (Fig. 15.6a,b).

• Alternatively. traction can be easily applied through
the halo, giving exttllent control of head and neck
positions in all planes. Reduction of subluxed or dis
located facet joints. or gradual correction of defonnity
can be achieved by the judicious use of halo-traction;
the patient must be monitored closely and regularly
for any signs ofneurological deterioration. Once a vesl
orthosis has been allached 10 the halo. further adjust
ments to optimize the alignment of the cervical spine
can be performed in the erect (sitting! position.

• After any reduction manocuvres using traction. or after
a change ofspinal alignment within a halo-vest. check
radiographs should be performed in both the frontal

and sagittal plane.
• Any change in neurological staws follOl\1ng a new

manoeuvre, such as increasing traction weight, should
result in fe\'Crsal of the offending manoeuvre e.g.
reduction in the le\'CI ofapplied traction, and immedi
ate radiographic checks. Persistence of altered neurol
ogy andlor signs of further deformity or displattment
mandate an urgent MRI scan of the cervical spine.

Post·operative treatment

• Pin sites should be cleaned daily, to remove crusted
blood and serous exudates. Each pin site should be
checkl'd for tightness after 48-72 hours; this is done
by temporarily loosening the locking nuts, and with
the aid of a torque-limiting screwdriver. The maxi
mum torque applied should be 110 more than 8 inch
pounds. Loose or obviously infected pin sites should
be treated by insertion of a new iI,llo pin at an adjacent
position through the halo, followed hy removal of the

loose/infected pin.
• The duration of halo immobilization will depend on

several factors, such as co-existing injury or morbid
ity, and the exact nature of the cervical spine con
dition. Most injuries treated by halo immobilization
will require no more than 3 months of such external
stabilization. Stability at the level of the injury can
be assessed dynamically, if necessary, by temporar
ily detaching the halo from its altachmentto the \'est
orthosis, followed by supervised active flexion and

extension lateral radiographs.
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,.,
rig. 15.6a,b The (ompleted halo'Yest orthow~.

• Removal of the halo pins is occasionally followed by
bleeding from the pin site; this will usually settle with
din.'Ct pressure for a fcw minutes.. The skin at the pin
insertion sitc, particularly anteriorly. will often adhere
10 the periosteum of the skull and this can cause an
unsightly, tt'lherl-d scar. Vigorous massage O\'er the
inserlion she, after pin removal, will usually break
down these adhesions; however, this can be exlremely
uncomfortable for the patient, who lllay prefer to ha\'e

a scar rather than pain.

15.1: OPERATIVE POSTERIOR
STABIlIIATION Of THORACO-LUMBAR
BURST fRACTURIS

Indications

• Operative versus non-operati\'e management of
thoraco-Iumbar burst fractures remains a controver
sial issue whhin the spinal surgery fraternity.

• Some surgeons argue that neurological injury with
imaging evidence of significant bone relropulsion 
'canal compromise' - is an absolute indication for

surgery.
• Others argue that the neurological deficit in such

cases is a consequence of the instantaneous transfer
of energy at the moment of injury, and that surgical

'b'

decompression of retropulsed bone from the spinal
canal is irrek'Vant, as the neurological insull has already

occurred.
• The degrt.'C ofcomminution and kyphotic deformity is

oftl'n quoted as a strong relati\'e indication for opera
tive management, 10 minimize the risk oflate kyphotic
deformity and possible late neurological deterioration.

• However, few spinal surgeons would argue against
opemtive stabilization for the multiply injured patil'nt
with a burst fntcture, and this is probably the least con
tentious of all indications for surgical intervention.

Posterior stabilization, using short segment pedicle SCH....'V
fixation with or withoUl fusion. is a rel<ltively quick and
simple ll'chnique in experienced surgical h<lllds. Per
formed as <Ill emergency procedure, sLlch st<lbilization
call reduce kyphotic deformity and effect an indirect
decompression of the spinal can,1! via ligamentotaxis.
Subsequent nursing care, mobilization and rehabilita
tion of a polytraullla putient are greatly facilitated by
such treatment, which reduces the likelihood ofstructural
inst3bility and potential for nl'W or additional neurologi

cal injury.

• More severe injuries may not be rendered completely
stable in the long tenn by posterior stabilization alone;
in such instances, additional anterior decompression
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Table 15.1. The load-sharing dassifi<ation, based upon
CT s<ans aher posterior surgery

and/or rl'construclion may be necessary. 10 produce a
circumferential fusion.

• Howe\'er, as a damage-limitation and rust-aid mano
euvre, posterior stabilization is a useful initial step. Pammeter "'ore

allernalively. an expanding epidural haemaloma can
give rise to a similar picture of progressive neurologi
cal deficit.

•
2

3

•
2

3

fHgruo/rommiml/ion in.Jllgilla/ p/(l/'~
dO..,........
"'"
Appmirion in axill' pu",~
Minimal displacement
>2 mm displOlCrment, <5O'Ii cross·section of
vertebral body
>2 nun displacement,>~ cross-section of
\"fttebral body

Cornetion 01prr-OJNmlj~ rkjo,.",ily
Kyphosis correction <4 I

Kypbosis correction 4-9 2

K)")lhosis correction >9 3

To/(usaKr:

7 points or mo~ _ anterior surgery (reconstrUct anterior
colwnn)
6 points or less _ posterior surgery alone

(McCormack.. T.• KaraikOlic. E. E. and Gaines. R. \\\ The
load-sharing classification of spine fractures. Spint. 1994;
19(15);1741-4.)

• The readeris rderredlo lheload-shMingclassification.
describedbyMcConnacketa/. in 1994 (Table 15.1). This
classificalion is based upon post-stabilization imaging
paramelers such as degree of comminution. kyphotic
correction and apposition of bone fragments. 10 pre
dicllhe need for supplementary anterior surgery after
initial posterior surgery (shon-segment pedicle screw
fIXation).

• However, most spinal surgeons agree that fracture mor
phology alone cannOl dictale the need for a specific
management plan; other faclOrs are equally imporlant.
such as co-morbidities and patient-infortlled choice.

It is rare for anlerior surgery la be indicaled or per
formed as an emergency. particularly in the polytrauma
selting. Indeed, some surgeons regard emergency ame
rior surgery as contraindicated, in view af the palen
tial for haemorrhage and possible delelerious effects
upon respiraloryfunclion, where a translhoracicorlrans
diaphragmalic approach is required for access. The need
for anterior decompression andlor reconstruction is
often only apparent after provisional posterior stabiliza
tion. and can usually be done as a semi-elective procedure
if necessary.

'fe-operative planning

• Burst fracllm.'S are often the result of high-energy
trauma and, as such, management of associate<!
Ilfe-threalening conditions along the principles of
Advanced Trauma Ufe Support (AT1.5J protocols will
often take precedence over investigation and manage
ment of any lhoracolumbar spine injury.

• Clinical examination witt focus upon any neurological
deficit, and any signs of structural spinal injury such as
lenderness, swelling. bruising or open wounds along
lhe spine.

• Documentalion and liming of examination findings is
a vital part of assessmenl, particularly with respecllo
any e\'olving or de novo neurological deficit. Static neu
rological deficits almost certainly represenl neurolog
ical insult From the Illoment of injury.

• In contraSl, lhe development of new neurological
deficits after hospital admission may signify an unsta
ble fraeture-dislocalkm rather lhan a burst fractull.';

Radiological assessment

• Plain radiographs should include good-quality fronlal
and lalCral films, and in lhe presence ofa visible abnor
mallty such as a fracturc, the ell/ire spinal column
should be vizuatiscd: this is vit,ll since there is a sig
nificant incidence of a second. discontinuous spinal
injury in such circumstances (Fig. 15.7a,b).

• If lhe palicltl's condition permits. a CT scan with lIlul
liplanar re.formauing can yield useful informalion on
fraclure morphology and this Illay help 10 delermine
lhe trealmenl stralegy (rig. 15.8). For example. a near
normal cr scan, with no appll."Ciable deformily and
no evidence of canal compromise, llIay strengthen lhe
argument for non.operalive management in a neoro
10giC'"dlly intact IXItient; lhe s."Ime scan appearance in
a paraplegic patient lVauld form an indicalion for an
urgent MRI scan. 10 look for signs ofcord disruplion or
extradural compression, perhaps from haemaloma.
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fig. 1S.1 (ot), frontotl lAP) r<Jdiograph 01 ot simple burstlriKIure olll; (b): lotterOitl
rotdiogrotph 01 a simple burstlriKtull" of tl.

fig. 15.8 A~ial CT s(all 01 a simple burst lra(ture 01 II (same (all"
otS Figure 1).

• Cases of neurological progression after admission
to hospital are rare, prO\<ided patients are appropri
ately immobilized with spine protection at all times.

Rarely. an urgent decompression is indicated and this
is usually because of neurological deterioration sec
ondary to bleeding and cord compression from epidu

ral haem3toma.

Anaesthesia

• Posterior stabilization of a thorato-Iumbar burst frac
ture is always performed under general anaesthetic.

• Prophylactic antibiOlics are givcn at induction of
an;wsthesia, according 10 IOtl11 prolOtols; the same
applies for anti·thrombosis pruphylllXis, which can be
via mechanical methods e.g, calf pumps. or pharma
cologically e.g. low molecular wcight heparin. In cases
where major deformity correction is planned. partic
ularly in the neurologically intact patient, spinal cord

monitoring is advis<1ble.

Table, positioning and set up

• The patient will be face-down. in the prone position.
and so great care must be taken toprotect the eyes from
pressure (Figs. 15.9, 15.10).
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fig. 15.9 Operative set up 'Of posterior stabilization.

fig. 15.10 Patient positioning and draping for posterior
stabililation,

• Ideally, a radiolucent operating table is used, such as
an DSltable: the carbon-fibre construction permits cir
cumferential radiography of the spine with all image

intensifier.
• Some form of padded support frame is also used to

ensure that the abdomen can hang free, such as a Wil
son frame; this has a variable radius ofcurvJ.ture, allow
ing lordosis or kyphosis of the spine and will facilitate
deformity correction, as well as minimizing bleeding
secondary 10 raised intra-abdominal pressure and dis
tension ofepidural and paraspinal \·eins.

• The patielll's anns, if possible, are secured to padded
extension boards, with the shoulders abducted away
from the sides of the lable (and hence out of the way
of the image intensifier beam). All possible pressure

points. such as kncl'S, anldl-'S, etc. should be protected
from external pressure, by careful positioning and the

use of approprialC padding.
• Theset upwill bedescribed fora right-handed surgeon.

who will be most comfortable operating from the prone
patient's left side, Sterile drapes should be applied to
the image intensifier,

• The image intensifier is placed behind the surgeon,
on the patient's left, and the height of the operating
table adjusted to permit the C-ann to swing under
neath the patient, for lateral views; frontal views are
taken in standard fashion. To allow the C-ann to S\ving
into thecross·table lateral position, and remain sterile,
a large drape is secured along the right-hand side ofthe

patient, hanging down 10 floor 1C\'el.
• Thescrub nurse, instrumelll tray and the assistant sur

geon are on the patient's rightside, across from the sur
geon. All personnel within the operating theatre should
wear protective lead gowns until completion of X-ray

gttided procedures.
• Lead gowns \\ith separate shoulder straps are pre

ferred, since these can be released and remO\'ed intra
operatively and \\ithout the need for de-scrubbing and

re-scrubbing.

Table and equipment

• There are a multitude of pedkle scre\v systems
a\'ailable and suitable for posterior spinal fracture
stabilization: one of the best known and simplcst is the
AD USS FixalOrlnterne. Whate\'crsystem ischosen, the
instrumentation and implant Setlllust be checked to
ensure that all necessary tools and implants are readily

available.

Draping/surgical approach

• The spinal midline is marked using a llCrrnanent
marker pen. to outline the readily p,llpable spinous
processes. Usually, the site of the fracture is e\1dent
from bruising and/or swelling, bUlthe exact level can
be confirmed with the image intensifier, if necessary.

• Antiseptic skin preparation is applied e.g. p0\1done.
and then the opemtive field is isolatcd with surgical
drapes and an adheshoc plastic drape directly O\'er the
planned wound (Fig, 15.10),

• The skin and deep fascial incisions are made in the
midline, from the cephalic cnd of the spinous process
above the \'ertebral fracture 1C\'cl, to the caudal end of
the spinous process below the fracture level, Thus, for
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an Ll burst fracture. the spine is exposed from the top
of the TI2 spinous proCl'SS down to the bottom of the
L2 spinous process,

• The ercctorspinae muscles areclevaled from the spine
over the area of planned instrumentation. JUSl lateral
10 the facet joints. to expose the junction of pars inter·
articularis. transverse process and base ofthe superior
articular process; this point marks the insertion site for
a pedicle screw, The exact topography of the pedicle
screw insertion point. and the trajectory of the screw,
will depend on the exactlc\'cl in the spine 10 be instru·

mented.

Instrumentation

• A SCre\V track is prepared on each side al each verte·
bra to be instrumented, using a pedicle starter awl fol·
lowed by a pedicle probe; altemalh't'ly. an oscillating
drill can be used, although manual probing is usually

easy.
• The image intensifier is used 10 check the position

of the pedicle awl and probe in both the frontal and
sagiual planes, to ensure concentric screw placement

within the pedicle.
• Asmall hook-probe can be used to 'feel" the proposed

scre\v tmck. and confirm Ihat the pedicle wall has
not been breached (particularly medially, Le. inlo the

spinal canal).
• Pedicle screws of appropriate diameter and length are

then inserted bilatertllly at the le\'el above and below
the injured ll'Vel, Typically, 6mm or 7mm diameter
screws are used, although narrower screws may be
necessary in small patients, or in the mid· thoracic
region.

• The left·hand screws arc then connected to a rod of
appropriate length, and the procedure repeated on the
right.hand side,

• Kyphosis can be corrected and loss of vertebral body
heighl can then be restored, or at least improved. by
a variety of IIIl\llOellVreS dellCnding upon the type of

instrumentation used.
• Simply lowering lhe Wilson frame will often allow a

degree of kyphosis correction by gravity.
• Using the AD USS (Fixateur Interne) system, and long

stemmed Schanz screws, lordosis can be restored
by approximating the superficial (free) ends of the
cephalic and caudal screws together.

• Loss of venebral body height can be reversed by sub
sequelll distmction of the Schanz screws along the
connecling rods. before final tightening of the seeur·

fig. 1S.11 Pfe·operative laleral radiograph of a comminuted

lumbar bUllllra<lure oill.

ing clamps. This manoeuvre will also effect an indio
rect decompression ofany rctropulsed hone fragments
from the spinal canal. via lig,H11cllIotaxis.

• Most instrumentation systems ,IVlIi!able on the mar·
k.et will permit some deformity correction by similar
means (Figs. 15.11. 15.12, 15.13).

• Care should be tak.en during the 'lordosis' manoeuvre
10 prevent inadvertent compression of the posterior
wall of the injured vertebra; this will lead 10 further
retropulsion of bone into lhe spinal canal, and loss of

venebral height.
• This complication can be pre\'ented by the use of a

rod clamp or small detachable C clamps which can be
placed on the connecting rods between the Schanz (or
similar) screws. blocking exct.-ssi\'e 'shortening' of the
screws along the rod during lordosization.
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fig. 15.12 -..ial a stan 01 a comminuted bunt Irac:ture 01 tJ

(same (ase as figUfe 15.11).

MR 211m

fig. 15.13 Post·operative latelal radiograph at a burst fractule

afte, posterior stabililation (same (aSe as Figures 15.11 and

15.12).

• Intra operative X-rays with the image intensifier should
confirm reduction ofthe fracture, in the fonn ofrestora
tion ofvenebral body height, and nonnal sagillal pro
me. The rods are usually cross-linked with a short rod
and clamp system; this increases the mechanical sta-

bility of the construct greatly, particularly with respect
to torsional loads.

• Depending on the fracture configuration and the
patient's Q\'erall status, some surgeons will elect to
merely stabilize the fracture, withou tany further proce
du re at this point, and with a view to metalwork removal
once the fracture has healed - usually alleast 9 months
after surgery.

• Others will carry out a posterolateral fusion procedure.
with autograft or bone graft substitute; Ihis can be
done Q\'er the entire instrumented area, i.e. a two-Ie\'el
fusion. or can be confined to one level only - usually
the superior level, as most burst fractures involve the
superior halfof the \'enebra.

• Yet others will carry out a transpedicular bone-grafting
procedure under X-ray contra!. in an elTort to fill the
vertebral body '\'Oid' created by the reduction manoeu
vre and pre\'ent late kyphotic collapse and/or breakage
ofimplants.

• Whate'rer approach is taken. some degree of rec::ur
rent anterior collapse must be expected, even with
transpcdiculargraftingand a poSterolateral fusion. The
tendency for late collapse, often with screw breakage. is
greater \\1th increasingly SC\'ere damage to the anterior
supporting structure.

• Thus, asoutlined by McCormacketaf.. grosscomminu
tion, displacement (loss of apposition) and "YPhotic
coUapse of the venebral body - the anterior column
is associated with late failure of fixation and recurrent
deformity.

• In such circumstances, supplementary anterior
surgery is advised, at a suitable tillle after the initial
posterior stabilization (Fig. 15.141.

• Clearly, this can be done ;IS a combined poste
riorfanterior procedure under the same anaesthetic.
if the conditions permit, or as a delayed procedure, if
the patiellt is physiologically unstable.

Closure

• All implant clamps are checked for tightness.
• A standard wound drain is placed in the midline.

brought out through Ihe muscles and deep fascia. exit
ing the skin well lateral to the midline wound.

• If possible the muscles are approximated 10 the mid
line soft tissues (interspinous ligaments) and to each
other using a heavy gauge absorbable suture e.g. No.
I PDS. The subcutaneous fat is closed with 2/0 PDS
or similar, and the skin is closed according to local
preference.
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fig. 15.H same lMe as Figures 15.11, 15.12 and 15.13 after
anteliof tolumn rer:onstrlKtion with teleS(oping (agt', bone gfilft
and anterior hal lon,

Post~operative treatment

• Antibiotics arc cominul'd for 2 further doses, unless
continuation is indicated for other reasons.

• The wound drains are removed at 24 hOUN. Other
injuries pennilling, the patient is nursed as upright as
possible, with the spine fully supported; there should
be 110 'air-gap' between the bed and the patient's back.

• Mobilizmion wilh the help of physiotherapy is com
menced as soon as the patient is free of drains and
other rat e-Iimi ting co-morhidities.

• Fractures with minimal comminution. minimal loss
of apposition and minimal kyphosis - I.e. relatively
stable injuries with intil(;t anterior load-sharing struc
tures - (;an be a(;\ively mobilized within a removable
thoraco-lumbar orthosis. In these patients. the ortho
sis should be retained for 3-6 months, and core stabi
lization exercises should oornmen(;e once fully mobile
and the wound healed, usually3-4 weeks JXlst-surgery.

• Fractures deemed 10 be less stable, in terms of loss of
anterior load-sharing (;apability, may lead to consider-

ation of anterior surgery, either asa primary ordelayed

procedure

Follow up

• After hospital discharge, patients should be reviewed
4-6 weekly. with radiographic reviews in the form of
erect frontal and lateral X-rar.;.

• Possible complications 10 be on guard for Me late
kyphotic collapse with metalwork failure. and non
union: this laller complication is usually associated
with complete burst fraClUre5 with herniation of Ih£>
disc inlo the \'ertebral body, or splil or pincer-type frac
IWes. where a segment of vertebral body is rendered

avascular.
• Full relum 10 contact sJXlrt and heavy manual labour

is nOI advisable until fusion is confinned (if fusion has
been performed) orunlil mClalwork has been removed
(if simple stabilization performed). Implam removal
in non-fused cases is advised at 9-12 months post

slabilization.
• Once fusion has OCCUlTed, or implants removed (and

wound Ihen re-healed). mosl palients can be dis
charged from medical follow up: formosl, this\vill beat
12-15 months afler Ihe inilial surgery. A small proJXlr
tion will need further hwcsligation for back pain. and
some of these will require revision surgery, including

anterior surgery.

15.3 OPERATIYE ANTERIOR
STABIlIIATION Of (OMPUI
'HORA(O~lUMBARBURST fRAUURES

Indications

Rarely. anterior surgery (dcl"Ompression and/or ante
rior (;olumn rc(;onstru<:tion) is pcrformcd as the primary
treatment. Usually, such surgery follows initial posterior
stabilization and deformity <:orrc(;f!on. either irmnedi
ately or as a delayed, secondary procedure. The indica
tions for anterior surgery are discussed earlier.

Pre-operative planning

• The need for anterior surgery is usually diclated by
radiographic parameters suggesting a high risk of late

kyphotic <:ollapse or non-union.
• Where poslerior surgery is contraindicated, such as

major postcriorsoft lissuc injury, allleriorSlabilization

may be Ihe inilial surgical snategy.
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o Where no significant neurological compression is evi
dent, either clinically or radiologically. it may be suffi

ciem to plan for a limited corpectomy alone. merel}' to
create enough space for a strut graft or fusion cage.

o The degree of kyphotic deformity should be measured
on laleral radiographsor re-formaned sagillal planecr
.scans. The size of any interbody defICit after corpec
tomy and disc excision above and below the injured
level should be measured, alloWing for correction of
any kyphus, since this will detennine the size of any
Strul grafl harvest or fusion cage.

o The ad\"Cnt of lelescopic fusion cages. e.g. AD Synex
cage, has simplified the necessary inventory required
for r('(:onStruct ion. Ifa cage is 10 be used. a range ofsuil
able sizes and sagittal profilecan beordered in advance
of the operalion.

o Where time permits, 1xM-e1 prepanllion should be ini
tialed, since this will make retraction of the peritoneal
sac and contents much easier for exposure offractures
below diaphragm le\'t~IITI2or LI downwards).

baalthelia

o The surgical appro<1ch lIlay be purely tnlllsthoracic
for injuries above 1'12. or may require a transthoracic.
lransdiaphragmalic and extraperitoneal approach for
injuries at Tl2 or Ll; injuries at l2 or below may
be approached without transgressing the pleura or
diaphragm.

o Unless there is a signiflcalll right convex scoliosis asso
ciated with the fracture, the left side is by far the easiest
aCct,.>SS, avoiding the nccd for liver retraction.

o The anaesthetist should pass a double-lumen endotra
cheal tube if a transthoracic route is necessary. This will
permi t selective collapse of the lefllung and will greatly
facilitate the exposure.

o Routine (1Il1ibiotic and thrombocmbolic prophylaxis is
Llscd. If not alrendy performed as part of emergency
management. the bladder should be emptied via an
indwelling catheter, and n nasogastric tube should be

passed to empty the stomnch and protect against gas
tric distension.

o Spinal cord monitoring may be a useful adjunct to
surgery, particularly in the neurologically intact patient
with radiological signs of severe canal encroachment

by reuopulsed bone.
o central venous access is advisable and should be via

the great \'eins on the left side (subclavian or internal
jugular).

Tabla, positioning and sat up

o Thepatient will be in the lateral decubitus position, left
side up.

o Astandard operating table maybe used and if possible.
the table should be hinged or 'broken' 10 adductlhe
lower limbs downwards from the ribcage; til is increases
the distance between the costal margin and the mac
crest.

o A1ternalively.ifposleriorslabilizationhasnotpr('(:eded
the anterior surgery. a table with a mechanical bridge
can be used 10 arch the spine and achie\'e the same
access; lhis is rarely necessary. and may be inadvisable
in severely comminuted and unslable injuries.

o Positioning postS are placed al strategic poinls 10 sta
bilize the palienl in Ihe laleral decubitus position. and
these should be well padded.

o Care should be laken to ensure no pressure is applied
to boney prominences such as the malleoli or fibular
neck. The dependent lower limb (usually the rightlegJ
is flexed, and separated from the uppermost leg \\ith a
pillOl.Y; the uppermosllcg is extended.

o A permanenl marker pen is used to oulline Ihe line
of the incision; the telllh rib is selected for a lhorneo
abdominal approach, and iseasilypalpated. Forhigher
levelsofinjuries, the rib above the fraetu red le\'el is usu
ally marked, and this will afford good aCCl'SS ifthe rib is
excised. In cases ofdoubt, e.g. in the obese patient. an
image intensifier should be USl'tllO localize the injured
le\·el.

o Finally, if an iliac crest graft is planned, the anterior
iliac crest and anterior-superior iliac spine is marked
(Figs. 15.15, 15.(6).

o The surgeon usually stands behind the patient's back;
the scrub nurse can be on the same side as the surgeon.
whilst the image illlensilier can be placed ready. if nec
essary. on the upposite side (behind the assistant).

o Sterile drapes should be npplied to the image Imen
sifler. which C(lll usually only provide a cross-table
frontal view uf lhe spine; intrJ-operative imaging is
rarely requirl'tl.

In(ilion/approa(h

The left thoraeo-abdominal approach (transthoracic.
transdiaphragmatic and extraperitoneal) to LI will be
described:

o The sk.in overlying the left 10th rib is incised down
to deep fascia. overlying the rib, and then curved
obliquely downwards at the costal margin. towards the
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fig:. 1S.1S tatefill de<ubiM position for anlerior
thorac:o-olbdominal olpproal:h,

fig. 1S. 16 teft thorol(O'olbdominoll olpprOolrh, showing line 01 skin

indsion (line 01 tenth rib) and markings to identify lhe iliar nest.

umbilicus bill falling shun of lhe laleralmargin of the

rectus sheath.
• Over the rib, the incision is deepened through mus·

de (lalissimus dorsi, serratus anlerior and external
oblique) with a dhl1hermy and through the rib perios·
wurn, staying in lhe middle of the rib to avoid injury
to the intercostal neurovascular bundle running in the

groo\'e below the rib.
• Distally and medially. the external oblique muscle is

split in line with its fibres, and the deeper layers (inter
nal oblique and trans\'erses abduminus) are incised

Wilh dialhermy.
• Below the costal margin, the peritoneal sac is bluntly

dissectt.-d free from tile lateral abdominal wall mus·
culaturc and the undersurface of the diaphragm. and
rclractlod medially with a hand-held retractor or swab

on a slick.

• The 10th rib is exposed subperiosteallyalongits length.
and then remo\'ed by cutting the rib at the costochon
dral junction and close to the costovertebral junction.

• The parietal pleura under the bed of the rib is then
incised, to enter the len hemithorax; ifa double-lumen
endotracheal tube has been u~-d, the left lungcan now

be selcctively occluded and collallsed.
• Sharp division of the costal cartilage will leave this as

an important landmark during wound closure. After
sUipping of the perilOneum from its undersurface,
the diaphragm is divkled approximately 2 em from its
costal origin. placing paired marker Sutures along the
line of division to facilitate later repair,

• A rib spreader reuactor is then inserted and opened,
care being taken to retract the left lung and peritoneal
sac (and contents) away from the retractor blades.

• Blunt dissection from latcralto medial with aswab will
expose the lumbar spine; the fractured level is usually

self· evident
• It is usually necessary to divide the left crus of the

diaphragm between stay Sulures from its vertebral
attachment before completing the peripheral incisKm
of the diaphragm medially, and through the aortic hia
tus to complete the direct path between thoracic and

abdominal C3\itics.
• The greater splanchnic ne..,..e and sympathetic uunk

can be directly visualiz.t.-d and laterally retracted with
out division: occasionally, it is m..cessary to ligate and
di\ide segmental vertebral \'cssels or ascending lumbar

vcins.
• The retroperitoneal adventitia is easily mobilized from

the front of the spine with a swab.
• The parictal pleura overlying TlZ and above must be

split with scissors upwards after elevation from the
underlying structUf(.'S (including the segmental vessels

and sympathetic trunkl.
• Blunt dissection with the finger or a swab 011 a stick

will expose the verlebral budies from TlZ to L2 cir
cumfercntially. around to the bases of the transverse

processes.
• The psoas major origin from the lumbar interverte

bml disc can be elevated by a combination of blunt
and bipolar diathermy disSl'Ction, taking care not to
penetratc the adjacent intervertebral foramen; a stay
suture can be used 10 retract the mobilized psoas

laterally.

Instrumentation

• Corpectomy. either total or panial, begins with
excision of Ihe discs and endl'lales al TlULI and
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LlILl. If complete decompression is the aim, the
foramen at the respective le\'els are identified, and
the disc remov.:.'t! piecemeal from posterolateral to
anteromedial, until the epidural space and dural sac is

identified.
• Bone fmgmentsat Ll are thell removed piecemeal with

rongeurs and curet tes tocomplete the rorpectomy. The
posterior vertebral body wall can ~ left intact. along
with the contmlateml (righl) portion of the vertebra, if
a completecorpeclomy is nOt requi~; sufficient bone
should be removed 10 penni( Strut graft or cage place

ment.
• Careshould~ laken nOllo breach rheendpiatesatTI2

or 12. to avoid excavation of the underlying vertebral
bodies and weakening of the load-bearing surfaces for

the graft or cage.
• The height of the corpectOmy derect is measured with

a small ruler or measuring callipers; iflhere has a been
a prior posterior stabilization, rhis will be a relati\-ely
fIXed height. Without prior posterior surgery. the imer
body defect can be maximized by a combination of
interbody distraction. using a spreader. and by pres
sure directed forwards over the posterior spine surface.

to create lordosis.
• AsUitablysi7.cd st nlt gmft is han'ested from the anterior

iliac crest or, alternatively. a suilable cage is selected.
Telescopic cages make this aspect of the procedure
much easier, since there is no need for 'on-table trim
ming' of either a graft or static cage.

• Thecageorgraft is then carefully placed into the defect,
ensuring a stable position without O\'erhanging the
endplatcsat '1'12 or 1.2 (particularly posteriorly, into the
epidural space) and any distraction or lordosis force

relaxed.
• A telescopic cage can now be distrdcted to ensure

a tight fit. IF there is any doubt about the integrity
or stability of the graft or cage, supplementary ante
rior fixation should he inserted to compress Tl2 to
L2: a simple single rod and vertebral-body screw COIl
tact may suffice where posterior stabilization already
exists, or may not be necessary at all. For stand-alone
anterior stabilization, a plme or double-rod system
is advisable, and there are several appropriate sys
tems available commercially e.g Kaneda device; AO

Ventrofix.
• The bone debris from the injured level can be used to

supplement bone grafting around the strut orcage and
this is usually sufficient to avoid the need for additional
harvest of autologous cancellous bone. Any bone graft
should be placed circumferentially around the strut or

cage. avoiding the posterior aspect.

• Many surgeons will perform an intraoperati\'e radio
graph at this point, to ensure correct cage or graft place

ment prior to closure.

Closure

• A large-bore (28-32 gauge) intercostal tube drain is
inscrtetl through rhechest wall into the thoracic cavity.
at least I rib space above the excised 10th rib level.

• Some surgeons prefer to dmin the retroperilOneum
separ-dtely, although bleeding is usually minor and is

tamponaded by the peritoneal sac.
• The psoas muscle may need to be approximated to

its origin. and the divided left crus is sutured together

carefully v.ith PDS.
• The parietal pleura O\'er the spine can often be repaired

\\ith a running PDS or Vicryi suture. although minor

defects are unimportant.
• The divided diaphragm is carefully repaired, from pus

teromediallo anterolateral, prefembly with a few inter
rupted PDS sutures supplemented by a running suture;
the stay sutures will facilitate matching of the di\ided

edges.
• The 10th costal cartilage is easily sutured together,

follow(.>(\ by suture repair of the thoracotomy por
tion of the wound: a rib approximalOr will appose the
free edges of parietall'leura and interrostals muscles

together.
• Care should be taken to avoid indusion of the neu

rovascular bundle within the suture line.

• The chest and abdominal wall musculature are then
sutured in layers, and the chest drain secured in place

with a strong retaining suture.
• The chest dr-din is attachl"d to a container with an

underwater seal.

Post-operative treatment

• Post-operative spine and chest radiugraphs are per
formed at the earliest opportunity.

• Antibiotics arc given for 24 hours post-operath'ely,
unless there is a further indic,l\iOn for continuation.

• The nasogastric tube should remain on free drainage
until the inevitable ileus has resolved, identifiable as
passage of flatus and/or return of bowel sounds: once
oowelaetivity rctums, oral intake can resume, initially
with fluids only. If fluids are tolerated without nausea
orcopious nasogastric dminage, the nasogastric tube is
removctl, usually24-48 hours arlersurgery. and normal

diet is introducetl.
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• The chcst drain lube remains until the lung is seen to
be fully innatcd on a chest X- ray. and drainage subsides
to less than 100 mls in a 24-hour period.

• The dcpcndent lung - in lhis case, the right
lung - is pronc to major atelectasia, secondary to
under-vcntilation in the lateral decubitus position.
Aggressive chcst physiotherapy is usually aU that is
necessary.

• Rarely, unrecognised injury 10 the cisterna chyli or
thoracic dUCI will manirest ilselr as a post-operati\'e
chytothorax or drainage or lymph via the cheSt lUbe

or retroperitoncal wound drain. This can usuall}' be
managcd non-opcrativcly, by continucd intercostal
drainage and parcntcral nutrition.

• Removal ofcentral \'cnous access lines should precede
chest drain removul, whencver possible. Once liber
ated from drains, etc. thc patient is mobilized as for
posterior stabilization. With combined posterior and
anterior stabilization/reoonStroclion. there is usually
lillie need for external support with an orthosis.

• Post~discharge follow up is as for posterior stabili
zation.
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Tendon injuries
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Re(onstrudion of tendons
Peter V. Giannoudis (16.1), Caroline McGuiness and
Simon Knight (162)

16.1 ACHillES TlNDON REPAIR

Indications

• Conlrovefsy regarding this injuryas 10 whelher suq:ical
repair or cast immobilization is the most appropriate

method ofueatmcnl.
• Healthy. \'igorous )'Oung adults.

• Athletes.
• According to p3lienl's age. activities, medical history.

Pre·operative planning

(Iinical ..ssenment

• Mechanism ofinjury: mechanical imbalance, degener
ative changl'S. high-energy disruptions,lacerations al
the posterior distal tibia aspect.

• Obtain a detailed paticnl's history.
• Usually sudden onset of pain, audible snap. patient

unable 10 weight bear, unable to toe-raise at the

affected site.
o Only leg weakness in chronically ruptured tendon.

• OCdCIll:l, bruising, ankle swelling.
• Clinically palpable gap that may be obscured by

swelling.
o Perform Thompson i; test, O'Brien test.
o Compare the affected leg with the contralateral limb.
o Be alert for longstanding rupturc;s.

Radiological auessment

o Radiographs: only 10 diagnose associated bony abnor

malities.

o High-resolution ultrasonography; produces an acous

tic vacuum.
o MRI: to f:\'3luate associated intra-articular injuries and

neglected tears.

operative treatment

Anaesthesia

o At induction administration ofproph)'lactic antibiotics
as per local hospital protocol.

o Spinal or general anaesthesia.

Table set up

o The instrumentation sct is at the foOt end oflhe table.

Patient positioning

• The patient is placed in prone position.

Draping and surgical approiillch

o Prepare Ihe skin over lower leg, ,Inkle and entire foot
with usual antiseptic solutions (aqueous/alcoholic
povidone-iodine). Prepare skin bel\\'(,'ell toes thor

oughly.
o Applyslandard draping around lower leg in calfregioll.
o Apply lape around toes 10 mi nim i7.e the risk ofinfectioll

(Fig. 16.1).
o Extend the wound edges longitudinally, taking care not

to damage the sural nen'e (Fig. 16.2).
o ProXimally search for the central end of the ruptured

tendon and pull it downwards (Fig. 16.3),

Pmcl;ml ProadllTrs ill Orllropaedk Thwmtl S,,'8I'ry. A n-aillee:S Cllmpanian. ed. ~ll'r V. Giannoudis and Ilalls-ChrislOph Pape.
Published b)' Cambridge Univenily Preu. Cambridge Uni\'ersily Press 2006.
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fig. 16.4 a,b Plating 012 separale double loops 01 a No. S

non·absorbable lensiOfl suture using a modil~ Kessler stitrh into

the proximal and dislal ends 01 the ruptured lendon.

(bl

fig. 16.3 PToximaU, seafch IOf lhe cenU<l1 end of the ruptured

tendon and pull it downwards.

fig. 16.2 Extend lhe wound edges longiludinally, laking rale nol

to dama9t the sural nerve.

• Placc2scparatcdouble loopsofa NO.5 non·absorbable
tension suture using a modified Kessler slilCh into the
proximal and dislal ends of the ruptured lendon, pro·
dueing an 8-strand repair (Fig. 16.4).

• Approximate the ruplured ends of the tendon
(Fig. 16.5a,b).

• P]antarncx the foot up to 5 , flex the knee at 30 and
whilst observing thc eontralatcrallimb lie Ihe sutures..
approximating Ihe ruplUred ends (Fig. 16.6).

fig. 16.1 The patienl K plated in the prone pcKition with standard

draping app~ed afound the lower leg in lhe rail region and tape

around loes to minimiR the risk of infection.
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(.,
fig. 16.5a,b Re'apploltimating of the tendon's ruptured end~

fig. 16.6 With the loot plantarlle~ed up to S ,the knl't' lle~ed at

30 ,and whillt observing the (ontralaterallimb, the sutliles are

lied, appfO~imaling the ruptured ends.

Fig. 16.7 The edges 01 the lendon repair ....e then made perfectly

smooth by using a peliphl'lalruming suture whith passes around
tht wtlole cirtumll'leoc:e 01 the tendon repair.

(b'

fig. 16.8 Closure of the wound.

• The edges or the tendon repair ,Ire then made perfectly
smooth by using a peripheml nlllning suture which
passes around lhe whole circumference of the tendon
repair (Fig. 16.7).

Closure

• Close lhe defect in the gastrocnemius fascia and ten
don sheath with 2.0 absorbable sutUTeS.

• Close lhe skin with a runningsubcuticular3.0 monom
ament suture (Fig. 16.8).

• Apply non·adherent dressings.
• Ashon-Ieg plaslic bool is applied. with the Cootin grav

ityequinus.
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Post-operative treatment Table 16.1. classiti(ation of tendon injuries

• Suture removal after 2 weeks,
• At 3 weeks the patient is allowed to increase weight

bearing progressively,

• After 6 weeks the patielll begins active and active·
assisted range of motion exercises.

• After 2-4 weeks, initiation ofisokinetic strengthening.

• Gain of full strength and full endurance achieved in 4

mOnlhs after surgery,

Zone!
Zone 11

Zone III

Zone IV
Zone V

Di.'ltalto nexor digitorum superfidalis insertion
Digital newr sheath containing superfidali.'l and

profundus tcndons- 'no man'sland'
Mid-palm
Within carpal tunnel
Proximal to carpal tunnel

16.2 REPAIR Of TlNDON INJURUS
IN THE HAND

Indications

Oiagnosis oftendon injury;

• This is usually obvious and can be inferred bytheposi·
tion of the Q\'erlying laceration and the poslUre of the

hand.
• Specific tests togetthe patient to aeti\'ely f1exoreXiend

the injured finger confinn the diagnosis (Fig. 16.9).

Associated injuries:

• Associated injuries to the median, ulnar, radial and
digital nerves should be expected and specifically

excludl.'d.
• The vascular statuS of the finger and hand should be

assessl.'d.
• The condition ofthe overlying skin should be examined

to ensure that viable skin is aV,lilable over the tendon

repair.

Competence:

• Plexor tendon repairs in Zone II [Table 16.1) are techni
cally difficult and should only be undertaken by expe
rienced surgeons,

• If you do not have the necessary experience, dean
the wound, dose it under local anaesthetic, prescribe
the patient antibiotics, splint the hand and refcr the
patient to a centre that is used to dealing with these
injuries.

• If the patient has neurovascular injuries or large skin
defl.'Cts and you do not have the necessary micro
surgical or plastic surgical experience to deal with
these, the patient should be transrerred to acentre that

can.

r ,;
•

1·- ,

I I

fig.. 16.9 Spe<ific lMU to gellhe p3~nlloadively ,"'. or mend

the injlJred 'inge, wnfi,m the di3gnosis.

• Injuries that present late, more than a fco.\' days post
injury. are also better dealt with by an experienced
unit.

Operative treatment

Anaesthesia

• Single extensor lendon injuries over the back of the
hand may be treated under local anaesthetic. Most ten
don injuries. howcvcr, will require thc LIse of a regional
anaesthetic in order to alluw the p,ltientto tulerate the
tourniquet for the nccessary period of thc repair.

• Occasionally a general anncsthctic may be necessary.
• A tourniquet is placed around thc upper arm and

inflated to approximately 100 mmHg abo\'c the systolic
blood pressure. A pressure or250 nUlIllgwill suffice ror

mOSl adult patients.
• The use of prophylactic antibiotics is reCOlllmended.

The author uses a single dose or I g of lJucloxadllin
on induction. Alternatively. Sl>cdfic hospital protocols

may be rollowed.
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• Atray offine surgical operating instruments should be
made available comainingAdsen's loothed forceps and
a fine needle holder capable of grasping 6.0 sutures.

Patient pOJitioning

• The patienl is draped in a supine position wilh Ihe
abducted ann on a large hand lable.

• A lead hand or alternati\'e to hold the digits and hand
is required to assist operating.

Magnification

• Loope magnification is recommended for alliendon
repairs. The use of the operating microscope is pre
ferred for nen:e repair and necessary for repair ofasso
ciated \-essels.

Fluor tendon injury

Skin inciJionJ

• Incisions on the flexor surface of the rmgers. hand
and wrist havc a tendency 10 contraCI as Ihey mature.
E\'ery efforl, therefore, should be made 10 convert open
lacerations into Brunner-Iype incisions by extending
them longiludinally in an intelligently planned zig-zag
fashion.

• In the forearm the incision is deepened through the
deep fascia to the flexor tendons. Over the wrisl it may
be necessary to divide the carpal ligament to find the
injured tcndons.

• Prior to dividing thc carpal ligament, however, it is
worthwhile flcxing the fingers to see whether the sev
ered ends of the tendons protrude into the wound. If
they do lIot, the wound should be eXlended into the
palm and the carpal tunnel opcned.

flexor pulley preJervation

• In thc fingers, the flexor tendons are encased by a
fibrous Ilexor sheath containing 5 annular pulleys
(Fig. 16.10). Thcse pulleys should not be divided and
every attempt IIIlIst be made 10 preserve their integrity.

• The distal end of the severed tendons can usually
be made to appear like toothpaste from a squeezed
tube by simply flexing the inlerphalangeal joints
(Fig. 16.11). It is occasionally possible to retrieve the
proXimal end ofthe SC\'ered lendons by flexing Ihe wriSI

fig. 16.10 tn the !ingen, the llellOl" lendons are eoc:a~d by a
fibrous lluOf sheath (ontaining live Oitnnutar pulleys.

/

)~
•

fig. 16.11 The distal end 01 lhc severed tcndons can u!iually be
made tll allllear likc toothllaste from Oit squcued tube by simllly
t1exing the intclphalangeal joints.

and milking the flexor muscle belly in a proximal to dis
tal direction.

• If the end of the tcndon is still not visible. extend the
incision into the palm of the hand, locate the severed
flexor tendons, pass either a fine plaslic catheter or a
loop of 0 Prolene down the flexor sheath and SUlure it
10 the sevell.'<1 ends of Ihe flexor tendon and railroad
Ihe tendons back through Ihe flexor shealh.
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(3) (b)

fig. 16.12 (a) Eac:h tendon is repaired individually using it b'uler (ore suture oll.O or 4.0 Prolene or Ethibond on a fOIJnd-bodied needle.

(b) The edges 01 the tendon repair are then made pl'ffec:tly smooth by using a peripheral running suture 01 S.O or 6.0 Prolem> on it

round-bodied needle wtlKh passes around tlK> whole drrumferelKe of eac:h of the tendon repairs.

lep~r of the nenes .d wessels

• Before embarking upon the repairofthe flexor lendon.
any associated injuries to the nenoes and \'('ssels should
be repaired at this point.

Maintenance of the tendon position

• In order to repair the flexor tendon the ('nds of the
teodon should be in gentle apposition. The pos
ture of the joints of the limb should be adjusted to
achieve this.. You will need an assistant to flex the
wrist and the interphalangeal joints.. The position can

then be maintained by fixing the tendons within the
flexor sheath by tr<lnsru:ing them with hypodennic
ne{.'<IIes.

• Each tendon is repaired individually using a Kessler
core suture of3.0 or4.0 Prolcne or Ethibond on a round
bodk>d lIa>dle (Fig.IG.12a).

• Theedges of the tendon repair are then made perfectly
smooth by using a peripheral running suture of 5.0 or
6.0 Prolene 011 a round-bodk'<l needle which passes
around the whole circumference ofeach of the tendon
repairs (Fig. 16.l2bl.

• Iftheinjury has occurred distal to lhedecussationofthe
flexor digitortlltt superfici;dis. the tendon slips are flat
and these slips should be rep<lired with simple mattress
sutures.

• Flexor tendon repairs proximal to the mid-palm do
not require the peripheral running suture and can be
repaired by a single 3.0 non-absorbable Kessler core
suture.

• Repair the flexor sbeath: following the tendon repair
the flexor sheath should be repaired with 6.0 Prolene.

• Ensure smooth excursion oftbe tendon repair.
• Once the repair is complete, tbe fingers should be

flexed and extended 5-6 times to make certain that

there is a full. smooth excursion of the repaired ten
dons..

(Iosure

• The skin is closed with either 4.0 Vicl)'1 Rapide or 4.0

Prolene.
• Dress the wound with a non-adherent, absorbent

dressing. ensuring the minimum amount ofbulk in the
hand to allow' the fingers joints to be passi\·ely moved
through a full range of movement during theconvales
cence.

Splintage

• Apply the splint to kl'Cl' the tension on the tendon
repairs to a minimum lind to pn.-vent accidental O\·er
extension of the fingers.

• The splint extends from bll'ond the fingertips to the
proximal forearm.

• The wrist is held in llpproximately 20 of flexion and
the metllcarpophalangeal joints at approximately 30

offlexion.
• The interph:rlllngeal joints arellUowed to extend fUlly

(Fig. 16.13).

Special cases

Avulsion of the flexor digitomlll prufundus tendon from
the distal interphalangeal joint is treated by railroading
the flexor digitoTUm profundus (see above) along the
flexor sheath and securing it to the distal phalanx Ilith

a core suture that is passed through a drill hole in the
distal phalanx and secured by a bUllon over the nail
(Fig. 16.14).



fig. 16.13 The inlefphalaogeal}oints are allowed to extend fully.

\11111I /l1f"::".,j

Fig. 16.14 II (Oft sutUft lila' is passed Ihrough a drill hole in the
distal phalanx and Se<Uled by a buuon Ovef lill" nail.

fig. 16.15 Aplaster 01 Paris splint is applied with the wfist tully
utended, the metacarpophalangeal joints partially flexed to
apprllximately 30 and Inerphalangeal joints (ompletely extended.

Extensor tendon injuries

Skin incision

Extensor tendons rarely retract far from the site of injury.
Only a small extension of the wound is usually required

to 10C"dU! and repair the tendons.
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Tendon repair

• The tendons over lhe flnger and on the dorsum of the
hand are flat and are repaired with a non-absorbable
4.0 mattress or flgure-of-eight suture.

• In lhe foreann tht! tendons are large and round and
should be repaired with a 3.0 non-absorbable Kessler

core suture.

• O':er the extensorsurface oflhe wrisl, pan orthe exten
sorretinaculum must be relained 10 prl"\'em later bow

stringing.
• Uit is not possible to perform the repair without open

ing the extensor retinaculum, it should be opened
through a stepped incision so lhat it can be repaired

at the end orthe procedure.

(Iosure

• The skin is sutured with 4.0 Vicryl Rapide or 5.0
Proleill'.

• A non-adherent, absorbent dressing is placed O\1"r lhe
wound.

splintage

• A plaster of Paris splint is applied with the wrist fully
extended, the metacarpophalangeal joints partially
flexed to approximately 30 and interphalangeal joints
completely extendL'Ci, (Fig. 16.15).

Special cases

• Closed mallet injuries and closed boutonniere injuries
can be treated conservatively by splinlilge.

• By contrJst, open injuries o\'er the insertion of the
extensor tendon should be treated by K-wiring the dis
tal interph<llangeal joint in eKtension and repairing the

extensor tendon.
• Open boutollniere injuries should be treated by K

wiring the proximal interphalangeal joint in exten
sion and suturing the central slip of the extensor

tendon.
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Post~operatiYe rehabilitation

lxIenso, tendons

• TIIt.'Se are treated by static splintage or by dynamic
splintage for 1rnomhdependingon thelo(;altreatment

prolOcol.
• Most patients require further physiotherapy to obtain

a full range of movement.

noor tendon repairs in the '.,ea'lII

• Flexor tendon repairs in the forearm are treated by
static splintage for) month followed by a course of

physiotherapy.

flexor tendon repain in the hand and wrist

• Rcxor tendon repairs in the hand and wrist are treated
by moving the repaired flexor tendons in a con
trolled fashion throughout the carty post-operative

period.
• A splint must be worn throughout this period of

time.
• The connolled movement is achieved either by rubber

band traction. passive mobili7.alion orcomrolled active

mobilization.
• All these prolOcols require specialized supervision

from lhe physiotherapy services,
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De(ompression fasdotomies
Roderick Dunn and Simon Kay

17.1 ,AUIOlOM' fOR ACUTE
COMPARTMEN' SYNDROMES OJ
THI UPPER AND lOWER liMBS

Definition of (ompartment syndrome

A persistent rise in the pressure "'1min a confined fibro

osseous compaTlmcnt thaI leads to panial or complete
infarction and fibrosis of the vilal componenlS of lhat
companmcnt. (See p. 269 for fasciolomy for compart
ment syndrome of the fOOl.)

Aetiology

• Bleeding.
• Ischaemia and rcpcrfusion.

• Crush.
• Elcctrical burns.

• Posture.

• Iatrogenic.
• Injection.

Indilations

• Clinical suspicion is the m,lin indicator.
• Raised compartment pressure measurements (see

below under Clinical assessment).
• 30 IllmHg for 8 hours or for an unknown period.
• 20 IllIllHg below diastolic pressure.

• Clinical suspicion plus comparlment pressure of
30 rnmHg.

• Rcv:lscularization of:l limb lalwa}'s).

Clinical assessment

• Clinical suspicion is the main indicator.

• Pulses are NOT a useful sign - peripheral \'3scularit}'
does NOT correlate with compartment status.

• The degree of distal ischaemia is VARIABLE with com
partment S)'Ildrome.

• Comparunent pressure measurement is theonty useful

im-estigation.

• Damage v-dries with pressure differemial and lime.

Symptoms

PAIN:

• Severe.
• Un(l'lie\'ed b}' analgesia Oook at drug chart).

• PersistenL
• Progressive.
• Passive sl.rctch exacerbates.
• Unrelieved b}' immobilization.

Signs

• Limb feels tense.
• Pain on passive stretch.
• Reduced sensibility in distribution of nerves that pass

Illrougillhe compartment.

• Weakness of muscles in compartlllent.

• Presence of pulse docs NOT exclude compartment

s}'ndromu.

Investigations

• Direct compartment pressure measurement is the
most useful im'est.igation. There is no place for an}'

other imaging in the management of acute compart

ment syndrome.

• Instruments:

Pmc/;ml Proadllrrs in Orthopaedic Troll""! Surgery. A Troillee:S Cllmpan;oll. ed. Peter V. Giannomlls and Ilans-C1uislOpb Pape.
Pubtished 11)' Cambridge Unhoenily Pre505. C' Cambridge Uni\'ersity Press 2006.
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• Strykcr® dedicated device (Su)'ker Pressure moni
tor ilnd Quick pressure monitor system).

• Pressure transducer from CVP monitor and hypo
dermic needle (19 G or 21 G).

• Manometer.
• Measuring compartment pressure:

• Calibrate instrument.
• IllSC!n nealleorcatheterintocompanment and take

pressure reading.
• Take measuremenls from different sites in the com·

panment (compartmentS are not nuid, so pressure
varies within rompartmem).

• Measurements depend on technique and may vary
between operators.

• Look at the trend if a single measurements is

equi\'Ocal.
• Can compare with COntralateral unaffected limb if

unsure.
• When to intervene:

• 30 mmHg for 8 hours or unknown period.
• 2Q mmHg below diastolic pressure.
• Oinical suspicion plus pressure of30 mmHg.

• Blood tests. Check creatine kinase (C....1 and urea and
electrolrtC5.. Avery high CK may indicate muscle necro
sis.. This mar lead to acute renal f3ilure. so monitor U &

ES and consider early renal dial)'sis if indicated (speak

10 ITU and/or renal ph)'sicians).

Operative treatment

fu(iotomy of the upper and lower limbs:
general principles

• Gcneral or regional anaesthesia
• Use tourniquet for safe initial exposure.
• Must be complete and fulliellgth.
• Incise the skill tdermOIOIIl)') and deep fascia (fas

ciotomyl.
• Dcsib'tl incisions to avoid exposed nerves or tendons.
• Try 10 minimize CUHllleOliS nerve damage and preserve

longitudinal veins.
• Closed, subcutaneous fasciotomy is NOT indicated in

trauma.
• Examine the epimrsium of individu31 muscle bellies

systematically and incise when tight (epimysiotomy).

• Excise obviously dead muscle with the tourniquet
inflated, or prior to revascularizationto reduce the risk
ofacute renal failure from myoglobin3emia Ifin doubt.
do not cxcise it, and look ag3in after the tourniquet
is dellalCd (dead muscle does not bleed. is soft and

Do,so·radial fasciotomy
Dorso-ulna,lasciotomy I

',. ;;;;;~~~~~

I
Palma, filsci(Momy

• DorNI ~l"" 'eI(4) ......_lnlerouel (3)

• Addldlf' poIIds • Thenar musdes H)potIl8il8f IT'USdllS

fig. 11.1 Anatomy of ttle ten rompartments 01 the hand in

uos:s·l.eCl:ion.

mushy. does nOl twitch. and is either dark or \'ery pale
(not pink}).

• Release the lOumlquet to assess musde \;ability.
• Perform a second look at 24 \048 hours..

fasciotomy of the upper limb

• Remove any rings from the digits.
• Position thc patient supine on the operating table with

the arm on a hand table.
• Applya high tourniquctlO the arm.
• Clean thc arm to the axilla wilh surgical disinfectant.
• DrJpe the arlll just below the tourniquet.

The hand

This is confusing unless you understand the anatomy
of the 10 compartments of the h'll\d in cross-section
(Fig. 17.ll. These arc:

• Dorsal interossei (4).

• Palmar interossei (3).

• Adductor (OftCII neglected).

• Thenar.
• Hypothenar.

Dorsal incisions (fig. 17.2)

• The dorsal (4) and palmar (3) interosseous and 3dduc
tor (I) compartments are all decompressed through 2
dorsal incisions between the 2nd and 3rd metacarpals



fig. 17.2 Dorsal incisions,

and the 4th and 51h melacarpals. Incise the skin. pre·
serving the dorsal veins where possible.

• Through Ihe 2 dorsal incisions, incise the fascia o\'er
each of the 4 dorsal inlerosseous compartments,
retracling the skin to gain access 10 the 1st and 3m

dorsal inlerossei, which are nOt directly under Ihe inci·
sions. A\'Oid damage 10 the superficial branch of the
radial nerve when dividing the fascia over Ihe 1st dor·

sal interosseous muscle.
• The 1st palmar interosseous and adductor compart·

ments are reached through Ihe radial incision by insert·
ing tenotomy scissors perpendicularly along the ulnar
border of the 2nd metacarpal, with the blades in Ihe
line of the melacarpal. and spreading Ihem Widely. You
nl'ed 10 feellhe dorsal fascia oflhe palmar interosseous
compartment give way as )'Ou push the scissors into it.

• The 2nd and 3m palmar interosseous COmpMlments
are reached similarly through the ulnar incision by
inserting the scissors along the radial side of the
4th metacarpal (2nd palmar interosseous) and 5th
metacarpal (3m palmar interosseous).

Palmar incision

• The median and ulnar nerves, and the thenar and
hypothenar muscles in the palm are decompressed
using one incision (Fig. 17.31.

• Make a lazy S·incision from the distal wrist crease over
the carplll tunnel in the midline, between thenar and
hypothenar eminencl'S 10 the proximal palmar crease.
This may be cOlltinlll"d inlO the palm in a ljg·zag fash·
ion as necessary.

• Deepen the incision through the Ilexor retinaculum to
decompress the COnlelllS of the carpal tunnel, taking
care to protect the median nerve branches, in particu·
lar the thenar mOlOr branch of the median nerve pass·
ing radially into the thenar muscles in the distal part of

the carpal tunnel.
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fig. 17.J Palmar inc:ision.

• Incise the fascia O\'er the thenar muscles to decompress
the thenar compartment.

• Dt.-epen the incision in an ulnar dirl"Clion to decom·
press the ulnar ner\'e in Guron's canallsuperficial to
the flexor retinaculum of the carpal tunnel, and more
superficial than ),ou think),

• Continue into the hypothenar muscll'S, preserving the
deep motor branches of the ulnar nerve, and the ulnar
artery as it divides illlo the superficial palmar arch and

deep palmar branch.
• If the digits require decompressing, incise along the

rnid·axialline (see below) of the digits, on the non·
dependent side (the ulnar side of the index, middle
and ring fingers and the radial side of the thumb and
little fingers).

• The mid~axiallincis safe as it is dursal to the neurovas·
cularbundles (NVB) ofthe fingers. It is drawn byllexing
the fillgers illto the palm, drawing a dOl at the apex of
the skill creases of the metacarpophalyngeal (MCPl.
proximal interphalyngeal (PIP) and distal interphalyn
geal (DIP) joints. and then joining the dots with the
finger in extension (Fig. I7.4a,b,cl. The dissection is
continued dorsal to the NVB, \'olar to the fiexortendon
sheath, and then dorsal to the NVB ontheoppositeside
(Fig. 17.5).
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(a) (b)

Fig. 17.4a,b,c Draw a dol allhe apex of the skin (reases olthe M{P, PIP and DIP

joinl~, and then join the dots with Ihe finger In extension.

The forearm

Extensor mobile wud, common flexor mass. pronator
qU:Jdmtus.

Flexor incision (Fig. 17.6)

• Extend the midline incision in the palm ulna wards
along the distal wrist crease (Fig. 17.7).

• Continue for 5CIIl along the ulnar border of the foreann
(providing a flap locovcr the ulnar and median nerves)
and then radially and proximally lowards Ihe radial side
oflhe antecubital fossa.

, Mkhxlalioeision

Neurovascular bundle

fig. 11.5 The dissection Is continued dorsal to the NV8, ....olar 10

the flexor tendon meath, and then dorsal to the NV8 011 the

opposite side.
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fig. 17.6 flellOf incision.

,.,

fig. 17.1 Extend the midline ilKision in the palm ulna wards along

!he distal wrist uease.

Ib'
fig. 11.8a,b Continue ulna wards across the anlecubital/ossa in the line of the IInion (lease allowing extension inlo Ihe Uppel arm as

neressary.

• Continue ulna wards across the ,lntL'cubilal fossa in
the linL' of the flexion cre,lse allowing eXlCnsion into
the upper arm as nece$S,lry IFig. 17.8).

• Examine thL' long flexors of the wrist and digits system·
atically.

• Examine the pronator quadratus deep to the long
flexors.

• Explore thL' mt.'dian and ulnar nerves in the wrist and
forearm.

• Avoid the palmar cutant.'ous branch of the median
nervc (arises Scm proximal to the wrist crease on the
radial side and passes distally).

• Avoid the dorsal sensory branch of the ulnar nerve

(arises 5 em proxinwllO the pisiform. passing dorsally
and ulna wards) .

• Explore the median nerve in the ,llltecubital fossa to
releasc constriction from the lacertus fibrosus next 10

the biccps aponeurosis, .lIld the proximal edges of the
flexor digitortllll superficialis and the pronator teres
(Fig. 17.9a,b,c).

Extensor incision (Fig. 17.10)

• Make it single longitudinal midline incision on the
extensor aspect of the forearm.
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tal (bl
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• Examinc the cxtensor Illuscles systematically (Fig.
17.11a.b.c).

Upper arm

Flexor and cxtensor compilr\lncnts

• COlllinuc the incision pro:dl1lilllyover the posterome
dial aspL'Ct of the biceps br.Jchii to decompress the
biceps cOlllpartmelll. bnlchial ilrlCry and branches of
the brachial plexus.

• The postcrior triccps compartment can be reached
through this incision if nL"Ccssilry. avoiding damage to
the radialnerYe.

Fasdotomy of the lower limb

• Position the paticnt supine On the operating table.
• Applya toumiquetto the leg.

fig. 11.9a,b,( llamioe the long flexors 01 the wri5t and digits

s~temati(ally. Examine the prooatoo" quadratus deep to the long

flexors.

fig. 11.10 Extensor inc:ision.
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• Clean the leg co the thigh with surgical disinfec
tant.

o Ompe the leg 10 just below Ihe tourniquet.
o There are 4 compartmenls in the lower leg; anterior.

peroneal. superficial posterior. deep posterior (often
neglected) (Fig. 17.12 cross section of leg).

o 00 NOT try and do it through a single incision.
o Do NOT remove the fibula.
o Pasciotomy is performed through 2 incisions. on the

medial and lateral sides of the leg. These incisions
should always be longitudinal and are designed to pre
serve fasciocutaneous perforator vessels to allow sub
sequent local flap closure if required.

o The medial incision (Fig. 17.13) follo\\'s a line 2cm
posterior to the medial subcutaneous border of lhe
tibia, from the knee to the ankle. Incise the fas
cia of the superficial posterior compartment lon-

17.1 Fasciotomy lor acute compartment syndromes 301

,.,

fig. 17.11a,b,c Assessment aM release ollhe extensor
compartment 01 the forearm.

gitudinally. exposing the gastrocnemius and soleus
muscles. Retract the gastrocnemius posteriorly from
the tibia. exposing the fascia of the deep poste
rior compartment, and divide lhis fascia longitudi
nally. Examine the muscles of the deep posterior
compartment and the posterior tibial neurovascular
bundle.

o The lateral incision (Fig. 17.14) follows a line between
the lateral subcutaneous border of the tibia and the
llbula. Incise the deep fascia of the anterior COIII

partment and examine the muscles of the anterior
compartment. Follow the undersurface of the ante
rior compartment fascia laterally to Hnd the verti
cal septum of the peroneal compartment and incise
this to gain access to the peroneal compartment.
Examine the muscll'S of the peroneal compartment
IFig.17.ISa.b.c).
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Sites lor sale
extema!liKlltor

- - - - _ _ pin insertion
Later81 -
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• SuoetficlIl POSteiiOl CCiIlC*'illlllili
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(IllIG' IoIIlociIIi:lngI.It, .... aigDum ........ _ .,_nn~'

.PMIne"~
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Fig. 11.12 (fon-swion 01 the leg. rhefe are four <ompaltmenls

in the lower leg; anterior, pel"oneal, superfi<ial pOiterior, dl"l"p

IXlsterior (often negIWed).

\

I
I
I
I

'=I
I
I
I
I
I

J}

MIIdial~""

fig. 17.1] llle medial iodsion follows a ~ne 2 <m poiterior to the

medial sutKutaneous border 01 tile tibia, Irom the knee to the

ankle.

Lateral tascioklilly

fig. 11.14 The la'efal in<ision lollows a line betwl"l"n tile latefal

sulKulilOl"Oui boidef 01 the tibia and the fibula.

wound closure

• Fasciotomy wounds cannot usually be dosed directly.
It may be possible 10 dose them partially with sutures.

or to close one side of the limb.
• Healing by secondary intcntion often produces over

granulating wounds and hypertrophic scars.

• Closeopcn fasciotomywounds with very thin split skin
grafts (which will contract and facilitate lawr excision).
Refer 10 plastic surgery or usc a powered dermatome
to minimize skin graft donor site morbidity.

• Splilll the limb for 5 days after skin grafting to aHow
graft lake.

• Leave the donor site dressing int,lct for 14 days.

• Avoid deep tCllsion sutures or olher methods of clo·
sure relying on tcnsion. such as vascular SJinl:S looped
between staplcs. Thcse are slow and leave ugly. unsta

ble scars.

Post·operative rehabilitation

• Mobilize the limb under supervision of physiothera
pists for6-12 weeks 10 prevelll adhesions and stiffness
once wound is dosed/sldn graft stable.

• Night splinlS for 4-6 weeks 10 prewn! comractures.
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I.'

• Upper limb in fUllctional position (thumb abducted.
30 wrist extension. 60 Mil (metaphalyngeal) joint
flexion. 180 extension uf PIP joint and DIP joint).

• Lowcr limb in ankle dorsillclCion.

Outpatient follow up

• Sec in dressing clinic until wounds arc healed.
• Review at 6 wccks and 3 months.
• Consider clCcision of skin grafts or scar revision at 9

121110nths.
• Consider tendon transfer or microvascular func

tional muscle transfer following significant loss of

Ib'

fig. 17.15 a,b,c Medial and late,al incisions ¥Id enision 01

devitalized tinues.

flexor or extensor compartment ill upper limb (refer to
plastic surgery).

Summary

• Acute compartment syndrome is common and dan-
gerous.

• Adverse consequcnces can bc pre\·ented.
• Vigilance and suspicion arc needed.
• Pressure measuremcnt Is the only useful im·estiga

tion.
• Fasciotomy is the only useful treatment.
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in fasciOlom)' 305

1m..,.
rondylarfraclUre 111-12
fasciOlomy 301-2
midshafl fraclUre 112-15
lendon repair 293--4

nexible inlramedullary nailing
femur 191-8
forearm 53-5,71---6

nexnrcarpi mdialis muscle (feR) 68,
78-9

nexordigilorum profundis lendon 294
nexnrdigilorum sublimes musch,

(FDS) 68
nexnrdigitorum superfidalis muscle 303
nexor IlOlids longus muscle (I'I'LJ 68.

"nexors of the hand/fore~nll

f~sciolO\Il)' 302-3
tendon repair 291-2,293-5.296

noating lolee 225
I'nleycalhelers IZZ
f~,

Achilles tendon 289-90
calcaneus 261-5
Usfranc fmclUre 265-9
lalus 257---61

fnrearm
compartmenl syndrome 48.51.67.

302--4.306-7
lendon repair 296
Sl'f! also radius; ulna

FPL (flexor policis longus) 68.79

fraClure mbles 186,192
'frt.'C-hand lechnique' 189.228

Gah,a72.i fractures 73
GalloWlIlr.lClion 191
gaslrocnemius muscle 180.202.206. 305
gaslroillle5tinal tract 283,285
gemeli muscll!!l 139
genilourinary system in pelvic

injuril!!l 119,122,127
glenoid fossa 8, 19
g1uleusmaximusmuscle 137.11llI
g1uleusmediustendon 166
gral"u f« bone grafts
Guslilo classifiC<llion of f~oralshafl

fraclures 179-80
Guyon'sC3nal 301

haJoand ha.!o-\·est devices 273--6
hand

fasciolomy 300-2,306-7
melKarpaJ I 100-5
metacarpals II_V 106--10
phalanges III-IS
tendon repair zg(l-6

ulnar colIalt=lligament 103-5
Hawkins classification of laJar neck

fractures 2S8
h~1

Achilles tendon 289-90
calcaneus 261-5

hemianhroplast)'
hip 165-9
shoulder 14,17-21

heparin 125,143, ISO, 278
Hel'bcrt scrl'l'l'S 37, 60, 20 I, 260
hip

acetabulum
iliOinguinal approach 14J-.50
posletior approach 135-43

dislocalion 135,169
femur

arthruplasty 165-9,200,205
cannulated screw fIXation 160-5
dynamic COlllllrtlssion screw

fixation 153-9
Hoffa fracture 201
Hoffmann II external fixmor pelvic

lray 119
humerus

dislocation 8, II
dislal

nailing 38-40
paedialric fraclure 4()....4

Illming 30-5
screw ioserlion (capitelluml 35-8
supracondylar fraClure 30-5,41)-4

proximal 8-10
hcmiarlhroplasl)' 14,17_21
plating 14-17
tension band wiring {TRWI of

grealerluberosil)' 10-14
sh.art

nailing 26-9
plating 22-6

h)'polhenar muscles 300,301



ileus 285
iliacnesl 12Q,146, 150,283
ilian'f$Sels 147,148
iliacus muscle 146
ilioinguinal allprooch

to acetabulum 145-50
to sacroiliac joint 133-4

ilioinguinal nen'e 147
iliopectineal fascia 147
iliopsoas muscle 147,148,180
ilium

acetabulum
iiioinguinalapproach 143-50
poslmor approach 135-43

external fiulion ofthe pehic
ring 119-22

iliac crest 120,146, 150,283
impotence 127
infection

femoral shaft fr.lCtures 18G-1
hip hemiarthroplasty 169
pin sites 248
tibial fractures 224,231

inguinal hernia 150
inguinal ligament 147,150
1nsall index 208
inlert:ragmentary screw and

nruualization plales 232-3
inlerosseus compartments of the

hand 300-1
inlerosseus nen'es

anterior 41
posterior 30

intramedullal')' nailing
for fractures of

fl'mur 170-8, 180, 185-98,200,204-7
humerus 26-9,38-40
radius 71~

libia 224-30
ulna 53-5. 71~

nail lypt.'S
distal femoral nail (DFN) 204-7
nl'xible 53-5, 71~, 191-8
locked nailing SCI 226
Ill"Oxilllul femoral nail (I'ION) 170-8

inlramedullary wiring of
metacarpuis 108-10

ischaemia
in cornparuncnt syndrome 299
lalar fruclure repair 259
S~'e (/150 avascular n~'Crosis

Judel views of the pelvis 126,1'14,145,

'"
K-wires see Kirschner wires
Kapandji pinning of disml radius 86-9
Kt.'5S1er SUIUn.'S 290,294
kidney failure 300
Kirschtu,r wires

Lisfranc fraclure 267
metacarpals 100-1, 103-10
radius 87-90
scapho-lunaledissocialion 9741
tendon repair 295
ulna 46-7.58

."~anhroplasly 200,205
dislal femur

MIPPO 200-4
nailing 204-7

external fixation 198-9,220-1
palda 208-11
prorlmaltibia

anterior tibialspine 221-3
bicond)iar tibial plateau 216-21
lateral tibial plateau 212-16

knee brace 216,223
kyphosis, cOlTe'Ction of 280, Z83

lacenus fibrosus 3lI3
lag screws

acetabulum 141
femur

dyna.mc compression hip screw
fiuOOn 153--9

metaph)'Sl:alldiaph)'Seal
fractures 201.205

plating of shaft 183
hand 102,104---5,107.112.

m
humerus 24
malleolus 250, Z53
olecranon 49
palella 208.211
sacro-iliac joilll 129

lateral femoral cutaneous nen'e 147
lateral geniculate nen", 2Z5
LC·OCP (Io....-contact dynamic

compression plales) 182-5,231,
233-4,235. Z39

sn also d)'Jlamic compression plates
LCP (locking compression plalesl 216,

219,231.235.237
lead gowns 2:P.1
Less Invasi\'eSlahilization Syslem

{USS} 201-4,231.237
lesser trochanter shape signl

melhod 181,187,203,
m

linea alba 124,125
Lisfranc fraclure 26S--9
Lister's tubercle 83
load-sharing classification of spinal

fractures 277
lncked screw plales 200
Incking compression plates (LCI') 216,

219,231,235,237
lordosis, cor'-':-'Clion of 280
lnw-conlacl dynamic comlm,ssiolllllal~'S

(LC-DCPj 182-5,231. 233-4, 235,,,,
s.... alsodynamic compression plales

lower limb
Achilles lendon 289-90
fasdolomy 300,304-7
Sa! also i"dividual bollI'S andjoints

lumbarner\'eroo15 131.133
lumbar spine see thoraco-Iumbar bursl

fracture
lunate, scapho-Iunaledis.socialion 95-9
lung 284,286

Index 317

MacDonald's elevalors 46,54
magnelic resonance Imaging (MRI} 259,

277,289
mall~'Olus 249-56
maUet injuries 295
malunion 73: _alSt) non_union
Mason... lohnSOfl classification of radial

fractures 60,61,62
Malia platingsynem 123,124-5,141, ISO
median nen'l'

fasciotomy 301,303
radial fraclure 79,81
sUllrxondylar fraC1ure 41
tendon repair 291
wrist fracture 92,95,98

metacarpals
1 100-5
II-V 106-10
ulnarcoUater.iIUgament 103-5

metalarsals.l.lsfranc fraclUT(! 'l£1
mini-plates 102, lOS, 107, 113
minimally inVilSi>'l: percutaneous plale

oslo!OS)'nthesis (MIPl'Oj IIIZ. 111<1,
:!OO-<

minor lrochantet" technique (\e$ser
lrochanlershapesign) 181,187,
203,207

MIPPO (minimally in\<lSi,,,,
pen:ulaneouS plate
O!Ileos)'lItht'sisJ 182, 184, zoo.--.t,

Monleggiafraclures 51-3.73
MRI (magnelic re5OIlancl' imagingl 259,

m,,.,
musculocutaneous nen'l' 39

nailing sn illlramedullal')' nailing
nailing table 224-5
nasogastric lubes 283,285
neck 273-6
neutralir..at ion plates 183, 232-3, 25 I
nighlstick injury 51
non-union

humerus 3ll
radius 73
spine 282
tibia 237

obturator arlery 147
Obturalor internus tendon 139, 14 1
ok'Cninon

oSleotmny 32
plaling 48-50
'I'MW (lCnsiun band wiring] 45-8

ok'Cranon [ossa 39
open fmctures

femur 179-410, lllG-1. 200
humerus 22,27,30,35
libia 2201,229,239

open reduction and internal fixalion_
ORU'

operaling microscopes 293
orbicularis muscle 275
OR1F {Ollen reduclion and illlemal

furalionl
acetabulum 135-50
calcaneus 261-6



]18 lnde.

ORlF (ami.)
ClIpitellulll 35-8
clavicle 3-7
r"mur 182-5
humerus

proximal 1'1-11
shaft 22--6
supracondylar 30-5

IJsfranc injury 265-9
maUeolus 2<19-56
metacarpal I 101-3
metacarpalsll·V 106-7
phalanges (UPIIeT limb) 111-15
pubics)'mphysis 122-7
radius 72

distal 77-86
proximal 60-2
shaft 65-71

sacro-iliacjoim 131-4
scapno·lwlale diSSOCiation 95-9
talar n«k 257-61
tibia

dislal 239-41
proximal 212-20.221-3
shafl Z3O-8

"'~distal 56-9
olecr.mon 48-50
shan 51-3

osakis 261-5
oSleoarthrilis

hip 143.150
knee 210.213.220,221

osteopaenia 48. 200, 207, 231,
2J7

oslt'oporosis 167.170
oslt'osynult'sis set 66. 111
osteotOI11)'

olecranon 32
radial heau 62-4

Ilaedialric fracturt.'S
femur 191-11
humerus IS\lpracolld~larJ 40-4
,ddius 60.63.71-6
tibia 2Z3
ulna 53-5.71--6

palm
fasciolom)' 301
see "Iso melacarpals

patella 20S-11
patellar tendon 2011
pt.>£lOralis major muscle to
p.,diclc screws 279,280-1
pelvic reconSlrUClion pla1es 123, 124-5,

141.150
pelvis

acetabulum
ilioinguinal approach 143-S0
posterior apprlhlch 135-43

eXlernal fIXalion 119-22
pubics~l1lphysis 122-7
sacro-iliac joill1

plaling 131-4
screw fixalion 127-31

l'enrosedrains 147

percutaneous fiXiltion
MIPPO 182.184.200-4
paediatric supracondylar fracture 40-4
paediatric ulnar fracture 54
scaphoid 92~5

pcrituneal sac 284
peroneal compartmenl 305.3Oli
pcmneal nerve 212,216. 220. 221. 2SO
pcmnealtendons 262
pfacnnestiel incision 123
PFN (proximal femota! nailing) 170-8
phalanx (upper limb)

cond)1arfractUIe 111-12
mi~afl fracture 112-15

Philus plates 14-17
tffircnic ner.'e 8
pilon fracture Z39-48
pins

are of 247.248.275
dislal radius 87-90
61emal fixation

halo devices 274-5
pelvis !2G-1
tibia 24&-7

metacarpals 100--1.108--10
paediatric supracond),lar fracture 40-4
scapha-lunate dissociation 97-8

pirifonnis lcodon 138. 139. 141
pIales I« indil·wual types
pn.....molhoru 3. 8
'poIIerscrews' 185.189.205.229
polyloct>c acid bioabsorbable screws 260
posleriorcruciale Iigamenl 200
profunda branchii artery Z3
profunda femoris artery 137
pronatorquadralUs muscle 68.79.

''''pronalor teres muscle 303
llrosthcses

hip 165-9
shoulder 17~21

proximal Femoral nailing (PFN) 170-8
IISUilS major muscle 284,285
pubicsymph~'Sis 122-7
pulmonary embolism 134.144. ISO
pulses

in eomllarlm"nt s),ndrome 299
radial pulse in upper limb injuries 41.

"
quadriceps muscle 209,211
Quenu and Kliss classificalion of IJsfmnc

fraclures 266

mdial arlery 92
radial nerve

filSclolOlll)' 301. 30<1
humeral fracture 22,23,24.26.35.39
radial shaft fraclure 68
sUllracoodylar fracture 30.32.33.41
tendon repair 291

radial pulse 41. 71
radiocarpal joinl 82. as
rddiography. before and afler SholS

ankle 250.256
clal'icle 4.6

femur
dislal 203,205
hip 154, 158, 161, 164
shafl 183, IlW, 188, 196. 197
sublrochanler 171.177

foot 258.260,262.265.268
humen.l!l

distal 31.34,36,37,38.40,41
proximal 8. II. 14, 15, 17, 18. 21
shafl23,26,27.29

metacarpals 100,101.103,107.108,
109

palella 209,210
pelvis 122,126,127.132.136.144.149
phalanges 112. 113. 114
nlldius

distal 78, 83, 86. 87. 88, 90
proximal 61. 62. 63
shaft 65. n. 7S

spine 278. 280. 281. 282
libia

distal 240,244.247
proximal 213,216,217,218,219.

222
shafl 224,225,233,234.237

W"'
dislal 57.58
proximal 46.47.48.49
shafl 53, n. 75

wriSI 95, 96, 97
I« alMJ cr scans

nIIdiGgnllllh)', general considerations
distal femoral fractures 200
fcmoral shafl f"'C1ures IBO

radius
combined rndiaJ and ulnar- fracture 49.

51-3,56
dislal

eXlernal fuwion 56. 90--1
K·wire fixalion 87-90
plaling 77-86

paL'(!ialric Fraclure 60,63,71--6
llroximal

OSll'olmny 62-4
screw flXalioll 60-2

shaft
imramedullilry nililing 71--6
Iliming 6,>-71

reilmers 39
reconslruction phncs 4.31

c111Viclc 4
humcrus 33
Illt'Cranon 49
pclvis 123,124-5,141, ISO

reclUS ahdominis muscle 123, 124. 125.
1<7

rt.-duclion clamllS 201
removalofilllplanls

fcmur 178,191. 198,207
halo pinS 276
humerus 29,35,38,44
pelvic exlernal flX;ltors 122
radius 86,91
spine 282
tibia 213. 22{). 221. 223. 238. 248
ulna 55



renal failure 300
Ketzius'space 147
rib, removal duringsllinal surgery l8J..-4
Ilkhards compn.'Ssion screws 157
Itolando fructure 101. 10l
rOlalor cuff

humeral shafl fnu:lUre 29
shoulderfructure Il, 13, 15

sacr.lInen'e roolS 131,133
sacro-iliac joint

plating 131-4
screwflltation Il7-JI

Sanllers classiflC3lion of calcant.'US
fractures 261

saphenous nen-e Z09
scalene block 8
scaphoid 92-5
scapho-Iunate dissociation 95-9
scaphOlraprzial joimlSTJI 9J
Schanl.screws 188. 198, 2OZ,Z06,Z63,

'90
Kialic nen-e 135, 136, 138, IJ9
Kialk notch I J9
Krews. use in

hip fixation
cannulaledscrews 160-5
dynamic compression 5Cn:Yo'S 153-9

humeral fracture 35-8
llsfranc fracture 267
rddial head frnclure 60-2
sacro-iliacmation 127-JI
scaphoid fracture 92-5
spinal fracture 276-82
talar neck fr.KIUre 257-61
tibial spine fracture 221-3
set! "Iw cannulatcd screws; lag scrC\'o'S;

self·compressing screws
self,colllilressing screws 36

Acutrak 37,260
11erbcrI37,60,201,26O

shoulder
dislocalion 8, II
fracturc 6-10

herniarlhrolilasly 14,17-l1
Illaling 14-17
'I'MW (tension band wiring) ofgrealcr

lubcrosily 10-14
spermallecord 147
spinal cord lIlonilOring l78, l83
spine

cen-leal fraclUrcs 273-6
lhomeo-lumbar bursl fracture

amerior s1abilizal iOIl l77, l81 ,
282-6

poslerior s1abili1~1liol1 l7&-82
~ lliso sacro-iliae joinl

splanchic oervc l84
Slecher's view of the wrist 87,

90
steel wire sUlUres II
Sleller lesion 103-5
STI (scallholralle1Ja1 joiml 93
slomach lll3
superllcial \'eins offorearm 68

supracondylar fraclure
aduh 30-5
paedialric 40-4

suralner\'e 2SO,262.289
suturing

lower leg 244
tendons 290,294,295
u~n5ionband fixalion of humeral

tuberosities 12~13. IS, 18, 20-1
ulnar coUalemligamen1 104

t·handlechucks 27
T·p1ate 79
talus 257--61
tarsometatarSal joint 265-9
TRW Jft tension band wiring
telescopic fusion cages 282. 283. 285
tendon repair

Mhilles 289-90
handJforearm 29O-4i

tenosynovitis 86
tension band "'iring (TRW)
h~,

distal 33
tuberosities 10-14,15.18.20-1

palella 208-11
Wn'

distal 58
olecranon 4s-.l1

ntA (tOiai hip arthroplasty) 200, lOS
thenar muscles 300,301
Theraband loops 247
Thomas splims 191
Thompson's hemiarthroplasly 165-9
thoracicducl 286
thoraeo·lumbar bU1'S1 fraclure

anterior slabilizalion 277,281.282-6
posterior slabiliza1ion 276-82

thrombuprophylaxis 125,131. 143, 144,
ISO, 165.278

thumb
decompression of th,,"ar

compartmenl 301
memcarpaJ I fraclure 100-3
ulnarcullmeraJ ligament repair 103-5

tibia
distal

external rIXa1ion 239,241-8
plaling 239-41

proximal
anlerior libial spine 221-3
bicondylar libialliialeau 216-21
lalerallibiaJ plaleau 212-16

shaft
nailing 224-30
plming 230-8

libialis anlerior lendon 240
litanium nails/screws 72.259
loml hip arthroplast~'(THA) 200,205

....,,,Iso hemianhroplasty, hip
IOlall:nee arthroplasly (TKA) 200.205
lourni'luels

lo....er limb 212.257
upper limb 45,67,82,292

Trethowan spike 167

Index 319

lriceps compartmenl 304
lriceps muscle 23.32
lriceps lendon 23,33,40
lrochalller

imer-lrochanter fracture 1S3-9
lesser lrochanter shape

sign/melhod 181,187.Z03.207
Tscherne classification of femom shaft

fraclures 179
'tube-Io-tube'technique 199
tubular plates 239.251

U&cEs JOO
.IM

distal 56-9
proximal

plaling 48-50
nr... (tension band ....iring) 4s-.l1

"'",elastic nails 53-S, 71-6
p1aling 51-3

ulnarllnery 301
ulnarcolla1erallig.unem 103-5
ulnar nerve

fasciolOm)' 301,3OJ
SUpnconlll'tar fraCl~ 30, 32. 33. 41,.....
lendon repair 291
ulnar fracture 45, 56

u1U1lSOund
SImer lesion 104
lenOOns 289

ullper limb
fasciotoffil' JOO-.o4,306--7
tendon rellair 29O-4i
In also ilulil'idual boors QlldjoimJ

urea & ell'<:lrolyles JOO
urethl1l 122
urinary tmet in pelvic injuries 119. 122.

127

wfOslwlgus alignment 181, l03, 207,
225,229,259

WSIUS Imeralis llIuscle/lendon 155, 161,
166,18l

""rwbml columll $efI spine
\~SlS (halo-vest devices) 273,275

Walson-Cheyne elevatol'S 46
Wilson frmnes 279,280
wires see Kirschner wires; tension band

wiring
wriSI

diswl radius
eXlernai lixalioll 90-1
plaling 77-86
wiring 87-90

scaphoid 9l-5
scapho-Iunale dissociation 95--9
IClldoll repair 292.293,295, Z96

X-rays s« radiograllhy

roung's classificalion of peh<ic
fractures 120
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