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Preface 

This book has become necessary as a consequence of the rapid expansion of the 
surgical procedures and implants available for spinal surgery within the "AO 
Group". We have not attempted to write an in-depth book on spinal surgery, but 
one which will help the surgeon in the use of AO concepts and implants. We con
sider the practical courses held all over the world essential for the teaching of 
sound techniques so that technical complications and poor results can be avoid
ed for both the surgeon and, in particular the patient. This book is a practical 
manual and an outline of what is taught in the courses. It is intended to help the 
young spinal surgeon to understand the correct use of AO implants. The indica-
tions given will aid the correct use of each procedure. . 

It must be strongly emphasized that surgery of the spine is technically de
manding. The techniques described in this book should only be undertaken by 
surgeons who are trained and experienced in spinal surgery. 

Certain techniques, in particular pedicle screw fIxation and cages, have not 
yet been fully approved by the FDA in the United States. However, throughout 
the rest of the world, the use of pedicle screws has become a standard technique 
for the spine surgeon, since it has been shown to improve fIxation techniques 
and allow segmental correction of the spine. The use of cages has become more 
and more popular, specifIcally as a tool of minimally invasive spinal surgery. 
The descriptions of these techniques will provide the surgeon with useful guide
lines for their use. 
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CHAPTER 1 

Aims and Principles 

1.1 
Introduction 

AO implants were primarily developed for internal 
fixation of fractures using the philosophy of the AO 
Group. This philosophy was developed some years 
ago (Muller et al. 1984) and its goals of internal fix
ation still apply: 

1. Stable internal fixation designed to fulfill the lo
cal biomechanical demands 

2. Preservation of blood supply by means of atrau
matic surgery and soft tissue preservation 

3. Anatomical alignment - particularly in regard to 
the sagittal plane 

4. Early active pain-free movement of muscles and 
joints 

1.2 
Stable Internal Fixation 

Stable internal fixation is designed to fulfill the local 
biomechanical demands. In the spine the under
standing of this very basic principle needs to be wid
ened to consider multiarticular coupled spinal 
units, where not only internal fixation is done but it 
is combined with fusion in order to achieve the re
quired stability. This applies regardless of whether 
the problem is limited to one or two mobile seg
ments (fracture, tumor, degenerative disease, spon
dylolisthesis) or several segments (deformities). 
The concepts of internal fixation may change ac
cordingly. However, the functions of the implants 
are always the same: tension banding, buttressing, 
neutralization, lag screw principle and correction. 
The goal of all these methods is to provide adequate 
stability to maintain not only the integrity of a mo
bile segment and make it fuse, but also to maintain 
the balance and the physiologic three-dimensional 
form of a whole spine area. 

1.3 
Preservation of Blood Supply 

The preservation of blood supply is an important 
principle of the AO techniques. The surgical ap
proaches to the spine need basic training and under
standing of general surgical principles, specifically 
when it comes to anterior approaches to the spine. 
Posterior surgery needs meticulous subperiosteal 
muscle dissection in order to prevent denervation 
and devascularization of the paraspinal muscles. 
The preservation of blood supply is important both 
anteriorly and posteriorly, leaving segmental vessels 
to the spine undisturbed. This is extremely impor
tant when dealing with the segmental arteries close 
to the spinal cord. 

1.4 
Anatomical Alignment 

Anatomical alignment has been a fundamental goal 
in the management of fractures. The principles, 
however, also remain true for the management of all 
spinal disorders. Preservation of the sagittal plane 
alignment is a key issue: the prevention of kyphosis 
in lumbar and cervical spine surgery is essential. It 
is common to see iatrogenic flat backs or kyphotic 
cervical spines. Every malalignment in a particular 
area of the spine may cause a secondary compensa
tory deformity in the adjacent spine. This may be 
the source of persistent pain rather than the defor
mity itself. Awareness of the sagittal plane is essen
tial in any reconstructive procedure. 

1.5 
Early Pain-Free Mobilization 

The principle of early pain-free mobilization has 
stood the test of time. The goals of internal fixation 
should allow the patient to get out of bed and walk 
preferably without external support as soon as pos
sible. A number of pathophysiological events occur 
after major surgery or trauma which have been 
shown to be related to the treatment modalities. If 
the human body spends an extended period of time 
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in the unphysiological supine position, this can lead 
to cardiorespiratory disturbances. Patients should 
be able to stand and walk within 24 - 48 h after 
major surgery to the spine. The design and appli
cation of implants allow this goal to be achieved. 



CHAPTER 2 

Biomechanics of the Spine and Spinal Instrumentation 
Mark B. Williamson, Jr. and M. Aebi 

2.1 
Introduction 

The musculoskeletal system and its functions can be 
defined using the basic laws of mechanics. The field 
of biomechanics explores the effects of energy and 
forces on biological systems. The spinal column and 
its associated vertebrae and contiguous soft-tissue 
structures can be better appreciated with an under
standing of these principles. In evaluating the spine, 
forces, moments and motion must be separated into 
individual entities. This separation allows under
standing of normal as well as abnormal conditions 
such as fractures, deformities and degenerative con
ditions. The function and purpose of surgical resto
ration of normal spinal alignment must respect the 
laws of mechanics and their biomechanical princi
ples. Achieving an understanding of these princi
ples, including force analysis, kinematics, static and 
dynamic loading, modes of spinal failure and im
plant failure, allows one to critically evaluate his 
work. Understanding these mechanical and biome
chanical principles would then allow one to plan 
and apply spinal instrumentation from a sound sci
entific perspective. 

2.2 
Mechanical Principles 

Vectors and forces are illustrated with the use of ar
rows and are two-dimensional quantities. The ar
row's direction represents the direction of the force; 
the arrow's length represents the degree of magni
tude. The importance of direction is easily illustrat
ed when describing forces which are applied to the 
front or the back of the head. The resultant injury 
will directly depend upon the direction and magni
tude of the force which is applied. 

Forces may be linear or circular. A circular force 
is called a moment. A force moment creates a rota
tional vector around an axis. The magnitude of a 
force moment is a torque. As an example, inserting a 
screw through a pedicle creates a force moment onto 
the vertebra. The magnitude of the moment about 

plied by the perpendicular distance from the axis. 
Moment forces exist whenever a force occurs to a 
point which is not located along its line of action. 
Torque forces can be coupled. This occurs when two 
non-collinear forces act about the same axis. The re
sultant force moment about the axis is made up of 
the sum of the individual forces. Using a thumb and 
an index finger to tighten a screw with a screwdriver 
is an example of force coupling. 

Holding a weighted object away from the body 
creates a compressive force upon the spinal column 
equal to the magnitude of the weight multiplied by 
the distance of the weight from the spinal column. 
The effect of this weight creates a force moment onto 
the spine which must be offset by (coupled with) an 
extensor-muscle force which is supplied by the erec
tor spinal muscles. This force moment equals the 
magnitude of the extensor muscle force multiplied 

the axis is equal to the magnitude of the force multi- Fig.2.1 Classic representation of muscle forces on the spine 
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by the distance from the spinal column. When the 
sum of all forces acting upon the spine is zero and 
the sum of all moments acting upon the spine is also 
zero, the spinal column is in equilibrium. No linear 
or angular acceleration occurs. The inability to force 
couple would prevent an individual from lifting an 
object away from the body. For instance, the T-6 
paraplegic patient is unable to reach for a plate of 
food with both hands. Without extensor muscles, he 
topples forward, causing him to lose his upright po
sition (Fig. 2.1). 

Work-place reeducation courses (back schools) 
train the manual laborer in techniques which reduce 
both the distance and the weight of the object in
tended to be lifted, thereby, causing dramatic reduc
tion in the magnitude of the forces acting upon the 
spine. 

2.3 
Mechanical Properties of Materials 

Thus far, all discussion has been related to forces ap
plied to an object. The resultant effect of this force 
application upon the object may be to place the ob
ject in equilibrium to cause acceleration or to main
tain constant velocity. All materials respond to force 
application by undergoing deformation which is a 
change in its shape or size. The amount of deforma
tion may be minuscule. Alternatively, it may occur 
to such a degree that it extends beyond the yield 
point (breaking point) of the material. Such an ex
ample is the osteoporotic vertebral compression 
fracture resulting from lifting a milk jug from a low 
countertop. The muscular forces remain constant 
regardless of the strength of the bone. The material 
(bone) attempts to resist the forces applied; howev
er, because of material weakness, collapse occurs 
leading to fracture. The study of deformation allows 
one to understand modes of failure under various 
conditions, such as vertebral body fractures, poste
rior ligamentous disruption or implant failures. 

Deformation occurs due to stress and strain pro
duced within the object as a direct result of forces 
and moments acting upon that object. Objects vary 
in degree of deformation. The amount or degree of 
deformation depends upon the shape and size of the 
object as well as its intrinsic material properties. 
The combination of shape, size and intrinsic proper
ties forms the basis for an object's deformational re
sponse to a force. This deformational response is a 
structural property of the material. Intrinsic materi
al properties are independent of an object's shape 
and size. 

A rod 1.0 cm in diameter would be four times stif-

fer than a rod 0.5 cm in diameter, assuming that 
both were made of the same material. The structural 
stiffness of each rod is dependent upon its cross-sec
tional area (A = 1tr2). The study of intrinsic material 
properties of bone or spinal implants requires that 
the effect of the object's geometry (shape and size) 
are eliminated. 

In evaluating the deformation of an object based 
on the load applied, a stress/strain analysis of the in
trinsic material properties of the object is required. 
Stress equals the force or load applied to the object 
divided by its cross-sectional area. Strain equals the 
elongation of the original object divided by the orig
inallength of the object. For metallic implants, the 
change in length or strain is generally insignificant. 
This stress/strain behavior of the object describes its 
intrinsic material response. All physical quantities 
or values obtained from the stress/strain response of 
an object are characteristics of its intrinsic material 
properties. 

Objects that have intrinsic material properties in
dependent of the direction of loading are termed 
isotropic. Metal, plastic and glass are examples of 
isotropic materials. Materials that have intrinsic 
material properties dependent on the direction of 
loading are considered anisotropic. Examples in
clude wood fiber-reinforced composite materials 
and musculoskeletal tissue, including bone, liga
ment, tendon, cartilage and intervertebral disc. Iso
tropic materials have a randomly dispersed internal 
structure, whereas anisotropic materials are charac
terized by an observable orderly internal structural 
arrangement. 

Load deformation analysis defines the deforma
tion of an object which occurs as a result of a force 
vector. Such a force applied to an object generally 
causes a change in both the X and the Y direction. 

Compressive forces applied to an intervertebral 
disc decrease its height (Y axis) while allowing the 
disc to bulge (increase in the X axis). Force applied 
to an object over a fixed area is an example of ap
plied stress to the object. Materials which are 
stressed by a deforming force undergo a change in 
length. This represents its strain. The relationship of 
stress or force and strain or deformation defines a 
material's stiffness. 

Elastic deformation occurs whenever strain on a 
material is totally recovered when the stress is re
moved. Plastic deformation occurs at the point 
where stress is no longer proportional to strain. The 

. point at which elastic deformation becomes plastic 
deformation is known as the yield point. The ulti
mate tensile strength or ultimate tensile point is the 
point at which the object fails (i.e., the point at which 



the plate breaks, the vertebra fractures, etc.). The 
maximum stress which a material can sustain is 
known as its strength. This point coincides with the 
area under the stress/strain curve to the point of its 
ultimate tensile strength. The ultimate tensile 
strength of cortical bone is 130 MPa, steel is 
600 MPa and titanium is 650 MPa. The ultimate ten
sile strength of trabecular bone is 50 MPa.For in
stance, correction of a scoliotic deformity using rig
id implants occurs due to elastic deformation of the 
spinal deformity. Loss of correction over time is oc
casionally seen following corrective surgery for sco
liosis. This is a result of stress relaxation which is a 
time-dependent return of the deformity. 

Iatrogenically created events may cause failure. 
Such an example is stress concentration to a longitu
dinal member of a spinal implanUn a region of de
layed union, which may ultimately result in failure 
due to the local material's ultimate strength being 
exceeded. Implant failure may result as a direct re
sponse to instantaneous overload or as a result of cy
clical loading. Fatigue fracture or failure depends 
upon the intrinsic material properties of the implant 
as well as exposure to repetitive force (stress). Other 
causes of stress concentration include structural im
perfections, sudden changes in cross-sectional area, 
material cracks, drill holes and surface irregularities 
noted on the implanted device. 

Finite element analysis utilizes the principles dis
cussed previously and attempts to apply them to the 
clinical situation. Various factors, such as variable 
loading conditions, geometric shape and design, 
material properties of both bone and implanted de
vice, and inherent biologic properties are all consid
ered. Principles of fixation, contact points and 
forces applied during implantation or utilization are 
analyzed. Such complex problems require separa
tion into smaller units which can be individually an
alyzed and progressively combined through com
puter technology. This biomechanical and laborato
ry testing is then used as a basis for clinical study. 

Materials with properties that allow permanent 
deformation before failure are considered ductile, 
whereas those that fail without permanent deforma
tion are considered brittle. Metals such as stainless 
steel or titanium undergo elastic deformation until 
their yield point is reached, whereupon conversion 
to plastic deformation occurs until ultimate failure. 
Unlike metal, bone undergoes fracture without per
manent deformation. Its yield point equals the ulti
mate failure point. 

The area under the stress/strain curve represents 
the energy absorbed prior to failure. This defines 
the material's toughness during elastic deformation. 
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The energy expended in creating such a deforma
tion can be recovered by removal of the stress ap
plied. The energy expended up to the yield point is a 
measure of the material's resilience. 

Fatigue failure occurs as a result of repetitive 
loading because of cumulative damage. Although 
the individual load should be below the ultimate 
failure point, the accumulation of stress causes cu
mulative micro-injury to the implant until the mate
rial fails. The average spine cycles approximately 
three million times per year. Fatigue failure of rods 
and screws occurs when metals fail prior to solid fu
sion. While higher stresses cause fatigue failure after 
fewer cycles, all materials will ultimately fail in the 
absence of solid fusion, regardless of the amount of 
stress applied, if cyclical loading occurs. 

Fatigue fracture occurs through the process of 
crack initiation followed by crack propagation. In
trinsic factors which increase resistance to fatigue 
failure include manufacturing and/or mechanical 
methods to limit crack initiation, and increasing the 
intrinsic material toughness, thereby, preventing 
crack propagation. 

Material hardness is a measure of the mechanical 
surface properties of a material. Those materials 
that resist plastic deformation at their surface ad
dress issues of crack initiation. Hardness can be en
hanced by application of various surface coatings. 

2.4 
Implant Materials 

Commonly used spinal implant materials include 
stainless steel, commercially pure titanium and tita
nium-aluminium-vanadium alloy. Standardization 
of alloys is regulated by the American Society for 
Testing and Materials (ASTM). Whereas trade 
names vary per manufacturer, standard alloys must 
have set specifications of composition. Manufacture 
and implant properties are based on ASTM stan
dards. Of the 50 or more alloys of commercially 
available stainless steel, only two (ASTMF-55 and 
ASTMF-56) are used extensively in the orthopedic 
implant industry. ASTMF-55 and ASTMF-56 alloys 
are also known as grade 316 and grade 316L stainless 
steel. These alloys are made up of chromium, which 
provides a corrosion-resistant oxide-film, nickel 
which also provides corrosion resistance, and mo
lybdenum, which resists corrosion due to pitting. 
This alloy contains some carbon, an undesirable 
component due to its unique manufacturing proper
ties causing segregation and encouraging corrosion. 

Crevice corrosion occurs at the junction of two 
similar metals. Fluid located within the gap between 
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the materials contains a lower dissolved oxygen con
centration. This phenomenon creates a voltage cell 
due to the difference in oxygen concentration be
tween adjacent fluids, allowing local corrosion to 
occur. This concept becomes important in rod/ 
screw or plate/screw devices which arc uncon
strained (semi-rigid). 

Commercially pure titanium (ASTMF-67) and ti
tanium-aluminium-vanadium alloy (ASTMF-136) 
have greater biocompatability and corrosion resis
tance than that of stainless steel. Pitting corrosion 
and crevice corrosion appear less significant. Titani
um-aluminium-vanadium alloy has approximately 
6 % aluminium and 4 % vanadium and is commonly 
known as Ti6A14 V. Unique characteristics include 
high strength-to-weight ratio, enhanced ductility, 
and increased fatigue life. Its only drawback in
volves increased notch sensitivity. Notch sensitivity 
refers to crack initiation due to stress concentration 
at a specific point along the longitudinal member. 
Notch sensitivity can be decreased by changes in 
manufacturing methods as well as by appropriate 
surgical technique and handling. 

Stainless steel has a modulus of elasticity which is 
12 times that of bone, whereas titanium and its alloys 
have a modulus of elasticity six times that of bone. 
Because of the greater approximation of elastic 
modulus by titanium to bone, many believe that it is 
a superior implant for spinal fixation when com
pared with stainless steel. It is critical to minimize 
fatigue sensitivity caused by notching of the im
plant. This is most significant on long constructs, 
such as those for scoliosis or kyphosis. Failure ofim
plants is predominantly the result of fatigue fracture 
due to loads occurring about the spine that exceed 
the endurance limit of the implants. Meticulous sur
gical technique with satisfactory fusion must occur 
prior to fatigue failure of the device. Correct manu
facturing standards and quality control issues have 
resulted in minimizing intrinsic material failure. 
Despite this, failure remains a function of intrinsi
cally or iatrogenically created defects. Resistance to 
fatigue failure becomes important in cases of de
layed union or nonunion. It is imperative that these 
conditions are recognized early and are appropri
ately addressed, surgically, via augmentation of fu
sion and exchange of implant devices to increase the 
fatigue life of the construct. 

2.S 
Principles of Surgical Stabilization 

The application of metallic implants about the spine 
must follow narrowly prescribed principles for opti
mum results. Clinical examples provided through
out this text will be following the general principles 
which are described in the next few paragraphs. 

2.5.1 
Buttressing Principle 

Buttressing principles are designed to prevent axial 
deformity. Forces which can cause axial deformity 
may be directly related to axial loading or may be 
secondary to bending or shear forces. Spinal instru~ 
mentation applied for purposes of buttressing is 
placed on the side ofload application and is applied 
to the area of the spine requiring support. Buttress 
plates function to minimize compression and shear 
forces and also act to minimize torque forces. Maxi
mum surface contact requires careful contouring of 
the implant and preparation of the bony surface. 
Screw insertion is begun closest to the area of great
est potential motion with the remaining screws be
ing placed in an orderly fashion towards the ends of 
the plate. Buttressing examples include anterior cer
vical locking-plate systems and anterior thoraco
lumbar locking-plate systems (Fig. 2.2). 

Fig. 2.2 Anterior cervical plate as an example of a buttressing 
implant 



2.5.2 
Neutralization principle 

Neutralization systems are applied for purposes of 
stress shielding and minimization of torsional 
bending, shearing and axial loading forces. Such ap
plication allows for an increasing stability of these 
constructs, thereby, providing opportunities for ear
lier functional restoration of movement. Examples 
include simple posterior, lateral and anterior stabili
zation using plates or rods with multiple screws in
serted for protection of neural structures and stabi
lization while fusion occurs (Fig. 2.3). 

2.5.3 
Tension Band Principle 

The use of an implant to provide a posterior tension 
band requires intact compressive load-bearing abil
ity by the spinal column. The tension band concept 
resists tensile forces and bending moments. The 

Fig. 2.3 The thoracolumbar locking plate is an example of a 
neutralization or protection implant 

Fig. 2.4 Example of tension band implant allowing dynamic 
compression through the load bearing column 
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tension band principle allows dynamic compression 
through the weight-bearing column, thereby, en
couraging fusion. Common examples include poste
rior single level fIxation with cervical hook plates or 
posterior wire fIxation (Fig. 2.4) 

2.5.4 
Bridge Fixation Principle 

If the weight -bearing column is unable to sustain the 
compressive forces, posterior fIxation requires a de
vice which is suffIciently strong to function as a 
bridge across the weakened segment to maintain 
length, alignment, and stability. A construct may be 
developed which is used to bridge a segment of the 
spine. This requires an implant construct which is 
both stiff and strong. It functions to support the 
spine until the natural regenerative processes occur 
(fusion). Classic examples include the use of the fI
xator interne inserted for thoracolumbar fractures 
of either the burst or compressive variety. The im
plant serves to bridge the fracture as long as the an
terior column is healing and regaining its structural 
strength. Over time, following the initial healing pe
riod, load sharing occurs If there is no chance that 
the anterior column may participate in load sharing, 
such as due to the presence of an anterior defect, 
then an anterior support system must be surgically 
placed, either in the form of a cortical cancellous 
graft or other prosthetic device, such as a cage 
packed with bone to avoid failure of the posterior 
implant. In the long run, a posterior fusion with in
strumentation cannot compensate for a defect of the 
anterior column. The implant construct must en
dure three million loading cycles to survive for 1 

Fig. 2.5 A bridge construct may be used to support the spine 
during anterior column healing 



8 Chapter 2 Biomechanics of the Spine and Spinal Instrumentation 

year after insertion. Therefore, fusion and anterior 
column restoration must occur quite rapidly to min
imize the risk of failure. In bridge constructs, multi
ple fixation points along the spinal column allow an 
increased opportunity for stress transfer and act to 
minimise fatigue failure (Fig. 2.5). 

2.6 
Instrumentation Application 

Spinal instrumentation is designed to maXImIze 
preservation of neurological function, maintain 
overall alignment or reduce a deformity (as in scoli
osis and kyphosis), provide mechanical stability to 
allow early return to function and provide security 
to the spine until fusion occurs. Instrumentation to 
the spine involves the use of plates, rods, screws, 
hooks and wires. Use of these implants requires an 
understanding of biomechanical principles of both 
the normal and the pathological spine. Additionally, 
familiarity with the nuances of each instrumenta
tion system or each style of fixation will help to max
imize success and minimize the potential for prob
lems or complications. 

Recognition of the difference between con
strained and unconstrained devices and their appli
cation to particular spinal pathological conditions 
will allow one to select the appropriate device for 
use. Constrained systems are based upon a rigid lok
king mechanism between the individual compo
nents, i.e., plate and screw or rod and screw. Maxi
mum rigidity is achieved by segmental fixation of 
each vertebra to a constrained system. The classic 
example of a non-segmental, unconstrained implant 
is the Harrington rod, which spans several motion 
segments and attaches to the end vertebra with 
hooks, one of which is not constrained to the longi
tudinal member. This device was very successful 
when used under the appropriate conditions and 
represents an important milestone in implant devel
opment. 

2.7 
Cervical Spinal Instrumentation 

Occipital-cervical or CI-C2ligamentous injuries, in 
the absence of fracture, require fusion for long-term 
stability. While in-situ fusion with halo-application 
is a viable option, issues of head or chest trauma, 
compliance issues and the surgeon's preference may 
influence the decision toward internal fixation for 
stabilization. Occipital-cervical fixation is most 
commonly in the form of a posterior plate or rod 
system which attaches to the occiput and the poste-

rior cervical elements via screws or wires. Flexion, 
extension and rotational forces are substantial and 
are best minimized by constrained implants with 
multiple-fixation points to the cranium and to each 
individual vertebra. 

Ligamentous injuries isolated to the CI-C2 region 
involve weak flexion and extension forces with more 
significant rotational forces. Posterior wire orable
fixation is most commonly employed. Posterior 
wire fixation corrects the instability of the CI-C2 
segment; however, fusion in this condition will ob
viously eliminate rotational and flexion-extension 
motion between CI and C2. Greater rigidity can be 
achieved through C2-CI trans articular screw fixa
tion. This demanding technique is appropriate in 
primary surgery in cases of pseudoarthrosis, follow
ing previously attempted posterior fusion proce
dures of CI-C2, and in cases of CI ring fracture in as
sociation with ligamentous disruption or congenital 
absence of the continuity at the CI ring in associa
tion with ligamentous insufficiency. These screws 
are inserted as positioning screws, not placed in a 
lag-screw technique to minimize iatrogenic posteri
or displacement of the atlas on the axis. 

Displaced type II odontoid fractures may be 
treated with halo-application, fixation of CI-C2 by 
posterior wire technique or C2-CI trans articular 
screw fixation technique or anterior odontoid lag
screw fixation. Halo-application in these conditions 
has a 30 % incidence of non-union and requires ex
tendedimmoblilization of the entire cervical spine 
during the period of time that the halo is worn. An
terior odontoid lag screw fixation directly addresses 
the fracture. Biomechanical and histological litera
ture is sufficient to support single screw placement, 
although the double screw technique has become 
the standard following some clinical failures with 
single screw placement (Fig 2.6). 

Fig. 2.6 The anterior odontoid lag screw directly addresses 
the fracture 



. Middle and lower cervical spine-fixation meth
ods use all previously described principles: Posteri
or plates may be used as a tension-band system, as a 
buttress system or as a neutralization system. Wires 
can be used exclusively as tension-band systems; 
however they may create a retrolistthesis due to the 
lack of sagittal axis control with wires. Anterior plat
ing may satisfy the needs for buttressing alone (con
strained anterior cervical plate systems, CSLP) or 
may be used as a tension band system against an in
terpositional solid graft, thus putting the graft un
der compression. In this second scenario, the anteri
or plates cannot be used with locking screws, but 
must be used with regular cortical screws which are 
positioned eccentrically to apply a dynamic com
pression plating effect. 

To emphasize the principles of biomechanics, 
wire fixation is primarily designed for use when ten
sion-band principles are appropriate. Wire fixation 
provides poor torsional control, poorly resists ante
rior translation and sacrifices significant rigidity 
when compared with screw-rod or screw-plate con
structs. External cervical immobilization is highly 
recommended under these circumstances until fu
sion occurs (Fig. 2.7). 

The use of hooks in the cervical spine has signifi
cant disadvantages. These devices are inherently 
small and have the potential for dislodgement due to 
weakened bone and excessive torque forces. Addi
tionally, dislodgement due to extension moments 
combined with torsion can occur when the hook is 
not rigidly fixed to the bone. Application to the lam
ina causes some degree of spinal encroachment and 
is not indicated in patients with any preexisting ele
ment of stenosis, whether congenital or degenera
tive in etiology. For these reasons, these devices are 
seldom indicated. 

Constrained anterior cervical plate systems pro
vide equal rigidity to posterior wire fixation tech
niques with regards to torsion, lateral bending and 

Fig. 2.7 A posterior wire construct does not provide rigid 
support and may require external immobilization 
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extension because of their multiple-fixation points 
and rigid design .. Because these systems are used in 
a buttress. fashion, they do not resist flexion mo
ments well. However, short constructs (including 
corpectomy for fracture, tumor or infection), with 
fusion and instrumentation across two motion seg
ments, have been adequately stabilized by anterior 
plate fixation (Fig 2.8). 

Posterior cervical fixation, utilizing screws with 
plates or rods, allows segmental fixation with in
creased rigidity in torsion, lateral bending, flexion 
and extension, when compared with posterior wire 
techniques. Fixation to either the pedicles or the lat
eral masses is possible. 

2.8 
Lumbar and Thoracolumbar Spinal 
Instrumentation 

The thoracolumbar junction is essentially a straight 
segment of the spine. Restoration of this normal 
sagittal alignment provides the most physiological 
outcome. Preservation of canal patency and biome
chanical support with early mobility, along with 
preservation of as many motion segments as possible 
are the basic principles to be followed. 

Anterior decompression of the canal allows a di
rect approach to compressive fragments and affords 
the ability to lift the fragment off the dura without 
causing additional compression to the spinal cord. 
Following decompression, reconstruction of the an
terior column with restoration of sagittal alignment 
needs to be performed with a cortico-cancellous 
bone graft or prosthetic device filled with bone. Sta
bilization with a constrained segmental-fixation de
vice allows control of rotation, torsion, flexion, ex
tension and lateral bending moments. Fixation can 
be limited to the vertebral body above and below 

Fig. 2.8 This constrained system with locking screws allows 
unicortical purchase 
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that which is fractured. An unconstrained system 
such as a single rod anterior USS system can be ap
plied initially. Following decompression and anteri
or column reconstruction, the system can be con
verted from an unconstrained into a constrained 
system during surgery, utilizing either a rigid-plate 
screw system (ATLP) or a double rod and screw sys
tem (USS VentrofIx). This allows compression of the 
graft, thus enhancing the bony incorporation and 
fusion. 

Posterior spinal surgical approaches for the tho
racolumbar area require the application of an im
plant system that is suffIciently strong to serve as a 
buttress system and that directs forces from the an
terior column to the posterior instrumentation con
struct and back to the anterior columns as the ante
rior defect is bridged. This system needs a stable-an
gle construct between the pedicle screws and the 
vertical bars, as realized in the internal fIxator mod
ule of the USS. The regular USS does not provide the 
same angular stability. It can still be used, however, 
providing that an anterior strut is placed under 
compression with a short posterior USS construct, 
applied as a tension-band system. 

The use of nonsegmental unconstrained systems, 
such as Harrington rods with sublaminar wire fIxa
tion requires extension of fIxation to several seg
ments above and below the fracture. Torsional and 
rotational control is weakly resisted by this system. 
Shorter constructs with rotational and torsional 
control include use of the internal fIxator with cross
linking devices. Because this is a bridge construct, 
tremendous forces are placed across the Schanz 
screws during the bending moment. The system will 
fail unless anterior column reconstitution with ap-

100% 

propriate healing via fusion occurs to relieve the im
plant device of stress. While preservation of motion 
segments is provided by this technique, torsion and 
shear may occur due to the combined instability 
caused by the trauma and posterior decompression. It 
is, therefore, strongly recommended to crosslink the 
short-fIxation system to resist these torsional and/or 
shear forces. If anterior column support is combined 
with posterior instrumentation, then the mechanical 
forces are quite different. The posterior device then 
acts solely as a tension-band system, being relieved of 
stress by the anterior surgery (Fig. 2.9). 

2.9 
Spinal Deformity 

Surgery for correction of spinal deformity such as 
scoliosis and kyphosis is predicated upon restora
tion of mechanical alignment. Multisegmental fIxa
tion is currently the state of the art in these multiseg
mental pathologies Unconstrained systems that use 
sublaminar wires provide satisfactory results; how
ever, they are associated with inherent risks noted 
during wire passage. Individually placed pedicle 
hooks with fIxation - utilizing pedicle-hook screws
allow rigid segmental fIxation of the spine when 
constrained to a longitudinal bar. 

While individual surgical preferences vary with 
respect to the steps of deformity correction, it is uni
versally accepted that in order to minimize neuro
logical problems, distraction across a deformity 
should not occur. Translational forces effectively 
bring the deformity to match the correctly con
toured longitudinal bar. It is not uncommon to see 
some lengthening of the spinal column during this 

35% Fig. 2.9 Without anterior 
column integrity, the poste
rior bridge construct bears 
100 % of the load (left). With 
anterior column support, in 
the form of a weight-bearing 
graft, the posterior implant 
bears only a fraction of the 
load (right) 



maneuver. Therefore, the longitudinal bar must be 
fixed at only one point, either cephelad or caudad, 
such that the spine remains mobile during the trans
lational maneuver. Once translation occurs, addi
tional compression may be applied to further en
hance bony union. 

Sublaminar wire instrumentation is contraindi
cated in conditions of spinal stenosis because of in
creased canal compromise, and in correction of ky
photic deformities because of laminar fracture and 
cutout or dislodgement of the wires. 

2.10 
Lumbar Reconstruction 

Instrumentation in lumbar degenerative disease, for 
purposes of stabilization in the absence of deformi
ty, can be performed via a translaminar facet-screw 
technique. This construct provides resistance 
against flexion; however, it only weakly resists later
al bending and torsion and does not resist exten
sion. In the face of degenerative disc disease, for 
one- and two-level constructs, this technique is suf
ficient to allow enhancement of fusion. A lag-screw 
technique is not appropriate in this condition be
cause the lamina will be preferentially torqued to
ward the side of insertion of the first screw. 

Segmental fixation utilizing screw and rod or 
screw and plate instrumentation systems provide 
increased rigidity due to their multisegmental de
sign and fixation of both the anterior and posterior 
columns. 

Degenerative lumbar scoliosis is best treated by 
segmental fixation, again because of the strong lat
eral bending forces and the need for anterior col
umn control. Correction can be from an anterior or 
posterior direction and on occasion may also be 
performed from both approaches. 

2.11 
Spondylolysis 

Posterior-element incompetency defects most com
monly occur in the region of the pars interarticula
ris. This is not always the case, however. Etiologies 
such as trauma, iatrogenic causes and pathological 
causes with tumor invasion account for acquired 
posterior element defects and may localize to other 
areas of the posterior elements. In the younger pop
ulation, without concomitant spondylolisthesis, this 
developmental condition mayor may not require in
tervention. In the symptomatic patient, without re
sponse to conservative treatment, direct repair of 
the spondylolytic defect is appropriate. In contrast 
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to the adult patient, the spine has not yet acquired 
secondary changes of posterior-element hypertro
phy, ligamentum flavum redundancy or disc bulging 
with spondylophytic production and resultant fo
raminal narrowing. Whereas direct repair of the 
pars defect can occur with lag-screw or compres
sion-screw systems, this construct generally places 
the screw in the exact location where bony fusion is 
desired. Many surgeons prefer a tension-band com
pression system, such as a simple figure-of-eight 
wire loop passing from the transverse process, be
hind the spinous process, to the contralateral trans
verse process. Alternatively, a pedicle-screw con
struct with a short linking rod attached to lamina 
hooks, immobilizing the ipsilateral lamina in a com
pression mode, can be performed. 

Whereas direct repair is biomechanically appro
priate in the young patient with simple spondyloly
sis, without concomitant spondylolisthesis, factors 
are much different when considering the patient 
with a forward luxation. The degree of slippage and 
the patient's skeletal immaturity determine, to a 
large extent, the potential for progression of defor
mity. As the weight-bearing axis is shifted anterior
ly, the sacrum and pelvis attempt to accomodate by 
tilting into a vertical posture with secondary bony 
changes occurring as a result. These changes are less 
extreme in the adult population and may not be pre
sent in many patients with skeletal maturity. Where
as from a biomechanical point of view, normaliza
tion of anatomy is the intended goal, the surgeon 
must remain cognisant of the potential for nerve in
jury due to excessive traction from overzealous re
traction or nerve compression due to incomplete 
posterior element decompression. 

2.12 
Implant Failure - Biomechanics 

Recognizing that the spine cycles roughly three mil
lion to five million cycles per year allows one to un
derstand the failure of implants. Constrained sys
tems fail due to fatigue fracture and unconstrained 
systems fail as a result ofloosening. Utilizing an an
terior constrained implant device, one level above 
and below an unstable motion segment, is equiva
lent in stiffness to a posterior pedicle-screw instru
mentation system which spans two levels above and 
below the motion segment. Issues of low profile, 
ease of access and insertion, risk factors associated 
with surgical exposure and the surgeon's preference 
must also be considered. 
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CHAPTER 3 

Biology of Spinal Fusions 
M. Goy tan and M. Aebi 

3.1 
Introduction 

Surgical fusion of the spine dates back to 1911, when 
the procedure was described by Albee [1], who pro
vided mechanical support to vertebrae involved 
with tuberculosis, and by Hibbs [2], who treated the 
progression of scoliosis by spinal fusion. Since this 
time several techniques of fusion have been de
scribed and advocated with and without the use of 
instrumentation. Frequently the success of spinal 
surgery is dependent upon a solid fusion between 
selected intervertebral segments. The bony union 
which takes place is dependent upon several factors 
related to the host locally and systemically. Many of 
these factors have been elucidated, providing fur
ther information to enhance the rate of spinal fu
sion. However, there are certainly many facets of ar
throdesis which are incompletely understood or not 
identified, for which further research is required. 
The rate of nonunion in the spine ranges from 5 % to 
35 % [3, 4]; the improvement of these figures will be 
by the determination of the biology involved in 
achieving a successful fusion. 

The goal of this chapter is to review local and sys
temic factors affecting fusion, the biology of bone 
graft materials, and the effects of instrumentation 
on fusion. 

3.2 
Local Host Factors 

3.2.1 
Host Soft Tissue Bed 

The incorporation of bone graft and the develop
ment of a fusion mass is dependent upon the quali
ties of the soft tissue bed. The local soft tissues must 
be able to support the influx of inflammatory and 
osteoprogenitor cells as well as osteoblasts when au
tograft is used. This vascular supply in turn is criti
cal for: this cell recruitment, the nutrition of these 
cells, the endocrine pathway which promotes fu
sion, and the inhibition of infection. This has been 
previously demonstrated in canines by Hurley [5], 

Table 3.1 Local factors affecting fusion rates 

Positive variables 

Large surface area 
Healthy blood supply 
Pluripotential stem cells 
Inflammatory cells 
Electrical stimulation? 
Local growth factors 

Insulin -like growth factor 
Platelet-derived growth factor 
Fibroblast growth factor 
Transforming growth factor 

beta-Bone morphogenic protein 

Negative variables 

Scarred tissues 
Previous radiation 
Osteoporosis 
Marrow infiltrative diseases 
Infection 
Foreign material 
i. e., bone wax 
Tumor 

where the overlying soft tissues were shown to pro
vide a source of nutrition and growth factors to the 
graft site. 

Hence, the effect of traumatized soft tissues is to 
lessen the physiologic supportive function to the fu
sion mass. This negative effect can also be seen in ir
radiated tissues [6], where the vascular supply of the 
host bed is altered by an intense vasculitis and inhi
bition of angiogenesis, and later these effects are 
manifested as osteonecrosis. 

3.2.2 
Host Graft Recipient Site 

The physiologic integrity of a recipient site and 
healthy soft tissues are paramount to the success of 
a fusion. The graft recipient site will be detrimental
ly affected by infiltrative processes such as Paget's 
disease, local or metastatic tumor, as well as osteo
porosis. These entities as well as previously irradiat
ed bone are biologically inferior [7] to normal bone 
and may be structurally weaker. 

The preparation of the host surface can affect the 
success of fusion as generally the larger the surface 
area decorticated, the larger the area available to 
osteoprogenitor cells and the greater a contact area 
to support a bony bridge and carry a mechanical 
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load. Care must be taken when decorticating with 
high-speed burrs, that thermal necrosis is not in
duced. This can be lessened by the use of copious ir
rigation and gentle pressure on the underlying 
bone. 

3.2.3 
Growth Factors 

The tropism, differentiation, and the biologic activi
ty of potential bone-forming mesenchymal cells is 
known to be positively influenced by several local 
growth factors. These growth factors are a group of 
proteins that participate in the modulation of cell 
growth and division. 

Transforming growth factor type beta (TGF-~) is 
one of a number of transforming growth factors and 
is one of the most important growth factors in the 
musculoskeletal system because its effect is to direct 
mesenchymal cells to divide [8]. One of the most 
widely investigated of these TGF-~s is bone mor
phogenic protein (BMP). This is a low molecular 
weight hydrophobic glycoprotein which has been 
shown to induce bone formation ectopically. BMP 
acts in an osteoinductive capacity by initiating tis
sue transformation by causing a phenotypic change 
oflocal mesenchymal tissue into osteoblasts [9, 10]. 

3.2.4 
Electrical Stimulation 

Several animal and clinical studies have concluded 
there is a beneficial use of direct current stimulation 
and pulsed electromagnetic fields (PEMFs) on spine 
fusions. Kahanovitch has found that the use of 
PEMFs can enhance a fusion mass early in the heal
ing process [11] and with the use of direct current 
stimulation can provide a more advanced histologic 
and radiographic fusion 'Jet 12 weeks in dogs [12]. 

In 1974, the first clinical use of direct current 
stimulation in spine fusions was reported by Dwyer 
and Wickham [13] and they concluded that an earli
er, less mature fusion was promoted. Kane [14] re
vealed a study in 1984 where a randomized prospec
tive study of 59 patients who were at risk for non
union demonstrated a 54 % radiographic fusion rate 
in the control group and an 81 % fusion rate in the 
stimulated patients. 

The use of PEMFs clinically has not gained the 
popularity as seen with direct current methods. 
Simmons [15] reported on the use ofPEMFs to treat 
failed posterior lumbar interbody fusions, where an 
increase in bone formation was seen in 85 % of the 
patients and a solid fusion was obtained over a 4-

month treatment period in 10 of 13 patients. Mooney 
[16] in 1990 revealed in a randomized double-blind 
prospective study a 92 % fusion rate in a group of 98 
patients who were treated with a PEMF stimulator 
versus a 65 % fusion rate in a placebo group of 97 pa
tients. 

Although there are animal and clinical studies 
advocating the use of electrical stimulation to en
hance spine fusions, the conclusions are not defini
tive. Past studies are limited by mixed diagnoses, 
different fusion types and a poor evaluation of those 
cases which improved clinically. Therefore, further 
clinical investigations are required before electrical 
stimulation can be advocated as a valid method for 
spine fusions. 

3.3 
Systemic Host Factors 

3.3.1 
Hormones 

Hormones are chemical messengers that have a di
rect and indirect effect upon bone healing in a posi
tive or negative fashion. Considerable insights into 
their effects have been gained in the last 10 years. 

Growth hormone stimulates bone healing 
through somatomedins [17], which increase the in
testinal absorption of calcium and raise the rate of 
bone formation and mineralization [18]. Thyroid 
hormone acts synergistically with growth hormone; 
thyroid hormone is required for the hepatic synthe
sis of somatomedins [19]. Somatomedins have a 
stimulatory effect on bone healing as they have a di
rectly positive effect on cartilage growth and matu
ration [20,21]. 

Table 3.2 Systemic factors affecting fusion rates 

Positive variables 

Insulin 
Insulin -like growth factor 
Testosterone 
Estrogen 

Growth hormone 
Thyroxine 
Vitamin A 
Vitamin D 
Calcitonin 
Anabolic steroids 

Parathyroid homone 

Negative variables 

Smoking 
Corticosteroids 
Castration 
Nonsteroidal antiinflam
matory drugs 
Vitamin A intoxication 
Vitamin D intoxication 
Vitamin D deficiency 
Cancer chemotherapy 
Sepsis 
Immune deficiency disor
ders 



It is accepted that estrogens and androgens are 
important in the prevention of bone mass loss in the 
aging population and for skeletal maturation in 
growing individuals. The effect of sex hormones on 
bone healing is controversial; they are found to en
hance bone formation in some studies [22] but, this 
effect is refuted in most of the literature [23, 24]. 

Corticosteroids (endogenous and exogenous) 
have been shown to have deleterious effects on fu
sion rates and bone healing as they decrease bone 
formation and increase bone resorption [25]. The 
inhibition and promotion of the differentiation of 
osteoblasts from mesenchymal cells [26,27] and the 
inhibition of the rates of synthesis of the compo
nents of bone matrix required for osseous healing 
[28] have been demonstrated in cell culture experi
ments. 

3.3.2 
Host Nutrition and Homeostasis 

In orthopedic patients the general health and nutri
tional status has been shown to affect bone and 
wound healing [29, 30]. There are several known 
variables to assess the nutrition and health of ortho
pedic patients; these include serum albumin and 
transferrin levels, total lymphocyte count, nitrogen 
balance studies, skin antigen testing and anthropo
metric studies (height, weight, and lean muscle 
mass). The aforementioned studies are useful in the 
assessment of the need for nutritional support in 
surgical patients to optimize fusion rates. 

The availability and number of osteoprogenitor 
cells in the bone marrow can be compromised by a 
number of hematologic disorders such as sickle cell 
disease, thalassemias, and myelofibrosis. These con
ditions can decrease the osteogenic potential of the 
bone marrow by the selective overgrowth of hema
topoietic cells at the expense of osteoprogenitor ele
ments [31]. Anemia and cardiovascular and cardio
pulmonary disease all diminish the oxygen-carry
ing capacity in the blood and subsequently the tis
sue perfusion of oxygen and nutrients. This will in 
turn diminish the rates of fusion and increase the 
time to and quality of fusion [32]. 

Smoking and excessive alcohol use cause skeletal 
bone loss by the inhibition of bone metabolism and 
formation. Tobacco extracts have been experimen
tally shown to induce calcitonin resistance l33], in
terfere with osteablastic function [34], and increase 
bone resorption at fracture ends [35]. Several stud
ies have shown that the nonunion rate is significant
ly higher in smokers who have undergone a spinal 
fusion [36, 37]. 

3.4 Bone Graft Materials 15 

3.4 
Bone Graft Materials 

3.4.1 
Properties of Graft Material 

The outcome of a spine fusion is not only depen
dent upon host and local factors but also on the 
type of bone graft material which is selected. The 
manner in which bone graft behaves when placed 
into a recipient bed is largely dependent on the 
properties inherent in the graft material. These 
properties may permit the direct production of 
bone (osteogenesis), the lattice work, which is con
ductive to bone formation (osteoconduction), and 
the propensity to provoke and stimulate osteopro
genitor cells to differentiate into osteogenic cells 
( osteoinduction). 

Osteogenesis is a characteristic only found in 
fresh autogenous bone and bone marrow cells. 
These graft materials contain viable cells capable of 
forming bone or the ability of these cells to differen
tiate into bone-forming cells. 

Osteoconduction is present in autogenous and al
lograft bone, bone matrix, and calcium phosphate 
ceramic spheres. This physical property of graft ma
terial allows for the ingress of neovasculature and 
osteoprogenitor cells. 

Osteoinduction is the capability of a substance to 
influence an undetermined osteoprogenitor cell to 
differentiate into an osteogenic cell type. Osteoin
ductive properties thus far have been demonstrated 
by auto- and allograft, demineralized bone matrix, 
and BMP. There is some potential for the manufac
ture ofBMP via recombinant DNA techniques to al
low widespread clinical use of this protein. 

The ideal bone graft material possesses all of the 
above characteristics and in some clinical applica
tions a fourth property is provided, a mechanical 
load-bearing structural support. This property is 
observed with cortical strut grafts used for an inter
body fusion in both auto- and allograft types. The 
autograft will maintain this function until and after 
biologic incorporation has taken place. The allo-

Table 3.3 Properties of graft materials 

Graft type Osteo- Osteo- Osteogenic 
inductive conductive 

Autograft Yes Yes Yes 
Allograft Yes Yes No 
Xenograft No No No 
Synthetic bone No Yes No 
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Table 3.4 Factors affecting fusion rates 

A) Local 
1. Host soft tissue bed 
2. Growth factors 
3. Electrical stimulation? 

C) Graft material 
1. Autograft, GOLD standard 
2. Allograft 
3. Synthetic bone 

B) Systemic 
1. Hormones 
2. Smoking 
3. Nutrition 
4. General health: anemia, car
diopulmonary disease, hemo
globinopathies 

D) Instrumentation 
1. Anterior, posterior or com
bined 
2. Compression/ distraction, 
unisegmental fixation 

graft will lose its mechanical strength as it is incor
porated as the bone resorption takes place with an 
ensuing loss of load-bearing capacity of the graft. 

3.S 
Types of Graft Materials 

3.5.1 
Autograft 

The gold standard of bone graft materials is auto
graft. This type of graft is the most successful bio
logic material available for achieving a spine fusion. 
All of the desirable transplant properties are inher
ent in autograft: osteogenesis, osteoinduction, oste
oconduction, and structural support. Autogenous 
cortical bone is the graft which provides optimal 
structural support; however, in comparison to can
cellous bone there are fewer osteogenic cells and 
osteoinductive substances. Cortical bone is more re
sistant to ingrowth of vasculature with subsequent 
remodeling; hence cortical auto grafts remain a 
blend of necrotic and viable bone. 

The major downfall in the use of autograft is graft 
harvest complications, which can occur in up to 
25 % of patients [38]. Problems associated with auto
graft procurement are: chronic donor site pain, in
creased surgical time, increased blood loss, and in
sufficient quantity of bone for long fusions. 

3.5.2 
Allograft 

Allograft has been popularized in many countries as 
a direct result of improved methods of harvesting, 
preparation, and storage of this graft material. This 
combined with the morbidity of donor site compli
cations has made allograft an attractive alternative 
to autograft. There is a wide range of applications 

for allograft in orthopedic surgery; however, the 
ability to obtain a successful fusion [39] and the pos
sibility of infection [40] places a dubious light on the 
usefulness of this graft substance in spine surgery. 
The cost of donor screening, graft processing, and 
preservation coupled with the risk of HI V transmis
sion and the decreased osteoconductive and induc
tive capabilities make autograft a superior graft sub
stance despite donor site morbidity. 

3.5.3 
Xenograft 

Bone obtained from a different species is known as 
xenograft or heterograft. Previously in orthopedic 
surgery, xenografts had been used extensively and 
have included ivory, and bovine bone and horn. Xe
nografts provoke an immune response in spite of 
adequate processing, this resulting in a graft which 
becomes encapsulated and walled off from the graft 
bed. This resistance to incorporation into host bone 
prevents xenograft from being used successfully for 
spinal fusions alone [41]. 

3.5.4 
Synthetic Bone Graft Substitutes 

The problems of donor site morbidity, limited auto
graft quantity, the cost of allograft processing and 
preservation, and the risk of disease transmission, 
have pushed investigators to develop synthetic bone 
graft substitutes. There are two graft types which are 
commercially available and are experiencing a pro
gressive increase in clinical use; these bone graft 
substitutes are ceramic spheres and coral. These 
synthetic substances are useful in vivo because of 
the following properties: biocompatability with sur
rounding tissues, chemical stability in body fluids, 
the ability to be shaped into various functional 
forms, the ability to be sterilized, and a cost effec
tive, quality reassured method of manufacturing. 

Synthetic bone has only osteoconductive proper
ties when used alone, and has osteoinductive poten
tial when combined with autograft. There is no 
structural integrity imparted to this graft material; 
hence internal fixation must be supplemented if a 
rigid mechanical environment is required. 

Calcium phosphate ceramics have been widely 
used in orthopedic surgery in the form of hydroxy
apatite and tricalcium phosphate (TCP). These ma
terials are brittle with a low fracture resistance and 
variability in their chemical and crystalline compo
sition. The method of preparation accounts for the 
differences in crystalline structure, influencing 



whether or not the material will be porous or dense. 
The greater density and crystal formation impart a 
greater mechanical strength with resistance to dis
solution and a longer-lasting stability. The contrast 
is a larger porosity structure with an increased sur
face area for bony ingrowth and biodegradation of 
the implant. TCP is generally resorbed 6 weeks after 
implantation [42], whereas hydroxyapatite is very 
slowly resorbed [43]. 

The three-dimensional structure of coral is iden
tical to that of bone. It is this property that is impor
tant in the biology of bony ingrowth and allows for 
the interconnections between lacunae in bone [44]. 
The large amount of protein and a calcium carbon
ate crystalline structure limit the usefulness of coral. 
This is overcome by two processes: depyrogenation, 
the removal of all proteins from the coral during 
processing rendering the coral nonimmunogenic, 
and the conversion of calcium carbonate into hy
droxyapatite using a replentiform process while still 
maintaining the three-dimensional crystalline 
form. The pore size of the coral is dependent on the 
species used, currently 200- and soo-Ilm pore sizes 
are available. The Pro Osteon 200 implant (200-llm 
pore size) is biologically similar to cancellous bone 
and mechanically has a compressive strength simi
lar to that of cortical bone [45]. The Pro Osteon 500 
(soo-Ilm pore size) is biologically and mechanically 
similar to cancellous bone. Clinical use of this bone 
graft substitute has been promising in the cervical 
and thoracolumbar spine combined with internal 
fixation. Future development of this bone substitute 
will be a combination of osteoinductive proteins 
and the use of coral as a carrier, and will in turn pro
vide a structural lattice for immediate stability [46]. 

3.S.S 
Effect of Instrumentation on the Biology 
of Spine Fusions 

The stability of the motion segments of the spine to 
be fused is known to directly affect the rate and 
quality of fusion [47]. It is widely published in the 
literature that higher fusion rates occur when in
strumentation is used in the spine [48] and a non
union will likely occur when there is radiographic 
evidence of hardware loosening [49]. 

3.6 Conclusion 17 

Animal experiments in the past have shed some 
light on the relationship between instrumentation 
and fusion. Nagel demonstrated in the sheep model 
that motion was a major determinant in the out
come of fusion. He determined that in six of seven 
sheep, nonunions developed at the L6 - SI inter
space and all levels were fused cephalad to this. Sub
sequent in vivo flexion and extension radiographs 
in nonfused sheep and ex vivo displacement trans
ducers revealed that the lumbosacral junction has a 
markedly increased magnitude of motion. This 
provided the evidence that fusion was more diffi
cult to obtain at the lumbosacral junction in sheep 
[50]. 

McAfee has shown in canine models that the vol
umetric density of bone (as assessed by histomor
phometry) was lower for fused versus unfused 
spines and that the rigidity of the instrumentation 
led to device-related osteoporosis. However, it was 
noted that the use of instrumentation significantly 
improved the probability of achieving fusion and 
this far outweighed the risks of device-related osteo
porosis. The term "device-related osteoporosis" is a 
misnomer and is more accurately replaced by "de
vice-related osteopenia." Stress shielding implies a 
weakening of the bone, cartilage, and ligamentous 
complex, as demonstrated by the use of rigid inter
nal fixation in long bones. Biomechanical testing of 
spine fusions implementing Harrington, Luque, or 
Cotrel-Dubousset instrumentation showed they 
were more rigid than spines treated solely with pos
terolateral bone grafting [51]. 

3.6 
Conclusion 

According to animal and clinical studies the gold 
standard for spinal fusions is the use of autograft 
combined with instrumentation. Several studies 
had to be undertaken in order to draw this conclu
sion, and unfortunately several more studies will be 
required to determine all the biologic variables and 
histological sequences that compose a successful fu
sion. From this future work, surgeons will be able to 
obtain a rapid, reliable and biomechanically sound 
fusion in a more predictable fashion. 
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CHAPTER 4 

A Comprehensive Classification of Thoracic and Lumbar 
Injuries 
F. Magerl and M. Aebi 

4.1 
Introduction 

A classification should allow the identification of 
any injury by means of a simple algorithm based on 
easily recognizable and consistent radiographic and 
clinical characteristics. In addition, it should pro
vide a concise and descriptive terminology, infor
mation regarding the severity of the injury, and 
guidance as to the choice of treatment and should 
serve as a useful tool for future studies. 

Although fractures of the spine have been classi
fied for over 50 years [3], it was not until 1949 that 
Nicoll [33] identified two basic groups of injury: sta
ble and unstable fractures. Holdsworth [21,22] rec
ognized the importance of the mechanism of injury 
and thus classified the various patterns of injuries 
into five categories. He also pointed out the signifi
cance of the posterior ligament complex for the sta
bility of the spine. Whitesides [46] reorganized the 
mechanistic classification and in principle defined 
the two-column concept by comparing the spine to a 
construction crane: the pressure-resistant vertebral 
bodies and disks (anterior column) correspond to 
the boom, while the posterior vertebral elements 
and ligaments (posterior column) with their tensile 
strength are similar to the guy ropes. In classifying 
spinal injuries, Lob [27] took prognostic aspects in
to consideration in terms oflater deformity and no
nunions, based on extensive studies on cadaver 
spines. The advent of the lap belt in the early 1960s 
resulted in greater awareness of another category of 
injuries, the flexion-distraction lesions [5, 10, 11, 

16 -18,20,23,35,43]. Some of these injuries were de
scribed even earlier by Bohler [3]. 

Louis [28] established a morphological classifica
tion system using a concept of three columns con
sisting of the vertebral bodies and the two rows of 
the articular masses. In addition, he differentiated 
between transient osseous instability and chronic 
instability following discoligamentous injuries. 

Concern regarding the relationship of the verte
bral injury to the contents of the spinal canal was ex
pressed by Roy-Camille [36, 37], who described the 
"segment moyen;' referring to the neural ring. He 

related injury of the segment moyen to instability. 
Denis [9 - 11] considered the posterior part of the 
anterior column to be the key structure as regards 
instability, at least in flexion. He consequently divid
ed the original anterior column into two by intro
ducing a middle column, stating that "the third col
umn is represented by the structures that have to be 
torn in addition to the posterior ligament complex 
in order to create acute instability." McAfee and co
workers [31] combined the individual merits of De
nis' classification and that proposed by White and 
Panjabi [45]. Using computed tomography (CT) in
terpretation, they formulated a simplified classifica
tion according to the type of failure of the middle 
column. Ferguson and Allen [15] based their classifi
cation primarily on the mechanism of injury. 

Each of these classifications has added to the 
knowledge and understanding of spinal injuries. 
However, none can be considered all-encompassing 
in the light of recent developments and the afore
mentioned criteria. As a consequence, a more com
prehensive classification has been developed from 
the analysis of 1445 cases and is presented here. 

4.2 
Concept of the Classification 

This classification is primarily based upon thepa
thomorphological characteristics of the injuries. 
Categories are formed according to pathomorpho
logical uniformity. The three main categories, th£ 
types, have a typical fundamental injury pattern 
which is defined by a few easily recognizable radio
logical criteria. Since this pattern clearly reflects thE 
effect of forces or moments, three simple mecha
nisms can be identified as common denominators oj 
the types: (1) compressive force, which causes com
pression and burst injuries; (2) tensile force, which 
causes injuries with transverse disruption; and (3; 
axial torque, which causes rotational injuries. 

Morphological criteria are used to classify ead 
main type further into distinct groups. By usin~ 



more detailed morphological findings, identifica
tion of subgroups and even further specification is 
possible, providing an accurate description of al
most any injury. 

In order to provide a simple grid for the classifi
cation, the one used for the AO fracture classifica
tion [32] has been adopted here. This grid consists of 
three types with three groups, each of which con
tains three subgroups and further specifications 
(Tables 4.1- 4.3). Within this classification the inju
ries are hierarchically ranked according to progres
sive severity. Thus, severity progresses from type A 
to type C, and similarly within each type, group, and 
further subdivision. Ranking of the injuries was pri
marily determined by the degree of instability. Prog
nostic aspects were taken into consideration as far 
as possible. 

Remarks. The term 'column' used in the following 
text refers to the two-column concept as described 
by Whitesides [46]. Isolated transverse or spinous 
process fractures are not considered in this classifi
cation. 

Table 4.1 Type A injuries: groups, subgroups, and specifica
tions 

Type A. Vertebral body compression 

Al Impaction fractures 
ALl End plate impaction 
A1.2 Wedge impaction features 

1 Supirior wedge impaction fracture 
2 Lateral wedge impaction fracture 
3 Inferior wedge impaction fracture 

A1.3 Vertebral body collapse 

A2 Split fractures 
A2.1 Sagittal split fracture 
A2.2 Coronal split fracture 
A2.3 Pincer fracture 

A3 Burst fractures 
A3.1 Incomplete burst fracture 

1 Superior incomplete burst fracture 
2 Lateral incomplete burst fracture 
3 Inferior incomplete burst fracture 

A3.2 Burst-split fracture 
1 Superior burst-split fracture 
2 Lateral burst -split fracture 
3 Inferior burst -split fracture 

A3.3 Complete split fracture 
1 Pincer burst fracture 
2 Complete flexion burst fracture 
3 Complete axial burst fracture 
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Table 4.2 Type B injuries: groups, subgroups, and specifica
tions 

Type B. Anterior and posterior element injury with 
distraction 

BI Posterior disruption predominantly ligamentous (flexion
distraction injury) 
BLl With transvers disruption of the disk 

1 Flexion-subluxation 
2 Antirior dislocation 
3 Flexion-subluxation/anterior dislocation with 

fracture of the articular processes 
B1.2 With type A fracture of the vertebral body 

1 Flexion-subluxation + type A fracture 
2 Antirior dislocation + type A fracture 
3 Flexion-subluxation/anterior dislocation with 

fracture of the articular processes + type A frac
ture 

B2 Posterior disruption predominantly ossenous (flexion-dis
traction injury) 
B2.1 Transverse bicolumn fracture 
B2.2 With disruption of the disk 

1 Disruption through the pedicle and disk 
2 Disruption through the pars interarticularis and 

disk (flexion-spondylolysis) 
B2.3 With type A fracture of the vertebral body 

1 Fracture through the pedicle + type A body 
2 Fraction through the pars interarticularis 

(flexion-spondylolysis) + type A fracture 

B3 Anterior disruption through the disk (hypertension-shear 
injury) 
B3.1 Hyperextension-subluxations 

1 Without injury of the posterior coumn 
2 With injury of the posterior coumn 

B3.2 Hyperextension-spondylolysis 
B3.3 Posterior dislocation 

Table 4.3 Type C injuries: groups, subgroups, and specifica
tions 

Type C. Anterior and posterior element injury with rotation 

CI Type A injuries with rotation (compression injuries with 
rotation) 
C 1.1 Rotational wedge fracture 
C 1.2 Rotational split fractures 

1 Rotational sagittal split fracture 
2 Rotational coronal split fracture 
3 Rotational pincer split fracture 
4 Vertebral body seperation 

C2 Type B injuries with rotation 
CLl- B.1 injuries with rotation flexion-distraction inju

ries with rotation) 
1 Rotational flexional subluxation 
2 Rotational flexional subluxation with unilateral 

articular process fracture 
3 Unilateral dislocation 
4 Rotational anterior dislocation without/with frac

ture of articular processes 
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(Table 43 cant.) 

5 Rotational flexiona! subluxation without/with 
unilateral articular process fracture + type A frac
ture 

6 Unilateral dislocation + type A fracture 
7 Rotational anterior dislocation without/with frac

ture of articular processes + type A fracture 

C2.2 - B.2 injuries with rotation (flexion-distraction inju
ries with rotation) 

1 Rotational transverse bicolumn fracture 
2 Unilateral flexion-spondylysis with disruption of 

the disk 
3 Unilateral flexion-spondylysis + type A fracture 

C2.3 - B.3 injuries with rotation (hyperextension-shear 
injuries with rotation) 

1 Rotational hyperextension-sublaxation without/ 
with fracture of posterior vertebral elements 

2 Unilateral hyperextension-spondylsysis 
3 Posterior dislocation with rotation 

C3 Rotational-shear injuries 
C3.1 Slice fracture 
C3.2 Oblique fracture 

a b 

G 

c 

4.3 
Classification of Thoracic and Lumbar Injuries 

Common Characteristics of the Types (Fig. 4.1). 
Type A injuries focus on fractures of the vertebral 
body. The posterior column is, if at all, only insignif
icantly injured. Type B injuries describe transverse 
disruptions with elongation of the distance between 
the posterior (BI, B2) or anterior (B3) vertebral ele
ments. In addition, . BI and B2 injuries are sub
grouped depending on the type of anterior injury. 
This may be a rupture of the diskor a type A frac
ture of the vertebra. These type B injuries are diag
nosed by the posterior injury but are further subdi
vided by a description of the anterior lesion. Type C 
focuses on injury patterns resulting from axial 
torque which is most often superimposed on either 
type A or type B lesions. Type A and type B injuries 
therefore form the basis for further subgrouping of 
most of the type C injuries. In addition, shearing in
juries associated with torsion are described in the 
type C category. Type A lesions only affect the ante
rior column, whereas type Band C lesions represent 
injuries to both columns. 

Fig. 4.1 E entia! characteristics of the three injury type 
a Type A, compre sion injury of the anterior column 
b Type B, two-column injury with either posterior or anteri
or transver e di ruption 
c Type C, hvo-column injury with rotation 



4.3.1 
Type A: Vertebral Body Compression 

Common Characteristics. The injuries are caused by 
axial compression with or without flexion and affect 
almost exclusively the vertebral body. The height of 
the vertebral body is reduced, and the posterior liga
mentous complex is intact. Translation in the sagit
tal plane does not occur. 

4.3.1.1 
Group .4 1: Impaction Fractures 

Common Characteristics. The deformation of the 
vertebral body is due to compression of the cancel
lous bone rather than to fragmentation. The posteri
or column is intact. Narrowing of the spinal canal 
does not occur. The injuries are stable, and neuro
logical deficit is very rare (Table 4.5). 

A. 1.1: End Plate Impaction (Fig. 4.2). The end plate 
often has the shape of an hourglass. Minor wedging 
of up to 5 ° may be present. The posterior wall of the 
vertebral body is intact. The injury is most often 
seen in juvenile and osteoporotic spines. 

A. 1.2: Wedge Impaction Fracture (Fig. 4.3). The loss 
of anterior vertebral height results in an angulation 
of more than 5 o. The posterior wall of the vertebral 
body remains intact. The loss of height may occur in 
the upper part of the vertebral body (superior 
wedge fracture), in the inferior pelt of the vertebral 
body (inferior wedge fracture), or antero1aterally 
(lateral wedge fracture). The last is associated with a 
scoliotic deformity. 

A. 1.3: Vertebral Body Collapse (Fig. 4.4). This injury 
is usually observed in osteoporotic spines. There is 
symmetrical loss of vertebral body height without 
significant extrusion of fragments. The spinal canal 
is not violated. When combined with pronounced 
impaction of the end plates, the vertebral body has 
the shape of a 'fish vertebra: Severe compression of 
the vertebral body may be associated with extrusion 
of fragments into the spinal canal and thus with in
jury to the spinal cord or cauda equine [1, 30, 39, 41]. 
Since those fractures show characteristics of burst 
fractures, they should be classified accordingly. 
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Fig. 4.2 End plate 
impaction (A1.1) 

Fig. 4.3 Superior 
wedge fracture 
(A1.2.I) 

Fig. 4.4 Vertebral 
body collapse (A1.3) 

4.3.1.2 
Group .42: Split Fractures 

Common Characteristics. As described by Roy-Ca
mille et al. [37], the vertebral body is split in the 
coronal or sagittal plane with a variable degree of 
dislocation of the main fragments. When the main 
fragments are significantly dislocated, the gap is 
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Fig.4.5 Coronal split 
fracture (Az.z) 

Fig. 4.6 Pincer fracture 
(A2.3) 

Fig.4.7 Superior incom· 
plete bur t fracture 
(A3·1.1) 

filled with disk material which may result in a non
union [24, 37]. Neurological deficit is uncommon 
(Table 4.5). The posterior column is not affected. 

A 2.1: Sagittal Split Fracture. These fractures are ex
tremely rare in the thoracolumbar spine. They usu
ally occur as an accompanying lesion of rotational 
burst fractures. 

A 2.2: Coronal Split Fracture (Fig. 4-5). The smooth 
coronal fracture gap is narrow. The posterior verte
bral body wall remains intact, and the injury is stable. 

A 2.3: Pincer Fracture (Fig. 4.6). The central past of 
the vertebral body is crushed and filled with disk 
material. The anterior main fragment is markedly 
dislocated anteriorly. The resistance to flexion-com
pression is reduced, and pseudoalthrosis is likely to 
occur. 

4.3.1.3 
Group A3: Burst Fractures 

Common Characteristics. The vertebral body is par
tially or completely comminuted with centrifugal 
extrusion of fragments. Fragments of the posterior 
wall are retropulsed into the spinal canal and are the 
cause of neural injury. The posterior ligamentous 
complex is intact. The injury to the arch, if present, 
is always a vertical split through the lamina or spi
nous process. Its contribution to instability is negli
gible. However, cauda fibers extruding through a 
tear outside the aura may become entrapped in the 
lamina fracture [13]. Superior, inferior, and lateral 
variants occur in burst fractures with partial com
minution (A3.1, A3.2). In lateral variants with 
marked angulation in the frontal plane, a distractive 
lesion may be present on the convex side (compare 
Denis 1983; Fig. 4.nE). The frequency of neural inju
ry is high (Table 4.5) and increases significantly 
from subgroup to subgroup. 

A 3.1: Incomplete Burst Fracture (Fig. 4.7). The upper 
or lower half of the vertebral body has burst, while 
the other half remains intact. The stability of these 
injuries is reduced in flexion-compression. In par
ticular, fragments of the posterior wall of the verte
bral body may be further retropulsed into the spinal 
canal when the injury is exposed to flexion/com
pression [46]. 

A 3.2: Burst-Split Fracture (Fig. 4.8). In this injury, 
mentioned by Denis [10] and described extensively 
by Lindahl et al. [26], one-half of the vertebra (most 
often the upper half) has burst, whereas the other is 
split sagittally. The lamina or spinous processes are 
split vertically. Burst-split fractures are more unsta
ble in flexion-compression and are more frequently 
accompanied by neurological injury than incom
plete burst fractures. 

A 3.3: Complete Burst Fracture. The entire vertebral 
body has burst. Complete burst fractures are unsta-



Fig. 4.8 Superior burst-split fracture 
(Ap.l) 
a-c Appearance on standard radio
graphs, note the increased interpedicular 
distance (b arrows) 
d, e CT scan of the upper and lower part 
of the vertebral body 

Fig. 4'.9 Complete axial burst fracture 
(A}.3.3) 
a, b Appearance on standard radio
graphs, note the increased interpedicular 
distance (arrows) 
c, d CT scan of the upper and lower part 
of the vertebral body 

a 
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ble in flexion-compression. Flexion and compres
sion may result in an additional loss of vertebral 
body height. The spinal canal is often extremely nar
rowed by posterior wall fragments, and the frequen
cy of neural injuries is accordingly high. 

- A 3.3.1: Pincer Burst Fracture. In contrast to the 
simple pincer fracture (A2.3), the posterior wall of 
the vertebral body is fractured with fragments ret
ropulsed into the spinal canal. The vertebral arch 
usually remains intact. 

- A3.3.2: Complete Flexion Burst Fracture. The com
minuted vertebral body is wedge shaped, resulting 
in a kyphotic angulation of the spine. The lamina or 
spinous processes are split vertically. 

- A 3.3.3: Complete Axial Burst Fracture (Fig. 4.9). 
The height of the comminuted vertebral body is 
more or less evenly reduced. The lamina or spinous 
processes are split vertically.' 

4.3.1.4 
Common Local Clinical Findings and Radiological Signs 
of Type A Injuries 

Stable type A injuries may cause only moderate 
pain, so that patients are still able to walk. Unstable 
injuries are accompanied bysignificant pain and re
duction of the patients' mobility. Marked wedging of 
the vertebral body produces a clinically visible gib
bus. Posterior swelling and subcutaneous hemato
ma are not found since the injury to the posterior 
column, if at all present, does not involve the sur
rounding soft tissues. There is only tenderness at the 
level of the fracture. 

The specific radiological appearances of the vari
ous type A injuries are shown in Figs. 4.2-'4.9. 
Common radiological findings include: loss of ver
tebral body height, most often anteriorly, resulting 
in a kyphotic deformity; shortening of the posterior 
wall of the vertebral body, when fractured; a vertical 
split in the lamina accompanied by an increase of 
the horizontal distance between the pedicles 
(Figs. 4.8, 4.9); a vertical distance between the spi
nous processes is only somewhat increased in pro
nounced wedge-shaped fractures with an intact 
posterior wall. A significantly increased interspi
nous distance may well indicate the presence of a 
posterior distraction injury. 

Fragments of the posterior wall are furthermore 
only displaced posteriorly into the spinal canal but 
not cranially and without significant rotation 
around the transverse axis (Figs. 4.7-4.9). On a CT 

scan, these fragments have a dense and smooth pos
terior border and appear blurred anteriorly. Trans
lational dislocation in the horizontal plane does not 
occur in type A injuries. 

4.3.2 
Type B: Anterior and Posterior Element Injuries 
with Distraction 

Common Characteristics. The main criterion is a 
transverse disruption of one or both spinal columns. 
Flexion-distraction initiates posterior disruption 
and elongation (groups Bl and B2), and hyperexten
sion with or without anteroposterior shear causes 
anterior disruption and elongation (group B3). 

In Bl and B2 injuries, the anterior lesion may be 
through the disk or a type A fracture of the vertebral 
body. Thus, type A fractures reoccur in these two 
groups, and the adjunction of their description is 
necessary for a complete definition of the injury. 
More severe Bl and B2lesions may involve the erec
tor spinae muscles or both these muscles and their 
fascia. Thus, the posterior disruption may extend 
into the subcutaneous tissue. 

Translational dislocation in the sagittal direction 
may be present, and if not seen on radiographs, the 
potential for sagittal translocation should nonethe
less be suspected. The degree of instability ranges 
from partial to complete, and the frequency of neu
rological impairment is altogether significantly 
higher than in type A injuries (Table 4.5). 

4.3.2.1 
Group B 1: Posterior Disruption Predominantly 
Ligamentous 

Common Characteristics (Fig. 4.16). The leading fea
ture is the disruption of the posterior ligamentous 
complex with bilateral subluxation, dislocation, or 
facet fracture. The posterior injury may be associat
ed with either a transverse disruption of the disk or 
a type A fracture of the vertebral body. Pure flexion
subluxations are only unstable in flexion, whereas 
pure dislocations are unstable in flexion and shear. 
Bllesions associated with an unstable type A com
pression fracture of the vertebral body are addition
ally unstable in axial loading. Neurological deficit is 
frequent and caused by translational displacement 
and/or vertebral body fragments retropulsed into 
the spinal canal. 



B 1.1: Posterior Disruption Predominantly Ligamen
tous Associated with Transverse Disruption of the 
Disk. 

- B 1.1.1: Flexion-Subluxation (Fig. 4.lOA). In this 
purely disco ligamentous lesion, a small fragment 
not affecting the stability may be avulsed by the an
nulusfibrosus from the posterior or anterior rim of 
the end plate. Neurological deficit is uncommon. 

- B 1.1.2: Anterior Dislocation (Fig.4.lOB). This 
purely disco ligamentous lesion with a complete dis
location of the facet joints is associated with anterior 
translational displacement and narrowing of the 
spinal canal. The injury is rarely seen in the thoraco
lumbar spine [8,47]. 

- B 1.1.3: Flexion Subluxation or Anterior Disloca
tion with Fracture of the Articular Processes 
(Fig. 4.lOC). Either of the previously mentioned BLl 
lesions can be associated with bilateral facet frac
ture, resulting in a higher degree of instability, espe
cially in anterior sagittal shear. 

B 1.2: Posterior Disruption Predominantly Ligamen
tous Associated with Type A Fracture of the Vertebral 
Body. This combination might occur if the trans
verse axis of the flexion moment lies close to the 
posterior wall of the vertebral body. A severe flexion 
moment may then cause a transverse disruption of 
the posterior column and simultaneously a com
pression injury to the vertebral body which corre
sponds to an type A fracture. 

a b 

Fig. 4.10 Examples of posterior disruption (predominantly 
ligamentous) associated with an anterior lesion through the 
disk (B1.l) 

4.3 Classification of Thoracic and Lumbar Injuries 27 

- B 1.2.1: Flexion-Subluxation Associated with Ty
pe A Fracture (Fig. 4.11). The injury is unstable in 
flexion and axial compression. The latter corre
sponds to the impaired compression resistance of 
the vertebral body. Normally, the subluxation oc
curs in the upper facet joints (Fig. 4.11) of the frac
tured vertebra. Some cases of burst fractures have 
been reported in which the inferior facet joints were 
subluxed [25]. Neural injury may be due to kyphotic 
angulation or to fragments retropulsed into the spi
nal canal. 

- B 1.2.2: Anterior Dislocation Associated with a Ty
pe A Fracture (Fig. 4.12A). The degree of instability 
as well as the risk of neural injury are higher than in 
the previously described injuries. 

- B 1.2.3: Flexion-Subluxation or Anterior Disloca
tion with Bilateral Facet Fracture Associated with 
Type A Fracture (Fig. 4.12B). In the thoracic spine, 
this posterior injury is often combined with a com
plete burst fracture. The fracture of the articular 
process may extend into the pedicle. Some anterior 
translation is commonly present. The injury is very 
unstable, especially in anterior shear, and is fre
quently associated with complete paraplegia. 

a Flexion-subluxation (Bl.1.l) 
b Anterior dislocation (B1.l.2) 
c Anterior dislocation with fracture of the articular processes 
(B1.l·3) 
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a c 

Fig. 4.11 Examples of posterior disruption predominantly 
ligamentous with subluxation of the facet joints associated 
with a type A fracture of the vertebral body (B1.2.1) 
A Flexion-subluxation associated with a superior wedge frac
ture (BL2.1+ Al.2.1) 

a 

4.3.2.2 
Group 82: Posterior Disruption Predominantly Osseous 

Common Characteristics (Fig. 4.16). The leading cri
terion is a transverse disruption of the posterior col
umn through the laminae and pedides or the isthmi. 
Interspinous and/or supraspinous ligaments are 
torn. As in the Bl group, the posterior lesion may be 
associated with either a transverse disruption of the 
disk or a type A fracture of the vertebral body. How
ever, there is no vertebral body lesion within type A 
that would correspond to the transverse bicolumn 
fracture. Except for Forsythe transverse bicolumn 
fracture, the degree of instability as well as the inci-

B Flexion-subluxation associated with a pincer fracture 
(B1.2.1+A2·3) 
C Flexion-subluxation associated with an incomplete superior 
burst fracture (B1.2.1+ Ap.l) 

Fig. 4.12 Examples of posterior 
disruption predominantly liga
mentous associated with a type 
A fracture of the vertebral body 
a Anterior dislocation associat
ed with a superior wedge frac
ture (B 1.2.2+Al.2.1) 
b Anterior subluxation with 
fracture of articular processes 
associated with a complete burst 
fracture (B 1.2.3+A3.3) 

dence of neurological deficit are slightly higher than 
in B1 injuries. Injuries belonging to this category 
have already been described by Bohler [3], who re
ferred to a scheme designed by Heuritsch in 1933. 

B 2.1: Transverse Bicolumn Fracture (Fig. 4.13). This 
particular lesion was first published in the English 
language literature by Howland et al. [23] and illus
trated even earlier by Bohler [3]. The transverse bi
column fracture usually occurs in the upper seg
ments of the lumbar spine and is unstable in flexion. 
As it is a purely osseous lesion, it has excellent heal
ing potential. Neurological deficit is uncommon. 



Fig.4.13 Transverse bicolumn fracture (B2.1). 

B 2.2: Posterior Disruption Predominantly Osseous 
with Transverse Disruption of the Disk 

- B2.2.1: Disruption Through the Pedicle and Disk 
(Fig. 4.16). This rare variant is characterized by a 
horizontal fracture through the arch that exits infe
riorly through the base of the pedicle. 

- B2.2.2: Disruption Through the Pars Interarticula
ris and Disk (Flexion-Spondylolysis) (Fig. 4.14). A 
flexion-spondylolysis with minimal displacement is 
less likely to result in neurological deficit. However, 
displaced fractures with pronounced flexion-rota
tion of the vertebral body around the transverse axis 
are frequently combined with neural injury. This is 
due to narrowing of the spinal canal as the posterior 
inferior corner of the vertebral body approaches the 
lamina. 

B 2.3: Posterior Disruption Predominantly Osseous 
Associated with Type A Fracture of the Vertebral 
Body. 

- B 2.3.1: Fracture Through the Pedicle Associated 
with a Type A Fracture. The posterior injury is the 
same as described for B2.2.1. 

-
- B 2.3.2: Fracture Through the Isthmus Associated 
with a Type A Fracture (Fig. 4.15). The posterior in
jury is the same as described for B2.2.2. The anterior 
column lesion is often an inferior variant of a type A 
fracture. 
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Fig. 4.14 Posterior 
disrupt ion predomi
nantly osseous associ
ated with an anterior 
lesion through the 
disk: flexion -spondy
lolysis (82.2.2) 

Fig. 4.1 S Posterior 
disruption predom
inantly osseous as
sociated with a 
type A fracture of 
the vertebral body: 
flexion-spondyloly
sis as ociated with 
an inferior incom
plete burst fracture 
(82·3·2+A3.1.3) 

61 

82 

Fig. 4.16 In flexion-distraction injuries (B1- B2), the injury 
of the posterior column may be associated with either a rup
ture of the disk or a type A fracture of the vertebral body. Ex
ception: the transverse hicolumn fracture 
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4.3.2.3 
Common Local Clinical Findings and Radiological Signs 
of B1 and B21njuries 

Marked tenderness, swelling, and subcutaneous he
matoma at the site of the posterior injury as well as 
a palpable gap between the spinous processes are 
highly indicative of a distractive posterior lesion. 
Kyphotic deformity may be present. A step in the 
line of the spinous processes indicates anterior 
translational displacement. 

A variety of radiographic signs are typical of B1 
and B2 injuries (cf. Figs. 4.10 -4.15): kyphotic defor
mity with significantly increased vertical distance 
between the two spinous processes at the level of the 
injury; anterior translational displacement; bilateral 
subluxation, dislocation, or bilateral fracture of the 
facet joints; horizontal or bilateral fracture of other 
posterior vertebral elements; avulsion of the poste
rior edge of the vertebral body; anterior shear-chip 
fracture of an end plate; and avulsion fracture of the 
supraspinous ligament from the spinous process. 

In B1 and B2 injuries associated with burst-type 
fractures, the fragment of the posterior wall of the 
vertebral body is often displaced not only posterior
ly but also cranially (Fig. 4.11C). It is sometimes ro
tated up to 90 0 around the transverse axis so that its 
surface consisting of the posterior part of the end 
plate faces the vertebral body. Unlike type A burst 
fractures, the anterior border of the fragment will 
then appear dense and smooth on a CT scan, while 

Fig. 4.17 Examples of anterior disruption through the disk 
(hyperextension-shear injuries) 
a Hyperextension-subluxation without fracture of posterior 
vertebral elements (B3.1.1) 

its posterior contour is blurred. This phenomenon 
may be called the 'inverse cortical sign: 

4.3.2.4 
Group B3 Anterior Disruption Through the Disk 

In the rare hyperextension-shear injuries, the trans
verse disruption originates anteriorly and may be 
confined to the anterior column or may extend pos
teriorly. Severe anteroposterior shear causes disrup
tion of both columns. Denis and Burkus [14] saw a 
variety of hyperextension shear injuries due to di
rect trauma to the spine from behind. The anterior 
lesion was always through the disk. In the majority 
of cases, the posterior injury consisted of fractures 
of articular processes, lamina, or pars interarticula
ris. Eleven of 12 injuries were located in the thoracic 
spine and the thoracolumbar junction, and 11 pa
tients suffered complete paraplegia. Sagittal transla
tional displacement is not Uncommon in these inju
ries. Anterior displacement can occur in B3.1 and 
B3.2 injuries, whereas posterior displacement is typ
ical for the B3-3 subgroup. 

B 3.1: Hyperextension-Subluxation (Fig. 4.17a). A 
spontaneously reduced, pure discoligamentous in
jury is difficult to diagnose. The presence of such an 
injury may be indicated by widening of the disk 
space and can be confirmed by magnetic resonance 
imaging scans [14]. Diskography may be helpful in 
the lumbar spine. Hyperextension-subluxations are 

b Hyperextension-spondylolysis (B3.2) in the lower lumbar 
spine (cf. text) 
c Posterior dislocation (B}.3) 



sometimes associated with a fracture of the lamina 
or articular processes [14], or with a fracture of the 
basis of the pedicles [7]. 

B 3.2: Hyperextension-Spondylolysis (Fig. 4.17b). The 
few cases seen by us were located in the lowermost 
lumbar level. In contrast to flexion-spondylolysis, 
the sagittal diameter of the spinal canal was widened 
in these cases, as the vertebral body had shifted an
teriorly, while the lamina remained in place. Conse
quently, there was no neurological deficit. The cases 
described by Denis and Burkus [14] occurred in the 
thoracic spine and were associated with severe neu
rological deficit. 

B. 3.3: Posterior Dislocation (Fig. 4.17C). This is one of 
the severest injuries of the lumbar spine and is often 
associated with complete paraplegia. Lumbosacral 
posterior dislocations probably have a better prog
nosis [8]. 

4.3.2.5 
Common Local Clinical Findings and Radiological Signs 
of 83 Injuries 

Posterior tenderness, swelling, and subcutaneous 
hematoma are usually found in all injuries caused by 
a direct trauma to the back and other B3 lesions as
sociated with significant injury to the posterior col
umn and the surrounding soft tissues. The radiolog
ical signs and diagnostic possibilities have already 
been described earlier in this chapter, except for the 
avulsion and shear-chip fragments from end plates 
which can occur in all type B3 injuries [7]. 

b 
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4.3.3 
Type C: Anterior and Posterior Element Injuries 
with Rotation 

Out of the multitude of injury patterns, three groups 
of which each contains injuries with similar mor
phological patterns have been identified: (1) type A 
with superimposed rotation, (2) type B with super
imposed rotation, and (3) rotation-shear injuries. 
Apart from a few exceptions, rotational injuries rep
resent the severest injuries of the thoracic and lum
bar spine and are associated with the highest rate of 
neurological deficit (Table 4.5). Neural injury is 
caused by fragments dislocated into the spinal canal 
and/or by the encroachment of the spinal canal re
sulting from translational displacement. 

Common characteristics include two-column in
jury; rotational displacement; potential for transla
tional displacement in all directions of the horizon
tal plane; disruption of all longitudinal ligaments 
and of disks; fractures of articular processes, usually 
unilateral; fracture of transverse processes; rib dis
locations and/or fractures close to the spine; lateral 
avulsion fracture of the end plate; irregular frac
tures of the neural arch; and asymmetrical fractures 
of the vertebral body. These findings, typical sequel
ae of axial torque, are associated with the funda
mental pattern of type A and B lesions, which can 
still be discerned. Since type A and B lesions have al
ready been discussed in detail, the description of ty
pe C injuries can be confined to common character
istics and the special features of some injuries. 

Fig. 4.18 Example of a type A fracture with rotation: rotational wedge fracture (CI.1) 
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4.3.3.1 
Group C7: Type A with Rotation 

This group contains rotational wedge, split, and 
burst fractures (Figs. 4.18 - 4.20). In type A lesions 
with rotation, one lateral wall of the vertebral body 
often remains intact. Therefore, a normal contour of 
a vertebral body (phantom vertebra) may radio
graphically appear in the lateral profile together 
with the fracture (Figs. 4.18, 4.20). As already men
tioned, a sagittal split fracture (C1.2.1) may occur 
adjacent to a rotational burst fracture as a conse
quence of the axial torque. The vertebral body sepa-

b 

Fig- 4.19 Vertebral body separation (CI.2.4) 

Fig- 4.20 Example of a type A fracture with rotation: com
plete burst fracture with rotation (Ct.3.3) 

ration (C1.2.4) represents a contiguous, multilevel, 
coronal split lesion (Fig. 4.19). In this injury the spi
nal canal may be widened where it is involved in the 
lesion. The five patients treated by us as well as cases 
published to date [4,19,40,42] suffered no neuro
logical deficit. 

4.3.3.2 
Group (2: Type B with Rotation 

The most commonly seen C2 lesions are different 
variants of flexion-subluxation with rotation 
(Fig. 4.21). Of the lateral distraction injuries pub-

c 

a, b Appearance on standard radiographs 
c CT scans of the fractured vertebrae 

a Vertebral body 
b Po terior elements 
c Lateral view 

c 



Fig.4.21 Example of a type B inju
ry with rotation: rotational flexion 
subluxation (C2.1.1) 
a Lateral view 
b Po terior elements a 

Fig. 4.22 Example of a type B inju
ry with rotation: unilateral disloca
tion (C2.1.3) 
a Lateral view 
b Posterior element 

Fig. 4.23 Example of a type B inju
ry with rotation: transver e bico
lurnn fracture with rotation (C2.2.I) 
a Anterior elements 
b Lateral view 
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lished by Denis and Burkus [l2], we would ascribe at 
least one to type B with rotation. Unilateral disloca
tions are less frequent (Fig. 4.22). Boger et al. [2] and 
Conolly et al. [6] describe unilateral facet disloca
tions at the lumbosacral junction, and Roy-Camille 
et al. [38] report anterior dislocation with rotation 
and unilateral facet fracture. Amongst distraction 
fractures of the lumbar spine, Gumley et al. [20] de
scribe an injury which corresponds to the trans
verse bicolumn fracture with rotation (Fig. 4.23). 

b 

Fig. 4.25 Rotational shear injury: oblique fracture of the ver
tebra (Cp) 

4.3.3.3 
Group C3: Rotational Shear Injuries 

Holdsworth [22] stated that the slice fracture 
(Fig. 4.24) is "very common in the thoracolumbar 
and lumbar regions and is by far the most unstable 
of all injuries of the spine:' With regard to frequen
cy, this does not correspond with our experience, 
which is limited to three cases. Thirteen of our 16 C3 
injuries were oblique fractures (Fig. 4.25). In our 
opinion, the oblique fracture is even more unstable 
than the slice fracture, as it completely lacks stability 
in compression. However, the slice fracture is obvi
ously more dangerous to the spinal cord because of 
the shear in the horizontal plane. 

4.3.3.4 

Fig. 4.24 Rotational shear injury: 
Holdsworth slice fracture (C3.1) 
a Lateral view 
b Anterior view 

Common Clinical Findings and Radiological Signs 
of Type C Injuries 

The type of accident, e. g., a fall from a great height, 
injuries caused by a heavy object falling on the bent 
back, or when the patient was thrown some dis
tance, may be enough to suggest that axial torque 
was involved in the mechanism of injury. Local find
ings are the same as those described for type B inju
ries. The radiological appearance of the various ty
pe C injuries is shown in Figs. 4.18 - 4.25, and the 
characteristic signs of rotation have been described 
above. Fractures of transverse processes are the 
principal indicator of rotational injuries of the lum
bar spine. Therefore, even if they seem isolated, 
their presence should always trigger an intense 
search for a hidden type C injury. 



4.4 
Epidemiological Data 

The 1445 cases investigated were also analyzed with 
regard to: (1) the level of the main injury, (2) the fre
quency of the types and groups, and (3) the inci
dence of the neurological deficit related to types and 
groups. A more detailed analysis of the epidemio
logical data is the subject of another study to be pub
lished. 

4.4.1 
Level of Main Injury 

Figure 4.26 demonstrates the distribution of the lev
el of the monosegmentallesions and the level of the 
main injury in multisegmental injuries. As expect
ed, most injuries were located around the thoraco
lumbar junction. The upper and lower end of the 
thoraaolumbar spine as well as the TlO level were the 
areas most infrequently injured. 

Injuries to the spine often involve more than one 
segment, especially in poly traumatized patients 
[34] . Of the 468 consecutive cases which were ana
lyzed in more detail, 23 % had multisegmental inju
ries of the thoracolumbar spine. 
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. Table 4.4 Number and percentage of injuries per type and 
group (N = 1445) 

Cases Percentage Persentage 
of total [%) oftype [%) 

Type A 956 66.16 
Al 502 34.74 52.51 
A2 50 3.46 5.23 
A3 404 27.96 42.26 

TypeB 209 14.46 
B1 126 8.72 60.29 
B2 80 5.54 38.28 
B3 3 0.21 1.44 

TypeC 280 19.38 
C1 156 10.80 55.71 
C2 108 7.47 38.57 
C1 16 1.11 5.71 

4.4.2 
Frequency and Distribution of Types and Groups 

Type A fractures represented two-thirds of all inju
ries (Table 4-4). Type Band C lesions, although they 
encompass a great variety of injuries, altogether on
ly accounted for one-third. Stable type A injuries 
alone exceeded more than one-third of the total. 

Detailed analysis of the 468 cases mentioned 
above revealed that the frequency of type A injuries 
decreases from cranial to caudal, whereas type C in
juries are more frequently located in the lumbar 
spine, and type B injuries are more often found 
around the thoracolumbar junction. Also, the 
groups of the type A injuries showed some predilec
tion for certain sections of the thoracolumbar spine: 
split fractures only occurred below TlO; burst frac
tures as a whole were more often found below Tl2; 
and the frequent burst-split fractures were only seen 
belowTll. 
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Table 4.5 Incidence of neurological deficit in 1212 patients 

Types and groups Number of injuries Neurological deficit 
[%J 

Type A 890 14 
Al 501 2 
A2 45 4 
A3 344 32 

TypeB 145 32 
B1 61 30 
B2 82 33 
B3 2 50 

Typee 177 55 
C1 99 53 
C2 62 60 
C3 16 50 

Total 1212 22 

4.4.3 
Incidence of Neurological Deficit 

The neurological deficit, ranging from complete 
paraplegia to single root lesions, was evaluated in 
1212 patients (Table 4.5). The overall incidence was 
22 % and increased significantly from type to type. 
Neurological deficit is very rare in Al and A2 inju
ries. Neural injury of Al fractures may be attributed 
to severe kyphotic angulation resulting from multi
segmental wedge fractures in the thoracic spine [31]. 
However, it may also be possible that some wedge 
fractures of the thoracic spine were in fact hidden 
B1.2 injuries in which the posterior lesion was not 
discernible on standard radiographs. The striking 
increase of neural injury between the A2 and the A3 
group may be attributed to the high proportion of 
severe burst fractures in the A3 group. This high 
proportion of severe burst fractures also accounts 
for the fact that the frequency of neural injury in the 
A3 group is similar to that in the Bl and B2 groups. 
Another reason for this similarity may be that ante
rior dislocation with its high risk of neural injury 
rarely occurs in the thoracolumbar spine. An expla
nation for the decrease of neurological deficits from 
the C2 to the C3 group can be found in the rather 
small number of the neurologically most dangerous 
Holdsworth slice fractures in group C3 of this series. 

4.5 
Discussion 

A classification of spinal injuries should meet sever
al requirements. It should be clearly and logically 
structured and should furthermore provide an easi-

ly understandable terminology, information regard
ing the severity of the injury, and guidance as to the 
choice of treatment. The classification should be 
comprehensive so that every injury can be precisely 
defined, itemized, and retrieved, as necessary. In ad
dition, the structure of the classification should also 
allow it to be used in a simplified form without im
pairment of information most essential for clinical 
practice. Several criteria have been employed to 
classify spinal injuries, e. g., stability, mechanism of 
injury, and involvement of anatomical structures. 
Though each of the existing classifications has cer
tain merits, none would seem to meet all the re
quirements. 

The classification proposed is the result of more 
than 10 years of intense consideration of the subject 
matter [29] and a thorough review ofI445 consecu
tive thoracolumbar injuries at five institutional*. 
During this time we tested several existing classifi
cation systems and worked on our own approaches 
to a new system until finally agreeing on the version 
presented here. 

The new classification is primarily based on the 
pathomorphology of the injury. Emphasis was 
placed on the extent of involvement of the anterior 
and posterior elements, with particular reference to 
soft-tissue injury, as well as ancillary bony lesions. 
Analysis of the injury pattern provides information 
on the pathomechanics of the injury, at least regard
ing the main mechanisms. For example, loss of ver
tebral height implies a compressive force, transverse 
disruption suggests distraction or shear, and rota
tional displacement in the vertical axis indicates tor
sion. Each of these mechanisms produces injuries 
with its own characteristic fundamental pattern. 

Although compression may be purely axial or 
combined with flexion, distraction and torsion usu
ally occur in combination with compression, flex
ion, extension, and/or shear. Deviations and combi
nations of forces and moments as well as their vary
ing magnitude and rate modify the fundamental 
patterns. The natural variations in the anatomical 
and mechanical properties of the different. sections 
of the thoracolumbar spine itself are responsible for 
the fact that some injury patterns are typical of cer
tain sections. Age-related differences in the strength 
of the affected tissue determine that some forms of 
injury are typical of juvenile or osteoporotic spines. 

.. Department of Orthopaedic Surgery, Kantonsspital, St. Gal
len; Department of Orthopaedic Surgery, Inselspital, Bern; 
Sunnybrook Health Service Centre, Toronto; Rehabitilations
krankenhaus, Karlsbad-Langensteinbach; H6pital de la Con
ception, Marseille 



Because the fundamental pattern of injury still 
remains recognizable in almost every case, the main 
mechanisms of injury can be used to establish prin
cipal categories, each of which is characterized by 
common morphological findings. In view of the 
great variability of the forces and moments, it 
would, however, hardly be feasible to use the mecha
nism of injury as an order principle throughout the 
classification. 

To provide an easily recognizable grid for classi
fying the injuries, the 3 - 3 - 3 scheme of the AO frac
ture classification was applied as far as possible. The 
three principle categories, the types, are determined 
by the three most important mechanisms acting on 
the spine [46]: compression, distraction, and tor
sion. Predominantly morphological criteria are 
used for all further grouping. 

Every injury can be defined alphanumeric ally or 
by a descriptive name, e. g., wedge impaction frac
ture, anterior dislocation, or rotational burst frac
ture. The specifications describe the injuries most 
precisely. In clinical practice, application of the clas
sification can be restricted to subgroups or even 
groups without the loss of information which is 
most important for defining the principal nature of 
the injury and the choice of treatment. 

As already mentioned, distraction as well as tor
sion usually occur in combination with other mech
anisms. Since posterior distraction is often com
bined with anterior compression, type A fractures 
reoccur in type B as the anterior component of flex
ion-distraction lesions. Torsion is frequently associ
ated with compression or distraction. Consequently, 
type A and B lesions appear in type C modified by 
the axial torque. Thus, several type Band C injuries 
are based on preceding types. This concept permits 
the inclusion of various combinations ofinjuries, fa
cilitates their proper identification, and avoids the 
need to memorize every particular form of injury. 

It is quite natural that injuries occur which con
stitute transient forms between types as well as be
tween subdivisions of the classification. For exam
ple, a type A injury can become type B when the de
gree of flexion exceeds the point beyond which the 
posterior ligament complex definitely fails. Tran
sient forms with partial rupture of the posterior lig
aments occur in cases in which the degree of flexion 
has just become critical. The same applies for tran
sient forms between type A or B and type C injuries. 
Here, the degree of axial torque determines whether 
a partially or fully developed rotational injury will 
result. Transient forms may either be allocated to 
the lesser or more severe category, depending on 
which characteristics predominate. 
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While dealing with the subject, all injuries de
scribed in the classification were seen by us. Regard
ing statistical data, there is good reason to assume 
that in the review of the 1445 cases, some type B in
juries of the thoracic spine were missed and classi
fied as type A injuries when only standard radio
graphs were available. Correct diagnosis of posteri
or distraction injuries is often difficult since some of 
them can look like plain type A lesions, especially in 
the thoracic spine. Therefore, it is of the utmost im
portance to search for clinical and radiological signs 
of posterior disruption to unmask the true nature of 
the injury. Radiographically, a posterior lesion is of
ten only identifiable by lateral tomography or sagit
tal reconstruction of thin CT slices. 

The severity of trauma has been considered in the 
organization of the classification whenever possible. 
Severity is defined by several factors such as impair
ment of stability, risk of necrological injury, and 
prognostic aspects. In this classification, the loss of 
stability constitutes the primary determining factor 
for ranking the injuries because it is the most impor
tant one for choosing the form of treatment. 

This study confirms that the risk of neural injury 
is largely linked to the degree of instability (Ta
ble 4.5). The separation of discoligamentous inju
ries from osseous lesions was undertaken in consid
eration of prognostic aspects important for the 
treatment. Because discoligamentous injuries have a 
poor healing potential [28], surgical stabilization 
and fusion should be considered to avoid chronic in
stability. 

The term 'instability' on its own is oflittle use if it 
is not related to parameters defining the load be
yond which a physical structure fails. For under
standing traumatic spinal instability, the definition 
of stability as formulated by Whitesides [46] may be 
helpful: ''A stable spine should be one that can with
stand axial forces anteriorly through the vertebral 
bodies, tension forces posteriorly, and rotational 
stresses ... , thus being able to function to hold the 
body erect without progressive kyphosis and to pro
tect the spinal canal contents from further injury;' 
In this sense, any reduction of the compressive, ten
sile, or torsional strength impairing the spine from 
functioning in the upright position as outlined by 
Whitesides would, by inverse definition, be instabil
ity. Whitesides' definition also implies that forces 
and moments most important for the spine can be 
reduced to compressive forces, tensile forces, and 
axial torque. With the proviso that tensile forces can 
also act anteriorly, Whitesides' primary forces cor
respond to those responsible for the fundamental 
injury patterns of the types in our classification: Ty-
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pe A injuries are primarily caused by compression, 
type B injuries by tension, and type C injuries by ax
ial torque. 

Though any reduction of resistance against pri
mary forces may be termed 'instability; a more pre
cise identification of the type and degree of instabil
ity is necessary for the treatment modalities. There 
are injuries which are clearly stable and those which 
are clearly unstable when subject to forces of any di
rection and magnitude. Between these two ex
tremes, there are many injuries of varying instabili
ty with flowing transitions regarding the quality and 
magnitude of the instability. There are those with 
'partial instability' and simultaneously 'residual sta
bility.' For example, most type A injuries are unsta
ble in compression but stable in distraction, shear, 
and torque. An anterior dislocation is unstable in 
flexion and anterior shear; in extension and com
pression, however, it is stable when reduced. Both 
residual stability and the type of instability must be 
considered when selecting the most rational form of 
treatment, i.e., restoring stability with minimum ex
penditure and invasiveness. Thus, understanding 
the individual aspects of instability helps determine 
the appropriate treatment. 

Overlap of some categories regarding instability 
was accepted for the sake of morphological unifor
mity. Furthermore, because the precise degree of in
stability cannot be defined for every injury, it would 
hardly be feasible to classify spinal injuries on a 
strictly progressive scale of instability. Generally, 
however, instability increases from type to type and 
within each subdivision of the classification. The 
progression of instability and its consequences for 
the choice of treatment can be described as follows. 

4.5.1 
Type A 

The stability in compression may be intact, im
paired, or lost, depending on the extent of destruc
tion of the vertebral body. The stability in flexion 
may be intact, or it may be reduced due to the im
paired compressive resistance of the vertebral body. 
However, stability in flexion is never completely lost 
since, by definition, the posterior ligament complex 
must be intact in type A injuries. Really stable inju
riesonly occur in type A. The degree of instability 
progresses gradually from the stable Al fractures to 
the very unstable A3.3 burst fractures. Translation in 
the horizontal plane does not occur in this type. 

The intactness of the posterior ligament complex 
and the anterior longitudinal ligament [48] ac
counts for the unimpaired tensile strength of the 

spine, which is in turn important for treatment mo
dalities. Application of longitudinal traction, e. g., 
by Harrington distraction rods or an internal fixa
tor, does not result in overdistraction. 

The spine is stable in extension as the strong ante
rior longitudinal ligament is preserved [48], and the 
posterior vertebral elements maintain their stabiliz
ing function despite a possible split of the lamina. 
Because the posterior vertebral elements can act as 
a fulcrum, extension can be used for reduction of ty
pe A fractures in conservative treatment [3, 44]. On-
1y complete burst fractures with markedly splayed 
laminae may constitute exceptions in this regard. 

4.5.2 
Type B 

The leading criterion is the partial or complete loss of 
the tensile strength of the spine, often in addition to 
the loss of stability in axial compression. Sagittal 
translation can occur either anteriorly or posteriorly. 

4.5.2.7 
87 and 82 Injuries 

Due to the transverse posterior disruption, stability 
in flexion is always completely lost, sometimes to
gether with the loss of stability in anterior shear. 
These instabilities are combined with a reduced sta
bility in axial compression if the posterior injury is 
associated with a type A fracture. Stability in exten
sion is generally preserved because the anterior lon
gitudinalligament is most often stripped off the ver
tebral body. Anterior subluxation or dislocation can 
occur, and, if not present, the potential presence of 
anterior sagittal translation should be taken into 
consideration. 

Application of posterior distraction can result in 
kyphosis or even overdistraction. Stabilization of 
these injuries should therefore involve posterior 
compression and restoration of the compressive re
sistance of the anterior column, where necessary. 
This can be accomplished by either conservative or 
surgical treatment modalities. Conservative treat
ment with immobilization in hyperextension may 
be adequate for predominantly osseous injuries in 
which intact articular processes prevent anterior 
translational displacement. This treatment may also 
be applied to transverse bicolumn fractures since 
the friction in the rough and large bony surfaces 
would prevent secondary anterior displacement. 
However, mainly discoligamentous injuries necessi
tate surgical treatment, including fusion, because of 
their poor healing potential [28]. 



4.5.2.2 
83 Injuries 

These injuries are unstable in extension and stable 
in axial compression, at least when reduced. Injuries 
with a preserved posterior ligament complex are al
so stable in flexion. On the other hand, injuries with 
additionally disrupted posterior structures, as with 
posterior dislocation and some of the shear fracture 
dislocations described by Denisand Burkus [14], 
completely lack tensile and shear resistance. True 
anterior translational displacement may be found in 
shear fracture dislocations [14], whereas in hyperex
tension spondylolyses only the vertebral body is dis
placed anteriorly. Posterior translational displace
ment is typical of posterior dislocations. 

Since the disk is damaged in all B3 injuries, surgi
cal treatment is indicated, including fusion. Anteri
or fusion supplemented by tension band fixation or 
followed by postoperative immobilization in slight 
flexion can be applied in injuries with preserved sta
bility in flexion. Posterior dislocations and some 
shear fracture dislocations require combined anteri
or and posterior stabilization or the application of a 
fixator system. 

4.5.3 
Type C 

These injuries are unstable in axial torque. In most 
cases, instability in axial torque is superimposed on 
the instabilities already present in types A or B. In
stability in torque is caused by the patterns of the 
vertebral fracture itself as well as by avulsion of soft
tissue attachments (e. g., disk, ligaments, muscles) 
and fractures of bony structures (e. g., transverse 
processes, ribs) which control rotation. Except for 
some incomplete lesions, the majority of type C in
juries seen in clinical practice represent the most 
unstable injuries with the highest incidence of neu
rological deficit (Table 4.5). The potential for hori
zontal translation in every direction is present in the 
vast majority of cases, regardless of the radiograph
ic appearance. Since these lesions can spontaneous
ly reduce, translation may not be seen on any given 
set of radiographs. 

Because of the high degree of instability and the 
poor healing potential of mainly discoligamentous 
rotational injuries, treatment should be surgical. 
Whereas in type A and B injuries the internal fixation 
must resist shortening, flexion,· or extension, and 
sometimes sagittal shear, the system used for fixation 
of rotational injuries must additionally withstand ax
ial torque and any shearing in the horizontal plane. 
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(Type B 3.1.1 ) 

( Type A ) ( Type B ) 

Fig. 4.27 Algorithm for determination of the injury types 

4.6 
Conclusions 

Experience has shown that to a great extent this clas
sification meets the previously outlined require
ments.The injuries are logically grouped into differ
ent categories according to main mechanisms of in
jury and pathomorphological uniformity, and with 
prognostic aspects in mind. Its organization pre
sents a progressive scale of morphological damage 
by which the degree of instability is determined. 
Thus, the severity of the injury in terms of instabili
ty is expressed by its ranking within this classifica
tion system. The degree of instability and prognos
tic aspects indicate the treatment to be applied. 

The classification is comprehensive as almost any 
injury can be itemized according to easily recogniz
able and consistent radiographic and clinical find
ings. It can, however, also be used in an abbreviated 
form without impairment of the information most 
important for clinical practice. Recognition of the 
fundamental nature of an injury is facilitated by us
ing a simple algorithm (Fig. 4.27). 

Furthermore, the system presented also permits 
the classification of injuries occurring in the lower 
cervical spine (C3 - 7). Our current experience with 
the classification of these injuries has so far con
firmed that they can be logically integrated into the 
new system without difficulty. 

Any classification serves several purposes. Be
sides providing a common terminology, facilitating 
the choice of treatment is considered to be the main 
goal for clinical practice. We believe that this classi
fication provides a sound basis for determining a ra
tional approach to the management of the injuries, 
and that it will prove its value for documentation of 
the injuries and for future research. 
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CHAPTER 5 

Stabilization Techniques: Upper Cervical Spine 

Atlanto-axial fusions may be indicated in certain 
cases of acute or chronic atlanto-axial instability. 
There are a number of approaches and surgical tech
niques to stabilize the CI- 2 segment. Anterior 
transoral techniques carry well-known risks, par
ticularly infection. Both the lateral and the com
bined anterior/posterior techniques require two 
surgical approaches. For most lesions in the upper 
cervical spine, we prefer the posterior surgical ap
proach. 

5.1 
Posterior Wiring Techniques 

5.1.1 
Standard Technique (After Gallie) (Fig. 5.1) 

Principle 
This technique provides a posterior stable construct 
for CI- 2 instability particularly resistant to flexion 
forces. 

Indications 
- Fractures of the odontoid (dens) with anterior 

displacement. 
- Rupture of the transverse ligament of Cl. 

Advantages 
- Relatively easy technique. 
- The graft firmly fixed between the two arches of 

CI and C2. 
- Aids in reduction of the anterior subluxation. 

Disadvantages 
- Sub laminar wiring technique. 
- Cannot be used with associated fractures of the 

CI arch. 
- Is not suitable for posterior displacement of the 

atlas. 

Surgical Technique 
The patient is placed prone with Gardner-Wells 
traction or with a Mayfield clamp installed. Lateral 
image intensification is used to check position and 
reduction. A midline incision extends from the occi
put to C4. The soft tissues are cleared from the occi
put, CI and C2. Lateral dissection beyond a maxi
mum of 2 cm from the midline, particularly at CI, is 
avoided to prevent injury to the vertebral artery and 
venous plexus. The soft tissues are cleared circumfe
rentially around the CI posterior arch in the midline 
to allow easy passage of the wire. 

A 1.2-mm wire is fashioned into a loop with a 
hook configuration. The wire is passed from the in
ferior aspect of CI cranially and looped over the su
perior surface of CI (Fig. pa). The loop is carefully 
pulled backwards and distally sufficiently far to loop 
over the spinous process of C2 (Fig. S.lb). Unless the 
vertebrae are sufficiently reduced prior to insertion 
of the wire, there is a risk of damage to the spinal 
cord during this process. The arch of CI and the lam
ina of C2 are decorticated by means of a high-speed 
burr. 

A cortico-cancellous rectangular bone graft mea
suring 34 cm is removed from the posterior iliac 
crest. The graft is fashioned into an H configuration 
to fit snugly around the spinous process and over 
the lamina of C2. It is also notched laterally 
(Fig. S.IC). 

The cancellous surface of the graft is shaped to 
conform with the slope of the arch of CI and the lam
ina of C2 in order to provide maximal contact. The 
two free ends of the wire, which are laterally placed, 
are then brought across to the midline after the graft 
has been applied to the posterior surfaces of CI and 
C2 (Fig. s.ld). The notches provide better fixation of 
the bone graft when tightening the wires. During 
the process of tightening, the remaining reduction is 
achieved. Fragments of cancellous bone can then be 
packed around the bone graft between CI and C2 
(Fig. pe). 



Fig.S.l Standard technique OfCl-2 stabilization (Gallie). 
a The 1.2-mm wire is fashioned into a loop with a hook config
uration and then passed from the inferior aspect of Cl anteri
orly and cranially and looped over the superior surface of Cl 
b The loop is carefully pulled backwards and distally suffi
ciently far to loop over tlIe spinous process of C2 
c A cortico-cancellous rectangular bone graft measuring 
34 cm is fashioned into an H configuration to fit around the 
spinous process and over the lamina of C2 
d The two free ends of the wire, which are laterally placed, are 
then brought across to the midline after the graft has been ap
plied to the posterior surfaces of Cl and C2 
e Fragments of cancellous bone can be packed around the 
bone graft between Cl and C2 

Postoperative Care 
A firm collar preventing extension of the neck for a 
period of 6 -10 weeks is recommended. It may be re
moved for daily care and, after 6 weeks, while rest
ing. 

5.1.2 
Wedge Compression Technique (After Brooks and 
Jenkins) (Fig. 5.2) 

Principle 
The construct is similar to that used in the standard 
technique but provides more rotational and tensile 
strength. 

Indications 
Similar to those for the Gallie fusion, with the ad
dition of posterior displacement of Cl. 

Advantage 
- Biomechanically superior to the standard tech

nique. 

5.1 Posterior Wiring Techniques 43 
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Fig. S.2 Cl- 2 stabilization according to Brooks and Jenkins 
a A wire loop is passed from the superior aspect of Cl around 
the arch of Cl and further distally beneath the lamina of C2 
b A second wire is inserted on the opposite side. Two cortico
cancellous bone grafts measuring approximately 1.5 x 3.5 cm 
are fashioned into a wedge with the cortical portion posterior 

Disadvantages 
- Requires the passage of sublaminar wires at two 

levels. 
- Cannot be used for associated fractures of the Cl 

arch. 

Surgical Technique 
The approach is similar to that for the standard 
technique. In addition, the soft tissues anterior to 
the arch of C2 must be cleared, leaving the atlanto
axial membrane intact. A wire loop is then passed 
from the superior aspect of Cl around the arch of Cl 
and further distally beneath the lamina of C2 
(Fig. 5.2a). A second wire is inserted on the opposite 
side (Fig. 5.2b). Two cortico-cancellous bone grafts, 
measuring approximately 1.5 x 3.5 cm, are taken 
from the posterior iliac crest. They are fashioned in-

d 

c After the two wedges of bone have been placed between the 
two vertebral arches and after the undersurface of Cl and the 
superior surface of C2 have been decorticated, the double 
wires are then tw i.sted to press the bone graft against the verte
bral arches 
d Lateral view 

to a wedge with the cortical portion posterior. The 
wedges of bone are placed between the two vertebral 
arches after the undersurface of Cl and the superior 
surface of C2 have been decorticated by a high
speed burr (Fig.5.2C). The double wires are then 
twisted to press the bone graft against the vertebral 
arches (Fig. 5.2d). One double wire provides the nec
essary stability, whereas four separate wires would 
just double the risk of neural injury. 

Postoperative Care 
Postoperative care is the same as in the standard 
technique. 



a 

b 

5.2 
Transarticular Screw Fixation 

Indications 
Acute and chronic atlanto-axial instability. 

Advantages 
- Biomechanically superior to wiring technique. 
- Maintenance of reduction possible. 
- Integrity of posterior arch of Cl is not necessary. 

Disadvantage 
- Technically demanding. 

Instruments (Fig. 5.3) 
- Drill guide. 

Cannulated 2.s-mm drill. 
Different screw sizes: 3.s-mm screw, 3.s-mm can
nulated odontoid screw. 
Oscillating drill. 
Countersink (special). 
Special sleeve for K-wires. 
Measuring device for the protruding K-wires. 
Small hook or Penfield. 

• 
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Surgical Technique 
The patient lies in the prone position and the reduc
tion of Cl- 2 is checked using lateral image intensifi
er control. The reduction is facilitated by either trac
tion with Gardner-Wells tongs/Halo or a Mayfield 
clamp, the latter controlling translation more easily. 
The neck is flexed as much as possible to facilitate 
insertion of the screws, and the image intensifier is 
used to exclude redislocation. 

A midline incision is performed from the occiput 
to the tip of the spinous process of CS. The arch of 
Cl, the spinous processes, lamina and inferior artic
ular processes of C2 and the lamina and articular 
masses of C3 are exposed subperiosteally. Persistent 
anterior dislocation of Cl or C2 may be reduced by 
pushing on the spinous process of C2 and/or by pull
ing gently on the posterior arch of Cl, either with a 
towel clamp or with a sub laminar wire. Persistent 
posterior dislocation requires opposite forces. 

A small dissector is used to expose the cranial 
surface of the lamina and isthmus of C2 by careful 
subperiosteal dissection up to the posterior capsule 
of the atlanto-axial joint (Fig. S.4a). 

Medial to the isthmus the atlanto-axial mem
brane is visible. The laterally situated vertebral ar
tery is not exposed. 

c 

• 't-- -~ ... ~ , 

,_ I I 
• d 

Fig 5.3 
a Drill bit 2.5, cannulated 
b Drill guide with stop 
c Drill sleeve 1.25 mm flexible proximal tube 
d Di.rect measuring device 
e Countersink 
f Oscillating drill attachment 
9 3.5 mm cannulated screw, fully threaded 
h 3.5 mm cannulated screw, short thread 

f 

9 

h 
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/ 

Fig. 5.4 Transarticular screw fixation of Cl- 2 
a The small dissector is used to expose the cranial surface of 
the lamina and isthmus of C2 by careful subperiosteal dissec
tion up to the posterior capsule of the atlanto-axial joint. The 
entry point is shown 
b The entry point of the drill is at the lower edge of the caudal 
articular process of C2. The drill goes through the isthmus 
near to its posterior and medial surface. It then enters the later
al mass of the atlas 

e 

C Measuring of the screw length and tapping of fue screw hole 
with the 3.5-mm cortical tap 
d Insertion of 3.5-mm cortical screw with screwdriver 
e Insertion of lo5-mm K-wire wifu special drill sleeve (see 
Fig.5.3C) 

f Measuring the length of screw using the special measuring 
device 
g Opening of near cortex with the countersink 



(Fig. 504) 
h Insertion of the cannulated self-cutting odontoid type screw 
with the special angulated screwdriver 
i Following bilateral screw fixation, a posterior Cl- 2 fusion is 
performed and the graft is supplemented with a posterior wir
ing technique 

5.2.1 
Standard Technique 

Using lateral image intensifier control, a long 2.5-
mm drill is inserted in a strictly sagittal direction 
(Fig. 5.4b). The oscillating drill prevents soft tissue 
being wrapped around the drill. The entry point of 
the drill is at the lower edge of the caudal articular 
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h 

/ 

j Direct fusion of the atlanto-axial joints willi insufficient sta
bility of the posterior arch of Cl or absence of it: exposure of 
the atlanto-axial joint, removal of the cartilage of the posterior 
half of the facet joint, and packing of the resulting defect with 
cancellous bone 

processes of C2 (Fig. 5.4a). The drill goes through 
the isthmus near to its posterior and medial surface. 
It then enters the lateral mass of the atlas close to its 
posterior-inferior edge. Anteriorly, the drill perfo
rates the cortex of the lateral mass of Cl. The screw 
length is measured and the direction of the screw ca
nal is checked using the image intensifier (Fig. 5.4c). 
The screws are inserted after tapping with a 3.5-mm 
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cortical tap across the CI- C2 joint - the anterior 
cortex of CI must not be tapped (Fig. 5.4d). Proper 
caudo-cranial drilling may sometimes be difficult 
because the neck muscles and the upper torso pre
vent the correct placement of the drill. Gently pull
ing the spinous process of C2 cranially with a towel 
clamp facilitates drilling. It is sometimes necessary 
to drill through a distal percutaneous stab wound in 
order to place the drill in the correct angle. 

Drilling in a horizontal direction must be avoided 
because: 

- At the level of C2 the vertebral artery runs up
ward anteriorly to the CI- C2 joint and could be 
damaged. 

- The screw could exit C2 anteriorly and not enter 
the atlas. 

5.2.2 
Cannulated Screw Technique 

Using lateral image intensifier control, 1.2-mm K
wire is inserted with a surgical drill guide in a strict
ly sagittal direction on each hole (Fig. 5-4e). The en
try point/or the K-wire is at the lower edge of the 
caudal articular process of C2 (Fig. 5-4a). The length 
of the screw is established with a special ruler by 
measuring the protruding part of the guide wire 
(Fig. 5.4f). Before inserting the cannulated screw 
over the K-wire, the entrance for the screw is pre
pared by a cannulated special 3.5-mm countersink 
drill (Fig. 5.4g) in order to facilitate the starting bite 
of the screw. The appropriate self-cutting, cannula
ted 5-mm cancellous screw (same screw as for odon
toid fixation, usually around 45 mm long) is insert
ed over the guide wires (Fig. 5.4h). The progress of 
the screw must be observed with an image intensifi
er to ensure that the Kirschner wire does not mi
grate proximally beyond the CI arch. 

In severe degenerative disease the sclerotic subcor
tical bone of the C2 joint may prevent insertion of the 
self-tapping screw. In this case a 2.7-mm cannulated 
drill is used to cross the joint and a cannulated fully 
threaded 3.5-mm screw can be inserted, after regular 
tapping of the drill hole. 

Following bilateral screw fixation, a posterior 
CI- C2 fusion is performed. It is preferable to sup
plement the graft with a posterior wiring technique, 
as this increases the stability of the fixation and the 
fusion rate (Fig. 5.4i). 

When there is a defect or fracture of the posterior 
arch of CI, a fusion of the atlanto-axial joint must be 
performed. For visualization of the atlanto-axial 
joint, Kirschner wires are drilled into the posterior 

aspect of the lateral mass of the atlas. For this pur
pose, the greater occipital nerve is retracted cranial
ly, the soft tissues containing the greater occipital 
nerve, and its accompanying venous plexus can be 
retracted. The atlanto-axial joints are exposed by 
opening the posterior capsule, thus allowing visuali
zation of the CI- C2 joint (Fig. 5.4k). The articular 
cartilage of the posterior half of the facet joint is re
moved with either a small chisel or a sharp curette, 
after which the joints are packed with cancellous 
bone and the screws are inserted. 

Postoperative Care 
Patients are immobilized in a firm collar for a period 
of 6 - 8 weeks but are allowed to remove the collar 
for daily care. After 6 - 8 weeks, the collar can be dis
carded when resting. If additional posterior wiring 
has been used, a soft collar can be worn instead of a 
firm collar. 

5.3 
Anterior Screw Fixation of Odontoid (Dens) 
Fractures (Figs. 5.5 - 5.9) 

Implants and Instruments 
The implants and instruments required are shown 
in Fig. 5.5 (see also Fig. 5.3). 

Principle 
The technique provides a direct screw fixation of a 
type II odontoid fracture, using the axial compres
sion lag screw principle and avoiding a fusion of CI/ 
C2 (Fig. 5.6a). 

Indications 
- The ideal indication is the transverse fracture of 

the neck of the odontoid process (type II and cer
tain type III fractures). 

- Nonunion of odontoid fracture. 

Advantages 
- This procedure preserves the Cl- C2 motion seg

ment. 
- Simple postoperative care and immobilization. 
- Anterior approach less traumatic than posterior 

surgery. 

Disadvantages 
- Should not be used in the oblique flexion fracture 

of the neck of the odontoid (Fig. 5.6b). 
- Technically difficult or impossible in short

necked patients, in patients with limited motion 
of the cervical spine and in patients with pro
nounced kyphosis of the upper thoracic spine. 



a 

• 
b 

c 

Fig s.s 
a Drill bit 2.5, cannulated 
b Drill guide with top 
c Drill sleeve 1. 25 

d Radiolucent Hohmann 
e Direct mea uring device 
f Screwdriver with tran mission 
g Countersink 
h Oscillating drill attachment 

3.5 mm cannulated screw, fully threaded 
3.5 mm cannulated crew, short thread 

d 

e 

f 

- Requires high-resolution two-plane imaging 
(Fig. 5.7). 

- Spinal stenosis is a contraindication because of 
the danger of cord injury associated with hyper
extension of the neck. 

Surgical Technique 
The patient is in a supine position. Two image inten
sifiers are necessary to identify the odontoid process 
in the anteroposterior and lateral projections 
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h 

(Fig. 5.7). Without this help, this technique cannot 
be carried out. The head is placed in the extended 
position to reduce the fracture and to facilitate the 
insertion of the screws. An anteromedian approach 
is used. The placement of the incision is determined 
by placing a long Kirschner wire along the side of the 
neck in the intended direction of the screw and 
viewing on the image intensifier. The transverse in
cision can then be made in the neck where the K
wire is likely to exit the skin. 
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a 

• I 
I 
I 

Fig. 5.6 Anterior crew fixation of odontoid (dens) fractures. 
a Compre sion 0 teo ynthe i by crew fLXation. AP and later
al view 
b Anterior crew fixation i contraindicated in oblique flexion 
racture of the neck of the odontoid 

Fig. 5.7 Two Image inten ifiers are neces ary to idenltfy 
the dontoid proce in the anteroposterior and lateral 
projection 
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Fig. 5.8 Exposure of the segment C2 - 3 
a Two Hohmann retractors are inserted, one on either side of 
the odontoid, to expose the body of the axis, or a special large 
radiolucent carbon fiber Hohmann can be used (as shown in 
the figure) 
b A lbng 2.5-mm drill is inserted into the antero-inferior edge 
of the C2 body. In the sagittal plane, the drill should be angled 
slightly posteriorly in order to exit at the posterior half of the 
tip of the odontoid 
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c In the frontal plane the drill should be angled a few degrees 
towards the midline. A second drill is inserted in the same 
manner 
d One drill is removed and the entire hole in the distal frag
ment is overdrilled using a 3.5 mm drill 
e Insertion of a 3.5 mm cortical screw with a screwdriver 
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Fig. 5.9 
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a Lnsertion of a 1.2-mm K·wire with a special drill Jeeve ( ee Fig. 5·)C) 
b Mea uring the length of screw using a pecialized designed ruler 
c Opening of near cortex with the cannulated countersink 
d In enion of the cannulated elf-cutting odontoid-type crew with the 
pedal angled crewdriver 

• Radiolucent Hohmann ( ee Fig. 5.5d) 



The vertebral column is exposed anteriorly by 
blunt dissection and then exposed cranially until the 
inferior edge of the body of the second cervical ver
tebra is identified. Two Hohmann retractors or a 
specially curved radiotranslucent retractor are then 
inserted on either side of the odontoid (dens) to ex
pose the body of the axis (Fig. 5.8a-c). 

5.3.1 
Standard Lag Screw Technique (Fig. 5.8a-e) 

A long 2.5-mm drill is inserted into the anterior infe
rior edge of the C2 body. In the sagittal plane, the 
drill should be angled slightly posteriorly in order to 
exit at the posterior half of the tip of the odontoid 
(Fig. 5.8a, b, see also Fig. 5.9a, c). Furthermore, in 
the frontal plane, the drill should be angled a few de
grees towards the midline (Fig. 5.8c). A second drill 
is inserted in the same manner (Fig. 5.8c). One drill 
is removed and the entire hole in the distal fragment 
is overdrilled by a 3.5-mm drill (Fig. 5.8d). The 
depth of the hole to the tip of the odontoid is mea
sured, tapped and the appropriate-length 3.5-mm 
cortex screw inserted (Fig.5.8e). The same tech
nique is used for the second screw. 

It is absolutely essential that tissue protectors are 
used when drilling and tapping, to avoid damaging 
vital structures. The oscillating attachment should 
be used to avoid soft tissue damage. 

In patients of small stature, 2.7-mm screws are 
used with their appropriate drills and tap. 
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5.3.2 
Cannulated Screw Technique (Fig. 5.9) 

To facilitate the placement of screws and decrease 
the risk of neurovascular damage, a cannulated 
screw technique has been developed, which is based 
on the odontoid cannulated screw set. Using lateral 
image intensifier control, a 20-cm-long 1.2-mm-di
ameter K-wire is inserted in a strictly sagittal direc
tion on both sides. The K-wire should be angled 
slightly posteriorly in order to exit the posterior half 
of the tip of the odontoid. Furthermore, in the fron
tal plane, the K-wire should be angled a few degrees 
towards the midline (Fig. 5.9a). The length ofK-wire 
in the bone is measured with the special ruler 
(Fig. 5.9b), indicating the length of screw required. 
In order to allow the self-cutting screw to start in the 
near cortex, it is perforated with the special cannu
lated countersink (Fig.5.9C). The appropriate
length odontoid screw is inserted using the special 
cannulated screwdriver (Fig. 5.9d). 

N.B. During insertion of the cannulated odontoid 
screw, it is essential to observe this on the lateral im
age-intensifier to ensure the K-wire does not advance 
anteriorly. 

Postoperative Care 
Patients are immobilized in a firm collar for a period 
of 10 -12 weeks but are allowed to remove the collar 
for daily care. After 6 weeks, the collar can be dis
carded when resting. If additional posterior wiring 
has been used, a firm collar need only be worn for 
3 weeks. 



CHAPTER 6 

Stabilization Techniques: Lower Cervical Spine 

6.1 
Posterior Techniques 

6.1.1 
Wiring Technique 

There are many wiring techniques for posterior fix
ation of the lower cervical spine. The most simple 
and least dangerous is interspinous wiring (Fig. 6.1). 

Principle 
This technique applies the tension band principle. 

Indications 
- Injuries of the posterior complex involving pre

dominantly soft tissue with insignificant damage 
to the vertebral body. 

- Enhancement of other posterior fusion tech
niques. 

Advantages 
- Relatively easy. 
- Safe. 

Large surface area for fusion. 
- Short segment stabilization. 

Disadvantages 
- Wire breakage. 
- Wire cut-out. 
- Cannot be used in fractures of the vertebral arch 

including the spinous processes. 
- Poor biomechanical fixation - especially in rotation. 
- Failure to maintain lordosis. 

Surgical Technique 
A midline posterior approach is used. It is essential 
to identify radiographically the levels to be fused. A 
hole is drilled on each side of the base of the spinous 
process of the upper vertebra of the injured segment 
(Fig. 6.1a). The entry point corresponds to the junc
tion of the base of the spinous process and the lami
na. A towel clip is placed in the holes, and with a 
gently rocking movement the holes are connected 
(Fig. 6.1b). A 1.2-mm wire is passed through the hole 
and then around the base of the inferior spinous 
processes, leaving the interspinous soft tissue intact 
(Fig. 6.1C). The two ends of the wires are tightened. 
Lastly, the wire ends are curved around the inferior 

spinous process and twisted tight (Fig.6.1d). The 
laminae are decorticated with a high-speed burr, 
and the cancellous bone graft is applied (Fig. 6.1e). 

Postoperative Care 
Postoperative care is similar to that for the posterior 
wiring techniques for the atlas and axis described 
above. 

6.1.2 
Plate Technique 

6.1.2.1 
Screw Placement 

6.1.2.1.1 

Mid and Lower Cervical Spine (Fig. 6.2) 

Viewed from dorsally a valley exists at the junction 
of the lamina and lateral mass. Directly anteriorly 
lies the vertebral artery and the most posterior as
pect of the exiting nerve root. Screws placed into the 
lateral mass must start lateral to the valley and can 
be directed outward to avoid neurovascular damage. 
Screw placement from C3 - C7 is in the lateral mass 
and not transpedicular. 

Following exposure, the boundaries of the lateral 
mass are identified. The medial border is the valley 
at the junction of the lamina and lateral mass. The 
lateral boundary is the far edge of the lateral mass. 
The superior and inferior borders are the respective 
cranial and caudal facet joints. 

According to Magerl, the starting point for screw 
insertion is 2 mm medial to the center of the lateral 
mass (Fig. 6.2a). The screw orientation is about 
20 0 - 25 0 outwards (Fig. 6.2b) and 30 0 - 40 0 cranially. 
The cranial angulation attempts to parallel the facet 
joints (Fig. 6.2C). An alternative technique has been 
described by Roy-Camille (1980), where screws are 
placed perpendicular to the posterior cortex in the 
sagittal direction (Fig. 6.2e, f). The entry point is the 
junction of the upper and middle third of the lateral 



a 

d 

Fig. 6.1 Interspinous wiring of the lower cervical spine 
a A hole is made on each side of the base of the spinous pro
cess of the upper vertebra of the injured segment, using a drill 
b The two tips of a towel clamp are placed in the holes, and 
with a gentle rocking movement the holes are connected 
c A 1.2-mm wire is passed through the hole and then around 
the base of the inferior spinous process, leaving the interspi
nous soft tissues intact 
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b 

e 

d The two ends of the wire are tightened, curved around the 
inferior spinous process and twisted tight 
e The lamina are decorticated and cancellous bone graft is ap
plied 
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a 

20-25' 

b 

c 
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Magerl 
Fig. 6.2 Screw technique 
a The entry point for the screws lies 2 mm medially and crani
ally to the center of the articular mass 
b Each screw diverges by 20 0 - 25 0 anterolaterally and runs 
parallel to the surface ofthe intervertebral joints. Note the rela
tionship to the neuromuscular structures 

d 

e 

f 

Roy- Camille 

c The inclination of the surface can be determined by insert
ing a fine dissector into the joint 
d-f The alternative technique according to Roy-Camille 



Fig. 6.3 Drilling of the lateral mass 
a A 2.5-mm drill with an adjustable drill guide is used. The 
drill guide is primarily set at 14 mm. The adjustable drill guide 
is increased by 2-mm increments until the drill then penetrates 
the far cortex 

mass in the midline (Fig. 6.2d). However, we do not 
recommend it as a standard technique because 
screw length is shorter and the purchase in bone is 
less satisfactory. We feel there is more likelihood of 
damage to neurovascular structures. 

Once the starting point has been identified, a 2.5-
mm drill is used. An adjustable 2.5-mm drill guide is 
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b 

c 

b The hole is checked for penetration with the depth gauge 
c The proximal cortex only is tapped with the 3.5-mm cancelc 
lous tap 

set to allow an initial maximal penetration of 14 mm 
(Fig. 6.3a). The length of the adjustable drill guide is 
increased by 2-mm increments until the drill pene
trates the far cortex. The hole is checked for penetra
tion with a depth gauge (Fig. 6.3b) and the depth is 
measured. The proximal cortex only is tapped with a 
3.5-mm cancellous tap (Fig. 6.3C). 



b 
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6.1.2.1.2 
Upper Cervical Spine (Fig. 6.4) 

Screws inserted into C2 must be directed medially 
and passed through the isthmus of C2 to avoid inju
ry to the vertebral artery. The directions are deter
mined by subperiosteal dissection of the soft tissues 
from the superior aspect of the isthmus. The dissec
tor is placed medial to the isthmus to identify the 
medial border in order to prevent penetration of the 
drill to the spinal canal. The drill is inserted halfway 
between the upper and lower articular surfaces of C2 
at a vertical line bisecting the articular mass 
(Fig.6.4a). The screw is oriented 25° upwards 
(Fig. 6.4b) and 15 ° - 25 ° medially (Fig. 604C). 

A 2.5-mm drill is used with the adjustable drill 
guide as described above. The anticipated length of 
the drill hole is 30 - 35 mm. 

6.1.2.1·3 
Upper Thoracic Spine from Tl- T3 (Fig. 605) (See 
Chap. 7.2.2, Pedicle Fixation) 

Upper thoracic screws are placed in the pedicles 
rather than in the articular mass. The point of entry 

Fig. 6.4 Screws inserted into the lateral mass of C2 
a Entry point for the drill halfway between the upper and low
er articular urfaces ofC2 at a vertical line bisecting the articu
lar mass 
b The screw is oriented 25 ° upwards 
c The screw is oriented 15 °- 25 ° medially 

c 

is just below the rim of the upper facet joint 3 mm 
lateral to the center of the joint near the base of the 
transverse process (Fig. 6.5a). The screws should be 
angled 7° -10 ° toward the midline (Fig. 6.5b) and 
10°-20° caudally (Fig. 6.5C). 

6.1.2.1·4 
Occiput Screws (Fig. 6.6) 

Screws can be placed safely in the occiput but this 
requires a careful understanding of the occipital 
anatomy. Screws should not be placed above the ini
on to avoid damage to the intracranial sinus. The 
bone present in the midline allows strong screw pur
chase 2 - 3 mm lateral from the midline the occipital 
cortex becomes thin (Fig. 6.6a). Drilling and screw 
placement must avoid injury to the cerebellum al
though dural lacerations with CSF leak are not un
common and are dealt with by screw insertion into 
the drill hole. 

In the midline of the occiput a 2.5-mm drill is 
used with an adjustable drill guide initially set at 
8 mm and increased by 2-mm increments until the 
far cortex is penetrated. The oscillating drill is used 
to prevent soft tissue from wrapping around the 



Fig. 6.5 Upper thoracic screws in Tl- T13 
a Entry point below the rim of the upper facet joint 3 mm lat
eral to the center of the joint 

drill (Fig. 6.6b). The thickness of the cortex lateral 
to the midline is only 5 - 7 mm and care must be tak
en in using the drill. After each drilling procedure, 
the hole is checked for penetration with a depth 
gauge, and when penetration of the distal cortex has 
occurred the depth is measured (Fig. 6.6c). A 3.5-
mm cortical tap is used and must include the far cor
tex (Fig. 6.6d); the 3.5-mm screws are then inserted 
(Fig. 6.6e). 

6.1.2.2 
3.S-mm Cervical Titanium Plate 

6.1.2.2.1 

Plate Fixation in the Middle and Lower Cervical 
Vertebrae (C2-C7) (Fig. 6.6) 

Principle 
The posterior plating technique provides stable ten
sion band fixation in flexion, increasing stability in 
rotation, and buttressing in extension. 

Indications 
- Ligamentous and/or osseous lesions of the poste

rior complex without significant damage of the 
vertebral body. 

- Uni- or multisegmental instability. 
- Instability associated with deficiency of the pos-

terior elements from laminectomy or fractures, 
e.g., 
- Trauma 
- Tumor 
- Failed anterior fusion 
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b Screw direction 7 0 -10 0 towards the midline 
c Screw direction 10 0 - 20 0 caudally in the sagittal plane 

Advantages 
- Superior stability compared with wiring tech

niques. 
- Can be used in the presence of lamina and spi

nous process fractures. 

Disadvantages 
- Potential for neurovascular damage. 
- Ideal screw placement may be compromised by 

the spacing of the holes. 
- Demanding surgical technique. 

Surgical Technique (Fig. 6.7) 
A midline posterior approach is performed. It is 
essential to identify the levels to be fused with ra
diographs. Subperiosteal preparation of the lami
nae and lateral masses is carried out. The entry 
points and directions have been previously de
scribed. The most cranial and caudal vertebrae of 
the selected area of fusion are drilled, K-wires in
serted into the drill holes (Fig. 6.7a) and the small 
titanium template with hole spacings of 8 mm and 
12 mm is used to assess whether the 8-mm or 12-

mm plate will fit the proximal and distal drill holes 
(Fig. 6.7b): the template is also contoured to create 
the cervical lordosis. The chosen titanium plate is 
contoured to match the template and applied to the 
spine. The proximal and distal holes are measured 
through the titanium plate (Fig. 6.7C); only the 
near cortex is tapped (Fig. 6.7d). Prior to screw in
sertion, the posterior surface of the facet joints is 
decorticated and packed with autogenous cancel
lous bone graft. The plate is fixed to the lateral 
masses cranially and caudally with 3.5-mm cancellous 
screws in: the drill holes (Fig. 6.7e). The intervening 
lateral masses are now drilled in the correct direction, 
the depth measured and the near cortices tapped 
and the appropriate length screws inserted (Fig. 6.7f). 
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Fig. 6.6 Occiput crews 

., 
" " 

a 

a Optimal location for screw placement into the occiput 
b Drill is used with an 0 cilJating drill attachment 

b 

C Measuring depth 
d Tapping of near cortex 

bone thin 1~\,:{ 
thick ,. 

e Insertion of the screw with the appropriate screwdriver 
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Fig. 6.7 3.5-mm cervical titanium plate: C2 -C7 
a The most cranial and caudal vertebrae are drilled, and K
wires are inserted into the drill holes 
b The small titanium template with hole spacings of 8 mm (i) 
and 12 mm (ii) is used to asses whether the 8-mm or 12-mm 
plate will fit the proximal and di tal drill hole 
c (The proximal and di tal holes are mea ured through the 
contoured titanium plate (matching the template) 
d (Only the near cortex i tapped 
e (The plate i fIXed to the lateral mas es cranially and caudal
ly with 3.5-mm cancellous screws after decorticating the po te
rior surface of the facet joint and packing with cancellous 
bone graft 

d 

f 

9 

f (The intervening lateral rna e are now drilled in the cor
rect direction, the depth measured and the near cortices 
tapped and appropriate-length screws inserted 
g (The laminae and spinous proce ses are decorticated with a 
burr and cancellou bone graft applied 
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The process is then repeated on the contralateral 
side; the laminae and spinous processes correspond
ing to the area of fixation are decorticated with a 
burr and cancellous graft is applied (Fig. 6.7g). 

Postoperative Care 
A cervical orthosis is worn for 6 -12 weeks depend
ing upon the pathology. It can be removed for hy
giene purposes. Isometric muscle exercises are be
gun immediately following surgery. 

6.1.2.2.2 

Occipitocervical Plate Fixation (Figs. 6.8, 6.9) 

Principle 
The function of the plate to the occiput is mainly as 
a buttress and partially as a tension band. 

Indications 
- Occipitocervical instability. 

- traumatic 
- congenital 

- Cranial settling or basilar invagination. 
- Pseudarthrosis of atlanto-axial arthrodesis. 

Advantages 
- Rigid stability afforded by the plating technique 

eliminates the use of a postoperative halo-jacket. 
- Maintenance of reduction during arthrodesis. 

Disadvantages 
- Technically demanding and potential for neuro

vascular injury. 
- Poor purchase of occipital screws due to thin cor

tex, when not put in an optimal position. 
- Incorrect head position. 

Technique 

Fig. 6.8 Positioning with the patients 
face looking horizontally, in relation to 
the table 

N.B. It is important when positioning the patient at 
the beginning of the operation that the face is looking 
horizontally (Fig. 6.8). 

Two Parallel Notched Plate (Standard) (Fig. 6.9) 
A midline incision is used from the inion to C3. Sub
periosteal dissection is performed, the occiput is 
cleared up to 4 cm from the midline on both sides, 
and the Cl lamina is exposed only 2 em laterally in 
order to prevent damage to the vertebral artery with 
arches over Cl more laterally: the C21amina and spi
nous processes are also cleared of soft tissue. A drill 
hole is placed into C2/Cl using the Magerl transar
ticular technique (see Fig. 5.4); alternatively if this is 
not possible as a result of distorted anatomy, a C2 
pedicle screw is inserted as previously described 
(Fig. 6.4). The 3.5-mm templates are contoured to 
measure and to accommodate the occiput/cervical 
angle and to assess the correct length of the required 
plate. The template should allow fixation to C2 and 
three holes of fixation in the occiput (Fig. 6.9a). 

The plate can be extended into the lower cervical 
spine if required. 

The appropriate spacing in the template is chosen 
(8 or 12 mm) so that the plate hole is over the C2/Cl 
drill hole and if extended distally the lower hole 
must be in the middle of the lateral mass of C3 
(Fig. 6.9a). To facilitate placement of the plate, a 
small amount of the lamina of C2 usually requires 
removal. 

The 8-mm or 12-mm plate is applied to the spine, 
and the depth of the C2/Cl-drilled hole is measured 
(Fig.6.9c). The near cortex and joint surfaces are 
tapped and the correct length 3.5-mm cancellous 
screw inserted (Fig. 6.9d). The remaining holes in 
the plate are now drilled. The three occipital holes 
are drilled with a 2.5-mm flexible drill (Fig. 6.ge). 
Care must be taken when drilling the occiput, lateral 



Fig. 6.9 OccipitocervicaJ plate flXation : two paraJlel notched 
plates (standard). 
a The template is contoured to fit the occipitaJ and cervical 
spine. The appropriate spacing of either 8 mm or 12 mm is cho
sen. The hole must fit over the ClfC I-drilled hole and the di tal 
end hole must be central over the lateral masse. 
b A ublaminar wire can be placed beneath either side of the 
Cl arch. 
C A transarticular hole is drilled into the ClfC I masses using a 
1·5-mm drill and the length of the CzfC I screw is measured. 
d The appropriate titanium plate i contoured and applied to 
the spine and a ).5-mm cortical screw is in erted through the 
plate. The wires are placed through a hole in the plate. 
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(Fig. 6.9) 
e The occiput is drilled, (if necessary with a flexible drill 
sleeve) 
f The occiput is tapped and the screw inserted 

to the midline, since the depth is between 5 and 
8 mm only. The hole is tapped by hand. The depth is 
measured and the appropriate 3.5-mm cortical 
screw is inserted (Fig. 6.9f). The caudal screws are 
inserted through the plate into the lateral mass as 
previously described (Fig. 6.9g). 

The procedure is repeated on the contralateral 
side. The occiput, spinous processes and laminae 
are decorticated using a burr. Cancellous bone is 
packed over the decorticated areas of bone 
(Fig. 6.9h). 

If there is significant subluxation of CIon C2, 
then a sub laminar wire can be placed beneath either 
side of the Cl arch (Fig.6.9b). The wires are 
placed through a hole in the plate and tightened 

g The additional cervical segments are instrumented with 
screws if necessary 
h A bone graft is applied after decorticating the lamina and 
the occiput with the burr 

(Fig. 6.9d-f); this will prevent anterior subluxation 
ofCl. 

Y-Notched Plate 
As an alternative to the two parallel notched recon
struction plate, a Y -shaped notched reconstruction 
plate can be used (Fig. 6.10); this allows the occipital 
holes to be placed in the midline, allowing increased 
purchase on the occipital bone (Fig. 6.6a). The ap
propriate-length plate for the cervical spine can be 
cut and the parallel limbs of the plate can be closed 
or open to meet the desired anatomy of the cervical 
masses with the plate benders. 



Fig. 6.10 Occipitocervical plate fixation: Y -shaped notched 
reconstruction plate as an alternative fixation device 

Postoperative Care 
Usually a cervical orthosis is only applied for 
6 - 12 weeks postoperatively depending on the type 
of pathology treated and stability reached. The or
thosis can be removed for the daily hygiene and iso
metric muscle exercises are started postoperatively. 

6.1.2.2·3 
Cervicothoracic Plate Fixation (Fig. 6.11) 

Principle 
This posterior plating technique provides a stable 
tension band. 

Indications 
Instability at the cervi co thoracic junction 
- Fracture at C7/T!. 
- Multisegmental fracture. 
- Tumor. 
- Multisegmental chronic inflammatory disease in 

particular ankylosing spondylitis and rheuma
toid arthritis. 

Advantages 
- Easy access to the cervical thoracic junction. 
- No need for sternotomy or thoracotomy. 
- Stability easier to achieve with a tension band 

technique. 
- Good anchorage in the thoracic pedicles. 
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T1 
a 

b 

Fig. 6.11 Cervicothoracic fixation with titanium plate. Both 
plates are tightened with the screws. Bone graft is then applied 
to the decorticated laminae at the cervico-thoracic junction 
(procedure as decribed in Fig. 6.7) 

Disadvantages 
- Difficulty in alignment of plate. 
- Technically demanding. 
- Small screws into thoracic pedicles. 

Technique 
The upper level of cervical frxation is chosen and 
confrrmed by radiographs, and the lateral mass of 
the vertebra is drilled and tapped as previously de
scribed. The most caudal pedicles of the thoracic 
spine are drilled with a 2.5-mm drill to a length of 
20-24 mm as described in Chap. 7.2.2 .. K-wires are 
placed in the drill holes of the thoracic pedicles and 
the cervical lateral masses and an appropriate 8-mm 
or 12-mm reconstruction template is then chosen, 
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b 

e 

Fig. 6.12 Posterior plate fixation 
with one-third tubular plate 
a Kirschner wires are inserted in 
the lateral masses of the end verte
brae. The entry points and direc
tion are the same as for the notch
plates 
b The appropriate length of the 
one-third tubular plate is chosen 
and hammered flat 
C The plate is contoured 
d The plate is positioned over the 
protruding K-wires 
e The Kirschner wires are then in
dividually removed and replaced 
by 3.5-mm cortex screws in the 
usual way 



which fits over the cranial K-wires and is contoured 
to create a normal cervi co thoracic kypholordosis 
(Fig. 6.na). 

The appropriate 8-mm or 12-mm titanium cervi
cal plate is placed over the upper and lower K-wires 
onto the spine. If required, the posterior portion of 
the facet joints in the fusion can be decorticated and 
packed with cancellous bone (Fig. 6.nb). The plate 
is first fixed to the uppermost cervical vertebrae 
with the lateral mass screw and then the thoracic 
pedicle screws are inserted. The intervening cervical 
lateral masses are then drilled, measured, tapped 
and fixed with 3.5-mm bicortical screws. The spi
nous processes and laminae are decorticated with a 
burr and cancellous bone graft added (Fig. 6.nb) .. 

Postoperative Management 
A cervicothoracic orthosis is worn for a period of 
6 -12 weeks. The orthosis can be removed to wash. 

6.1.2.3 
One-Third Tubular Plate Fixation (Fig. 6.12) 

As an alternative to the 3.5-mm reconstruction plate, 
the one-third tubular plate may be used. 

Principle 
The posterior plating provides stable tension band 
fixation in flexion, increasing stability in rotation, 
and buttressing in extension. 

Indication 
- Ligamentous and/or osseous lesions of the poste

rior complex without significant damage of the 
vertebral body. The lesions may be uni- or multi
segmental. 

Advantages 
- Superior stability compared with the wiring tech

nique. 
- Can be used in the presence oflaminar and spi

nous processes fractures. 
- Requires no special instrumentation. 

Disadvantages 
- Ideal screw placement may be compromised by 

the spacing of the holes. 

Surgical Technique 
Kirschner wires are inserted in the lateral masses of 
the end of the vertebra (Fig. 6.12a). The entry points 
and direction are the same as for the other posterior 
plates. A one-third tubular plate of appropriate 
length is chosen, hammered flat (Fig. 6.12b), con-
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toured (Fig. 6.12C) and positioned over the protrud
ing Kirschner wires (Fig. 6.12d) to check whether the 
end holes of the plate correspond to the entry points 
of the Kirschner wires. If they do not, the entry points 
will have to be altered accordingly. The Kirschner 
wires are then individually moved and replaced by 
3.5-mm cortex screws in the usual way (Fig. 6.12e). 
Care must be taken when perforating the anterior 
cortex of the lateral mass. If more than one motion 
segment is to be included, the end screws are not fully 
tightened, so that the plate can be adjusted and the 
remaining screws inserted. As the anatomic land
marks are hidden by the plate, check the entry point 
and direction of the drill in these holes with the im
age intensifier. The remaining screws are then intro
duced and all are tightened. The laminae are decorti
cated and a cancellous bone graft applied. 

Postoperative Care 
The patient wears a firm collar for 10 -12 weeks. The 
collar can be removed for daily care and after 
6 weeks; it need no longer be worn while resting. 

6.1.2.4 
Hook Plates (Fig. 6.13) 

Hook plates are used for posterior stabilization and 
fusion over one or two cervical motion segments 
(area of application: C2-C7). They are available in 
different lengths with either one or two holes 
(Fig. 6.13). 

Principles 
A spondylodesis with hook plates is a prestressed 
construct which is inherently stable. Any resistance 
to compression is due to the intervertebral joints 
and the interspinous H graft. These form a triangle 
in the horizontal plane. The compression force is 
provided by the plate when the screws are tightened. 
The spondylodesis is stable in all planes, since the 
resulting compression force lies within the triangle 
(Fig. 6.14). 

Indications 
- Discoligamentous instability due to subluxation 

or dislocation. 
- Additional stabilization following anterior fusion 

in grossly unstable situations. 
- Treatment of an anterior pseudarthrosis. 

Advantages 
- The primary stability achieved with the hook 

plate fixation is superior to that of interbody fusi
ons and posterior cerclage wiring. 
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Figs.6.13 - 6.18 Po terior hook plate fixation 

.0 
' " . 

Fig. 6.13 Hook plates are available in different lengths with 
either one or two holes 

Fig. 6.15 Hook and graft bed. In order to prevent the hooks 
from sliding into the intervertebral joints, corresponding 
notches are cut into the lamina medial to the joints (*).The site 
of the graft is prepared, using an oscillating saw 

- There is less danger of injuring the vertebral ante
rior nerve root than in posterior fusions using 
plates with screws inserted sagittally. 

- There is less danger or injury to the dura or spinal 
cord than in sublaminar wiring. 

Fig. 6.14 The spondylodesis is stable in all planes since the re
sulting compression force lies within the triangle formed by 
the facet joints and the interspinous graft 

Fig. 6.16 Contouring of the plates by torque and bending to 
match the posterior aspect of the lamina as well as the articular 
process 

Disadvantage 
Technically more demanding than wiring proce
dures. 



a 

Fig. 6.17 Stabilizing one motion segment. H-graft is inserted. 
The contoured hook plates are placed into the prepared 
notches, and 3.5-mm cortex screws are inserted 

Surgical Technique 

Hook and Graft Bed. In order to prevent the hooks 
from sliding into the intervertebral joints, corre
sponding notches are cut into the lamina medial to 
the joints. The site of the H graft is prepared using 
an oscillating saw (Fig. 6.15). The lower notch must 
not be too deep in order to avoid a fracture of the 
spinous process. 

Stabilizing One Motion Segment (Fig. 6.16). The 
plates are contoured by torque and bending to 
match the posterior aspect of the lamina as well as 
the articular mass (Fig. 6.16). A cortico-cancellous 
H-graft is inserted between the spinous processes 
with the vertebrae in the neutral position. The con
toured hook plates are placed into the prepared 
notches, and 3.5-mm cortex screws are inserted 
(Fig. 6.17a, b). In a very small articular mass, 2.7-
mm cortex screws may be used. 

Tightening the screws sandwiches the H graft. If a 
hook begins to lift out, the curvature of the hook 
should be increased. With two-hole plates, it is pos
sible to secure the hook by inserting a short screw 
into the lower lamina, but this is rarely necessary. Fi
nally, a cancellous bone graft is applied between the 
laminae and across the facet joints (Fig. 6.1ja, b). 

Stabilizing Two Motion Segments (Fig. 6.18). With 
the long hook plates, two motion segments may be 
bridges (Fig. 6.18). The middle spinous process is re
moved. The · upper screw canals, hook notches and 
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b 

a Lateral view 
b Posterior view 
Finally, the cancellous bone graft is applied between the lami
nae and across the facet joints 

Fig. 6.18 Stabilizing two motion segments. With the long 
hook plates, two motion segments may be bridged. The middle 
spinous process is removed 

graft bed are prepared and the plates appropriate in 
length are chosen and centered. They should be 
about 2 mm shorter to allow compression. The H
graft is inserted, the plates applied and the upper 
screws inserted. They are tightened until some com
pression results. This is followed by drilling of the 
lower screw holes, parallel to the screws above. The 
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drill is placed eccentrically through the upper part 
of the plate holes. First, the lower screws are fully 
tightened, then the upper screws again. With this 
technique, compression is achieved in both motion 
segments. 

Postoperative Care 
A firm collar is worn for 6 - 8 weeks. It may be re
moved for daily care and, after 3 weeks, when rest
ing. 

6.1.3 
Cervical Spine Titanium Rod System (Cervifix) 

Principle 
The Cervical Spine Rod System is a modular tension 
band system for posterior fixation of the occipito
cervical spine, upper and lower cervical spine, and 
upper thoracic spine. A choice of clamps and hooks 
are fixed on a 3.5-mm titanium rod by means of set 
screws. 3.5-mm bone screws can be optimally posi
tioned through the clamps in any desired direction 
and on each motion segment. If desired, locking 
screws may be used. For fixation to the occiput, a 
rod with one end shaped like a reconstruction plate 
has been designed. A cross-linking device may also 
be used to connect both rods and protect the spinal 
cord in cases of extensive laminectomy. The rod can 
be directly connected to the larger diameter rods of 
the Universal Spine System (USS) with a special con
nector. 

Indications 
- Occipitocervical and upper cervical spine insta

bilities (rheumatoid arthritis, anomalies, post
traumatic conditions, tumors, infections). 

- Instabilities in the lower cervical spine (traumat
ic instabilities, tumors, iatrogenic instabilities 
following laminectomy, etc.). 

- Degenerative and painful post-traumatic condi
tions in the lower cervical spine. 

- Anterior fusions requiring additional posterior 
stabilization. 

Advantages 
- Allows optimal screw insertion at all levels in

strumented. 
- Allows optimal bone grafting. 
- Allows postoperative magnetic resonance imag-

ing (MRI). 
- Can be connected to other rod systems, such as 

the USS. 

Disadvantages 
- Destruction of the vertebral bodies with loss of 

stability in compression cannot be treated by a 
posterior approach alone. Such instabilities re
quire a reconstruction of the anterior column. 
CerviFix can be used for additional posterior sta
bilization. 

- More expensive than posterior plate fixation. 

6.7.3.7 
Implants and Instruments 

Implants and instruments are shown in Fig. 6.19. 

6.7.3.2 
Occipitocervical Stabilization 

Surgical Technique 
The patient is placed in a prone position. If the spine 
is unstable, reduction of Cion C2 is checked under 
fluoroscopy immediately after positioning the pa
tient: if necessary, closed reduction is performed. A 
posterior midline incision is performed. The occi
put, posterior ring of the atlas, the posterior ele
ments of C2, spinous processes, vertebral arches, 
and articular masses of those lower cervical spine 
vertebrae to be included in the fusion are exposed 
subperiosteally. If trans articular screw fixation C2/ 
Cl is necessary, the isthmus of C2 must be exposed 
on both sides. A template is contoured in such a way 
that its cranial end lies adjacent to the midline and is 
situated just caudal to the occipital protuberance, 
and the rod passes over the lateral rims of the articu-
1ar processes of the levels to be incorporated in the 
fusion (Fig. 6.20a). The occipital rod is cut and bent 
according to the template. If necessary, a residual 
Cl- 2 dislocation is reduced under image intensifi
cation. Firstly the holes for the transarticular screws 
in CI-2 are drilled (Fig.6.20b) (see Chap. 5.2, 
Transarticular screw fixation C2/Cl). In order to 
provisionally stabilize Cl/C2, the drill bit is left in 
place on one side while instrumenting the opposite 
side. 

The most caudal screw hole in the vertebrae to be 
stabilized is now drilled using the Magerl technique 
for the lower cervical spine (Fig. 6.20C). All planned 
clamps are provisionally mounted and slightly fas
tened on the rod, which is now positioned over the 
vertebrae. The C2/Cl transarticular screw is inserted 
first through its appropriate lateral mass clamp 
(Fig. 6.20d). Next, the most caudal screw of the as
sembly is inserted (Fig. 6.20e). The occipital screw 
holes are drilled through the plate (Fig. 6.20f) and 
the screws inserted (care must be taken to place the 
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Fig. 6.19 Implants and instrumentation. 
a CerviFix rod template 
b Cervi Fix bending pliers 
C CerviFix holding forceps 
d Screwdriver. hexagonal. small. self-holding 
e Drill bit. 2.5 mm diameter 
f Holder for drill guide in ert 
g Drill guide insert 2.7. calibrated 
h Depth guage for 2.7 

CerviFix C2 clamp 
j Cervi Fix C3/C7 clamp 
k CerviFix hook. large 
I CerviFix hook. small 
m CerviFix lamina clamp 
n Cervi Fix pedicle clamp 
o Cervi Fix occiput rod 
p Rod 3.5 mm diameter 
q CerviFix parallel connector 3.5/3.5 
r CerviFix parallel connector 3.5/6 
s 3.5 mm cortex screw. self-tapping 
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Fig. 6.20 
a Siting of the template applied to CS, la~eral and posterior 
views 

c 

b Drilling of the Cl/C2 trans articular screw 
C Drilling of the distal cervical screw, leaving a drill in the C2/ 
Cl drill hole 



(Fig. 6.20) 
d Insertion of the C2/Cl screw through its corresponding 
clamp 
e The most caudal screw is inserted 
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f Drilling of the occipital screw holes and insertion of the 
screws 
g Insertion of the screw in the lateral masses through the 
clamp 
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(Fig. 6.20) 
h Application of the cross-link 

cranial end of the plate as close as possible to the 
midline of the skull, in order to provide the best pos
sible purchase). The intermediate clamps are posi
tioned in the appropriate portion on the lateral 
masses and the holes are drilled, the depth mea
sured and the screws inserted (Fig. 6.20g; see 
Sect. 6.1.2, Plate Technique). The other side is in
strumented in a similar manner. A cross-link is ap
plied (Fig. 6.20h). Cancellous bone graft is applied 
over the decorticated laminae and articular masses 
(Fig. 6.20i). Between the occiput and the spinous 
process of C2, a cortico-cancellous bone graft is in
serted acting as a buttress. 

Postoperative Care 
A Philadelphia collar is worn for a period of 
6 -12 weeks depending on the underlying patholo
gy. It may be removed for daily care and while rest
ing. 

6.1.3.3 
Cervicothoracic Fixation from C2 to Th2 
(as for Occipitocervical Fixation) 

Surgical Technique 
The patient is placed in the prone position. A mid
line incision is performed. The spinal processes, 

i Both plates and rods in place with application of cancellous 
bone graft and a cortico-cancellous graft at the occipito-cervi
cal junction (occiput -Cs) 

laminae and articular masses of the vertebrae to be 
included in the fusion are exposed subperiosteally. 
The screw holes for the most cranial and most cau
dal clamps are drilled using the Magerl technique 
for the cervical spine (Fig. 6.21a; see Sect. 6.1.2) and 
the transpedicular technique for the upper thoracic 
spine (see Sect. 8.2.2). 

The rod is cut and slightly contoured in lordosis. 
All planned clamps (or hooks) are mounted on the 
rod. The most caudal screw followed by the most 
cranial screw is inserted (Fig. 6.21b). If slight poste
rior compression (lordosis) is desired, the cranial 
clamp is brought closer to the caudal one and fixed 
to the rod before inserting the bone screw: the crani
al screw will cause intersegmental compression and 
lordosis when tightened. The intermediate screw 
holes are drilled through the clamps and the screws 
inserted (Fig. 6.21C). After extensive laminectomies, 
the dura may be protected by laminar substitute 
connecting both longitudinal rods. Cancellous bone 
graft is placed on the articular masses. 

Postoperative Care 
The cervical spine is immobilized for 8 weeks in a 
Philadelphia <;ollar, which can be removed while 
resting. 



Fig.6.21 Cervical and upper thoracic spine, C2- Th2 
a Drilling of the most caudal and cranial lateral mass holes 
b Insertion of the proximal and distal screws into the lateral 
masses 
c Insertion of the remaining lateral mass screws 
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Fig. 6.22 Connection of the cervical spine rod system to the 
6-mm USS rod system 

6.7.3.4 
Connection of the Cervical Spine Rod System to the 
6-mm USS Rod (Occipitocervical Fixation) 

In long constructs, the cervical spine system can be 
connected to the 6-mm USS rod system with a spe
cial connector (Fig. 6.22). 



6.2 
Anterior Techniques 

6.2.1 
Plating Techniques 

Principle 
Anterior plate fixation is used to increase the stabili
ty of the anterior column following grafting tech
niques. The plate functions as a tension band in ex
tension and as a buttress plate in flexion. 

Indications 
- To support the anterior column when instability 

persists, particularly when associated with loss of 
height of the vertebral body following a severe 
wedge and compression or burst fracture. 

- Following partial or total vertebrectomy, for de
compression of the spinal cord. 

6.2.7.7 
Standard H Plate (Fig. 6.23) 

Advantages 
- Less instrumentation. 
- More versatility regarding screw direction. 
- Eccentric screw placement allows for compres-

sion of the graft. 
- 2,7 mm and 3,5 mm cortex screws possible. 

Disadvantages 
- The screws have to penetrate the posterior cortex 

of the vertebral body with potential risk to the 
spinal cord. (The oscillating attachment for the 
drill should be used for this technique.) 

- Screw loosening with anterior migration can occur. 
- No intrinsic stability of the fixation system (no 

fixed angle between screws and plate). 

Surgical Technique 
An anterior approach is used. It is essential to know 
the sagittal diameter of the vertebral body to pre
vent overpenetration of the posterior cortex with 
the drill. In the majority of cases, the disk or verte
bral bone at the site of injury has been removed pri
or to fusion, and at this stage the depth of the verte
bral body is measured with the depth gauge 
(Fig. 6.24a). Before applying the plate, an anterior 
interbody fusion is performed using either a tri-cor
tical graft or spacer. The graft should be wedge 
shaped to maintain the cervical lordosis 
(Fig. 6.24b). The special drill guide with an inside 
diameter of 2.7 mm is set to the previously measured 
depth of the vertebral body and the length of the 

a 

b 

c 

Fig.6.23 Standard H-plate 
a Cervical spine H -plates 
b 2.7 mm cortex screw 
c 3.5 mm cortex screw 
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protruding 2.5-mm drill measured with a ruler 
(Fig. 6.24C). Ensure that the nut on the drill guide is 
tightly locked (Fig. 6.24d). Before drilling, a plate of 
suitable length is placed onto the anterior aspect of 
the vertebral bodies and held with a clamp. Using 
the preset special drill guide, the hole is drilled 
through the plate hole (Fig. 6.24e) and the length is 
checked with the depth gauge (Fig. 6.24f). If the pos
terior cortex has not been penetrated, then the spe
cial drill guide is adjusted to allow a further 1 mm of 
drilling. This is repeated until the posterior cortex of 
the vertebral body has been penetrated and must be 
done with great care to prevent injury to the con
tents of the spinal canal. 

Only the anterior cortex of the vertebral body is 
tapped with the 3.5-mm tap (Fig. 6.24g). The appro
priate-length 3.5-mm cortex screw is inserted. A 
similar procedure is performed with the other screw 
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Fig. 6.24 Technique 
a The depth of the vertebral body is measured with the depth 
gauge through the intervertebral space after removal of the 
disk 
b Insertion of the wedge-shaped tricortical graft in order to 
maintain the lordosis in the sagittal plane 

f 

I ~ 
C The length of the protruding 2.5 mm drill is measured with 
a ruler (14-16 mm) 
d It is ensured that the nut on the drill guide is tightly locked 
e Using the present special drill guide, the hole is drilled 
through the plate hole 



(Fig. 6.24) 
f The length is checked with the 
depth gauge 
g The anterior cortex of the ver
tebral body is tapped with the 
2.5-mm tap 
h Drilling eccentrically to allow 
compression of the graft 
i Insertion of the eccentrically 
placed screw, which causes com
pression 

h 

holes. The drill holes can be eccentrically drilled 
(Fig. 6.24h) to allow axial compression on the verte
bral graft and to enhance stability when tightening 
the screws (Fig. 6.24i). 

Postoperative Care 
A collar is worn for 6 weeks but may be removed for 
daily care. 

6.2.1.2 
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Titanium Cervical Spine Locking Plate (CSLP), ;:, 
(Figs. 6.25, 6.26) ;~i;;I · · 

Principle 
The" anterior titanium cervical spine locking plate 
system acts as a buttress plate in the stabilization of 
the anterior vertebral column. 
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Fig. 6.25 Anterior plating techniques: cervical spine locking 
plate (CSLP) system. Implants and instruments. 
a The screw-head is cross-split just above the start of the 
thread 
b It can, therefore, be locked into the plate hole by means of a 
conical expansion bolt 
c The direction of the screws in the plate. The arrow is used to 
ensure the plate is applied in the correct alignment. If the plate 
is applied at the cervicothoracic junction, the direction of the 
screw holes on this occasion pointing downwards, enabling the 
instruments to be used without impingement on the sternum 
d Drill bit with stop, 3.0 mm diameter 
e Tap for cervical spine 
f Screwdriver shaft 4.0/4.35, cruciform, self holding 
g Handle with quick coupling 
h Drill guide 3.0, self-holding 
i Fixation pin, temporary 
k Bending pliers 
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(Fig. 6.25) 
I Screwdriver shaft 1.8, cruciform 
m Holding sleeve 
n Extraction screw, conical 
o Cervical spine locking plates 4.0/4.35 
P 4.0 mm solid expansionhead screw 
q 4.35 mm cervical spine solid expansionhead screw 
r 1.8 mm locking screw 
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Advantages 
- The screws do not penetrate the posterior wall of 

the vertebral body. 
- The locking of the screw heads into the cylindri

cal holes provides intrinsic stability. 
- Locking prevents migration of the screw anteri

orly. 

Disadvantages 
- The alignment of the screw holes in relation to the 

plate is fixed and can lead to occasional difficul
ties in screw placement. 

- No axial compression is possible. 

Implants and Instruments (Fig. 6.2sa-c) 
The expansion head of the screw is cylindrical with a 
rim stop and has a diameter of 4.5 mm. The screw head 
is cross-split just above the start of the thread 
(Fig. 6.25a,b) and can, therefore, be locked into the 
plate hole by means of a conical expansion bolt 
(Fig. 6.25b). The standard screws are 14 mm long with 
a thread diameter of 4.0 mm (Fig. 6.25P). Screws of 
12 mm are available for patients of small stature and 
16-mm screws for large patients or osteopenic pa
tients. Appropriate drills and taps are available and are 
color coded along with the appropriate-screw lengths. 
The diameter of the screw holes is 4.5 mm and the 
plate thickness 4.0 mm. The direction of the screws in 
the plate must be appreciated: the cranial screws point 
12 0 superiorly and 10 0 medially while the remaining 
screws are directed 10 0 medially (Fig. 6.25C). The cra
nial portion of the plate has a small arrow to identify 
the correct alignment of the plate (Fig. 6.25C). 

When inserting the plate low in the cervical 
spine, especially into Th1 or occasionally into Th2, 
the plate can be placed with the arrow pointing 
downwards, which allows the lower screws to be in
serted. This downward angulation allows the use of 
the instruments and screw which, otherwise, would 
abutt against the sternum. A smaller plate which has 
a lesser radius is available for patients of small stat
ure. There is a wide range of plate sizes to allow ap
plication to the cervical and the upper thoracic 
spine. The titanium plasma spray-coated screws 
give a rough surface, increasing the area of contact. 
The original hollow screws which allowed ingrowth 
of bone have been changed to solid screws to facili
tate screw removal. 

Surgical Technique 
The spine is approached anteriorly through a trans
verse incision at the appropriate level. Since the 
disks are angled in the horizontal plane such that 
their direction changes from caudal to cranial as 
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Fig. 6.26 Surgical technique 
a The drill has a stop which allows only 14 mm penetration in
to the vertebral body 
b The soft tissue protector is used when tapping the thread, 
and the tap also has a stop to prevent overpenetration 

they extend from anterior to posterior, the plate size 
is selected to ensure that the screws penetrate the 
upper region of the vertebral bodies. This will pre
vent the screws from entering into the intervertebral 
disk above and below the level which requires fu
sion. Overriding of a normal disk by the plate must 
be avoided. 

The plate is positioned and held with the self-hold
ing drill-guide (Fig. 6.25h) and the first screw hole 
drilled with the aid of a special drill guide. While sta
bilizing the plate temporarlywith a fixation pin locat
ed in a plate hole diagonally opposite the self-holding 
drill guide (Fig. 6.25i). The drill has a stop which al
lows only 14 mm penetration into the vertebral body 
(Fig. 6.26a). The soft tissue protector is used when 
tapping the thread, and the tap also has a stop to pre
vent overpenetration (Fig. 6.26b) (note: do not carry 
on tapping after you reached the safety stop). 

The screws are applied using the crosshead 
screwdriver. A screw is taken from the screw tray 

d 

c The two split leaves disengage when tightened but remain 
on the screwdriver for ease of removal 
d When the small screw is driven in, it expands the head of the 
larger screw and locks it into the plate 

with the Selfholding Screwdriver and inserted at the 
given angle. The screw should at first not be fully 
tightened because this could cause the opposite side 
of the plate to tilt (Fig. 6.26c). 

The other screws are then inserted in the same 
manner, first the screw diagonally opposite, and 
then the others. When the last screw has been insert
ed, all screws should then be tightened in such a way 
that the screw heads are completely sunk in the 
plate. The plate is finally locked in place by the inser
tion of a small screw with a conical head. The small 
screw is held on the screwdriver by a split sleeve in 
the same way as the previously used screw. When 
the small screw is driven home, it expands the head 
of the larger screw and locks it into the plate 
(Fig. 6.26d). 

Postoperative Care 
A collar is worn for 6 weeks but may be removed for 
daily care. 



CHAPTER 7 

Stabilization Techniques: Thoracolumbar Spine 

For stabilization of the thoracolumbar spine, anteri
or, posterior and combined techniques are used. 

7.1 
Anterior Techniques 

7.1.1 
Plate Techniques 

7.1.1.1 
Fixation with the Large Dynamic Compression Plate 
(DCP) 

Principle 
Anterior plate fIxation is used to enhance stability of 
the anterior column following grafting techniques. 
The plate functions as a tension band in extension 
and as a buttress plate in flexion. From the practical 
point of view, it can be fIxed to the front or the lateral 
aspect of the vertebral body without any difference 
in stability (Fig. 7.2). 

Fig. 7.1 Anterior flxation with the broad DCP in the thoraco
lumbar spine 
a The fragments of the fractured vertebral body and the disks 
are removed 

Indications 
- To support the anterior column when instability 

persists, particularly in association with loss of 
height of the vertebral body following a severe 
wedge compression or burst fracture. 

c 

b The depth of the vertebral body is measured with the depth 
gauge, and the intervertebral defect is distracted with a bone 
distractor 
c The anterior column is reconstructed with one to three cor
ticocancellous iliac bone grafts 
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- Following partial or total vertebrectomy for de
compression of the spinal cord especially in spi
nal tumors. 

Advantages 
- Short segment fixation. 
- Relatively easy technique. 

Disadvantages 
- Loosening of the screws due to poor fixation in 

cancellous bone. 
- Backing out of screws, especially if the plate is 

placed in the front of the ver.tebral body. 
- No fixed angle between the screws and the plate. 

Implants and Instruments 
A stainless steel broad DCP (femur plate) and 4.S
mm cortical and/or 6.s-mm cancellous screws are 
used. 

Surgical technique 
A standard approach is made to expose the anterior 
vertebral column. The segmental vessels are ligated. 
Before applying a plate, the anterior column is re
constructed with a tricortical iliac bone graft and 
supplemented with cancellous bone (Fig. 7.IC). 

Anterior Placement of the Plate. After removal of th, 
appropriate disks (Fig. 7.la), the depth of the verte 
bra is measured with the depth gauge (Fig. 7.lb) 
The speciaI3.2-mm drill guide is used and adjuste( 
so the appropriate length of drill will penetrate th, 
vertebra and the length of the protruding drill i 
measured with a ruler. The femoral plate thicknes 
is 4 mm and is added to the measured depth. Th, 
broad DCP of appropriate length is applied to th, 
anterior aspect of the vertebral body and fixed wit! 
4.s-mm screws (Fig. 7.2a). If the bone is porotic, th, 
6.s-mm cancellous bone screws may be used, partic 
ularly in the end holes. 

When considering anterior application of thl 
plate, the risk of grave complications inherent in thi 
placement must be taken into account. Its use in thi 
situation may only be indicated in exceptional cir 
cum stances such as metastatic tumors with a shor 
life expectancy. Implant loosening, especially back 
ing out of screws, may cause erosion of the esopha 
gus, aorta or vena cava. 

Lateral Placement of the Plate. An appropriate 
length broad DCP is placed on the lateral aspect 0 

the vertebral body. The plate is applied using stan 
dard AO methods (Fig. 7.2b). The advantage of thi 
technique is that one keeps away from the aorta an( 
vena cava, especially should a screw become loosl 
and back out. 

Fig. 7.2 Anterior or lateral placement 
of the plate 
a Application of the broad DCP of ap
propriate length to the anterior aspect 
of the vertebral body and fixation with 
4.5-mm screws 
b Application of the plate, using stan
dard AO techniques, to the lateral aspec 
of the spine 



Postoperative Care 
The patient is mobilized with an appropriate thora
columbar support for 12 weeks. The support may be 
removed for daily care and, after 6 weeks, when rest
ing. 

7.1.1.2 
Anterior Titanium Thoracolumbar Locking Plate 

Principle 
The Anterior Titanium Thoracolumbar Locking 
Plate (ATLP) system is designed to secure and stabi
lize the anterior column of the spine and act as a but
tress plate. The ATLP allows direct compression 
across the graft site and provides stable fixation of 
the anterior column of the spine. The AO/ ASIF long 
spinal instruments for anterior surgery facilitate 
this procedure. 

Indications 
- To support the anterior column when instability 

persists, particularly in association with loss of 
height of the vertebral body following a severe 
wedge compression or burst fracture. 

- Following partial total vertebrectomy for decom
pression of the spinal cord especially in spinal tu
mors. 

Advantages 
- Short segmental fixation. 

Allows compression across the graft. 
Maintains the sagittal plane. 
Fixed angle between the screws and the plate. 
Screw locks into the plate. 
Magnetic resonance imaging (MRI) compatible. 

Disadvantages 
- Fixed position of screws into the vertebral body. 
- Screw direction critical. 
- Cannot be used above Th8/ThlO. 

Implants and Instruments (Fig. 7.3) 

Surgical Technique 
Preoperative planning plays an important role in the 
preparation for surgery. Titanium ATLP system x
ray templates are available to assist in selecting the 
appropriate range of plate sizes. The decision on 
which side to approach the patient is based on the 
vascular anatomy and spinal pathology. 

If a disk excision or a vertebrectomy has been 
performed (Fig. 7.4a), the vertebral body spreader is 
used to restore the normal sagittal profile (Fig. 7.4b, 
c). The height is maintained by the use of a tricorti-
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Figs. 7.3 - 7.6 Anterior Titanium Thoracolumbar Locking 
Plate 

r . 
Fig. 7.3 Instruments and implants 
a The plate is pre contoured to conform to the shape of the 
anatomy 
b Screws are triangulated for improved resistance to con
struct pullout. Screws are countersunk into the plate to provide 
a low profile 
c Screws incorporate a machine thread section which locks 
the screw to the plate to prevent backout. Plates and screws are 
available in a wide variety of sizes to accommodate variations 
in anatomy 
d Self-tapping screws have a cancellous pitch 
,. DCP holes 

cal graft or substitute vertebral body (Fig. 7.S). The 
threaded drill-guide is attached to the center hole of 
the plate. This drill-guide is attached to the threaded 
drill-guide applicator and functions as a plate-hold
er (Fig. 7.6). The plate is positioned anterolaterally 
on the posterior one-third of the vertebral body. 
Take care to ensure that all screws will be placed into 
the vertebral body. In most surgical procedures, ei
ther the whole disk or a partial/total vertebrectomy 
has been performed and the position of the posteri
or cortex of the vertebral body can be visualized. If 
in doubt, a lateral radiograph should be taken to en
sure appropriate placement of the screws so that no 
screw violates the spinal canal. 

The first temporary fixation hole is made using 
the 2.s-mm three-fluted drill bit with stop and the 
2.s-mm-long DCP drill guide through the DCP hole 
(Fig. 7.6a). The DCP drill guide has an arrow on the 
drill barrel that must pointed toward the graft site to 
achieve compression. The 2.s-mm drill bit has an 
automatic stop at 30 mm which corresponds to the 
length of the temporary screws. 

A 4.0-mm titanium cancellous bone screw is used 
with a long-handled small hexagonal screwdriver 
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Fig.7.S Insertion of the tricortical bone graft 

~ 

Fig. 7.4 Surgical technique for the ATLP 
a Removal of the vertebral body 
b, c Vertebral spreader used to re tore 
agitlal alignment 

Fig. 7.6 Application of the ATLP 
a The threaded drill guide i attached to the center hole of the 
plate and the drill guide is attached to the threaded drill guide 
applica tor. The drill of the DCP hole in its appropriate guide 
b Insertion of the 30·mm screw with the long. handled small 
hexagonal screwdriver and tightening of the second crew, 
thus plaCing the graft under compression prior to final plate 
flxation 
C Application of the threaded drill · guide onto the posterior 
hole 



a 

c 

d Drilling through the preassembled drill guide with the 5.0-
mm flexible drill bit with stop 
e Insertion of the 7.5-mm anterior titanium locking screw us
ing the long hexagonal screwdriver and sleeve. The screw must 
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d 

be inserted perpendicular to the plate to ensure that the screw 
will lock into the plate 
f Removal of the temporary 4.0-mm cancellous bone screw 
(Fig g, h see p. 88) 
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and holding sleeve. Do not completely tighten the 
screw. Place the secondary temporary screw in the 
same manner. The screws are now sequentially 
tightened to place the graft under compression prior 
to final plate fixation (Fig. 7.6b). 

The threaded drill-guide applicator is used to re- . 
move the threaded drill-guide from the center hole 
and place the threaded drill guide in one of the pos
terior holes. Place the second threaded drill guide in 
the other posterior hole, again using the threaded 
drill guide applicator (Fig. 7.6c). These drill-guides 
ensure perpendicular placement of the drill bit rela
tive to the plate. 

Drill the posterior holes through the preassem
bled threaded drill guides using the s.o-mm flexible 
drill-bit with stop (Fig. 7.6d). Since purchase in the 
opposite cortex is not necessary, the drill bit has an 
automatic stop at 30 mm to prevent overdrilling. If 
the bone is osteoporotic, then the purchase of the 
screw to the opposite cortex may be necessary; in 
this case, the length of the screw is determined by 
measuring by using the AO depth gauge using the 
tip to abut against the far cortex. 

Remove the threaded drill-guides with the threa
ded drill-guide applicator. Insert the appropriate
length 7.s-mm titanium anterior spinal locking 
screws using the long large hexagonal screwdriver 
and holding sleeve (Fig. 7.6e). The screws must seat 
completely into the plate to secure the locking 
mechanism of the screw. Special care should be tak
en to retract properly the surrounding soft tissue so 
that there is no movement of the screw from its per
pendicular position as it is inserted into the plate. 

The 4.0-mm titanium cancellous bone screws 
which served as temporary fixation must now be re
moved (Fig. 7.6f). The compression of the graft site 
will be maintained by the permanent 7.s-mm lock
ing screws. Failure to remove the temporary screws 

(Fig.7.6) 
g Anterior holes drilled with 
5.o-mm flexible drill bit and 
drill-guide 
h The plate with screws in
serted 

will inhibit the insertion of the anterior locking 
screws. 

Insert the threaded drill-guides into the anterior 
holes using the threaded drill-guide applicator. Drill 
the anterior holes through the preassembled threa
ded drill-guides using the s.o-mm flexible drill bit 
with stop as before (Fig. 7.6g). Remove the threaded 
drill-guides with the threaded drill-guide applica
tor. Insert the 7.s-mm locking screws with the long 
large hexagonal screwdriver and holding sleeve. 
Special care should be taken to retract properly the 
surrounding soft tissue so that there is no move
ment of the screw from its perpendicular position as 
it is inserted into the plate. Once again, the screws 
must seat completely into the plate to secure the lok
king mechanism of the screw (Fig. 7.6h). 

7.1.2 
Rod Systems 

7.1.2.1 
Fixation with the Anterior USS (See also Chap. 9) 

7.1•2 .1.1 

Anterior Construct 

Instruments and Implants (Fig. 7.7) 
The Universal Spine System (USS) can be used to re
construct or stabilize the anterior column. The con
struct will allow compression across the graft site 
and it will also act as a buttress plate. 

Indication 
- Similar to the other constructs in this section. 
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Fig.7.7 a-m Instruments, n-s Implants 
a USS pedicle probe 3.8 mm diameter 
bUSS pedicle awl 
cUSS hook and screw holder 
d USS universal handle 
e USS pusher for angled USS washers 
fUSS bending template for USS rods 6.0 mm 

diameter, 150 mm 
9 USS bending template for USS rods 6.0 mm 

diameter, 400 mm 
h USS holding forceps for USS rods 6.0 mm di

ameter 
USS socket wrench 11 mm 

j USS socket wrench 6 mm 
k Screwdriver, hexagonal, small with groove 
I USS holding sleeve 
mUSS holding forceps for USS rods 3.5 and 

4.5 mm diameter 
n USS pedicle screw, side-opening, 5, 6 and 

7 mm diameter 
o USS washer for screws, 5, 6 and 7 mm diame-

ter 
pUSS staple for screws 5,6 and 7 mm diameter 
q USS rod 6 mm diameter, hard 
rUSS rod 3.5 mm diameter for USS cross-link 

system 
5 USS cross-link system 
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Figs. 7.8, 7.9 The U anterior construct 

Fig. 7.8 Placement of the spacer
tricortical graft or cage 
(see Fig. 7.5) 

Fig. 7.9 
a Penetration of the cortex with the 
sharp awl 
b Opening of the direction for the 
screw with the blunt awl. This must not 
penetrate the spinal canal 
c The depth is measured 
d A staple is positioned over the set 
screw hole and the appropriate-length 
6-mm titanium USS screw is inserted 
with a plastic washer when penetrating 
the far cortex 

Advantages 
- Ease of application. 

d 

- Allows compression across the bone graft. 
- Maintains the sagittal plane. 
- MRI compatible. 

Disadvantage 
- Higher profile than the ATLP or VentrofIx. 

Surgical Technique 
The spine is exposed and after treating the patholo
gy, the sagittal plane is restored as described earlier 
in this section with either a bone graft or spacer 
(Fig. 7.8, see also Fig. 704). The standard 6-mm tita
nium USS screws are used. The fIrst screws are 
placed toward the posterior aspect of the vertebral 
body near the base of the pedicle and should be par-

allel to the back of the posterior wall of the vertebral 
body. The entry point is made with the sharp awl 
(Fig. 7.9a). The blunt awl is then inserted into the ver
tebral body parallel to the posterior cortex of the ver
tebral body. It is useful to aim the tip of the awl at the 
tip of the index fInger which has been placed at the 
planned exit point (Fig.7.9b). If the quality of the 
bone is poor, the far cortex should be penetrated. The 
depth is measured (Fig. 7.9c),a staple positioned and 
the appropriate-length 6-mm titanium USS screw in
serted (Fig. 7.9d). When penetrating the far cortex, a 
plastic washer can be used in order to stabilize the 
screw better in the porotic vertebral body. 

A similar procedure is performed in the caudal 
vertebra. The length of the 6-mm hard rods is deter
mined with the template (Fig. 7.ge). The two rods at
tached to the parallel connector are now fIxed to the 
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(Fig. 7.9) 
e A template rod is used to assess the required length of the 6-
mm hard titanium rods 
f The correct-length rods and parallel connector are attached 
to the posterior screws 
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g The anterior 6-mm rod is slid distally and the crania16-mm 
screw is inserted 
h The 6-mm rod is now moved proximally and the distal 6-
mm screw is inserted 
i Compression is applied to the graft via compression clamp 
and the distal screws are tightened 
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posterior screw and held with the sleeves and nut 
(Fig. 7.9f). The anterior rod is slid distally and the 6-
mm-diameter USS screw opening prepared as de
scribed above and the screw inserted so that the 
opening of the screw aligns with the rod (Fig. 7.9g). 
The rod is then slid proximally and the distal screw 
inserted (Fig. 7.9h). Compression is now applied by 
locking the parallel connector to the rods. The prox
imal screw should be locked to the rods. The com
pression clamp is used to apply compression to the 
graft (Fig. 7.Bi). The distal rods are then locked to 
the pedicle screws. 

b 

d 

Fig. 7.1 0 Anterior vertebral construct 
a The diseased vertebral body is excised 
b Titanium staples are placed into the end plates with the sta
ple holder 
c The rod template is u ed to assess the length of the required 
6-mm hard titanium rod 
d The 6-mm rod holder is attached to the rod and pushed into 
the proximal end-plate 

7.1.2 .1.2 

Anterior Vertebral Body Construct (Fig. 7.10) 

Indication 
This technique is only used to reconstruct vertebral 
bodies which have been destroyed by malignant tu
mors. 

Contraindication 
Multilevel disease requiring more than two verte
bral excisions. 

Surgical Technique 
The dorsal vertebrae are removed (Fig. 7.lOa). The 
titanium staples are embedded into each normal 
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end-plate (Fig. 7.lOb). A rod template is used to as
sess the length of the 6-mm hard rod, which should 
protrude into a third of each vertebral body 
(Fig. 7.lOC). The 6-mm rod holder is attached to the 
rod and pushed into the proximal end-plate; if diffi
culty is encountered, start the entry hole with the 
sharp awl. The rod is pushed into the proximal ver-
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(Fig. 7.10) 
e After the rod is pushed into the proximal vertebra, it is then 
eased into the distal vertebra 
f The proximal C-cJamp is locked against the proximal staple 
and tightened 
g The USS spreader is placed on the rod and the height of the 
defect restored. The distal C·clamp is tightened 
h The construct is reinforced with a 6·mm hard rod and two 
6·mm screws 
i Finally. methyl. methacrylate is used. Protect the cord 

tebral body (Fig. 7.lOd) and then eased into the dis
tal vertebral body (Fig. 7.lOe). C-clamps are placed 
loosely onto the rod so that they abut against the 
proximal and distal staple. The proximal C-clamp is 
locked (Fig. 7.lOf). The USS spreader is placed onto 
the rod and between the C-clamps and the height of 
the space is restored. The distal C-clamp is now 
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locked (Fig. 7,lOg). This construct is reinforced with 
a 6-mm hard rod and two 6-mm pedicle screws. The 
technique of insertion is described in the previous 
section (Fig. 7.lOh). The defect is now packed with 
methyl-methacrylate. However, it is important that, 
before applying the cement, the cord is protected 
with a sheath of collagen substitute. A blunt elevator 
is also used to ensure the cement does not extrude 
onto the cord (Fig. 7.lOi). 

7.1.2.2 
Fixation with the Anterior Titanium Rod System 
(VentroFix) 

Principle 
The anterior rod system acts in a similar manner to 
the plate systems. 

Indications 
- To support the anterior column when instability 

exists particularly in association with loss of 
height of the vertebral body following a severe 
wedge compression or burst fracture. 

- Following partial or total vertebrectomy. 

a 

Advantages 
- Short segment fixation. 

Allows distraction and compression of the defect. 
Maintains the sagittal plane. 
Fixed angle between clamps and screws. 
Screws locked onto clamps. 
MRI compatible. 

Disadvantage 
- Direction of screws critical. 

Implants and Instruments 
Implants and instruments are shown in Fig. 7.11. 

7·1.2.2.1 

Double-Rod Clamp Configuration 

This construct is used when the whole vertebra is 
available for the insertion of the screws. The im
plants consist of two 6-mm USS bars of appropriate 
length. Two double-rod clamps with the holes for 
the screws placed diagonally and locking screws are 
used. 

b f i F M, e ~-:1 II 
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Fig.7.11 VentroFix: implants and instru
ments 
a Screwdriver, hexagonal, large 
b Depth guage 
c Screwdriver torx TI5 
d Positioner, self-holding 
e Compression forceps 
f Compression support 
g USS bending template 
h Fixation pin 

Awl 4.9 mm diameter 



(Fig. 7.11) 
j Drill sleeve for Awl 4-9 mm diameter 
k Spreader forceps, parallel 
I VentroFix single clamp 
m VentroFix double rod clamp, right cranial 
n VentroFix double rod clamp, left cranial 
o VentroFix fracture clamp 
pUSS rod 
q Locking screw 7.5 mm diameter, self
tapping 

Assembly of the Montage (Fig. 7.12) 

k 

m 

p 

q 

The correct length 6-mm USS rods are placed into 
the clamps, the set screws over the incomplete holes 
are tightened (Fig. 7.12a) and the length protruding 
adjusted to allow compression of the graft 
(Fig. 7.12b). The construct is ready for use. 

Surgical Technique (Fig. 7.13 -7.21) 
A standard approach is made to expose the anterior 
vertebral body. If a vertebrectomy has been per
formed, the column is reconstructed with either a 
tricortical graft or a titanium cage. The anterior col
umn defect is distracted with a spreader (Fig. 7.13) 
and a graft inserted (Fig. 7.14). A template is used to 
measure the appropriate-length 6-mm rod 
(Fig. 7.15). The double-clamp montage is assembled 
(see above) and the drill guides with integrated fixa
tion pin are attached to the posterior hole of each 
clamp (Fig. 7.16a). The montage is held at both ends 
with the long drill-guideslfixation pins. The fixation 
pins should not be exposed at this stage. 

The assembled montage is placed onto the anteri
or vertebral column (Fig. 7.16b). The superior and 
inferior end plates are trimmed to ensure the clamps 
lie in direct contact with the vertebral body. The 
self-tapping 2.s-mm fixation pins are exposed and 
inserted into the posterior holes of the clamps and 
tightened to ensure close approximation of the im
plant against the vertebral body (Fig. 7.17a). Ensure 
the direction of the drill holes does not penetrate the 
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Fig 7.12 Assembly of the montage 
a Appropriate length 6-mm USS rods placed into clamps; set 
screws over the incomplete holes are tightened 
b Protruding length adjusted 

spinal canal. At this stage it is necessary to ensure 
the height of the anterior column is correct and the 
sagittal plane has been restored. A lateral radio
graph is absolutely essential. 

A third drill-guide with integrated awl is attached 
to the anterior hole of one clamp (Fig. 7.17b). Breach 
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Figs.7.13 - 7.21 Surgical technique 

Fig. 7.14 Insertion of the tricortical 
graft 

Fig 7.16 
a Drill-guide/fixation pins are attached to the clamp 

Fig. 7.13 Distraction of the anterior col· 
umn defect with a vertebral spreader 

Fig. 7.15 Template applied to assess the 
length of the defmite length of the U S 
rods 

b VentroFix placed on the vertebral column 
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Fig. 7.17 
a Inser tion of the fixation pins 
b Drill-guide/awl is attached to anterior hole of one clamp 
C Insertion of the awl to open the cor tex 
d Measuring the depth of the hole 

b 
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the drill through the anterior hole using the awl 
(Fig. 7.17c). Remove the drill-guide and awl. The as
sembly is held in place with the fixation pins. 

Since purchase in the opposite cortex is not nec
essary, the awl has a stop at 25 mm to prevent over-

(Fig.7.17) 
e Insertion of the 7.5-mm titanium self-tapping locking screw 
f Remaining 7.5-mm crews are inserted 
9 Compression of the graft 
h Tightening of et crews 

h 

drilling. If the bone is osteoporotic, then purchase of 
the screw to the opposite cortex may be necessary. In 
this case the length of the screw is determined by 
measuring with the AO depth-gauge using the tip to 
abut against the far cortex (Fig. 7.17d). 



Insert the appropriate-length 7.5-mm titanium 
locking screw, first using the self-holding positioner 
and then the large hexagonal screwdriver 
(Fig. 7.17e). The screw is self-tapping. The anterior 
hole of the other clamp is drilled in a similar manner 
and the second anterior screw is inserted. After re
moval of the fixation pins and penetration of the awl 
through the posterior hole of each clamp, the poste
rior 7.5-mm titanium screws are inserted 
(Fig. 7.170. 

The implant is compressed by using the Ventro
Fix compression forceps (Fig. 7.17g) and the set 
screws are tightened (Fig. 7.17h). (If the distance be
tween the clamps is too long to use the compression 
forceps alone, the compression support is attached 
to the posterior fod.) This technique maintains a 
sagittal profile of the spine. 

7·1.2.2.2 

Fracture Clamp Configuration 

Advantage 
- Preservation of a disk space if the distal portion 

of the vertebral body is intact. 

Surgical Technique 
The application of this montage is the same as for 
the double clamp, the only difference being that the 
holes in the distal clamp are transverse and not off
set in an oblique way (Fig. 7.18). 

Fig. 7.18 Double-rod construction with fracture clamp 
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7.1.2 .2.3 
Single-Clamp - Double-Rod Configuration 

Principle 
The indications and concepts are the same as for the 
above clamps. 

Advantages 
Independent positioning of the screws on the ver
tebral body. 

Implants and Instruments 
The implants consist of four single clamps, one par
allel connector and two appropriate-length 6-mm 
rods (Fig. 7.19). 

Assembly of the Montage 
The montage is assembled. The set screws of the 
clamps are lightly tightened and the ones of the par
allel connector firmly tightened! 

Surgical Technique 
The technique is similar to that for the double-clamp 
technique (Fig.7.20a, Fig. 7.16). The length of the 
rods is determined with a template. The two anteri
or clamps are held with the drill sleeves with an inte
grated fixation pin. The montage is placed on the 
vertebral column after reconstruction (see above), 
the clamps adjusted to the desired position and the 
set screws of the posterior clamps firmly tightened. 

Fig. 7.19 Single-clamp-double-rod construction 
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Fig.7.20 ingle-clamp - ingle-rod 
can truction 
a ingle-rod - double-clamp construct 
b ingle-rod-single-c1amp can truct 

b 

Both fIxation pins are exposed and inserted to hold 
the implant on the vertebral bodies. Ensure the di
rection of the drill holes is such that they do not pene
trate the spinal canal. At this stage, it is necessary to 
ensure the height of the construct is correct and the 
sagittal plane has been preserved; a radiograph is 
absolutely essential. The anterior clamps are adjust
ed to the desired position and the set screws fIrmly 
tightened. The drill sleeve with integrated awl is at
tached to one anterior clamp. Breach the drill 
through the anterior hole using the awl and insert 
the appropriate 7.5-mm locking screw. The hole of 
the second anterior clamp is drilled in a similar 
manner and the second anterior screw is inserted. 
After removal of the fIxation pins and penetration of 
the awl through the posterior hole of each clamp, the 
posterior locking screws are inserted. 

To apply compression loosen the two distal set 
screws and compress between the parallel connector 
and distal clamps with the VentroFix compression 

. forceps and tighten the set screws. 

7·1.2·2·4 
Single-Clamp - Single-Rod Configuration 

The construct should not be used alone in the lum
bar spine and thoracolumbar junction, because it 
has poor rotational stability. It may, however, be 

c 

c ingle-rod - ingle-clamp con
truet in combination with poste

rior fixat ion 

Fig.7.21 Double-rod clamp system with additional single 
clamp 

used in the thoracic spine or to supplement fIxatiOI 
or anterior reconstructions in the metastatic diseasl 
(Fig. 7.20a,b). For correct placement the rod may b, 
bent (Fig.7.20b). An alternative anterior recon 
struction uses single clamps and one ro( 
(Fig. 7.2oc). This should only be used to supplemen 
posterior fIxation. The single clamp may be adde( 
to the double clamp construct if purchase on th 
bone graft is felt necessary (Fig. 7.21). 



7.2 
Posterior Techniques 

7.2.1 
Translaminar Screw Fixation 

Stabilization of a posterior fusion over one or two 
motion segments is achieved by transfixing the facet 
joints. 

Indications 
- Pure dislocations or subluxations from T12 - L1 to 

the lumbosacral junction (minor articular pro
cess fractures can be ignored.) 

- Supplementary internal fixation of degenerative 
spinal segments treated by an interbody fusion. 

- Posterior alar-transverse or intertransverse fu
sion in degenerative disease of the spine. 

Advantages 
- Short segment fixation. 
- Relatively easy technique. 
- No major inherent risk. 
- The stability achieved is superior to that with 
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other facet joint screw fixations (e. g., Boucher's) or 
with posterior wiring techniques. 

Disadvantages 
- Not recommended in severe osteoporosis. 
- Not applicable when the lamina is fractured. 

Surgical Techniques (Figs. 7.22, 7.23) 

Posterior Midline Approach. The first step is exposure 
of the posterior vertebral elements including the bases 
of the transverse processes of the lower vertebra. Using 
an oscillating drill, the screw canals are prepared with 
a special long p-mm drill. The p-mm drill with drill 
guide is directed so that the drill passes through the 
base of the spinous process, into the lamina, trans
verses the facet joint and exits near the base of the 
transverse process (Fig. 7.22a). To avoid a long inci
sion or forced soft tissue retraction, the drill and guide 
which helps to direct the drill precisely can be placed 
through a small hole in the soft tissue. 

At the L5 - Sllevel, the screws are inserted into the 
base of the spinous processes and exit into the alar of 
the sacrum. The length of each screw canal is mea-

) 
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Fig. 7.22 Translaminar screw fIxation 
a Positioning and direction of the special long 3.2-mm drill, b Insertion of the appropriate-length 4.5-mm cortical screw 
protected with a drill sleeve - an oscillatory drill is used -
through a slab wound of the skin 
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sured, and the beginning of the screw canals is 
tapped with the 4.5-mm tap. The tap needs only to 
cross the facet joints if the joints are very sclerotic. 
The appropriate-length 4.5-mm cortex screw is then 
inserted (Fig. 7 .22b). 

When preparing the first screw canal on the spi
nous processes, it is important to appreciate that two 
screws are to be inserted; therefore, the first one 
should enter the spinous process and lamina slightly 
out of the ideal position either cranially or caudally 
in order to leave enough space for the second screw 
(Fig. 7.23a). Given their diverging direction, the 
screws cannot be lagged. Translaminar screws func
tion as threaded bolts which prevent motion in the 
respective segment but do not exert compression in 
the facet joints (Fig. 7.23b, c). 

After insertion of the screws, the posterior verte
bral elements including the posterior half of the 
joints are carefully decorticated and cancellous 
bone graft is applied (Fig. 7.23d). 

c 

Fig. 7.23 Position of the translaminar screws 
a Positioning of the translaminar screws seen from posterior 
b Screws seen in the horizontal plane 
c Screws seen from the side 
d Posterior vertebral elements, including the posterior half of 
the joints, a.re carefully decorticated and cancellous bone graft 
is applied 

Postoperative Care 
The patient is mobilized when comfortable and 
wears a hyperextension brace for 10 - 12 weeks. The 
brace may be removed for daily care and during bed 
rest. 

7.2.2 
Pedicle Fixation 

Determining the Position of the Trans
pedicular Screws 
Exact evaluation of the pedicles is an essential pre
requisite for posterior plating and the application of 
fixator systems. The pedicles are short conical tubes 
with an oval cross-section. The objective is to insert 
the screws through the center of the pedicles, ap
proximately parallel to the upper end plates or an
gled downward. The screws should converge toward 
the midline to an end plate or be angled downward. 
The screws should converge toward the midline to a 



Fig. 7.24 Determining the position of the transpedicular 
screw: thoracic spine 
a The point of entry is just below the rim of the upper facet 
joint 

Fig. 7.25 Determining the position of the transpedicular 
screw: lumbar spine 
a The entry point for the pedicle is at the intersection of a ver
tical line tangential to the lateral border of the superior articu
lar process and a horizontal line bisecting the transverse pro
cess 

certain extent - up to 20 % depending on the spinal 
level - in order to ensure that they do not penetrate 
the lateral wall of the vertebral body. The long axis of 
the pedicle can be identified either by direct expo
sure or by image intensification. Although each 
method is reliable by itself, it is best to use a combi
nation of the two. In addition, there are other aids 
for deciding screw position which are useful partic
ularly when the anatomic landmarks are difficult to 
define due to distorted anatomic relationships. 

Thoracic Spine. The point of entry is just below the 
rim of the upper facet joint (Fig. 7.24a), 3 mm lateral 
to the center of the joint near the base of the trans
verse process. This screw should be angled 7 -10 0 

7.2 Posterior Techniques 103 

b, c The screw should be angled 7 -10 0 towards the midline 
and 10 - 20 0 caudally 

b The screws should converge by 50 at the thoracolumbar 
junction 
c The screws should converge by 10 0 at L2, increasing to 15 0 at 
L5 

towards the midline (Fig. 7.24b) and 10 - 20 0 caudal
ly (Fig. 7.24c). 

Lumbar Spine. At practically all levels, the long axis 
of the pedicle pierces the lamina at the intersection 
of two lines: a vertical line tangential to the lateral 
border of the superior articular process, and a hori
zontal line bisecting the transverse process 
(Fig. 7.25a). Their point of intersection lies in the an
gle between the superior articular process and the 
base of the transverse process. The screws should 
converge by 50 at the thoracolumbar junction 
(Fig. 7.25b) and by 10 -15 0 as one progresses from L2 
to L5 (Fig. 7.25C). 
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c 

Sacrum. Proper placement of screws in the sacrum is 
difficult because of its variable anatomy. The screws 
may be introduced at different points and in differ
ent directions, depending upon the instrumentation 
and the quality of the bone. In general, the entry 
point is located at the intersection of two lines: a ver
tical line tangential to the lateral border of the S1 fac
et, and a horizontal line tangential to the inferior 
border of this facet (Fig. 7.26a). In most cases, the 
screws converge towards the midline (Fig. 7.26b) 
and aim towards the anterior corner of the prom on -
torium (Fig. 7.26c). An alternative possibility is to 
insert the screws more sagittally or parallel to the 
surface of the sacroiliac joint. The entry point shifts 
slightly medially as the screw direction diverges. 
Screws inserted parallel to the sacroiliac joint aim 
towards the anterior superior angle of the lateral 
mass of the sacrum. When positioning screws in the 
sacrum so as to achieve optimal purchase, it is nec
essary to note the density of the bone - the sub
chondral bone is the strongest, whereas the lateral 
mass of the sacrum is often very osteoporotic, some
times even hollow. 

Radiographic control of Screw Position 
In any case, anteroposterior (AP) and lateral preop
erative X-rays are indispensable. If there is any sug
gestion of anatomic variations, then CT scans are es
sential. They give information about pedicle diame
ter and direction; intraoperatively, the use of image 

b 

Fig. 7.26 Determining the position of the transpedicuJar 
crew: sacrum 

a The entry point for the 51 pedicle is located at the intersec
tion of a vertical line tangential to the lateral border of the 51 
facet and a horizontal line tangential to its inferior border 
b The crews converge toward the midline 
c The screws aim toward the anterior corner of the promonto
rium 

intensification is indispensable, too. It confirms the 
location and direction of the screws. In every diffi
cult case, intraoperative myelography with image 
intensification helps to identify the medial border in 
relationship to the nerve root. 

Direct Visualization of the Pedicle 
At the lumbar spine, the inferior and inferior lateral 
aspect of the pedicle can be exposed by dissecting 
subperiosteally from the base of the transverse pro
cess anteriorly. The soft tissues together with the 
spinal nerve and blood vessels are carefully retract
ed with a curved dissector. A small curved dissector 
is used to probe the lateral wall of the pedicle. If nec
essary, the inferior part of the medial wall may also 
be probed. In addition, osteotomy of the base of the 
transverse process can help to identify the pedicle. 
Alternatively, the spinal canal can be opened and the 
medial wall of the pedicle identified. The latter two 
techniques are usually not necessary in routine pro
cedures. At the sacral level, it is very helpful to ex
pose the S1 nerve root, which allows visualization of 
the lateral wall of the S1 canal. 

Preparation of the Screw Canal 
After identification of the entry point and the direc
tion of the pedicle, the posterior cortex is perforated 
for approximately 5 mm using a 3.5-mm drill, pref
erably with the oscillating attachment. Continued 
drilling of the pedicle can be dangerous. A safer 



a 

b 

Fig. 7.27 Instruments for the preparation of the screw canal 
a USS pedicle probe 3.8 mm diameter 
bUSS pedicle awl 

technique is to prepare the entry points with the 
pedicle awl (Fig. 7.27a) and to open the pedicle with 
a pedicle feeler (Fig. 7.27b). This preparation is per
formed to the junction between the pedicle and ver
tebral body. The circumference of the canal is 
checked with the tip of the AO depth gauge, which 
has an angled tip to ensure that perforation of the 
bone has not occurred, particularly medially. Image 
intensification with the gauge or a Kirschner wire in 
place confirms the proper position. The depth gauge 
may be inserted into the cancellous bone of the ver-

a 

Fig. 7.28 Notched plates for the thoracolumbar spine: surgi
cal technique 
a The upper and lower screw canals are prepared; the pedicles 
are entered in the usual manner and Kirschner wires are in
serted into each hole 
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tebral body and the anterior cortex is not perforat
ed. If there is doubt regarding the depth, take a later
al radiograph and ensure that the depth gauge does 
not penetrate more than 80 % of the AP body diame
ter, then the anterior cortex will not be perforated. 

7.2.2.1 
Notched Thoracolumbar Plates (Fig. 7.28) 

Principle 
The plate functions as a splint when the vertebral 
body is not able to support axial load. If the anterior 
column is intact, the plate functions as a posterior 
tension band. 

Indications 
- Fracture dislocations from T6 to S1. 

Supplementary stabilization to anterior inter
body fusions. 

Advantage 
- Relatively easy to use. 

b 

b The two plates are fitted into position over the Kirschner 
wires 
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c 

Disadvantages 
- A minimum of five vertebrae are bridged. 
- In most cases, reduction of the fracture needs to 

be undertaken before application of the plate. 

Surgical Technique 
The fracture may be reduced with the aid of an im
age intensifier prior to surgery onthe operating ta
ble. Through a midline incision, the spinous pro
cesses, laminae, facet joints and transverse process
es are exposed. If reduction of the spinal fracture has 
not been fully achieved, further manipulation to ap
ply distraction can be undertaken using the Har
rington outrigger inserted one level above and be
low the intended plated levels. A plate of appropriate 
length is placed over the posterior aspect of the 
spine and transverse processes and, if necessary, a 
bed is made to allow the plate to lie snugly on the 
bone. Initially the upper and lower screw canals are 
prepared. The pedicles of two vertebrae above and 
below are entered in the usual manner and Kir
schner wires are inserted into each hole (Fig. 7.28a). 

The two plates are fitted into position over the 
Kirschner wires (Fig. 7.28). The appropriate-length 
4.5-mm cortex screws are inserted. The screws are 
tightened alternatively, allowing the spine to adapt 

(Fig. 7.28) 
c A cancellous bone graft is placed over the 
decorticated lamina and transverse processes of 
the injured and the two adjacent vertebrae 

to the plate. Where possible, the remaining holes in 
the plates are then prepared and the screws inserted. 
A cancellous bone graft is placed over the decorti
cated laminae and transverse processes (Fig. 7.28c). 

Correction of Kyphosis (Fig. 7.29) 
If a kyphosis is present, the plates may be used for 
correction. They are not fully bent to match the de
formity of the spine but are contoured to attain a 
normal curve. Both plates are screwed to the two 
vertebrae below the fracture. The prominent upper 
portions of the plates are then manually approxi
mated to the spine and the remaining screws insert
ed (Fig. 7.29a). An alternative method of reduction 
is to contour the plate into the normal curve and 
then prepare the screw holes. Each screw is loosely 
inserted; then alternate ones are tightened from the 
apex of the deformity outwards so that the fracture 
is slowly reduced (Fig. 7.29b). 

Postoperative Care 
Early mobilization is allowed without external sup
port. 



Fig. 7.29 Correction ofky
phosis 
a The prominent upper por
tions of the plates are manu
ally approximated to the 
spine using a pusher and the 
remaining screws inserted 
b Each screw is loosely in
serted, then alternate ones 
are tightened from the apex 
of the deformity outwards so 
that the fracture is slowly re
duced 

7.2.2.2 
Fracture Module of the USS (See also Chap. 9) 

Introduction 
The fracture module is a modifIcation of the AO in
ternal fIxator, incorporated into the USS from an 
early stage. The clamp with the posterior opening 
nut of the internal fIxator is modifIed for attachment 
to the 6-mm hard rod. 
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Principle 
The internal fIxator is a device which allows stabili
zation and reduction of the spine. Long Schanz 
screws are inserted in the pedicles of the vertebral 
bodies and are connected to the 6-mm hard rod by 
fully adjustable posterior opening clamps. The im
plant acts as a tension band, a buttress or neutraliza
tion system; it allows distraction, compression as 
well as fIxation in a neutral position. Kyphosis or 
lordosis can be created in the construct. 
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Indications 
- Lower thoracic and lumbar spine fractures. 
- Stabilization and correction of spinal segments in 

nontraumatic disorders of the spine (degenera
tive disease, tumors, deformities, infections, etc.) 

Advantages 
- A simple versatile system. 
- Its use is independent of the fracture type. 
- Short segment fixation. 
- Schanz screws allow easy reduction. 

Disadvantages 
- It should not be used in the upper thoracic spine 

(above T6) because the pedicles are too small. 
- In the treatment of certain A-type fractures, an 

additional anterior reconstruction may be neces
sary either by anterior surgery or by transpedicu
lar bone grafting. 

Implants and Instruments 
Implants and instruments are shown in Fig. 7.30. 
Surgical Technique 

Fig. 7.30 Implants, and Instru
ments for fracture treatment 
a VARIO case for USS general in
struments 
b VARIO case for USS Schanz 
screws 
c Schanz screws 5, 6 and 7 mm 
diameter 
d USS clamp with posterior nut 
for USS rods 
e USS rod 6.0 mm diameter, 
hard 
fUSS rod 3.5 mm diameter for 
USS cross-link system 
g USS cross-link clamp for USS 
rods 6.0 mm diameter 
h USS pedicle probe 3.8 mm di
ameter 
i USS pedicle awl 
j Universal chuck with I-handle 
k Simple handle 
I USS socket wrench 6 mm 
mUSS socket wrench 11 mm 
n Screwdriver, hexagonal, small 
with groove 
o USS holding sleeve 
p Bolt cutter head 5.0 mm diam
eter, long 
q Handle for bolt cutter 13 mm 
r Handle for bolt cutter 24 mm 
5 USS half-ring 
t USS spreader forceps 
U USS compression forceps 
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(Fig. 7.30) 
V USS holding forceps for USS rods 6.0 mm di
ameter 
W USS holding forceps for USS rods 3.5 and 
4.5 mm diameter 
x USS rod pusher for USS rods 6.0 mm diameter 
y USS rod cutting and bending device 
Z Forceps for screw removal 
a' Bone graft funnel 
b' Cancellous bone impactor, straight 
c' Cancellous bone impactor, curved 



Posterior Midline Approach. Subperiosteal dissec
tion of the laminae laterally to the intervertebral 
joints is performed. The entry points for the Schanz 
screws are determined carefully as described above. 
The entry point for the Schanz screw is started with 
the pedicle awl (Fig. 7.31a); the entry point is deep
ened by 3 cm with the pedicle probe (Fig. 7.31b). A 
K-wire is then inserted into the opened pedicle us
ing the image intensifier to check the orientation of 
the pedicle hole (Fig. 7.31C). In the lateral projection, 
the level and the direction of the wires in relation to 
the end plate are determined. In the AP projection, 
the tips of the K-wires should converge but not 
cross. The image intensifier in the AP direction 

ill 

c 

Fig.7.31 Surgical technique for the USS internal fIxator 
a The entry points for the Schanz screws are started with the 
pedicle awl 
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is repositioned for each K-wire exactly parallel to 
the axis of the wire: thus, the wire will be seen as a 
point, and its position in relation to the oval of the 
pedicle can be determined unequivocally. 

When the K-wires are correctly sited (Fig. 7.31d), 
the hole is enlarged with the pedicle probe and a 
depth gauge is used as a probe to ensure that the 
hole is surrounded by bone and penetration 
through the side of the pedicle wall has not occurred 
(Fig. 7.31e). The 5-, 6- or 7 mm self-cutting Schanz 
screw is easily inserted with the simple handle to a 
depth of two-thirds of the depth 'of the vertebral 
body (Fig. 7.31f). Lateral fluoroscopic control en
sures that the anterior vertebral cortex is not perfo
rated (Fig. 7.31g). 

b 

b The entry point is deepened by 3 cm with the pedicle probe 
c K -wires are inserted in the opened pedicles for checking 
with an image intensifIe 
d All the K-wires are correctly sited 
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(Fig. 7.3 1) 
e The depth gauge i u '",d as a probe 
f The self-Lulling SLhanz screw i ' in ' ~rled wilh Ihe imple T
handlt' 
9 Imagt' inlt'nsitlt'r cht'Lking that anterior (ortex is not perfo
rated. 
h Th~ two n-mm rod are applied to the four Schanz screws 
with loost' clamps 



When all four Schanz screws are in place, the rods 
of the internal fixator with loose clamps and clamp 
elements are applied, the rods lying medially to the 
screws (Fig.7.31h). The reduction technique de
pends on the type of fracture. 

7.2 .2 .2 .1 

Anterior Vertebral Body Fracture with Intact 
Posterior Wall (Type A-I and A-2) (Fig.7.32a) 

Principle 
The dorsal ends of the Schanz screws are manually 
approximated until the desired correction of the ky
phosis has been attained (Fig. 7.32b). The set screws 
on the clamps must remain loose so that the clamps 
are allowed to slide freely towards each other during 
the maneuver. The center of rotation then lies at the 
posterior edge of the vertebral body. By creating the 
lordosis, the vertebral body anteriorly will be dis
tracted and the vertebral disk space and height will 
be restored by ligamentotaxis (tightening of the an
terior longitudinal ligament and annulus of the 
disk). 

Fig. 7.32 Correction of anterior 
vertebral body fracture with intact 
posterior wall (type A) 
a Posterior vertebral body wall in
tact (*) 
b Correction of kyphosis by manu
ally approximating the dorsal ends 
of the Schanz screws b 
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Technique 
Place two cannulated socket wrenches over the cau
dal Schanz screws and tilt the wrenches cranially to 
lordose the spine (Fig. 7.32C). The posterior nuts are 
locked. A similar procedure is performed on the cra
nial Schanz screws in order to reestablish the correct 
sagittal plane (Fig. 7.32d). The appropriate posterior 
nuts are tightened to fix the angle between the 
Schanz screws and the rods (Fig. 7.32C and d). At this 
stage, it is necessary to distract the Schanz screws to 
reestablish the normal height of the injured segment 
(disk). A half-ring is placed in the center of each 6-
mm rod between the clamps and locked (Fig. 7.32e). 
Apply distraction with the spreader forceps check
ing the procedure with the image intensifier 
(Fig. 7.32f). The set screws are tightened when the 
desired distraction has been obtained (Fig. 7.32n). 
The half-rings are removed. Alternatively, the 6-mm 
rod holders can be used instead of the half-rings 
(Fig. 7.32g). This distraction force reconstitutes the 
height of the anterior portion of the vertebral body 
and relieves the pressure from the intervertebral 
disk and completes the vertebral body reduction. 

i 
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(Fig.7.32) 
c Once the distal Schanz screws are in the desired position 
by levering the cannulated socket wrenches with the Schanz 
screws(i), the nuts are locked in the final position(2) 
·d Same procedure on the cranial Schanz screws 
e A half-ring is placed in the center of each 6-mm rod be
tween the clamps and locked 



f 

(Fig. 7.32) 
f Application of distraction with the spreader forceps. (Check 
with image intensifier) 
g Alternatively, the 6-mm rod holder can be used instead of 
the half-rings 
h Completed vertebral body reduction with resolved height of 
the body and the discs. The set screws are tightened 

7.2 Posterior Techniques 115 



116 Chapter 7 Stabilization Techniques: Thoracolumbar Spine 

7.2 •2 •2 •2 

Anterior Vertebral Body Fracture with Fractured 
Posterior Wall (Type A-3) (Fig. 7.33 a) 

Principle 
In this type of fracture, there is a theoretical danger 
that posterior wall fragments might displace poste
riorly into the canal during correction of the kypho
sis by compressing together the posterior opening 
clamps of the Schanz screws. The posterior wall 
must be protected against compression. Distraction 
is used to reconstitute the height of the vertebral 
body. 

Technique 
Posterior wall decompression can be achieved by 
the following technique. Two 5-mm half-rings are 
placed on each of the 6-mm rods prior to the reduc-

a 

Fig. 7.33 Anterior vertebral body fracture with fractured 
posterior wall 
a Burst fracture (*) 
b 5 mm distance for the clamp on the rod allows for 10 0 ky
phosis correction 

tion with the Schanz screws; a distance of 5 mm be
tween the half-rings/rod holder and the clamp is al
lowed for every 10 0 of attempted kyphosis correc
tion (Fig. 7.33b). When approximating the ends of 
the Schanz screws, the clamps will soon touch the 
half-rings and the center of rotation is transferred 
posteriorly to the level of the rods. The force now re
quired to correct the kyphosis is much greater. The 
lordosis is checked on the lateral image of the inten
sifier. The posterior opening nuts are tightened to 
secure correction and the set screws on the damps 
are tightened (Fig. 7.33C). The same procedure is re
peated for the other Schanz screws (Fig. 7.33d). The 
half-rings are removed. Distraction as described in 
the previous section is now exerted to restore the 
original height of the vertebra (Fig. 7.33e, f). 

_________ J._~~ __ _ 
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b 

c Tightening of the nuts of the clamps to secure correction. 
The posterior vertebral body wall is maintained by the preset 
distance of the C-rings 
d Same procedure for the cranial Schanz screws and tighten
ing of the set screws on the clamp 



(Fig. 7.33) 
e Distraction applied by preader 
forcep 
f Final correction 

Fig 7.34 Posterior element dis
ruption with distraction (type B) 
a Reduction maneuver 

7·2.2.2·3 
Posterior Element Fractures or Disruption with 
Distraction (Type B) (Fig. 7.34) 

The implant acts as a pure tension band. Therefore, 
after reduction in the above-described manner with 
the clamp elements sliding freely, no distraction is 
carried out but slight compression is applied 
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(Fig.7.34a-c). To achieve compression, the half
rings or 6-mm rod holders are placed between the 
posterior opening clamps and the compression for
ceps applied across the posterior clamps and half
rings/6-mm rod holders (Fig. 7.34d). The set screws 
on the clamps are tightened. The protruding ends of 
the Schanz' screws are cut with the bolt cutter 
(Fig. J.3sa, b). 
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b c 

a 

b 

(Fig 7.34) 
b Tightening the distal nuts with cannu
lated ocket wrench 
C Tightening the proximal nuts after 
maximal lordosis has been achieved 
d Compres ion forceps are u ed to 
achieve optimal tension banding fixation 

Fig. 7.35 Cut off the protruding ends of 
the chanz screws 
a Protruding ends cut off 
b Bolt cutter with handles 



7.2 •2 .2 .4 
Complete Disruption of the Anterior and Posterior 
Elements with Rotation (Type C) 

The internal fixator acts as a neutralization device. 
The reduction technique is similar to that described 
for NO.3 above. If there is any doubt regarding sta
bility of the fracture particularly in rotation or shear 
(type C fracture), then it is essential to cross-link 
the two 6-mm rods (Fig. 7-36). (See Chap. 8.2.1, 
Fig. 8.6a,b). Take care to hold the handles steadily. 
The hexagonal screwdriver with holding sleeve is at
tached to the cross-link clamp (Fig. 7-36a); the spe
cial sleeve with the two notches on the top is placed 
on the holder (Fig. 7.36b), and the clamp is placed 
on the 6-mm rod and the sleeve positioned over the 
rod and cross-link clamp. The 3-mm rod is cut to the 
appropriate length in order to link the two 6-mm a 
rods and then placed in the side opening of the 
cross-link clamp (Fig. 7.36c); the hexagonal screw
driver and holding sleeve are removed, leaving the 
set screw loose. Another cross-link clamp is placed 
on the opposite rod and the 3-mm rod pushed 
through the clamp (Fig. 7-36d). Both set screws on 
the cross-link clamps are tightened (Fig. 7.36e), the 
second one only after applying distraction along the 
3-mm rod with the USS spreader, thus loading the 
vertical rods and the pedicle screw heads 
(Fig. 7-36f). The excessive length of the 3-mm rod is 
finally cut on the lateral side of the clamp 
(Fig. 7.36g) in order to create the final construct 
(Fig.7.36h). 

Fig. 7.36 Application of a 
cross-link (indicated in some 
Band C fractures) 

ala' Cross-link clamp is attached to the hexagonal screwdriv
er with holding sleeve 
bIb' The special sleeve is placed on the holder and the cross
link clamp is brought to the 6-mm rod 
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c 3-mm rod is placed in the side-opening of the cross-link 
clamp 
d The 3-mm rod is pushed through the clamp on the opposite 
rod 



120 Chapter 7 Stabilization Techniques: Thoracolumbar Spine 

e 

9 

Additional Measures 
1. In the majority of cases, reduction results in a 

large defect of bone stock in the vertebral body. It 
is an integral part of the fIxator instrumentation 
to fIll the anterior defects with autologous bone 
grafts. This is possible using the same posterior 
approach by the transpedicular bone-grafting 
procedure described by Daniaux (1986): a chan
nel of 6 mm diameter is made into the pedicle of 
the fractured vertebra, and the pedicle entered as 
previously described. The hole is made initially 
with the pedicle probe and the position is con
trolled by the image intensifIer (Fig. 7.37a). A 
depth gauge is placed down the pedicle to ensure 
bone surrounds the hole, which is then enlarged 
to 6 mm with the use of an oscillating drill, the 
drill being directed slightly cranially towards the 
defect (Fig. 7.37b). In order not only to fIll the 

(Fig. 736) 
e The el rew on the cro -link 
clamp are lightened 
f Application of distraction along the 
j -mm rod in order to load the 6-mm 
rod and the connected pedicle crew 
g The exces ive length of the 3-mm 
rod i cut on the lateral ide of the 
clamp 
h The final con truct 

fractured vertebral body with cancellous bone 
but to enhance an anterior fusion between the 
vertebral body above and the fractured vertebra, 
disk material can be removed through the 6-mm 
pedicular channel with a pituitary rongeur, and 
the lower end plate of the vertebra above can even 
be freshened up (Fig. 7.37C). As the entry point 
lies in line with the already inserted Schanz 
screws, it is situated lateral to the longitudinal 
rod and can be reached without impairment. The 
special long funnel is then inserted into the drill 
hole (Fig. 7.37d) until the stop touches the poste
rior cortex of the lamina: the tip then automati
cally reaches into the center of the vertebral body 
and protects the vertebral canal from unintended 
intrusion of bone graft particles through a frac
ture gap in the pedicle. The transplanted bone is 
pushed anteriorly into the defect zone (Fig. 7.37e). 



Fig. 7.37 Transpedicular bone grafting 
a The initial hole is made with the pedicle probe 
b The pedicle opening is enlarged with a 6-mm oscillating 
drill, directed slightly cranially 
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c Disk material can be removed and the lower end plates 
freshened up with a pituitary rongeur through the pedicle 
d Special long funnel with a stop rim and the bone pusher 
e The bone graft is pushed anteriorly into the defect zone 
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2. If the patency of the spinal canal has not been re
stored and posterior wall fragments continue to 
protrude, hemilaminectomy and resection of one 
pedicle of the fractured vertebra is performed to 
reduce by impaction, or to extract, the posterior 
wall fragments: an alternative would be anterior 
decompression through a second approach. 

3. Posterolateral fusion is recommended. 
4. Anterior bone grafting is necessary in the case of 

significant defect with mechanical impairment of 
the anterior column, since the incidence of fa
tigue fractures of the Schanz screws will, other
wise, increase. 

Postoperative Care 
Early mobilization is allowed with a three-point fix
ation brace (Jewett brace) to prevent excessive flex
ion or extension for 6 -12 weeks postoperatively. 



CHAPTER 8 

Modular Stabilization System: The Universal Spine System 

8.1 
Basic Concepts 

The Universal Spine System (USS) involves four ba
sic concepts: 

- Independent anchorage of hooks and/or screws 
to the spine and independent rod positioning. 

- Easy connection between the anchorage and the 
rod. 

- Standardization and simplification of implants, 
which can all be handled from the top. No lateral 
nuts are used. 

- Segmental correction and stabilization. 

These four basic concepts are essential and are nec
essary to allow a completely free choice of the an
chorage of the screws or hooks to the spine, using 
the best possible anatomic location. This immedi
ately implies that the connection device between the 
rod and screws/hooks must be adjustable with a var
iable distance between the anchorage site (hook or 
screw) and the vertical bar (rod). In addition, the 
vertical bar must be adjustable to the desired curva
ture of the spine; therefore, it must be able to be 
bent. It is clear that such a system cannot consist of 
a plate and screws, but rather a rod system which is 
anchored to the bone with either screws or hooks. 

The anatomy of the deformed or degenerated 
spine does not allow the placement of all the screws 
or hooks in a straight line. These hooks/screws 
should be placed in the best-defined anatomic posi
tion, with no regard for the fit with the longitudinal 
bar. However, it is essential to limit the number of 
implants and to simplify their use; therefore, a con
cept was developed which allows a simple connec
tion between the rods and variable positions of the 
anchorage (hooks and/or screws). 

In addition, the connection between the rod and 
the hook/ screw should be designed in a way that this 
concept can be used with the hook-based or screw
based system. The system should also be used as an 
anterior system. To meet these requirements, a uni
formity must be achieved with the designed im
plants in terms of the underlying concept, to simpli
fy its use as much as possible and also to simplify the 

instrumentation which is necessary to handle these 
implants. The screw and the hook head must either 
accept the rod in different positions, or the connec
tion system. The connection system must provide 
the freedom to adapt the variable positions of the 
anchorage to the vertical bar. 

Furthermore, experience with the internal fixator 
for the spine has taught us that a connection device 
which needs to be tightened from laterally is too 
'fiddly' and needs considerable dexterity and should 
be replaced by a clamp which can be completely han
dled from the posterior or above. This concept has al
ready been adopted in the second generation of the 
internal fixator and was to be applied in any new de
velopment. 

Experience with the CD (Cotrel-Dubousset) In
strumentation has shown that the concept of de rota
tion in scoliotic spines through the rotation of the 
rod does not, in reality, always involve significant 
derotation, or when it does, it may be associated 
with an important unbalancing of the spine above 
and/or below the spinal area included in the fixa
tion. The principle is based on the assumption that 
by adapting the rod to the curve in the frontal plane 
and attaching it along the concavity of the curve, the 
scoliosis in the thoracic spine, which is in reality a 
lordosis, can be transformed into a kyphosis by ro
tating the bent rod from the frontal plane into the 
sagittal plane. The spinal area which is fixed with the 
instrumentation is pulled along with the rotated rod 
into the desired kyphotic form. This global rotation 
has a significant torque effect on the rest of the spine. 

Derotation should be based on individual verte
brae. Clinical experience in scoliosis with the inter
nal fixator allowed us to design the concept of a 
'frame technique', where the frame is constructed by 
the anchorage of screws or hooks in the end verte
brae, cranially as well as caudally, which are at
tached to the two vertical rods. Therefore, all verte
brae within this frame, or relative to the frame, can 
then be 'derotated' and/or 'translated' into the frame 
by individual manipulation of each vertebra. It is 
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clear that the strongest lever arm for the manipula
tion of a vertebra is a pedicle screw with a long han
dIe (Schanz screw). Therefore, instrumentation was 
designed which could convert the hook or screw in
to a Schanz screw temporarily for the derotation 
manoeuver. It is important that the anchorage in the 
vertebra is very strong and provides a stable fixation 
angle. This can be achieved with a pedicular screw, 
or with the completely newly designed specialized 
pedicle hook, which allows a stable fixation to the 
pedicle. This concept necessitates a whole new set of 
implants as well as instruments to perform these 
complex manipulations. 

8.2 
The System 

In order to obtain a universal spine system, it was 
built on a modular concept. The three major areas of 
spinal surgery, (1) traumatic fracture and pathologi
cal spinal treatment, (2) deformity treatment, and 
(3) degenerative spine disease treatment, demand 
individual techniques which require specific instru
mentation solutions. These three areas have in com
mon a basic instrumentation set and a modular sec
tion which addresses each of the individual prob
lems specifically. 

a 

b 

c 

d 

8.2.1 
Instruments and Implants 

The first common implant is the rod. The rods are 
smooth with a 6 mm diameter and are available in 
different lengths from 50 to 500 mm. There are hard 
rods for fractures or tumors as well as for deformity 
surgery, and soft rods for low back surgery (Fig. 8.1). 
There are different instruments to bend the rods: a 
rod holder (Fig. 8.2) and rod-bending irons, with 
straight or angled notches, for in situ lordosing or 
kyphosing of the rod (Fig. 8.3a). 

A USS tubular rod bender (Fig. 8.3b), USS bend
ing pliers (Fig. 8.3C) and a USS 6-mm bending tem
plate are available (Fig. 8.3d). Different devices have 
been designed to extend the versatility of the rods: 
an extension connector (Fig. 8.4a), which allows the 
direct connection of two 6-mm rods, a parallel con
nector (Fig. 8Ab), which allows parallel connection 
of two 6-mm rods, and the half-ring, which is used 
as an aid for distraction or compression (Fig. 8.4C). 
All three devices have set screws which accept the 
small fragment-set hexagonal screwdriver. To per
form appropriate distraction and compression, 
spreader as well as compression forceps have been 
developed (Fig. 8.5a, b). This is a clear departure 
from the original threaded rod in the internal fixa-

Fig. 8.1 Hard and soft rods 

Fig.8.2 Rod-holding forceps 

Fig. 8.3 
a Rod-bending irons, with straight and angled notches 
bUSS tubular rod bender 
cUSS bending pliers 
d USS 6-mm template for USS rods 



a 

b Fig. 8.4 

c 

a 

a USS exten ion connector for rods of 
6.0 mm diameter 
b USS parallel connector for rods of 6.0 mm 
diameter 
c USS half ring 

b 

Fig. 8.S 
a USS spreader forceps 
b USS compression forceps 

tor which allowed a continuous distraction or com
pression by tightening the nuts on the threaded rod. 

To link the longitudinal bars together cross-links 
were created. The cross-link includes two cross
linkage clamps and a connecting rod (Fig. 8.6a, b). 
The clamp may be swiveled to allow various angles 
of connection between the two rods, each clamp al
lowing up to 20 0 in either direction (Fig. 8.6c). Two 
cross-links are available and their use is dictated by 
the distance between the implants on the 6-mm 
rods. 

8.2.1.1 
Fracture Module 

For the fracture set, specific implants with very sim
ilar instrumentation to the basic set are used. The 
main component of this instrumentation has been 
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a 

b 

Fig. 8.6 
a USS cross-link clamp for USS rods 6.0 mm diameter 
b USS rod 3.5 rnm diameter for USS cross-link system 
c Angulation of cross-link system + / _20 0 

Fig. 8.7 Schanz screws: 7 mm, 6 rnm and 5 rnm. The shaft of 
aU three screw types is the same (5 nun) 

adapted for use with transpedicular Schanz screws 
of 5,6 or 7 mm diameter (Fig. 8.7). The Schanz screw 
allows a significant lever arm for reduction of the 
fracture. A second-generation internal fixator 
clamp with posterior nuts - a further development 
of the original, laterally tightened clamp, which can 
now be adjusted completely from above - has been 
adapted to the USS to connect the rod with the 
Schanz screws (Fig. 8.8a). The clamp has an adjust
ability range of 36 0 in the sagittal plane (Fig. 8.8b). A 
single set screw tightens the clamp onto the rod 
(Fig. 8.8c). If a much higher range of adjustability is 
required, the rod is bent to increase the amount of 
lordosis. 
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a b c 

b 

..cI UJ"!"!tlU; , 

c 

8.2.1.2 
Low Back Surgery Module 

For the low back surgery set, different screws with 
side-openings for the rod (Fig. 8.9a)and Schanz 
screws with a double thread (Fig. 8.9c) have been 
developed for treating the different clinical patholo
gy of the lumbar spine, in the context of degenera
tive lumbar spine disease such as scoliotic and ky
photic deformity, spinal stenosis, degenerative 
spondylolisthesis, degenerative segmental instabili
ty and osteoporotic weakening of the bone. 

The side-opening screws have exactly the same 
head as the hooks (Figs. 8.9a, 8.11, 8.13 and 8.14). The 
side-opening allows the screws to be inserted retro
spectively (once a rod is in place). They are, there
fore, easier to replace without removing the com-

* 
Fig. 8.8 
a U S clamp with posterior nut for USS rods 
b Schanz screw with clamp, angled. Range of mo
tion +/- 18 0 in the sagittal plane 
c single set screw (*) tightening the clamp onto 
the rod 

t2) 

Fig. 8.9 
a USS pedicle screw,side-opening complete 
with sleeve and nut, diameter 5.6,7 mm 
b 4-mm natural offset (see also Fig. 8.39) 
c Transpedicular chanz screw with double 
thread. diameter 6 mm 

plete construct, if a revision is necessary. The side
opening screws are often used in conjunction with 
the hooks for the treatment of deformities. The nat
ural4-mm offset of the opening in the screws allows 
the rod to be more easily accommodated with vari
ous positions of the screws, rather than having to 
bend the rod (Fig. 8.9b). For even more versatility, 
rod connectors allow the complete adjustment of an 
independently inserted pedicle screw to the rod, 
which may be completely offset relative to the screw 
and also allows free angulation (Fig. 8.lOa). The rod 
connector allows indirect connection of the side
opening screw to the rod (Fig. 8.lOb). In addition, 
the same connectors can be used with the frontal
opening hook (Fig. 8.lOC). The open rod connectors 
can be connected to the rod retrospectively, after ad
jacent implants and the rod have already been 



a 

Fig. 8.10 
a USS rod connector, open, length 15, 20, 25 mm 
b Rod connector attached to pedicle screw 

t""'iii''''i~ 

Fig. 8.11 
USS pedicle hook, side-opening with U screw 3.2 mm for 
USS pedicle hooks. 
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d 

c USS rod connector attached to frontally open hook 
d US rod connector, clo ed, length 15,20,26 mm 

a 

placed. Closed rod connectors can be used at the 1 
end of a construct where they can be added at the 
end of a procedure. They are smaller than the open 
rod connectors (Fig. 8.lOd). 

Soft rods are used in low back construction be
cause they are more easily contoured. 

8.2.1.1 
Scoliosis and Deformity Module 

The scoliosis instrumentation is the most interest
ing because the system is built on an innovative con
cept of scoliosis treatment. The USS offers the possi
bility of segmental correction and realignment of 
the spine to the sagittally placed rod. 

In order to achieve reduction of the spine to the 
rod, special instruments have been developed and 
innovative hooks designed. A segmental derotation 
and translation can only be achieved when the im
plants are firmly anchored to the spine. The ideal 
fixation to the spine is a pedicle screw. A specialized 
pedicle hook has been designed to allow fixation to 
the vertebra, a 3.2-mm self-cutting screw passing 
through the pedicle into the end plate of the vertebra 

b c d 

Fig. 8.12 
a USS hook and USS screw holder 
bUSS hook and USS screw holder assembled with universal 
handle 
cUSS hook and USS screw holder attached to hook 
d USS hook and USS screw holder attached to screw assem
bled with universal handle 

(Fig. 8.n). These special hooks allow, for the first 
time, translation and pulling forces to be applied 
without the hooks loosening or jumping out and do 
not require distraction to keep them in place. The 
locking mechanism of the hooks to the rod is exactly 
the same as for screws. The hooks and screws are in
serted and manipulated with the screw holders, 
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a 

b 

Fig. 8.13 Types of hooks 
a USS lamina hook (large, medium, small, angled, side
opening) 
b USS pedicle hook 

a b 

Fig. 8.14 
a USS lamina hook, left open 
bUSS pedicle hook, right opening 
cUSS lamina hook, frontal opening 

c 

which are often called extension sticks and which 
are fixed within the hook or screw head, imitating a 
Schanz screw (Fig. 8.12a-d). Since all the hooks are 
either laterally or frontally open, it should be appre
ciated that at any time during the insertion of im
plants at the end of the construct, further additional 
hooks or screws can be added where necessary. 
There are five types of hooks (Fig. 8.13a, b): laminar 
hooks - large, medium, small, angled - and pedicle 
hooks. Each type of hook has either a left, right or 
frontal opening (Fig. 8.14a-c) 

The side-openings in the hooks or screws are es
pecially useful in the treatment of kyphosis, where 
progressive fixation of the kyphosis from cranially 
to caudally is extremely helpful, and does not really 
require insertion of all hooks at the same time. 

The USS open implants simplify pre- and intrao
perative planning, allowing easy connection to the 
6-mm rods. They can easily be added or removed 
from a construct without removing the entire im
plant system. 

In order to manipulate the vertebrae, a set of spe
cific instruments is available. The key instrument 
for the segmental derotation maneuver is the com-

Fig. 8.15 USS complex reduction forceps ("persuader") 

a 

. , e-

b 

c 

Fig. 8.16 Implants/instruments 
a USS pedicle screw, side opening, complete with nut and 
sleeve 
bUSS screw and hook holder (stick) 
cUSS universal handle 

plex reduction forceps, the 'persuader', which allows 
lifting and translation at the same time, in order to 
bring the hook or the screw over the rod (Fig. 8.1S). 
This underlines the concept of a modular system with 
a high degree of versatility. 

8.2.1.4 
Specific Implants and Instruments 

8.2.1.4.1 

USS Side-Opening Pedicle Screws 

Implant and Instruments (Fig. 8.16) 

Insertion Technique 
The screws are inserted with the use of the screw 
holder (extension stick) attached to the universal 
handle (Fig. 8.16b, c). Initially the screw holder is 
connected to the universal handle (Fig.8.lla, b). 
The screw holder is connected to the screw by rotat
ing the cog wheel, which allows the thread of the 
screw holder to engage to the top of the screw 
(Fig. 8.18); alternatively, the screw holder can be 
tightened to the screw by hand (Fig. 8.19). The screw 



a 

Fig. 8.17 
a Attachment of universal handle to the screw holder 
(extension stick) 
b Relea e of universal handle from the crew holder 
(extension stick) 

Fig. 8.18 Connection of crew holder to screw by rotating 
the cog-wheel 

Fig. 8.19 Tightening of screw holder to screw 
by hand 

Fig. 8.20 In ertion of the screw 

Fig. 8.21 Release of the screw holder 
from the univer aJ handle, when screw in
serted Fig. 8.19 
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Fig. 8.18 

i 

Fig. 8.20 Fig. 8.21 
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b 

Fig. 8.22 a-e teps of the insertion of the rod 

Fig. 8.23 Sleeve with short and long legs. small ma.rk on the 
top of hart leg. 

can now be inserted into the bone (Fig. 8.20). The 
screw holder is disconnected from the handle by 
pressing the top of the handle (Fig. 8.21). A 6-mm 
rod can now be inserted into the strew (Fig. 8.22a). 
The 6-mm rod is held in place with a sleeve and nut 
(Fig. 8.22b-e). 

The sleeve has a long and short leg - the latter 
slides over the open side of the implant and has a 
small mark on the top of the short leg for identifica
tion (Fig. 8.23). The nut and sleeve can be inserted 
into the universal handle (Fig. 8.24a). The universal 
handle is attached to the screw holder and the top of 
the universal handle is depressed causing the sleeve 
and nut to be released (Fig. 8.24b). The nut is tight
ened by the use of the ll-mm L-handed socket 
wrench and the USS 6.0-mm socket wrench 
(Fig. 8.24c). The 6-mm socket wrench is held firmly 
to control the screw to prevent torque of the implant 
when the nut is tightened (Fig. 8.24d). 

e 

8.2.1.4.2 
USS Hooks: Laminar Hooks 

Implants and Instrument (Fig. 8.25) 

Insertion Technique 
The lamina hook can be placed around either the su
perior or inferior portion of the lamina. The liga
mentum flavum is carefully removed with a ron
geur; to ensure the hook fits snugly onto the lamina, 
a small portion of the lamina is removed with a bone 
rongeur (Fig. 8.26a, b). The lamina feeler is carefully 
put around the lamina to ensure a close fit for the 
hook (Fig. 8.26c). The appropriate-size hook is 
mounted onto a stick with handle (Fig. 8.27a). The 
lamina hook is gently eased into place around the 
lamina (Fig. 8.27b, b'). Ensure the foot of the hook 
does not lie too deep and press upon the spinal cord. 
The inferior part of the hook must fit close to the 
lamina (Fig. 8.27C). The hook is attached to the 
screw holder in the same manner as the screw. The 



Fig. 8.24 
a Insertion of sleeve and nut onto 
the universal handle 
b Release of sleeve and nut 
c Tightening of nut with II-mID L-handed 
socket wrench and 6.o-mm socket wrench 
d The 6-mm socket wrench controls the 
rotation of the inIplant through the screw 
holder as the ll-mm L-handed socket 
wrench tightens the nut 
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a 

b 

c 

Fig. 8.25 Implants and Instrument 
a USS laminar hook, side-opening small, medium, large 
bUSS laminar hook, front opening 
cUSS laminar hook, side-opening, angled 

c 

d 

<-

e 

d USS lamina feeler 
e USS hook and screw holder 
fUSS universal handle 

8.2 The System 131 



132 Chapter 8 Modular Stabilization System: The Universal Spine System 

a 

Fig. 8.26 
a For laminar hook po itioning. a small portion of the lamina 
is removed 
b Prepared craniaJ po ition of the lamina. ready to seat a hook 
c Lamina feeler i put carefully around the lamina 

b 

a c 

c 

Fig. 8.27 The hook is controlled with the USS 
hook holder 
a Attachment of the hook to the hook holder 
(extension stick) 
b, b' Lamina hook gently eased into place a.round 
the lamina 
c The inferior part of the hook must fit close 
to the ramina 



a 

b 

c 

d 

e 

g 

Fig. 8.28 Specialized pedicle hook 
a USS pedicle hook, side-opening 
bUSS pedicle hook, front opening 
cUSS screws for USS pedicle hooks, 3.2 mm diameter 
d 3-fiute drill bit for quick coupling, 2.0 mm diameter 
e USS hook and screw holder 
fUSS universal handle 

various hooks are attached to the 6-mm rod using 
the same technique as the screw. 

8.2.1·4·3 
USS Hooks: Specialized Pedicle Hook 

Instruments and Implants (Fig. 8.28) 

Technique 
The special pedicle hook is attached to the screw 
holder and universal handle. 

Bone Preparation 
The level in the thoracic spine for the insertion of 
the specialized pedicle hook is identified. The pedi
cle feeler is placed between the inferior and superior 
facet joints. The feeler must go into the articular 
joint and not into bone of the inferior facet 
(Fig. 8.29). To facilitate insertion of the pedicle feel-

h 

k 

m 

9 Depth gauge 
h USS pedicle feeler 

USS chisel 9 mm 
j USS drill guide 2.0 

k Handle for drill guide 
I USS hook positioner 
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m Screwdriver, hexagonal, small, self-holding 

er, a small portion of the inferior facet may be re
moved with an osteotome - aim the osteotome later
ally (Fig.8.30a-c). Ensure the pedicle feeler is 
around the pedicle by exertion axial loading and al
so ease the feeler laterally - N.B. Do not push medial
ly (Fig. 8.31). Once the feeler is around the pedicle, it 
may be necessary to remove further bone from the 
inferior facet to allow the pedicle hook to sit around 
the pedicle. The pedicle feeler has six lines on the 
blade; when the last line is reached, sufficient bone 
has been removed to accommodate the hook around 
the pedicle (Fig. 8.30c). 

Insertion 
The specialized pedicle hook with extension stick 
and introducing handle are now inserted into the 
prepared site. The hook positioner is placed into the 
small hole in the back of the pedicle (Fig. 8.32a, b). 
The hook is now eased around the inferior aspect of 
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a 

b 

Fig. 8.29 Pedicle feeler inserted 
around pedicle 
a Lateral view 
b Frontal view 

Fig. 8.30 Removal of bone from the inferior facet until the sixth line on the 
pedicle feeler is exposed 
a Osteotomy 
b Pedicle feeler with marker 
c Osteotomy executed 

Fig. 8.31 Ensure the pedicle feeler is in the correct position by axial loading 
and lateral motion 



a 

b 
Fig. 8.32 
a, b Hook positioner inserted into the back of the special ped
icle hook 

the pedicle (Fig. 8.32C). Once in place, check if it is 
snug around the pedicle by axial loading of the hook 
positioner and also by pushing laterally. If it does 
not move, then the pedicle hook is around the pedi
cle. The hook positioner is gently tapped with a 
hammer to site the hook. The pedicle hook drill
guide is inserted into the hole in the back of the ped
icle hook (Fig. 8.33a). A three-fluted 2.0-mm drill is 
placed into the drill-guide and, using the oscillating 
drill, the tip is advanced until it passes through the 
end plate (Fig. 8.33b). Do not start the power drill if 
the drill does not hit bone after passing through the 
drill-guide. The drill-guide is removed and the 
depth to the end plate is measured with the small
fragment AO depth gauge (this is approximately 
25 - 30 mm) (Fig. 8.33C). The self-cutting 3.2-mm 
cortical screw is inserted (Fig. 8.33d). The special
ized pedicle hook is now firmly fixed to the pedicle 
and end plate. 

8.2.1·4·4 
USS Hooks: Transverse Process Hook 

Instruments and Implants (see Fig. 8.34) 
The chosen transverse process is cleared of soft tis
sue. The lamina feeler is placed around the trans
verse process elevating the soft tissue attachments 
from the anterior portion of the transverse process 
(Fig. 8.3sa). An appropriate-size lamina hook is 
mounted onto an extension stick with handle, as the 
hook is eased around the transverse process using 
the hook positioner (Fig. 8.3Sb). 
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c 

c Hook inserted around the pedicle 

8.2·1.4·5 
USS Rod Introduction into Side-Opening Implants 

Instrument (Fig. 8.36) 

Technique 
The 6-mm rod can be eased, if necessary, onto the 
side-opening implants with the rod-crimping pliers 
(Fig. 8.37). The sleeve and rod are then released and 
dropped over the construct (Fig. 8.38). The screw/ 
hook side-openings are offset by 4 mm when the im
plants are aligned. If the implants are not in perfect 
alignment, rotating the screw by 90 0 or changing the 
hook will allow the rod to be more easily inserted 
(Fig. 8.39). 

8.2.1·4·6 
Complex Reduction Forceps - the 'Persuader' (Fig. 8.40) 

Principle 
At times, it is not possible to ease the hook screw in
to the rod as a result of the distance between the rod 
and anchorage. The anchorage can be lifted and 
translated to the rod with the complex reduction 
forceps (CRF) - the 'persuader' (Fig. 8.40). 

Technique 
The sleeve is placed onto the cylinder of the per
suader so that the short leg of the sleeve faces in the 
direction of the 6-mm bar (Fig. 8.41a). The sleeve 
clips onto the top of the cylinder (Fig. 8.41b). The 
cylinder of the persuader is slid over the extension 
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c 

h d 

Fig. 8.33 
a Pedicle hook drill-guide is inserted into the hole at the back 
of the pedicle hook 

b Fluted 2.0 mm drill is drilled through the pedicle to the end 
plate 
c Measurement of depth with a small-fragment depth gauge 
d The 3.2-mm self-tapping cortical screw is inserted 

a 

b e-

c 

Fig. 8.34 
a USS lamina hook, angled, side-opening 
bUSS hook and screw holder 
cUSS universal handle 



Fig. 8.35 
a Laminar feeler placed around the transverse proces 

Fig. 8.36 Instrument: the USS rod-crimping pliers 

Fig. 8.37 Insertion of 6-mm rod into the ide-opening 
implant with the rod-crimping pliers 

Fig. 8.38 Release of sleeve and nut onto rod/anchorage 
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b Hook placed around the transverse process 
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Fig. 8.39 The hook/screw offset 

Fig. 8.41 
a Application of the sleeve onto the cylinder of the persuader 
b CRF with the sleeve mounted 
c CRF slid over the extension stick and the other limb placed 
on the 6 mm rod 

stick of the screw/hook, and the limb of the forceps 
is placed on the bar (Fig. 8.4IC). The 6-mm rod hold
er or extension stick clamp is placed on the protrud
ing extension stick (Fig. 8.42a, b). Controlling the 
rod holder or extension stick clamp will prevent ro
tation of the hook or screw. 

Fig. 8.40 USS complex reduction force) 

c 

The forceps are now gently closed bringing the 
anchorage towards the rod (Fig. 8.43a); do not 
completely close the forceps. Beware. This is a most 
powerful instrument. Controlling the forceps and 
ensuring the limb of the forceps remains on the rod, 
a spreader is placed between the clamp and the cyl-



Fig. 8.43 
a Closure of pliers to approximated 
hook to the 6-mm rod 
b Reduction of the hook upwards 
towards the rod 

8.2 The System 139 

inder. The spreader is slowly opened bringing the 
hook upwards towards the rod (Fig. 8.43b); when 
the side-opening is opposite the rod, the persuader 
is closed allowing the anchorage to engage onto the 
rod (Fig. 8043C). The sleeve is pushed down the cyl
inder and placed over the rod and anchorage. If the 
sleeve will not ease onto the anchorage, place the 
rod pusher onto the sleeve and gently tap the sleeve 
into place (Fig.8.43d). The 6-mm rod holder or 
clamp is removed, the persuader is removed and a 
nut dropped over the extension stick and loosely at
tached to the hook or screw (Fig. 8.43e). 

Fig. 8.42 
a A special clamp for the top of the screw holder 
(extension stick) 
b 6-mm rod holder attached to screw holder (alternative) 
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(Fig. 8.43) 
c Closure of pliers to attach side-opening implant to the rod 
d Rod pusher used to tap sleeve into place if slightly tight (en
sure sleeve legs are correctly positioned) 
e Nut dropped on stick and attached to hook/screw 

a b 

c 

d 

Fig. 8.44 Instruments and implants 
a USS rod connector, open 
bUSS rod connector, closed 
cUSS holding sleeve 
d Screwdriver, hexagonal, small 

8.2.1.4·7 
Rod Connectors 

Implants and Instruments (Fig. 8.44) 

Principle 
There are times when the anchorage will not reach 
the rod. Experience will dictate whether the per
suader will bring the anchorage to the rod. If too 
much force is exerted on the anchorage, it will tear 
out of the bone. When the anchorage does not reach 



Fig. 8.45 Open rod connector attached to: 
a Frontal-opening specialized pedicle hook 
b Screw 
c Lamina hook 

Fig. 8.46 Open rod connector placed either: 
a Beneath or 
b On top of the 6-mm rod a 

the rod, then it is necessary to use the rod connec
tors. When using the rod connector, the frontal 
opening hooks must be used or the screw turned 90 0 

to become the front opening. The rod connector 
fits into the hook or screw at a right angle 
(Fig.8.45a - c). 

Technique 
The appropriate-length rod connector is placed ei
ther beneath or on top of the 6-mm rod (Fig. 8.46a, 
b). The position of the rod and anchorage dictate 
this position. The small hexagonal screwdriver and 
holding sleeve is placed onto the connector clamp 
(Fig. 8A7a). Ensure the screw is not protruding in
side the connector clamp. The connector clamp is 
clipped onto the bar and rod connector and tight
ened (Fig. 8A7b). The rod connector is now placed 
into the front open hook or screw; the sleeve and nut 
are dropped onto the anchorage (Fig. 8A7c). The an
chorage can be approximated to the rod with the 
compression forceps (Fig. 8048). The nut is finally 
tightened on the hook, with the L-handed socket 
wrench. The hook/screw rotation is controlled with 
the small 6-mm socket wrench. At this stage, the 
vertebra can be rotated by loosening the screw on 
the open rod connector; the extension stick on the 
anchorage is tilted to derotate the vertebra and, fi-
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nally, the screw on the open rod connector is tight
ened (Fig. 8.49). At either end of the construct, a 
closed rod connector can be used - it has a lower 
profile (Fig. 8.50a, b). 

8.2.1·4·8 
USS Cross-link System 

There are two cross-links: a standard cross-link and 
a specialized cross-link, which are only used if there 
is insufficient space between the implants to allow 
application of the standard cross-link. 

Instruments and Implants (Fig. 8.51) 

Standard Cross-link 
The cross-link system connects the two 6-mm rods, 
and the use of the cross-link significantly increases 
the stiffness of the construction. For fracture con
struct, it is absolutely essential if there is rotational 
instability. To increase the stiffness, the clamps can 
be compressed toward each other. N.B. The sleeve for 
the cross-link system is different from the standard 
sleeve. The sleeve has a section cut away at the top on 
each side. This allows the rod to be angled up to 20 0 

in each direction (Fig. 8.52). 
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Fig. 8.47 
a Small hexagonal screw
driver and holding sleeve be
ing connected to the connec
tor clamp (N.B. ensure thread 
is not protruding inside 
clamp) 
b Connection clamp is 
clipped onto the bar and rod 
connector and tightened 
c Rod connector attached to 
the frontal-opening pedicle 
hook/screw and the nut 
dropped onto the anchorage 

Fig. 8.48 Approximation of hook towards 
the clamp with compression forceps 

Fig. 8.49 Rotation of the vertebral body by 
manipulating the hook 

c 
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Fig. 8.50 Closed rod connector 
a With pedicle hook 
b With pedicle screw 

Fig. 8.52 Cross-link sleeve with a section cut 
away'" alowing a range of angulation of the 
cross-link rod (see Fig. 8.6) 

Fig. 8.53a Small hexagonal screwdriver with 
groove with the holding sleeve being attached to 
the clamp 
b The special cross-link sleeve is attached to the 
cylinder of the holding sleeve 
c The clamp is attached to the 6-mm rod 
d The sleeve is dropped into place a 

Technique. The small hexagonal screwdriver with 
groove and with the holding sleeve is connected to 
the USS cross-link clamp (Fig. 8.52). The special 
cross-link sleeve (Fig. 8.53b) is now placed upon the 
cylinder of the holding sleeve (Fig.8.53b). The 
clamp is placed on the 6-mm rod (Fig. 8.53c), the 
sleeve is dropped into place (Fig. 8.53d) and the 3.5-
mm rod can be inserted into the clamp (Fig. 8.54). 
The nut is then tightened after removal of the hold
ing sleeve. 

Assembly of Cross-linkage to Two Parallel 6-mm 
Rods. The first clamp and sleeve is applied to the 6-
mm rod. The 3.5-mm rod is then held with the 3.5-
mm rod holder and threaded through the first 
clamp (Fig. 8.54). The second clamp and sleeve are 
attached to the second 6-mm rod and then the 3.5-
mm rod is pushed through the clamp (Fig. 8.56). 
When the rod is applied 0.5 cm beyond the clamp, 
the hexagonal nut is tightened (Fig. 8.57). The 
3.5-mm rod holder is reattached to the center of the 
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a 

b 

Fig. 8.51 Implants and instruments 
a USS rod 3.5 mm diameter 
b USS cross-link clamp 

101 

b c d 

Fig. 8.54 Insertion of 3.5-mm cross-link rod onto the damp. 

bar and, using the USS spreader, the clamp and rod 
are distracted and the clamp tightened (Fig. 8.58). 
The rod is cut (Fig. 8.59) and the final position of the 
cross-link is noted (Fig. 8.60). 
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Fig. 8.55 The clamp 
applied and the 3.5-mm 
cross-link rod connect
ed with the aid of the 
3.5-mm rod holder 

Fig. 8.56 The second 
clamp and sleeve is 
applied to the 6-mm rod 
and the 3.5-mm cross-link 
rod is pushed through 

Fig. 8.57 Connecting rod pushed 
0.5 cm beyond clamp and hexa
gonal nut tightened 

Fig. 8.58 3.5-mm rod holder 
reattached near to a clamp and the USS 
distractor used to apply distraction. 
The nut is tightened 

Fig. 8.59 Cutting the rod 

Fig. 8.60 Final position of the cross
link system 



Cross-link with Wire 
If ther~ is no space for either cross-link to be at
tached to the 6-mm rod, then a wiring technique can 
be applied. Security screws are placed into the pos
terior aspect of the screws already attached to the 6-
mm roa. A figure-of-eight wire is attached to diago
nally opposite screws. The AO wire tightener is used 
to tigh~en the wire and, after cutting the excess wire, 
the secprity screws are tightened. 

8.2.2 
USS for! Deformity 

The design of the USS allows new concepts to be 
used in the correction of scoliosis. No distraction or 
compression is used in the reduction of the deformi
ty; the spine passively finds its own length. The USS 
instrumentation includes: 

- The apical vertebrae, via hooks or pedicle screws 
anchored to the vertebrae. 

- The spine is reduced to the rods by segmental ma
nipulation. 

- Emphasis is placed particularly on the applica
tion of the convex rod, which allows translation 
of the apex towards the mid-line. 

- The concave implants are finally attached to the 
rod, the attachment of the implants to the verte
bral body allowing derotation of individual verte
bra. 

8.2.2.1 
Basic Principles 

- Soft tissue release (posterior ± anterior) 
- Anchorage of implants to individual vertebra in-

cluding the apex 
- Contour of rod in correct sagittal plane 
- Reduction of spine to the 6-mm rod 
- Derotation of individual vertebra, (translative 

and pulling posteriorly) 
- End vertebrae are used to build the construct 
- Cross-linkage of rods 
- No distraction or compression 

8.2.2.1.1 

Basic Principle of Construct 

The cranial and caudal neutral vertebrae are used as 
cornerstones of a virtual frame which are instru
mented (Fig. 8.61a). The end vertebrae are instru
mented using the caudal end vertebrae as a base on 
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ed with the specialized pedicle hook into the upper 
end on the concave side (Fig. 8.61b, c) and a claw 
construct with laminar hook and specialized pedicle 
hook one vertebra below on the convex side (see 
Fig. 8.65). The upper convex hook must be a laminar 
hook and not a transverse process hook; otherwise 
when the convex rod is used to translate the spine to 
the mid-line it will pull off the transverse process. 

Figs. 8.61-8.74 Principles of reduction in scoliosis 
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which to build the construct. Pedicle screws are in- Fig. 8.61 
serted (Fig. 8.61b, c). The cranial end is instrument- a The scoliosis frame 
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c 

(Fig. 8.61) 
b,c Cranial and caudal neutral vertebrae are instrumented 
b Frontal view 
c Sagittal view 

11~ ___ ~ 



Fig. 8.62 Apex is instrumented 
a Frontal view 
b Lateral view 
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Fig.8.63 The concave hook construct - hooks/screws to 
alternative vertebrae between apex and end vertebrae 

b'------..J 

a Frontal view 
b Lateral view 



Fig. 8.64 Insertion of laminar hook at TIO 
a Frontal view 
b Lateral view 
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Fig. 8.65 Convex side construct - apical specialized pedicle 
hook and optional implants in stiff curve 

8.2.2.1.2 
The Concave Curve 

The apical vertebra is instrumented on both sides 
with specialized pedicle hooks with the concave 
hook opening laterally and the convex hooks also 
opening laterally (Figs. 8.62a, b, 8.65). The interven
ing vertebrae are instrumented at alternative levels 
(Fig. 8.63a, b); at TIO level, either a laminar hook or 
pedicle screw may be used (Fig. 8.64a, b), the latter 
only by experienced surgeons. If the curve is stiff 
then each vertebra next to the apex can be instru
mented. 

8.2.2.1·3 
The Convex Side 

The convex side is instrumented at the apex, and if a 
stiff curve is encountered extra implants can be 
added. The other implants are the claw construct 
proximally and the pedicle screw distally (Fig. 8.65). 

8.2.2.1·4 
Insertion of Rod and Reduction of Spine 

The concave rod, contoured in the required sagittal 
plane according to the template (Fig. 8.66a, b), is in
serted in the sagittal plane and locked at the distal 
end; the proximal end must remain loose 
(Fig. 8.67a, b). The concave implants are then re
duced to the concave 6-mm rod beginning proxi
mally and distally working towards the apex. The 
spine passively elongates (Fig. 8.68a). No significant 
force should be used at this stage - if force is re
quired STOP - transfer your surgery to the convex 
side. 

The convex rod having been contoured is now 
placed in the superiorly instrumented vertebrae and 
locked in the claw construct (Figs. 8.69, 8.70a-d). 
The convex rod is then reduced to the spinal apical 
pedicle hook and loosely attached and then attached 
to the distal screw (Fig. 8.71). This maneuver trans
lates the spine to the mid-line. Finally the hooks on 
the concave side are lifted and attached to the con
cave rod (Fig. 8.72). The vertebrae are derotated 
through the use of the stick on the specialized end
plate hook and screw, working towards the apex 
(Fig. 8.73). Cross-links are applied and the nuts 
tightened (Fig. 8.74). 



a 

Fig. 8.66 Bending of the rod (a) according to the sagittal 
template contouring (b) 

b 
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Fig. 8.67 Application of concave rod (a) corrects sagittal 

profile (b) 



Fig. 8.68 The spine is reduced starting caudally (1) and then 
cranially (2) working towards the apex. The apical hooks! 
screws are not reduced to the rod at this stage 
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Fig. 8.69 The convex rod is inserted into the claw construct 

Fig. 8.70 Creation of the claw configuration on the cranial 
convex side: 
a Insertion of the 6-mm rod into the claw configuration 
b Tightening of the nut at the top hook 



(Fig. 8.70) 
c Loading the distal pedicle hook with the distractor, thu 
compressing the claw configuration 
d Tightening of the nut of the distal hook of the claw configu
ration 
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Fig.8.71 The apex is translated to the mid-line and then the 
rod attached to the distal screw 



156 Chapter 8 Modular Stabilization System: The Universal Spine System 

Fig.8.72 The remaining hook/screws on the concave side are 
now reduced to the rod using the persuader 

Fig. 8.73 The extension sticks are used to support the indi
vidual derotation of rotated vertebrae (a) in end position (b) 



Fig. 8.74 
a The final construct 
b with crossbars, one 
cranially and one distally 
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8.2.2.2 
Scoliosis: Posterior Correction and Stabilization 

8.2.2.2.1 

Right Thoracic Late Onset Scoliosis 

Preoperative Plan 
The proximal and distal end vertebrae are identified 
on an anteroposterior standing radiograph and an
teroposterior lateral bending film. The classical in
strumentation is from Th4 to L1. 

Concave Side 
The foundation of the construct is made with a pedi
cle screw in L1. The cranial vertebra, Th4, is instru
mented with a specialized pedicle hook with an end
plate screw with the opening facing medially 
(Fig. 8.75). The apical vertebra is either Th8 or Th9 
depending on which is most rotated. The specialized 
pedicle hook and end-plate screw are inserted with 
the opening facing laterally (Fig. 8.76). Cranially a 
specialized pedicle hook is placed between the apical 
vertebra and the end-plate vertebra (Fig. 8.77). Cau
dally the ThlO vertebra is either implanted with a 
pedicle screw or a laminar hook. A pedicle screw can 
also be inserted into Th12 as well as 11 (Fig. 8.77), es
pecially in a stiff curve. 

Convex Side 
A proximal claw is constructed at Th4 and ThS. A 
downward laminar hook with the opening laterally 
is placed into Th4; a specialized pedicle hook with 
an end-plate screw is placed in ThS with the opening 
facing medially (Fig. 8.75). At the apex a specialized 
pedicle hook and end-plate screw are inserted with 
the opening laterally (Fig. 8.76). A pedicle screw is 
inserted in Ll (Fig. 8.75) (a hook can be used as an 
alternative). An optional laminar hook/screw can be 
placed into Th12 if a stiff curve and a kyphotic defor
mity is present (Fig. 8.77). 

Pedicle Screw 

Pedicle Hook 

J} Lamina Hook 

t 
Direction of opening 
on Implants 

Fig. 8.75 Pedicle screw is inserted into Ll and the special ped
icle hook with end-plate screw is inserted into Th4. A proximal 
claw construct between Th4 and Th5 is made on the convex 

Figs.8.75-8.82 Right thoracic late-onset scoliosis (see also 
Figs. 8.61- 8.74). 

side. Th4 laminar hook opening laterally and at Th5 a special 
pedicle hook with end-plate screw opening medially. The Ll 
pedicle screw is also inserted on the convex side 



Fig. 8.76 The apical vertebrae are instrumented at Th8 with 
the special pedicle hook and end-plate screw on the concave as 
well as the convex side 
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. Fig. 8.77 Special pedicle hook and end-plate screw are insert
ed into Th6. Either a laminar hook or pedicle screw is placed 
into ThlO and a pedicle screw is placed into Th12 (a hook may 
be used) on the concave side. Insertion of the apex hook and an 
apical Th12laminar hook - the opening facing laterally on the 
convex side 
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Surgical Technique 
The spine is exposed with subperiosteal dissection 
and the levels identified with a radiograph. The im
plants are inserted as previously described. 

Reduction 
Once all the implants are attached to the vertebra, 
before beginning the reduction with the rods, decor
ticate the spine in the usual manner. A 6-mm rod 
template is placed in the sagittal plane on the con
cave side between the Th4 hook and 11 screw. The 
sagittal profile is then bent into the template rod 
(see Fig. 8.66a). The template rod is removed and a 
hard 6-mm rod is cut to the appropriate length and 
contoured in the sagittal plane (see Fig. 8.66b). The 
rod is inserted into the Th4 and L1 screw and only 
tightened to the 11 screw (Fig. 8.78). A 6-mm rod 
holder is held onto the 6-mm rod to maintain its po
sition also in the sagittal plane (see page 138 Fig. 
8.41, 8-42, 8-43) 

Using the complex reduction forceps (Fig. 8.72), 
the Th6 and ThlO implants are brought to the rod. Do 
not use too much force! If the curve is tight do not pro
ceed, direct your attention to the convex rod. If Th6 
and ThlO implants are brought to the rod do not re
duce the apical hook to the rod (Fig. 8.79). The con
toured convex 6-mm rod is now inserted (Fig. 8.80). 

The laminar hook is held in place with the hook 
holder and universal handle, which is loaded with 
nut and sleeve. The 6-mm rod is placed into the ped
icle hook on ThS and the laminar hook Th4 (see 
page lS4 Fig. 8.70a). The sleeve and nut are dropped 
onto the laminar hook and the nut tightened with 
the L-shaped handle and 6-mm socket wrench (see 
Fig. 8.70b). A sleeve and nut are dropped onto the 
ThS pedicle hook. A 6-mm rod holder is attached to 
the 6-mm rod below the ThS hook and with the use 
of the distractor the bar is pushed caudally, which 
allows the laminar hook to fit snugly under the lami
na (see Fig. 8.70C). The ThS pedicle hook nut is 
tightened with the L-handed socket wrench and the 
6-mm socket wrench. The claw construct is now 
complete (see Fig. 8.70d). 

The 6-mm rod is pushed toward the mid-line using 
the 6-mm rod holder, first engaging into the apical 
hook; a sleeve and nut are added but left loose. Using 
the 6-mm rod holder and a rod pusher the 6-mm 
rod is now inserted in L1 and a sleeve and nut added 
but not tightened (Fig. 8.81). The laminar hook is 
added to Thl2 if required. The apical hook on the con
cave side will now have been translated toward the 
concave rod. The complex reduction forceps are used 
to attach the pedicle hook to the 6-mm rod (see 
Fig. 8.41, 8.4~, 8.43, 8.72). The spine will have pas-

tightened 

Fig. 8.78 The contoured 6-mm USS rod is inserted into Th4 
pedicle hook and 11 pedicle screw (see also Figs. 8.66 and 8.67) 
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Fig. 8.79 Approximation of Th6 and 
ThlO implants to the 6-mm rod. Do 
not force Ths towards the rod! (see also 
Fig. 8.68) 
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Fig. 8.80 The convex 6-mm rod 
which has been contoured to the sagit
tal plane is inserted into the claw con
struct (see also Fig. 8.69) 
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Fig.8.81 The 6-mm rod is pushed 
with the rod holder medially and in
serted into the pedicle hook at Th8 
and the pedicle screw at L1. The 
sleeves and nuts are added but not 
tightened 
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Fig.8.82 The two cross-links are added 

sively found its own length. The screw holders are 
now attached to the pedicle screw hooks (see 
Fig. 8.73a) and starting from each end, the vertebrae 
are derotated and the nuts tightened (see Fig. 8.73b). 
Hold the end vertebrae in a normal position while 
derotating the intermediate vertebrae. Two cross
links are applied and all the nuts are now tightened 
(see Figs. 8.74b, 8.82). A bone graft is applied to the 
decorticated spine. 

8.2.2.2.2 

Double Curve 

Principle 
The same basic concept of reduction in a single 
curve is applied to double curves (Fig. 8.83a). The 
foundation is made on the neutral vertebrae be
tween the curves rather than an end vertebra 
(Fig. 8.83b). Each curve is considered separately so, 
in fact, the neutral vertebra will act as an end verte
bra. 

Pedicle screws are inserted into the neutral verte
bra (Fig. 8.83b). The upper curve is instrumented as 
previously described in the single right thoracic 
curve (Fig. 8.84a) and the end of the lower curve is 
also instrumented in a similar way with pedicle 
screws (Fig. 8.84b). The rods are contoured to create 
a normal sagittal profile in the thoracic and lumbar 
spine. The rod is inserted into the upper concave 
side of the curve, Th4 and Th12 and locked to the 
neutral vertebra (Th12) (Fig. 8.8sa). The concave 
side of the thoracic curve is reduced as described in 
a single curve but do not use force (Fig. 8.8Sb). Us
ing the caudal part of the rod it is placed on the con
vex portion of the lumbar curve and the curve is 
translated to the mid-line and the rod attached to L4 
(Fig. 8.8Sb) . 

The second rod is inserted into the convex claw of 
the upper curve and is then pushed medially to trans
late the apex of the upper curve to the mid-line - the 
Th8 pedicle hook with end-plate screw is attached to 
the rod (Fig. 8.86a) and the rod then reduced to the 
T12 pedicle screw, The caudal part of the rod is then 
attached to the distal pedicle screw (L4) (Fig. 8.86b). 
The remaining hooks/screws and both apices are re
duced to the rods with the complex reduction forceps 
or crimper forceps. Finally the cross-links are at
tached and bone graft applied (Fig. 8.87). 



Figs. 8.83 - 8.87 
Double curve 

Fig. 8.83 
a Double curve identified by the neutral vertebra and end ver
tebra. The frame concept is added 
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b Insertion of pedicle screws into Th12 
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Fig. 8.84 
a The upper curve instrumented 
b The lower curve instrumented 
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10 

Fig. 8.85 
a The rod is inserted into the concave upper curve and fixed b The concave curve is partly reduced to the rod 
to Th12 
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Fig. 8.86 
a The econd rod is added 
b The remaining hook I crews are reduced to the rod 
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Fig.8.87 Cross-links are added 



8.2.2.3 
Scoliosis: Anterior Correction and Stabilization 

The USS also makes it possible to address a scoliotic 
defonhity from an anterior approach. 

Concept 
The pedicular screws - 5-mm and 6-mm screws -
can be used for anterior anchorage into the vertebral 
bodies. The ordinary 6-mm hard rod is usually used 
in combination with the screws. The concept of cor
rection is the same as in posterior surgery. The pre
bent rod is inserted into the screws, anchored in the 
end vertebrae and all the included vertebral bodies 
are then gradually pulled onto the rod, resulting in a 
three-dimensional correction of the deformity. The 
anterior approach to the spine at any level of the tho
racic and lumbar spine is more demanding for the 
surgeon and patient, but the correction of the defor
mity is likely to be superior to posterior surgery. A 
combination of anterior surgery and posterior cor
rection is indicated in severe and rigid curves; in 
such cases an anterior release is necessary, without 
anterior instrumentation; if anterior instrumenta
tion is performed it would prevent the balancing po
tential of the secondary posterior instrumentation 
for definitive correction. 

Principles 
All the vertebrae involved in the deformity from the 
end vertebra above to the end vertebra below are in
strumented with USS laterally, using open screws -
5 or 6 mm in diameter. The screws are inserted into 
the vertebral body from the lateral convex side of the 
vertebral body. The rod is pre-bent in the form of 
the sagittal plane, i.e., with a lordosis in the lumbar 
and kyphosis in the thoracic spine. 

The pre-bent rod is attached to the end screws, 
one of them being completely tightened in order to 
avoid rotating of the rod, and the other kept loose so 
the rod can glide during the corrective measures, 
i. e., the spine can elongate naturally. The vertebrae 
between both end vertebrae are then gradually ro
tated to the rod with the persuader, alternating from 
the top and the bottom of the construct, working to
wards the middle. 

Indications 
- Lumbar scoliosis. 
- Thoracolumbar scoliosis. 
- Thoracic scoliosis in bony immature individuals. 
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Advantages 
- Derotation is best achieved by anterior instru

mentation. 
- Instrumentation can be shorter than with poste

rior instrumentation. 
Prevents crank-shaft phenomena in skeletally 
immature patients. 

Disadvantages 
- The surgical approach is more demanding, and 

may need the collaboration of an abdominal and/ 
or thoracic surgeon. The patient may need to stay 
in an intensive care unit postoperatively. 

- Rigid curves cannot be controlled and balanced 
by anterior surgery alone. 

Technique 
Depending on the curve, either a thoracotomy, a ret
roperitoneal approach or a combination of both 
with reflection of the diaphragm is performed on 
the convex side of the curve in order to obtain good 
access to the spine area. The exposure of the spine in 
preparation for the instrumentation is well de
scribed in standard textbooks. 

The parietal pleura and/or the parietal peritone
um is mobilized well into the concavity of the curve, 
starting from the lateral aspect of the vertebral body, 
in order to gain access with the finger to the contra
lateral side of the vertebral bodies (concave side of 
the curve). All the disks between the end vertebrae 
are removed, and the cartilage removed in order to 
have bare, bleeding end plates. 

The entry point of the USS 5 or 6-mm screw is 
preferred at the junction of the pedicular origin and 
the vertebral body (Fig. 8.88) and directed perpendic
ular to the contralateral side. At the end-vertebrae lo
cation a staple is inserted with a special staple holder 
(Fig. 8.89c). This small implant provides a fixed angle 
between the staple and screw, preventing the pull out 
and/or tear out of the screw (Fig 8.89b). Once the sta
ple is inserted (Fig. 8.89d), the cortex is opened 
through the staple with the short, sharp awl followed 
by the long, blunt awl (feeler) (Fig. 8.90), which is 
pushed with one hand through the vertebral body and 
the contralateral cortex until it can be felt with the in
dex finger of the other hand when penetrating the 
cortex. The definite length of the screw is chosen 
5 mm longer than necessary in order to enable the po
sitioning of a plastic washer of 4.5 mm diameter as a 
counterfit to the screw. The screw will be turned into 
the washer, which is held compressed towards the 
contralateral vertebral cortical wall and prevents the 
pulling out of the screw from the vertebra. This tech
nique is specifically used for the screws set into the 
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Fig. 8.88 Entry point for the 5- or 6-mm U laterally open screw in the vertebral body 

Fig. 8.89 Special implants 
a Metal wa her and 45-mm pIa tic wa her 

6~3> i ~ b Fixed angle between screw and the metal staple 
C Metal staple attached to the staple introducer 
d Insertion of the staples at the carnial and caudal end 

~ ~ 

~ 
c 

a b 

end vertebrae (Fig. 8.91). All the remaining verte
brae which have been chosen to be included in the 
montage are now instumented but, instead of using 
staples, washers are used with the convex side rest
ing on the concavity of the vertebral body. It is op
tional for the surgeon to also mount the screw tips of 
the intermediate vertebrae with a plastic washer 
since the stress of these screws is less than on those 

in the. end vertebrae and the apical vertebrae. They 
should only be used if the bone is osteoporotic. 

The rod length and contour is chosen with the help 
of the template (Fig. 8.92a, b). The rod needs to be 
about 2 cm longer than measured in order to allow 
the lengthening of the spine along the rod. The ap
propriate-length hard rod is matched to the template 
by bending the rod with the rod bender or the bend-



Fig.8.90 Opening of the cortex 
with the short sharp awl, fol 
lowed by the long blunt awl, 
which is pu bed through the 
contralateral cortex and the 
penetrating awl can be felt with 
the index fmger. crew hole is 
measured with the depth gage 

Fig. 8.91 crew turned into the wa her, which is held com
pres ed towards the contralateral vertebral cortical wall 

ing irons (Fig.8.92C). The prepared rod is intro
duced into the most cranial and caudal screws. The 
most cranial screw is tightened with the rod in the 
position of the planned correction. The most caudal 
screw is left loose so that the rod can glide during 
the correction maneuver (Fig. 8.93). The remaining 
screws are now reduced to the rod using the complex 
reduction forceps beginning from the cranial 
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(Fig. 8-94) and caudal end working towards the 
apex. The screw of the apex vertebra of the curve is 
therefore gradually brought close to the rod so that 
it becomes possible to lock this screw to the rod 
with the persuader. Bone grafts are inserted into 
the disk spaces to maintain the lordosis (Fig. 8.95). 
The spine elongates during the correction pro
cedure and usually there are two disks which are 



170 Chapter 8 Modular Stabilization System: The Universal Spine System 

TEMPLATE 

c 

gaping significantly; these can be filled with 
wedge-shaped femoral rings or titanium cages. The 
wedge-shaped grafts guarantee a good mechanical 
support. 

The final step is to compress the grafts. It is neces-

Fig. 8.92 
a, b Choice of rod length and contour 
with the help of the template rod 
a Frontal view 
b Lateral view 
c Rod is chosen 2 cm longer to allow the 
lengthening of the spine along the rod and 
the rod bent according to the template 

sary to have all screw heads loose except the top end
screw. In order to achieve this objective, the second 
cranial-screw is compressed against the locked end
screw (Fig. 8.96) by means of the rod holder in place 
and the distractor. It is important not to allow the 



Fig. 8.93 The prepared rod is intro
duced into the most cranial and cau
dal screw 

Fig. 8.94 Progressive reduction of 
all the screws to the rod with the 
crimper or the persuader. The open 
screw locks to the rod with the per
suader 

Fig. 8.95 Bone grafting with femo- '1~:=:r-J...~.-:~-. 
ral rings (or titanium cages) of the 
widest disk spaces (*). The rest is 
filled. with cancellous bone 
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Fig. 8.96 Compression of the disk 
space with the grafts, using the dis
tractor against the rod holder in 
place 

Fig. 8.97 Avoid angulation of the 
screw during compression and 
compression across the whole 
graft: the last screw is compressed 
against the rod holder with the 
compression clamp 

Fig. 8.98 Final rod screw configu
ration 



screw1to angulate during compression; the L-handle 
socket wrench and 6-mm socket must keep the screw 
parall~l with the first screw, as this will allow com
pression across the whole graft. Each vertebra is dero
tated. The last screw is compressed against the rod 
holder with the compression clamp (Figs. 8.97,8.98). 

This technique restores the normal sagittal plane 
of the i spine. If the rod is too long in the distal screw 
it can be cut with the rod cutter. 

8.2.2.4 
Kyphosis: Posterior Correction and Stabilization 

Principles 
The construct that is applied posteriorly acts like a 
tension band. Compression causes shortening of the 
spine, and distraction is not recommended in the 
correction of kyphotic deformities as this may cause 
elongation of the cord contents, which may affect 
cord perfusion with neurological consequneces. 
The side-opening hooks and screws make the as
sembly and correction of the deformity relatively 
simple. Preoperative planning of the insertion of the 
implants must be made. The standard construct for 
a thoracic Scheuermann's kyphosis would be be
tween Th2 and L1. However, the exact area to be in
strumented will be determined by the whole spine 
sagittal standing view and a forced extension view of 
the deformed area. The hooks are placed on alter
nate sides of the upper thoracic spine, spreading the 
load more evenly throughout the posterior lamina 
and allowing bone graft application at each level. 

Preoperative Plan 
The area of instrumentation is dictated by the length 
of the curve and flexibility. Anterior release through 
an open or endoscopic transthoracic approach may 
be necessary. For a standard kyphotic instrumenta
tion we choose the thoracic spine between Th2 and 
L1. Cranial implants begin with a claw construct on 
each side (Fig. 8.99), one at Th2- Th3, the other at 
Th3 - Th4. Pedicle hooks are inserted at alternate 
levels, the number depending upon the stiffness of 
the curve (Fig. 8.lOoa, b). It is possible to put pedicle 
hooks or screws on the same level above the apex of 
the kyphosis, in order to push the curve into correc
tion. The caudal level can be instrumented with ei
ther pedicle screw or laminar hooks (Fig. 8.101a, c). 
If pedicle screws are used they must be protected 
from pull-out by laminar hooks on each side 
(Fig. 8.101b or c). Axial compression of the implant 
along the rods towards the upper claw increases the 
correction (Fig. 8.102a, b). 

Cross-links are applied (Fig. 8.102 b). 

Fig. 8.99 Diagrammatic re
presentation of cranial im
plants with a superior claw 
construct (left side T3 - T 4, 
right side T2 - T3) 
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L1 L1 

Surgical Technique 
The spine is exposed with subperiosteal dissection 
between Thl and L1. Initially the pedicle hooks with 
end-plate screws are inserted as in the preoperative 
plan (Fig. 8.99). The laminar hooks are inserted into 
left Th3 and right Th4. The ligamentum flavum is 
carefully removed and with a Kerison bone is re
moved to allow a close fit of the laminar hook. Pedi
cle screws are inserted with radiograph guidance in
to Tl2 and 11 (Fig. 8.101a). Alternatively a claw con
struct can be used (Fig. 8.101b, c). 

Fig. 8.100 
a Insertion of pedicle hooks at the apex 
b Alternative hook configuration 



Fig. 8.101 
a Caudal insertion of pedicle r----~ 
screws 
b Protection of caudal pedich 
screws with laminar hooks 
c Alternative screw/hook con· 
figuration 

-+ ... 
® ® 

LI 
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A 6-mm rod template is placed between T 4 and 11 
to identify the length of the rod (Figs. 8.103, 8.l04a). 
A normal sagittal plane kyphosis is built into the 
rod, using two rod holders to measure the kyphosis . 
If Titanium rods are used then the sagittal correc
tion on the rods must be less than normal kyphosis 
as some bend will occur in the rod during correc
tion. The Tl2 - 11 level is straightened to allow a 
smooth transition from the thoracic kyphosis to the 
lumbar lordosis (Fig. 8.104b). 

The 6-mm rods are now inserted into the upper 
pedicle hooks and the sleeve and nut dropped onto 
the hooks (Fig. 8.lOsa, b). The laminar hook is in
serted and attached to the rod and the sleeve and nut 
dropped into place. The hook is controlled with the 
6-mm socket wrench, and the nut is tightened with 
the 11-mm L-handled socket wrench (see Fig. 70a, b, 
c, d). The claw is now compressed (Fig. 8.lOSC), or 
alternatively a 6-mm rod holder is clamped caudally 
to the pedicle hook, a distractor is applied to the rod 
and with gentle distraction the rod is pushed distal
ly and the laminar hook fits snugly around the lami
na (see Fig.70a, b, c, d). This is repeated on the oppo
site side. The 6-mm rod is now inserted into the next 
caudal pedicle hook, compression is applied to the 
hook with the spreader, and the sleeve and nut are 
applied and tightened (Fig. 8.108). . 

This technique is applied at each level. If the curve 
is particularly stiff then to prevent pull-out further 
laminar hooks can be attached to the rod 
(Fig. 8.100b). 

Two 6-mm rod holders are applied to the rods 
and then both are gently pushed down to Tl2 and 11 
pedicle screws (Fig. 8.107a); if the rod is too long it 
can now be shortened. The rods are inserted into the 
lower screws and the nut and sleeves are loosely po
sitioned (Fig. 8.107b). Compression is applied to the 
screws and the nuts tightened (Fig. 8.108). Laminar 
hooks are applied onto Ll and Th11. The position of 
these hooks will vary depending upon available space 
on the 6-mm rods. Finally two cross-links are ap
plied (Fig. 8.102b). 

Fig. 8.102 Final construct: 
a Compression along the rods against the top claw configu
ration 
b Two cross-links inserted 



a 

b 

Fig. 8.104 
a Rod template bent along the pine to fit the hooks and 
screws 
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Fig. 8.103 
a U rod, 6 mm diameter, hard 
b S bending template 

b Definite rod bent less than template, but appropriate to the 
amount of pine correction 
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Fig. 8.10Sa Construction of the cranial claw configuration b Application of 6-mm rod into pedicle hook and attachment 
of hook and sleeve and insertion and tightening of laminar 
hook 
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Fig. 8.105c Compression of claw Fig. 8.106 Insertion of the rod into the apical pedicle hook 
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Fig. 8.107 
a Reduction of rod tolower pedicle screws b Attachment to the pedicle screw 



Fig. 8.108 Compression applied to screw 
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8.2.3 
USS for the Degenerative Lumbosacral Spine 

8.2.3.1 
Standard Fixation 

Basic Principles and Instrumentation 
In many instances of degenerative lumbar spine dis
ease an internal fixation over one or several seg
ments may be considered as indicated to enhance 
the posterior fusion, to stabilize the spine area in the 
position which is recognized as the most balanced, 
or to stabilize an obvious unstable segment. It is not 
the purpose of this chapter to discuss the need of in
ternal fixation for degenerative lumbar spine dis
ease, which may still be controversial for certain in
dications. The goal of this chapter is to provide the 
appropriate surgical technique to the surgeon when 
he feels internal fixation is necessary. The reader is 
referred to the original literature and textbooks for 
discussion of the position of internal fixation in the 
treatment of lumbar degenerative spine disorders. 

The stabilization of the lumbar and lumbosacral 
spine is unthinkable today without the use of pedicle 
screws. Therefore the application of the USS in the 
degenerative lumbar and lumbosacral spine is based 
on pedicle screw fixation and we do not think that 
hooks are any more a valid alternative except in very 
rare cases. There are a variety of possibilities avail
able for the fixation in the sacrum, either by the 
same standard pedicle screws or by a special sacral 
implant (see p. 186, chapter 8.2.3.2). 

Indications 
- Degenerative instability (uni- to multisegmen

tal), e. g., degenerative spondylolisthesis. 
Iatrogenic instability after decompressive sur
gery. 
Concomitant procedure when a laminectomy is 
performed. 
Adult degenerative scoliosis. 

Advantages 
- Immediate stability for postoperative mobiliza-

tion. 
- Only light orthosis necessary. 
- Enhancement of the fusion healing. 
- Correction of a deformity possible. 
- Preservation of the sagittal profile. 
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Disadvantages 
- Complications from the pedicle screw insertion. 
- Complications from the implant (screw breakage, 

rod breakage). 
- Infection rate higher. 

Implants and Instruments (Fig. 8.109, 110) 
The procedure is typically used for the treatment of 
the lumbar and lumbosacral degenerative spine. 

Pedicle Screws: Side-Opening Screws. The head of the 
side-opening screw conforms with the head of the 
hooks. The advantage of these screws is that they 
can be exchanged, added or removed any time with
out the need to uncouple the whole montage. This is 
not possible with back-opening screws. The side
opening screws are available with a 5-, 6- or 7-mm
diameter thread and a length of 30 - 60 mm. Most of 
the lumbar pedicles take a 6-mm screw, the 51 pedi
cle and in tall and heavy people the lower lumbar 
pedicles can also be instrumented with a 7-mm 
screw (Fig. 8.109). The screws are self-tapping. 

A screwdriver with holding sleeve and univer
sal handle is used for the screw insertion 
(Fig. 8.11oa-c). The screw can be lifted directly from 
the screw pack. The screwdriver is inserted into the 
screw head and the holding sleeve lowered and 
turned clockwise to complete the connection 
(Fig. 8.111a, b). The sleeve and nut are prepared on 
the screw rack for loading, into the 11-mm cannula
ted socket wrench with a straight handle (Fig. 8.112). 

The nut and sleeve is loaded onto the 11-mm can
nulated socket wrench. Alternatively, the screw ex
tension stick can be mounted on the screw and used 
as a screwdriver with the universal handle (Fig. 8.114 

or see page 129 Fig. 18.18 -18.23). With this handle 
the stick can be easily removed or the handle itself 
can be removed separately leaving the extension 
stick in place. The extension stick can be used as a 
guide to facilitate the insertion of the nut and sleeve 
(Fig. 8.115) as well as for the cannulated socket 
wrench and also for the complex reduction forceps 
(persuader) (Fig. 8.116). When the socket wrench is 
loaded and the screws have been prepared the rod is 
inserted into the screw heads. The rod has to be ex
actly 900 to the head of the screw. With the rod in 
place the sleeve and nut are released (Fig. 8.115) and 
the socket wrench is used to bring down the sleeve 
and nut. The smaller side of the sleeve comes down 
onto the rod and the nut is then tightened. 

The rod-crimping pliers are used if there is diffi
culty introducing the rod into the side-opening 
(Fig. 8.117). In situations where the rod tends to 
jump off the screw head before the sleeve and nut 

Fig. 8.109 Side-opening pedicle screws: 5, 6 and 7 mm in 
length and 30 - 60 mm in diameter 

a 

b 

c 

Fig. 8.110 
a The U.S. universal handle 
b The screwdriver insert for the side· opening pedicle screws 
c The holding sleeve for the screwdriver 

b 

Fig.8.111 
a Screwdriver with mounted holding sleeve 
b The screw is held by the sleeve on the screwdriver, which fits 
firmly to the screwhead when the sleeve is tightened clockwise 
to complete the connection 



Fig. 8.112 Socket wrench with a spring 
mechanism at the bottom to hold the sleeve 
and nut in place 

Fig. 8.113 Insertion for nut and sleeve: First 
the nut and then the sleeve can be directly 
loaded to the insertion instrument 

Fig.8.114 Extension stick for holding the 
screws and hooks which is screwed onto the 
screw/hook head. While holding the handle. 
the nut on the top is rotated to attach the exten
sion stick to the screw 

Fig. 8.115 Compression of the nut on 
top of USS universal handle releases the 
nut and sleeve and the extension stick 
acts as a guide 

Fig. 8.116 The complex reduction for
ceps used over the extension stick to re
duce the anchorage to the 6 mm USS rod 

Fig. 8.117 a, b The USS rod 
crimply pliers with which 
the rod can l?e brought into 
the lateral open screw head 
and extension stick 

Fig. 8.118 If the rod is con
nected to the screws from 
opposite sides. they can 
compensate for a hooks 
4-mm anatomic offset with
out having to bend the rod 8.117a 
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can be lowered down onto the screw head/rod com
pound, the persuader (complex reduction forceps) 
can be used (Fig. 8.n6). 

If the rod is connected to the screws from the op
posite sides, they can compensate for a 4-mm ana
tomic offset without having to bend the rod 
(Fig. 8.n8). The pedicle can be compressed or dis
tracted with the compression or distraction forceps 
and the hexagonal rods tightened (see page 154 
Fig. 8.70). 

Pedicle Screws: Variable Axis Screw. This screw has 
the same thread dimensions as the standard side
opening pedicle screw and is available in 6-mm, 
7-mm and 8-mm thread diameters, and 30-60 mm 
lengths (in 5-mm increments). The variable axis 
screw consists of the titanium nut, collar, locking 
ring and rod-screw connector (Fig. 8.119a). It is col
our coded deep blue to differentiate it from the side- a 

opening screws. The variable axis allows 36 0 of an
gulation of the screw (72 0 of angulation in any 
plane) to facilitate rod-to-screw connection 
(Fig 8.n9b). The angulation minimises the need for 
rod contouring. 

Special Instruments (Fig. 8.120 b) a 

II 

III 

IV 

v 

Fig. 8.119 
a Variable axi screw a embly (I: nut, II: col
lar, III: locking ring, IV: rod- crew connector, 
V: screw) 
b 36" angulation around the aD of the screw 

b .. -. __ 

Surgical technique: The appropriate pedicles are 
prepared with the awl and probe. The length of the 
required screw is obtained by measuring the depth 
with a depth gauge. It is important to decorticate 
around the head of the screw to allow room for the 
locking ring to seat properly over the rod and screw 
connector and screw head. Care should be taken to 
align the screws along the same axis in the frontal 
plane. This may require adjusting the screws so they 
are all at approximately the same height. 

Fig. 8.120 Special Instruments 
a Locking ring impactor 

Fasten the hook/screw holder (extension stick) 
onto the rod/screw connector. Snap the assembly 

a b c 

b Locking ring extractor 

onto the head of the variable axis screw (Fig 8.121a). 
Slip the locking ring over the hook/screw holder 
with the etching on the locking ring parallel to the 
rod opening in the rod or screw connector. The 

Fig. 8.121 
a Hook/screw holder (extension stick) is attached to 
the rod and screw connector and is snapped onto the 
variable axis screw 
b Slip the locking ring over the hook/screw holder, 
with the etching on the locking ring parallel to the 
rod opening in the rod/screw connector 
C The locking ring is impacted onto the head of the 
screw using the locking ring impactor 



hook/screw holder is used to guide the ring into po
sition (Fig. 8.121b). Prior to rod insertion the locking 
ring may be impacted onto the head of the screw us
ing the locking ring impactor (Fig. 8.121C). Impac
tion of the ring ensures the rod screw connector is 
securely placed over the screw head prior to manip
ulation. The rod template is used to determine the 
length and contour of the rod. The soft 6-mm titani
um rod (Fig. 8.122) is contoured in the usual way 
(Fig. 8.123a, b). 

Orientate the side-opening screws parallel to the 
rod (Fig. 8.124a) and use the rod crimping pliers to 
approximate the rod into the side opening screw 
(Fig. 124b). Load the collar for the variable axis 
screw and a hexagonal nut onto the loading posts in 
the tray and align the 11-mm socket wrench over the 
loading post and apply pressure (Fig. 124c). Place 
the loaded wrench over the head of the implant and 
turn clockwise to tighten the nut and secure the as
sembly (Fig. 8.124d). At this stage compression or 

a b 
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Fig. 8.122 6 mm rod comes in two different types: soft rod, 
length 50 - 150 mm; hard rod, length 200 - 500 mm 

___ ---------------------------~o~~ 
a 

b 

Fig. 8.123 
a Bending iron 
b Bending plier 

a' 

b' 

Fig. 8.124 
a Orientate the side opening screw 
parallel to the rod 
b Use the rod crimping pliers to 
approximate the rod onto the side
opening screw 
c ll-mm socket wrench is applied 
over the hexagonal screw and sleeve 
d The ll-mm loaded socket wrench is 

d placed over the head of the implant 
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a 

c 

distraction can be applied with the holding forceps 
and either the USS spreader forceps, USS compres
sion forceps as previously described (Fig. 8.l25). The 
ll-mm L-handle socket wrench is used with 6-mm 
socket wrench over the straight hook/screw holder 
(extension stick) to tighten the hexagonal nut (page 
131, Fig. 8.24). 

Alternatively remove the holding sleeve for the 
screwdriver and place it with the ll-mm L-handle 
socket wrench onto the hexagonal nut and tighten. 
This prevents torque on the screw. A cross-link is fi
nally added to the construct. The locking ring ex
tractor (Fig. l2ob) is used to dislodge the locking 
ring of the variable axis screw from the skirt of the 
connector to allow for removal or replacement of the 
variable axis screw. 

Pedicle Screws - Back Opening Screws (Click'X) 
The new polyaxial pedicle screw system has been 
developed for low back surgery. The screw consists 
of cylindrical pedicle screws, 3D-heads which are 
clicked on the pedicle screws and locking caps. The 
pedicle screw have a 'double thread' which doubles 
the speed of insertion while keeping the thread 
properties of the USS Pedicle Screws. Once the 3D
head is clicked on, it offers ± 25 0 of freedom in all di
rections (Fig. 8.l26a). This allows sagittal as well as 
lateral screw offset which reduces the need for pre
cise rod contouring or even allows the use of pre
bent rods simplifying the handling. The pre-bent 
rods are heat treated after the bending process (nor
malised) to guarantee the same physical properties 
as straight rods. 

The locking cap consists of a ring to close the 
back opening screw head and an inner (blue) set 
screw to fix the rod and the polyaxial freedom of the 
3D-head (Fig. 8.l26b) 

b 

Fig. 8.125 
a Holding forceps for 6-mm rod 
b U spreader forceps 
c USS com pre ion forcep 

b~ 

Fig. 8.126 
a The pedicle screw with the 3D-head which allows ± 25 0 of 
freedom of movement in all directions 
b The locking cap 

Indications 
- Degenerative spinal instabilities (uni-multiseg

mental) e.g. degenerative spondylolisthesis. 
- iatrogenic instability after decompressive sur

gery 
- fractures with intact posterior wall or with stable 

bone graft or cage reconstruction of the anterior 
column. 

Contra indications 
- Deformities 
- Fractures with unstable interior column support l 

- Tumours l 

1 Pedicle screws should only be used to supplement anterior 
column reconstruction with bone graft or cages. 



a 

Implants (Fig. 8.127a, b) 

Instruments (Fig. 8.128) 

Surgical technique 
The pedicle is opened as decribed earlier and the 
depth measured. The appropiate pedicle screw is 
picked up directly from the screw rack using the 
self-holding screwdriver and inserted into the pedi
cle (Fig. 8.129a). Make sure there is enough space 
und and around the ball top of the pedicle screw to 
be able to click on the 3D-head. Take care to align the 
top of the crews in one plane. 

Pick up the 3D-head directly from the screw 
rack using the self-holding positioning holder. Click 
the 3D heads on each inserted pedicle screw 
(Fig. 8.129b). 

Use the rod template to predeterminate the cor
rect length and contour of the 6 mm USS soft rod 
(Fig. 8.129c). Note, the ± 25 ° offreedom of the 3D
head compensates a certain lateral screw offset 
which reduces the need for precise rod-contouring. 

Note: Titanium rods must not be bent more than 
45 o. Care must be taken that rods are not bent for
wards and backwards (danger of breakage). 

Insert the rod into the aligned 3D-heads using the 
USS rod holder (Fig. 8.129d). Use the rod pusher to 
push the rod into the 3D-head (Fig. 8.12ge). In con-

b 

c 

Fig. 8.1 28 In trument 
a Self-holding screw driver 
b elf-holding po itioner holder 
C Rod pusher 
d Extraction forceps 
e Locking-cap crew driver 
f Compression forceps 
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W 

~ ~ ~ 
r:::::::::- ~ 

b t::::::: ~ 
Fig.8.127 Implant: 

a a 3- 0 Pedicle screws 
b 6.0 mm soft titanium rod 

structions with more than two pedicle screws per 
side, start with the most central 3D-head. 

Pick up the locking cap from the screw rack using 
the self-holding screwdriver, slide it through the al
ready placed rod pusher onto the 3D-head and tight
en it (Fig. 8.129[). The rod is now secured in the 3D
head which still has its polyaxial freedom. Repeat 
for all remaining 3D-heads before tightening the 
blue set screws using the hexagonal screwdriver. The 
rod pusher is used to counteract the tightening mo
ment (Fig. 8.129g). 

d 

e 
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Fig 8.129 
a 1n ertion of screw with the self-holding screwdriver 
b 3D-head in the self-holding positioner holder 
C Rod-template to predetermine the correct rod length 



(Fig 8.129) 
d Insert the rod with the 6 mm USS rod holder 
e Use the rod pusher to push the rod into the 3D-head 
f Insert locking cap with the self-holding screwdriver and in
sert it down the already placed rod pusher 
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g The hexagonal screwdriver is used to tighten the set screws, 
the rod pusher is used to counteract the tightening moment 
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(Fig 8.129) 
h compression or distraction can be applied as long as the set 
screw is loose (mobile 3D-head) 
i The 3D-head can be remobilised by using the extraction for
ceps after having removed the rods 

Compression/Distraction with Mobile 3D-Head 
Compression or distraction with a mobile 3D-head 
can be carried out as long as the blue set screw of the 
pedicle screw to be moved has not been tightened. 

Compress/distract using the compression/dis
traction forceps (Fig. 8.131h) and tighten the blue set 
screws as described. 

Compression/Distraction with Fixed 3D Head 
Tighten all blue set screws. Loosen the blue set screw 
of the pedicle screw to be moved using the hexago
nal screwdriver. Thereby use the screwdriver to 
counteract the loosening moment on the locking 
cap. Compress/distract using the compression/dis
traction forceps and tighten the set screws as de
scribed above. 

Remobilisation 
The 3D-heads can be remobilised at any time using 
the extraction forceps (Fig. 8.129i). After having re
moved the rod, insert the working end of the forceps 
into the 3D head and press the handles. 
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Fig. 8.130 
a USS sacral fIXation device: implants 

a 1 sacral clamp, a2 sacral screw, a3 sacral clamp 
bUSS sacral fixation device: instruments 

bl sacral threaded screw holder, b2 sacral handle, 
b3 removing forceps 

8.2.3.2 
Sacral Fixation 

Implants (Fig. 8.130a) 

Instruments (Fig. 8.130b) 

Principle 
Fixation to the sacrum is an essential part of any im
plant system. The failure of long constructs at the 
lumbosacral junction is well documented. The de
sign of the system should allow attachment to the sa
cral pedicles, the alar and iliac wing. It should be low 
profile. The USS sacral system allows a variable an
gle screw to be inserted independent of the 6-mm 
rod, and it can be connected to the USS rod with va
riable-length plate-connectors (Fig. S.130a). It is 
compatible with the standard USS system. The core 
of the system is a variable-angle screw which can be 
applied in different positions and create different as
semblings of screw rod connections. 

Position of Screws 
Sl - S2 Screws. The insertion of the screws is de
scribed in the section on Pedicle Screw Insertion. 
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bl 

Alar Screw 
The ideal screw position is angled cranially 45 0 lat
erally 20 0 running parallel to the sacroiliac joint. 

Iliac Wing Screw (Galveston Type Technique) 
A long 90- to 100-mm screw is placed into the iliac 
wing, the direction being anterolateral in a 50 -70 0 
angulation from the sagittal plane. A small portion 
of the posterior iliac crest may need to be removed. 

USS Technique: Sacral System Insertion 
The entry point into the sacrum is identified. The 
appropriate length sacral clamp is placed loosely on 
the rod so that the opening of the clamp lies over the 
entry point into the bone. The screw can be angled 
up to 20 0 in the clamp; if a greater angulation is re
quired then the 300 angle sacral clamp is used to in
crease the total angulation of the screw. The USS awl 
is passed through the clamp into the bone; depend
ing on the direction of the screw it may be danger
ous to penetrate the far cortex because of the close 
proximity of nerves and vessels. The mid-line is the 
only safe area to penetrate. The awl is removed and 
the depth measured. 

The appropriate-length sacral screw is inserted 
into the sacral handle with the attached spanner. 
The screw is inserted and the clamp is then placed 
over the screw. Once the screw is in the clamp, the 
sacral handle is placed on the screw while the sacral 
threded screw is tightened. This mechanism pushes 
the slotted ball into the conically shaped end of the 
sacral screw causing it to be locked into the clamp. 
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The sacral 6-mm socket wrench is loaded with the 
locking screw and fixed to the thread protruding 
from the clamp. This locks the screw to the clamp. 
Finally the clamp is fixed to the USS 6-mm rod by 
tightening the hexagonal screw. 

Sacral Clamp Removal 
The locking screw is removed with the sacra16-mm 
socket wrench (Fig.8.130b). The sacral clamp re
moving forceps are placed underneath the clamp 
and closed (Fig. 8.130b). This disconnects the clamp 
from the screw (Fig. 8.130a2). 

8.2.4 
USS for Spondylolisthesis Reduction and Stabilization 

8.2.4.7 
Spondylolisthesis 

The USS offers the scope to reduce and stabilize 
spondylolisthesis, if used with the addition of a few 
special devices, and at the same time allows a short 
fixation. We do not encourage surgeons to rely ex
clusively on posterior reduction and fixation in 
spondylolisthesis more severe than grade II. In 
these cases we recommend a 3600 circumferential 
fusion, specifically after a significant reduction. 

Principles 
The pedicle screws are placed into the pedicle with 
the extension screw holders (sticks), which allows 
the screws to be used as Schanz screws with a sig
nificant lever arm. The LS vertebra is rotated in the 
sagittal plane around the sacrum, eliminating the 
kyphotic deformity and at the same time perform
ing a posteriorly directed translation. The final sta
bilization is performed using the tension band 
principle posteriorly and an anterior buttress graft, 
if necessary through a separate anterior interbody 
fusion (AUF) or a posterior interbody fusion 
(PUF). 

Indications 
- Spondylolisthesis LS/S1 (grade 0-V) combined 

with anterior surgery if necessary. 
- Spondylolisthesis L4/LS. 

Advantages 
- Reduction and stabilization with the same instru

mentation. 

Disadvantages 
- Technically demanding. 
- Visualization of the LS and S1 nerve roots is nec-

essary when a relevant reduction is planned. 
- LS nerve root injury. 

Techniques 

Spondylolisthesis Grade II-IV. In the case of isthmic 
spondylolisthesis grade II, the loose arch of L5 is re
moved and the roots ofLS and at times S1 are identi
fied and decompressed, this allowing visualization 
of the roots during reduction in order to avoid any 
traction on the roots. A complete posterior release 
of the posterior annulus and disc is helpful to facili
tate the reduction procedure. Special Schanz screws 
with a machine thread along one shaft and with a 
6 mm diameter in the threaded part (occasionally 
S mm if the pedicles are small) are inserted in the 
pedicles ofLS and lateral opening screws are insert
ed in the S1 pedicles (Fig. 8.131a). These latter screws 
are preferably 7-mm-diameter screws but the load 
during the reduction maneuver may be so signifi
cant that a second screw may be placed in the lateral 
sacral mass. The Schanz screws have a maximum 
thread of 3 cm length at the top for the reduction 
maneuver. 

a 

Fig. 8.131 
a Special chanz screws with a 6-mm threaded part are in ert
ed in the L5 pedicle on each side and lateral-opening U S pref
erentially 7-mm crews are inserted in each SI pedicle. The 

chanz screw have a machine thread of 3 cm in length at the 
top of the haft 



(Fig. 8.131 ) 
b Two U S rods ab ut 8 em in length <Ire contoured to the de· 
ired lumbosacral I rdo is and implemented with a clamp of 

the internal fixator component of the U 
c The rods are mounted to the chanz crew in S and the lal· 
eral opening screw in the acrum 

Fig. 8.132 
a Two internally threaded tubes -,s mm in diameter and 6 em 
in length are now sleeved over the chanz crew. Big handy 
nuts are mounted at the he. agonal end of the tubes allowing 
the tightening fthe tube along the threaded part of the chanz 
crew, therefore gradually pulling back the vertebra of LS 

b The external fixat r clamps glide I 0 ely on the rod. The 
sma1l6-mm hexagonal ' et crews o(the internal (ixator damp 
are left 100 I' 

c The chanz crew ' are compre I'd against the sacral crews, 
thus creating a lordosis of the original kypholic deformity at 
L5- I 
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Two rods each about 8 cm in length (if the montage 
is taken to L4, the rod needs to be longer) are con
toured to the desired lumbosacral lordosis and im
plemented at the cranial end with a posterior open
ing clamp from the internal fixator component of 
the USS (Fig. 8.131b) is attached. The rods are 
mounted with the posterior-opening clamp to the 
Schanz screws at L5 and inserted caudally into the 
heads of the lateral-opening pedicle screws in the sa
crum (Fig. 8.131C). The rods are locked in place by 
adding the sleeve and nut to the screw heads of the 
sacrum. The nuts are tightened completely. The pos
terior opening clamp is kept loose on the rod as well 
as the Schanz screw in order to allow the clamp to 
glide on the rod during the reduction maneuver 
(Fig. 8.132c). Tubes of 5,5 mm in diameter and 6 cm 
in length are now sleeved over the Schanz screws 
(Fig. 8.132a). Large nuts are mounted at the hexago-

Fig. 8 .133 
a The large nut on the Schanz screw i removed 
b The socket wrench i slipped over the Schanz screw on each 
ide at the same time and by compre sing the shaft of the 
chanz screws against the SI screw with extension sticks, the 

hexagonal nut of the clamp is tightened 

nal end of the tube and tightened against the threa
ded screw shaft, this leading to a gradual posterior 
reduction of the vertebra L5 with the Schanz screws 
(Fig. 8.132b). Before tightening the nuts of the poste
rior-opening clamps, the Schanz screws can be ma
nipulated so that the original kyphotic deformity is 
reduced into lordosis (Fig.8.123C). This can be 
achieved with a powerful handle which is linked to 
the two long tubes (Fig. 8.132b). However, care must 
be taken not to pull or tear out the screws, either in 
L5 or in the sacrum. During the reduction maneuver 
the roots of L5 and Sl need to be repeatedly checked 
in order to avoid squeezing or pulling them. 

When the reduction is achieved, which can be 
checked by image intensifier, the big nut on the 
Schanz screw is first removed on one side (Fig. 133a), 
the socket wrench is slicked over the Schanz screw 
with the tube still in place and the hexagonal nut 



** I \~--

Fig. 8.134 
a The crew may be compressed against each other 10 main
tain the tension banding y tern while the et screws of the fi 
xator clamp are 100 e ("); however, the crew are ecure
Iy tightened 
b When the end position is reached, the et crew of the inter
nal flxator clamp i tightened 

Fig. 8.135 
a The exten ion tick of the S. crew are removed 
b The chanz screws are shortened with the bolt cutter 
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of the clamp is tightened (Fig.8.133b). The same 
procedure is then performed on the other side. Now 
the tubes are removed by untightening. With the 
USS compression clamp the head of the LS screws 
and those from the SI screws are compressed apply
ing the tension-banding force (Fig. 8.134a). Then the 
small 6-mm hexagonal screws are tightened, in or
der to block the clamps on the rod (Fig. 8.133b). The 
extension sticks of the SI screws are removed 
(Fig. 8.132a). The Schanz screws are cut over the 
clamp with the bolt cutter (Fig. 8.132b). The tighten
ing of the sacral screw is checked. The two rods are 
connected with the cross-link (Fig. 8.133a, b). If 
there is not enough space between the L5 and SI 
screw to place a cross-link clamp, a special cross
link is used. A posterolateral fusion is added and if 
there is any doubt about the maintenance of the re~ 
duction and the stability of the fIxation, either a 
PLIF or an anterior interbody fusion needs to be 
added. 

Fig. 8 .136 
A cross-link system i in taLled as de cribed previously 
a Lateral view, b Frontal view ( ee Fig. 7.36, p. 119 - 120) 

Spondylolisthesis IV-V. If it is anticipated that the 
reduction of a grade IV or V spondylolisthesis will 
be diffIcult to achieve, two-step surgery is an alter
native. The fIrst step consists oflocal posterior radi
cal release of the lumbosacral junction and the per
cutaneous insertion of the external fIxator (see 
Fig. 9.17, p. 209-210) with gradual reduction. 

In a second surgical session a combined anterior 
posterior procedure is then performed. The patient 
will be positioned in the fIrst stage with the external 
fIxator in place and an anterior interbody fusion 
LS/Sl (L4/S) is performed and stabilized using a long 
6.s-mm cancellous screw with mounted washer 
which acts as a compression screw (Fig. 9.17g, 
p. 204). In the second stage the patient is positioned 
prone, the external fIxator is removed and replaced 
by a USS pedicular system from L4/LS to SI and is 
enhanced by a posterolateral fusion. If there is any 
concern regarding pin-track infection, the posterior 
procedure is delayed for 1 week. 



CHAPTER 9 

Other Fixation Systems 

9.1 
Hook-Screw System for Spondylolysis Treatment 

Surgical Technique 

A mid-line incision is made between the spinous 
processes ofL4 and SI (for spondylolysis L5 and SI). 
The soft tissues are dissected subperiostially on 
both sides, and the entire neural arch, the spondylo
lysis and the inferior circumference of the upper in
tervertebral joint are exposed. A clear exposure of 
these structures is mandatory to avoid technical 
faults (Fig. 9.1). The spondylolysis is cleared, the 
'pseudo arthritic' connective tissue is removed and 
the spondylolysis is freshened (Fig. 9.2). 

The joint capsule is then opened in its caudal cir
cumference, and the tip of the inferior articular pro
cess of the vertebra aboveis resected according to 

Louis. The tips of the articular process press on 
the interarticular portion of the vetebral arch like a 
pair of pincers when lordosis takes place and are 
thought to play an important role in the pathogene
sis of spondylolysis (Fig. 9.3). The ligamentum fla
vum is partially removed from the inferior surface 
of the neural arch and the caudal area of the neural 
arch is slightly notched using a Kerrison rongeur to 
prevent lateral slipping of the hook (Fig. 9.4). The 
spondylolysis hook is slid over the vertebral arch 
from the caudal end by means of the special holding 

The spondyJoJysi is expo ed 

Fig. 9 .2 The 'pseudoarthritic' connective tissue i removed 
with a rongeur 
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Fig. 9.3 The joint capsule of the facet joint is opened and an 
osteotomy of the tip of the inferior articular processes of the 
vertebra above is done 

forceps, with the screw directed towards the base of 
the superior articular process (Fig. 9.sa). 

When the base of the superior articular process 
has been precisely identified by K-wires (Fig. 9.Sbl 
b'), a hole for the hook screw is drilled in the base of 
this articular process with the 2.s-mm drill through 
the hole of the hook (Fig. 9.sc/c'). The drill is intro
duced through the hole of the hook, which ensures 
that the entry point of the screw will come to lie pos
teriorly outside the spondylolysis, directly at the 
base of the superior articular process of the spondy
lotic vertebra. The drill must penetrate the entire 
breadth of the base of the articular process. 

The length of the drilled canal is measured and is 
normally approximately 18 mm. The thread length 
of all screws is uniformly 20 mm. Thus it is easy to 
determine how deep the screw is inserted. In every 

Fig. 9.4 The flavum must be removed from the inferior sur
face of the loose arch. A small notch is added at the caudal area 
of the arch by a Kerrison rongeur to keep the hook from sliding 
sidewards 

Fig. 9.5 
a The spondylolysis hook is positioned with the special hold
ing forceps over the arch caudally 



b 

c 

(Fig_ 9.5) 
b, b' The screw or K-wire in the hook giving the direction for 
drilling in the superior articular-pedicle complex 

case, the screw must penetrate the two cortices and 
project anteriorly by 1-2 mm over the circumfer
ence of the base of the articular process (Fig. 9.6a). 
Before the osteosynthesis is compressed by means of 
the compression spring and nuts, fresh cancellous 
bone, which can be taken from the iliac crest 
through the same incision, is inserted into and along 
the lateral side of the spondylolysis (Fig. 9.6c, d). 
Care must be taken to ensure that afterwards, when 
the hook is tightened and the cancellous bone is 
compressed in the spondylolysis, no bone fragments 
are pressed anteriorly against the nerve root or to
wards the spinal canal. 

If a gap of the spondylolysis is relatively large, 
compression should be carried out by tightening the 
nuts on both sides after both implants are in situ. 
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" ~ 
c, c' The drill must penetrate the entire breadth of the base of 
the superior articular-pedicle complex 

Thus a twisting of the vertebra is avoided. Direct re
pair and compression, allowing closure of the spon
dylolisthesis' may be at least partially achieved. Fur
thermore, care should be taken when the second nut 
is being tightened with the hexagonal wrench 
(Fig. 9.7) to avoid the screw from being inserted fur
ther, thus preventing excessive compression from 
taking place. The thread projecting over the nuts is 
cut off (Fig. 9.8a, b). 

Postoperative Care 
The patient can usually be mobilized the 2nd dayaf
ter surgery. A lumbar corset (prepared preopera
tively) may be worn for 3 months, i.e., until definite 
consolidation of the spondylolysis has taken place. 
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Fig. 9.6 
a The screw is inserted through the hook with a special screw
driver. The screw should penetrate 1- 2 mm at the base of the 
superior articular process 
b The nut and spring are inserted over the screw 
c, d Once the lytic gap is filled with cancellous bone graft. the 
nut is tightened. and the gap and graft are put under compres
sion 

Fig. 9.7 To finish with. a second nut is inserted. In or
der to avoid further compression. the first nut needs to 
be withheld with the hexagonal key while the second nut 
is lightened with the hexagonal screwdriver 



-
a 

Fig. 9.S 
a, b The protruding part of the spondylolysi screw is finally 
cut off 

9.2 
External Spinal Skeletal Fixation 

9.2.1 
Principles and Technique 

External fixation of the spine was developed by Ma
gerl in 1977 for the treatment of thoracolumbar and 
lumbar fractures. With external spinal skeletal fIxa
tion (ESSF), effective reduction and stabilization of 
comminuted fractures was possible immobilizing 
only two motion segments (Figs. 9.9, 9.10). Further
more, both decompression and stabilization were 
feasible in one session from the less traumatic poste
rior approach and functional aftertreatment was 
possible. ESSF was used with success in more than 
100 fractures. After the advent of the AO internal fIx
ation device, ESSF was abandoned as a routine 
mode of treatment for spinal fractures because of 
the potential risk of infection and the demanding 
postoperative care required. Today, ESSF is primari
ly used as a diagnostic tool for chronic low-back 
pain, as a reduction tool in high-grade spondylolis
thesis and as a treatment modality for spinal osteo
myelitis. Exceptionally, it is used as a mode of treat
ment for spinal fractures or for posterior stabiliza
tion of unstable pelvic fractures of the Malgaigne 
type. Although originally inserted by open means 
for the treatment of spinal fractures, ESSF is nowa
days exclusively inserted percutaneously. Entry 
points and optimal sites of the Schanz screws are 
identical to those for open insertion; the technique 
of percutaneous ipsertion, however, is different and 
will be discussed in this section. 
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9.2.1.1 
Technique of Percutaneous Insertion of Schanz Screws 

Antibiotics are administered preoperatively and 
during the entire duration of external fixation. The 
patient is intubated and placed prone on a radio
translucent operating table which allows anteropo
sterior (AP) and lateral image intensifier control of 
the thoracic and lumbar spine, of the sacrum and of 
the ilium if necessary. No plastic drape is used to 
avoid subcutaneous penetration of plastic material. 
The technique of insertion is illustrated in 
Figs. 9.11- 9.14. 

9.2.1.2 
Postoperative Care 

Postoperatively and during the whole duration of 
treatment, a foam mattress is used to enable the pa
tient to remain in the supine position while re(iting. 
A window is cut out of the mattress to accommodate 
the external fixator (Fig. 9.15). The dressing is 
changed daily (Fig. 9.16), and the skin and the 
Schanz screws are cleaned. 

9.2.1.3 
Insertion of Thoracic Screws 

For insertion of Schanz screws in the thoracic spine 
(T2- T12), the technique of insertion is basically the 
same as described above with three important ex
ceptions: 

(cantin. on p. 206) 
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a 

b 

a The frame consists of two transverse bars each connecting 
two Schanz screws in the same vertebra. The two transverse 
bars are connected together with three threaded rods which 
are stabilized to both bars by ball-and-socket joints, allowing 
stabilization of the frame in almost any position of the rods 
and bars. The two lateral rods are placed 2.3 em anteriorly of 
the middle rod, so that anterior distraction and compression 
may be performed by applying compression or distraction on 
the middle rod (see Fig. 9.10). For secure locking ofthe defini
tive position, triangular locking plates with three set screws 
are mounted at each end of the threaded rods. Varying sizes of 
bars and rods enhance the versatility of the system 
b Ball-and-socket joint connecting the transverse bars with 
the threaded rods 
C Locking plate 

Fig. 9.9 AO external flXator. 
The AO external flXator con
sists of four chanz screws 
and a fully adjustable frame 

1 ...... ---60mm --- ....... 1 , , , , , , 
~~~~~~~~~~~~~;'~~~~~~~' (c::::::::J : ' (i: 
i 06mm 0Smm : 
, 

d :.- _____________ _ 160 mm ----------------.: 

d The Schanz screws are 16 em long and self tapping. Their 
anterior part has a diameter of 5 mm over a distance of 6 em 
(3.5 em is threaded) while their posterior part has a diameter of 
6mm 
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Fig. 9.10 Preloading. The ESSF is always applied with prelo-
ad. This increases the stability of the construct 
a Distractive preload is used for stabilization of painful mo
tion segments during diagnostic stabilization, for reduction of 
spondylolisthesis or kyphotic deformities in osteomyelitis of 
the spine and for stabilization of compression injuries of the 
spine or Malgaigne fractures of the pelvis 

a \ 
\ 

Fig. 9.11 a, b Installation of the image intensifier 
For transpedicular insertion of Schanz screws, an AP view of 
the spine is obtained and the image intensifier tilted in the cra
niocaudal direction (a) so as to be parallel to the end plates and 
also tilted 5 - 20 0 laterally (b) according to the mediolateral in
clination of the pedicles (the exact angle can be measured on a 
preoperative CT scan) 
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D 
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b 

b Compressive preload is only used in the treatment of osteo
myelitis of the spine to enhance spontaneous fusion or for sta
bilization of pressure-resistant intervertebral fusions after ad
ditional anterior interbody fusion 

b 

CJ 

I 
I 

o 

I 
I 
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For insertion of screws into the sacrum, an AP projection of 
the sacrum is obtained, the image intensifier beam being tilted 
craniocaudally to be parallel to the end plate of Sl. For inser
tion of Schanz screws into the iliac bone, iliac-oblique and ob
turator oblique views must be obtained (see Fig 9.13-9.14) 
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Fig. 9.12 Insertion of Schanz screws in the thoracic and lum
bar spine 
a A stab incision is made over the center of the pedicle's pro
jection. 2.s-mm K-wire is brought to bony contact with the 
posterior elements, still in the center of the pedicle's projec
tion. To prevent inadvertent slipping of the K -wire towards the 
nerve root, it should be directed slightly cranially before being 
lightly hammered in to stabilize it 
b A drill sleeve with a denticulated end is inserted over the K
wire and hammered onto the bone. The K-wire is removed 

without moving the drill sleeve, the adequate site of which is 
controlled under the image intensifier 
c A o.s-cm-deep drill hole is made with a 3.2-mm drill and a 
K-wire is inserted in this hole to check its adequate placement 
in the pedicle after removing the driltsleeve. The K -wire is re
moved and replaced with a Schanz screw, which is slightly 
driven in. 
d Once the Schanz screw has a good grip, a lateral projection is 
obtained and the screw is inserted under image intensifier con
trol close to the anterior cortex, which should not be perforated 



Fig. 9.1 3a, b In ertion of chanz crew in the acrum. tab 
incision is performed and a chanz screw is inserted without 
previous drilling. (a ) The Schanz screw enter the acrum mid
way between the lateral border of the posterior foramen of 

Fig. 9.14a, b Insertion of Schanz screws in the ilium. Entry 
point of the Schanz screws is the posterior superior iliac spine 
(a). The screws diverge 15 - 25 0 from the sagittal plane accord
ing to the plane of the iliac wing and point towards the an-
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I and the lateral border of the superior articular proce of 1 

and converges 10 -15 0 medially toward the promontorium 
(b) 

terior inferior iliac spine, passing cranially to the greater sciat
ic notch (b). The exact lateral deviation is parallel to the image 
intensifier beam when the iliac wing is seen tangentially as in 
the obturator-oblique view 
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1. The screwhole must be predrilled in its entire 
length to make sure that the screw still follows the 
desired route. 

2. Since the pedicles may be smaller than the 
Schanz screw, the entry point of the screw must 
be located in the lateral half of the pedicle's pro
jection. The screw hole will therefore perforate 
the pedicle laterally, covered by the rib. Care 
must be taken that the screw reenters the bone 
and does not slip along the outer cortex of the 
vertebral body. 

3. Since the thoracic pedicles are oriented caudally, 
the screws should aim 10 - 20 a caudally. 

The percutaneous stab wounds for the insertion of 
the Schanz screws must be cleaned daily with H20 2 

and alcoholic antiseptic solution. The Schanz screws 
must be cleaned very carefully to prevent any reten
tion of secretion by crust formation, which could be 
the cause of infection spreading along the Schanz 
screws. If the external fixator has to be left in place 
for several weeks or even months, a custom-made 
plastic corset with a rigid housing covering the as
sembly is worn to protect the external fixator and 
prevent screw penetration in case of a fall on the as-

Fig. 9.16 Wound dressing 
The wound dressing is made with sponges and a wooden 
tongue spatula is inserted under the frames of the fixator to 
prevent window edema developing in this area 

Fig. 9.15 A cut is made in the foam mattress to accommodate 
the external fixator 

sembly. The patient is followed up biweekly for pin 
care control. 

9.2.1.4 
Treatment of Complications 

Infection 
Superficial infection is treated by removal of the in
fected Schanz screw, cleaning of the screw canal by 
irrigation with antiseptic solution and systemic an
tibiotic therapy. A deep infection is treated by re
moval of all Schanz screws while the patient is under 
general anesthesia as an emergency procedure, 
combined with extensive debridement of the infect
ed screw canal including drilling out the canal in the 
vertebral body. Systemic antibiotic therapy is in
stalled. 

Screw Loosening 
Any loose screw should be removed since this may 
cause infection. 



9.2.7.5 
RemQval of Schanz Screws 

Rembval of the Schanz screws is performed without 
anae~thetics. Intramuscular administration of an 
analgesic 30 min before removal is usually suffi
cieni. Prior to removal, all stresses within the assem
bly are released .. After removal of the screws, the 
screr canals are irrigated with antibiotic solution 
using a long needle with a ball tip. The wounds are 
covered with a sterile dressing. 

9.2.21 
External Fixation as a Diagnostic Tool 
in Low-Back Pain 

Principle 
The sacroiliac joints and specific motion segments 
of the lumbar spine may be immobilized for several 
days or weeks to test the effect of stabilization on the 
patient's pain and therefore evaluate the potential 
benefit of a fusion operation. 

Indications 
Chrqnic, intractable low-back and/or referred pain 
due to degenerative disease or spondylolisthesis is 
present. Since percutaneous stabilization of the 
lumbar spine is an invasive diagnostic method with 
all the inherent risks both of the general anesthesia 
and of the surgical procedure itself, indications 
must be restricted. This method should only be used 
as a last diagnostic resource in chronic low-back 
pain, and only if facet blocks and diskography both 
failed to demonstrate the pain origin. 

Technique 

Operative Technique. The vertebrae to be instru
mented are chosen based on plain and functional X
rays as well as on magnetic resonance imaging 
(MRI): the aim of the fixation is to stabilize the mo
tion segments expected to be responsible for the 
pain. The screws are inserted percutaneously ac
cording to the technique described previously. Each 
lumbar vertebra can be instrumented and every mo
tion segment may be examined sequentially. How
ever, we usually only instrument the top and bottom 
vertebrae of the segment(s) expected to be responsi
ble for the pain. If the segment L5/S1 has to be in
cluded in the stabilization in the presence of osteo
porotic bone, it is advisable to insert the Schanz 
screws in the os ilium rather than in the sacrum, 
where the bone stock may be very poor. The trans
verse bars of the external fixator, each connecting 
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the two Schanz screws of the same vertebra, are 
mounted. However, no stabilization is performed at 
that time: this is important in order to detect a place
bo effect of the Schanz screw insertion itself. The pa
tient is allowed to get up the 1st day after surgery. 

Clinical Evaluation. As soon as the acute postopera
tive wound pain has disappeared, the patient is 
asked to do everything which was painful before 
surgery (e. g., sitting, standing, walking, bending, 
lifting). Usually, some of these exercises may pro
voke additional mild back pain due to interference 
of the Schanz screws with the muscles and the skin. 
However, the pain provoked by the Schanz screws 
can easily be differentiated by the patient from the 
original low-back pain itself. The original back pain 
will usually reappear within 4 - 5 days after surgery, 
after the acute postoperative pain has disappeared. 
The transverse bars of the external fixator are then 
connected together with the threaded rods and the 
fixator frame is stabilized in distractive preload, 
which stabilizes the corresponding motion seg
mentes). All manipulations are performed without 
anesthetics while the patient is awake. Too much an
terior distraction must be avoided, since this may 
cause severe back pain. If the painful motion seg
ment has been stabilized, this stabilization should 
lead to immediate relief of the original pain, which 
should reappear as soon as the frame is destabilized 
1 or 2 days later. This procedure must be repeated 
several times without the patient knowing in which 
state of stability the frame is in. This is very impor
tant in order to detect a placebo effect. Furthermore, 
the patient's responses to these changes must always 
be concordant in order to allow a reliable statement 
of the pain origin. If Schanz screws have been insert
ed in more than two levels, e. g., in L2, L3, L5 and Sl, 
then the stabilization and destabilization is per
formed stepwise, e.g., L2/3, L2/5, L5/S1 and 12/S1, 
but again always without the patient knowing which 
segments have been stabilized and what is expected 
to happen with the pain. The patient's response to 
the direct manipulation of the nonstabilized hori
zontal bars may also be recorded. In this manner, 
specific motion segments may be manipulated and 
pain reproduced. 

Therapeutic Consequences of the Percutaneous Sta
bilization 

- If reliable pain responses are obtained by the sta
bilization and destabilization of one or more 
motion segments of the lumbar spine, a definitive 
fusion of this (these) segment(s) may be per-
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formed. The Schanz screws are removed and the fu
sion operation is performed several weeks later, af
ter complete healing of the stab wounds. 
- If stabilization does not relieve the patient's pain 

or even worsens the pain, then the pain is not 
likely to be relieved by a fusion operation of the 
motion segments examined. No fusion operation 
should be performed. 
If the pain is relieved by insertion of the Schanz 
screws alone and does not reappear even after 
7 days, then a placebo effect must be postulated. 
No fusion operation should be performed. 

9.2.2.7 
Gradual Reduction of Severe Spondylolisthesis LS 

Principle 
Gradual closed reduction of severe spondylolisthe
sis while patient is awake. This allows exact neuro
logical monitoring and therefore early detection 
and treatment of neurological complications. 

Indication 
- Grade III and IV spondylolisthesis L51S1 
- Spondyloptosis 

Advantages 
- Neurological monitoring possible during the en

tire period of reduction 
- Early detection and treatment of neurological 

complications possible 
- Facilitates anterior interbody fusion 

Disadvantages 
- Technically demanding 

Technique 
Schanz screws are inserted percutaneously into L4 
and the iliac bone. The transverse bars and the lon
gitudinal connecting threaded rods are inserted in
traoperatively and slight anterior distraction is ap
plied to distract the soft tissues. Once the acute 
wound pain has disappeared (4- 5 days after sur
gery), gradual anterior distraction is started with
out anaesthesia by applying as much anterior dis
traction as is tolerated by the patient. Once the inter
vertebral disc hight has increased (in a grade III and 
IV spondylolisthesis) or the lower posterior edge of 
L5 has reached a position cranial to the anterior 
edge OfSl (in a spondyloptosis), the lordosis is grad
ually increased by decreasing the distance between 
both transverse bars, while maintaining distractive 
preload. During this maneuvre, all ball-and-socket 
joints must be loose to permit rotational movements 

in these joints. As reduction is accomplished and ky
phosis reduced, the longitudinal threaded rods may 
have to be exchanged and shorter ones inserted. 
Otherwise, the cranial end of the rods would im
pinge on the skin. During the whole procedure, the 
neurological status of the legs (especially of the 
nerve roots L5) is watched very carefully. If any neu
rological disturbance is encountered, reduction is 
discontinued. This maneuvre alone is usually suffi
cient to allow reduction to a grade I-II. 

If adequate reduction is not possible with this 
maneuver, gradual posterior traction may also be 
applied on the transverse bar mounted on L4. Today, 
no marketed device is available for this purpose. 
However, a simple traction device mounted at the 
top of the Schanz screws in the os ilium and pulling 
the transverse bar in L4 backwards may be manufac
tured locally by any mechanic. If the kyphotic defor
mity ofL5 cannot be corrected as desired, additional 
correction may be obtained with Schanz screws im
planted in L5, after maximal correction has been ob
tained with the Schanz screws inserted in L4. 

Once adequate reduction has been obtained, an
terior interbody fusion is performed and the exter
nal fixator is removed (Fig. 9.17). It is advisable to 
prevent postoperative extrusion of the grafts by us
ing a cancellous screw inserted into the sacrum and 
acting as a buttress maintaining the anterior grafts 
in place. Posterior stabilization with internal fixa
tion ofL51S1 or L4/S1 (depending on whether the in
tervertebral disk L4/L5 is intact or degenerated as 
seen in the MRI) is added after complete healing of 
the posterior stab incisions. After posterior stabili
zation and fusion, the patient is allowed to get up 
with a lumbar corset for 3 months. 



Fig. 9.17 
a Schanz screws are inserted into L4 and the iliac bone 
b Slight anterior distraction is applied to screch the soft 
tissues 
c Once the acute wound pain has subsided, gradual closed 
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reduction ist started by increasing anterior distraction and 
lordosis 
d If increasing lordosis alone is not sufficient to reduce L5 to a 
grade I - II slip, L4 may additionaly be pulled backwards or 
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(Fig. 9.17) 
e L5 itself may be instumented and manipulated 
f After reduction to grade I - II, anterior interbody fusion is 
performed in situ without adding any distraction. The grafts 
are secured with a buttress screw (with a washer, if necessary) 
9 After healing of the stab incisions, posterior stabilization is 
performed using a pedicle device or this 'paralaminar screw fix
ation' Sl/L5. The screws are anchored in the articular process of 
Sl and aim towards the pedicle ofL5. They enter its pedicle at 
the level of the lysis and cross the pedicle in a caudocranial di
rection 



9.2.3 
Percutaneous Treatment of Osteomyelitis of the Spine 

Principle 
Treatment of osteomyelitis of the spine using percu
taneous reduction of kyphotic deformity and de
compression of the spinal cord, percutaneous drain
age of the abscess with suction/irrigation and per
cutaneous stabilization of the unstable spine. 

Indications 
- Osteomyelitis of the spine from T3 to SI, when 

emergency decompression of the spinal cord is 
mandatory, but anterior decompression is not 
suitable. 

- Pyogenic osteomyelitis of L5/S1, when surgical 
treatment is indicated. 

- Painful lesions of the spine (even with minimal 
destruction) not amenable to efficient orthotic 
stabilization (T3 ~ T9, L5/S1, elderly patients). 

- Infected wounds making open surgery unsuit
able. 

Advantages 
- Minimal invasive treatment. 
- No emergency anterior approach is needed. 
- Anterior interbody fusion possible later on if nec-

essary. 
- Mobilization of the patient possible soon after 

surgery. 

Fig. 9.18 
a Needle biopsy is performed through the pedicle of the lower 
vertebra involved 
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Disadvantages 
- Technically demanding. 
- Anterior bone loss is not replaced. 
- Inconvenience for the patient (external fixator). 
- Demanding postoperative care. 
- Potential risk of infection (not seen so far). 

Technique 
The patient is placed prone on a radiolucent operat
ing table. A needle biopsy of the infected interverte
bral disk space is performed with a biopsy needle 
with a 3.5 mm core diameter (Fig. 9.18a). The biopsy 
needle is introduced through the pedicle of the low
er vertebra involved. Once material has been aspi
rated for bacteriological examination, wide-spec
trum antibiotics are administered and the extent of 
the abscess cavity is demonstrated with contrast 
medium injected through the biopsy needle. 
Through the same biopsy needle, a drain is inserted 
into the disk space and secured in its position with a 
skin suture. A second drain is inserted into the disk 
space through the opposite pedicle (Fig. 9.18b). 
Schanz screws are inserted one level above and one 
level below the two affected vertebrae. The frame is 
mounted and the kyphosis reduced by applying lor
dosis and anterior distraction on the destroyed mo
tion segment. The reduction is monitored with lat
eral image intensifier control (Fig 19.18c). This ma
neuver not only reduces the kyphosis, but also 
stretches the posterior part of the annulus fibrosus 

b A drain is inserted on both sides into the intervertebral disk 
space for suction/irrigation 
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c 

(Fig. 9.18) 
c chanz crews are inserted into the vertebra above and be
low the affected vertebrae 

Fig. 9.19a, b In cases with severe bone defect, debridement 
and anterior interbody fusion using tricortical autologous 
bone grafts from the iliac crest may be performed later on to 
prevent secondary kyphotic deformity after removal of the ex-

and decompresses the spinal cord, which is usually 
compressed by the retropulsed annulus fibrosus, by 
the apical part of the lower vertebra and by a possible 
epidural abscess. Irrigation of the intervertebral disk 
space and of the abscess is started by introducing al-

d 

d Anterior distraction and lordosis are applied to restore lor
do i, tretch the posterior annulu fibro us, decompre the 
spinal cord and stabilize the spine 

ternal fixator. In this case, anterior compression is applied with 
the external fixator to stabilize the bone graft and enhance 
healing (b) 

ternately H20 2 and isotonic solution through one 
drain and aspirating it through the other one. Irriga
tion with isotonic solution is performed for 7 days. 

In cases with severe bone defect or large abscess 
formation, anterior debridement and interbody fu-



t--

Fig. 9.20 In cases with small bony defects, anterior compres
sion may be applied after several weeks to enhance spontane
ous aJ;1terior bony fusion 

sion with stable corticocancellous bone grafts is per
formed 3 - 4 weeks after initial surgery (Fig. 9.19). At 
this time, sterile conditions may be anticipated. To 
enhance healing of the bone grafts, anterior com
pression is now applied with the external fixator, 
which, up to that time, was applied with anterior 
distraction. The external fixator is left in place until 
healing of the anterior interbody fusion has been 
demonstrated in lateral tomograms usually after 
3 months. At the thoracolumbar junction, the exter
nal fixator may also be removed after the anterior 
procedure and replaced by a corset. 

When the external fixator is used for stabilization 
in patients with small and painful lesions not ame
nable to orthotic stabilization (especially upper tho
racic spine and lumbosacral junction), distractive 
preload is slowly diminished after 4 weeks under 
constant neurological observation and changed to 
compressive preload to enhance spontaneous bony 
healing of the lesion (Fig. 9.20). After 3 months, the 
fixator is destabilized and removed even if no anteri
or bony bridging has occurred. 
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9.2.4 
External Fixation for Spinal Fractures 

Principle 
Reduction and stabilization of fractures of the tho
racic and lumbar spine using percutaneous external 
skeletal fixation. 

Indications 
Thoracic, thoracolumbar and lumbar fractures 
with acute cord compression associated with: 

- Deleterious general conditions making open sur
gical procedure unsuitable (e.g., coagulopathy, 
which cannot be corrected within 1 or 2 h, associ
ated brain contusion with edema, which makes 
prolonged prone position and/or unsteady blood 
pressure undesirable, unstable angina pectoris). 
Open, contaminated or infected wounds. 

Advantages 
- Possible even when open surgical procedures are 

impossible (quick procedure, no blood loss). 

Disadvantages 
- No bone grafting possible. 
- No open decompression or spinal canal possible. 

Technique 
Immediately after positioning the patient, closed 
longitudinal traction and lordosis is applied to the 
patient to partially reduce the fracture (Fig. 9.21). 
Schanz screws are inserted percutaneously in the 
two vertebrae immediately adjacent to the injured 
vertebra. Compressional rotational injuries are re
duced by applying anterior distraction. Reduction is 
supervised under lateral image intensifer control. 
The correct reduction is obtained when the verte
bral end plates adjacent to the fractured vertebra are 
parallel to each other. In this position, anterior dis
tration is increased for optimal reduction of the pos
terior wall fragment and preloading of the system. 
Care must be taken not to overdistract a distraction 
injury. If performed during the first 24 hrsafter in
jury, this closed maneuver is almost always suffi
cient to reduce compression-burst fractures with 
even large and massively retropulsed bone frag
ments. If spinal canal compromise persists (post
operative CT scan), open decompression and inter
nal stabilization are performed as soon as general 
conditions allow. 
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Fig.9.21 Reduction of burst fracture 
a Complete burst fracture (A3.3) 

Postoperative Care 
If adequate spinal canal decompression has been 
achieved by closed reduction, external fixation may 
be left in place until fracture healing has occurred. 
Since no bone grafting is possible, external fixation 
should be left in place for 4 months. An alternative is 
to replace ESSF after 2 months with a cast which is 
worn for another 2 months. At that time, the poste
rior vertebral elements are sufficiently consolidated 
to prevent displacement of the posterior wall frag
ment during application of the cast. However, we 
recommend removing and replacing ESSF by an in
ternal fixation device a few days after surgery, once 
the general conditions of the patient have improved 
and allow open surgery. Secondary internal fixation 
should not be delayed for more than 1 week because 
of the possibility of contamination of the stab inci
sions. 

9.2.5 
Stabilization of Unstable Malgaigne Fractures 

Principle 
Stabilization of Malgaigne fractures by inserting 
Schanz screws into L4 and the iliac bones. 

Indications 
Unstable pelvic fractures of the Malgaigne type in 
the presence of skin lesions, making open surgical 
procdures impossible. 

b Reduction under distraction+lordosizing 

Advantages 
- Percutaneous reduction and stabilization possi

ble even in the presence of deleterious skin le
sions. 

- No blood loss, quick procedure. 

Disadvantages 
- Difficult control of reduction. 
- Demanding postoperative care. 

Technique 
Schanz screws are inserted into L4 and the iliac 
bones on both sides (Fig. 9.22). Reduction of a cra
nial dislocation is achieved by applying distraction 
between L4 and the dislocated iliac bone. A lateral 
displacement is reduced by applying compression 
between both iliac bones. 



Fig 9.22 Reduction of dislocated pelvic 
fracture (Malgaigne type) 
a Schanz crew in erted in 4 and iliac 
wings 
b Applying distraction between L4 and iliac 
bone thus giving reduction 
c Compression between both iliac bones 
correcting the lateral displacement 

9.3 
Cage Systems 

9.3.1 
Fixation with the Titanium Interbody Spacer 

Principle 
The titanium interbody spacer (TIS) is a titanium 
ring which provides immediate structural stability 
and reproduces the natural lordosis of the lumbar 
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spine. The spacer is wedge shaped and has a second
ary arc curvature which mirrors the dome of the 
vertebral end plate in the lumbar spine. The spacer 
has teeth on both sides which allows fixation into 
the end plate and prevents migration. The spacer is 
designed in an oval fashion to follow the anatomy of 
the end plate (Fig 9.23). The large hollow, center 
space allows for autograft or allograft. The spacer 
may also be used with coralline hydroxyapatite, 
which allows osteoconduction to occur at the end 
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plate-coralline hydroxyapatite interface (Fig 9.25). 
This may be used in conjunction with posterior in
strumentation. 

Indications 
- For anterior lumbar interbody fusions from 

L1- L2 to L5/Sl. It may be used for degenerative 
disk disease, spondylolisthesis, failed lumbar la
minectomy syndrome, pseudoarthrosis and in
ternal disk disruption. 

Advantages 
- Due to its wedge shape, it recreates the lumbar 

lordosis within the disk segm~nt. It allows dis
traction and maintenance of the intervertebral 
disk space height. 

Fig. 9.23 Different sizes of 
titanium interbody spacers 
(TIS) 

Fig. 9.24 Instruments: Dif
ferent size templates to open 
the disc space (a) and to test 
the size and position of the 
cage (b). Instrument to deliv
er the cage (c) 

- Provides immediate, secure anterior lumbar sup
port. 
When used with coralline hydroxyapatite it elim
inates the need for bone graft to obtain fusion. 

Disadvantages 
- Difficult to assess radiographic fusion at the tita

nium-bone interface. 
Requires an intact end plate to prevent subsi
dence into the vertebral body. 
Does not have expansion capabilities for verte
brectomy. 
May require an additional posterior fixation in 
case of an unstable motion segment which cannot 
be immobilized enough with the anterior spacer 
alone. 



(Fig. 9.24d) 
Different size of TIS with pos
sible Coralline inserts 

Instruments and Implants (Fig. 9.24d) 

Surgical Technique 
A standard anterior retroperitoneal or transperito
neal flpproach is made to expose the anterior lumbar 
spine. The anterior annulus is opened with the scal
pel and the disk is separated from the end plates 
with ' an end plate cutting tool. The disk is then re
moved with a curette and rongeur down to the pos
terior annulus. The posterior annulus is left intact. 
The cartilage is removed from the end plate prefer
entially with a ring curette. This is done carefully to 
maintain the structural integrity of the vertebral 
end plate. Once this is completed the disk space is 
sized with the spacers by placing the spacers into the 
disk space horizontally and then turning them verti
call~ to distract the disk space (Fig. 9.24a/b). Once 
the ~ppropriate size has been determined, the titani
um ~nterbody cage is selected and filled with bone 
graft or coralline hydroxyapatite (Fig. 9.24d). Using 
special introduction device (Fig 9.24c) the spacer is 
placed into the disk space and hammered into posi
tion, while the template or intervertebral body 
spreader are in place, still allowing the cage to be in 
the midline put in the optimal position (Fig. 9.25C). 
The spacer is designed to stay within the disk space. 
It should be midline and to the anterior aspect of the 
vertebral body to cover the exposed teeth of the 
spacer. This is done to prevent vascular injury. 

Alternative Surgical Technique 

BERG Approach. The balloon-assisted endoscopic 
retroperitoneal gasless (BERG) approach involves 
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an endoscopic minimally invasive approach to the 
spine. This approach decreases operative morbidity 
and is done through a balloon dissection of the ret
roperitoneum. The operative field is maintained by 
a series of special balloon retractors as well as stan
dard anterior operative instruments. The gasless 
minimally invasive approach allows tract access to 
the anterior aspect of the spine and the use of stan
dard anterior instruments to perform the anterior 
diskectomy and placement of the TIS. 

Postoperative Care 
The patient is mobilized in a lumbosacral orthosis 
for 12 weeks, and in the hospital, on the first postop
erative day. If the minimally invasive BERG ap
proach is utilized, the patient is mobilized immedi
ately. 

9.3.2 
Anterior Titanium Interbody Spacer (SynCage) 

Surgical Technique 

Principles 
The anterior titanium interbody spacer (SynCage) is 
a titanium spacer which provides immediate struc
tural stability and reproduces the normal lordosis. 
The spacer is designed to fit between the endplates. 

Indications 
- For anterior lumbar interbody fusions from Ll/L2 

to L5/S1. It may be used for degenerative disc dis
ease, spondylolisthesis, failed lumbar laminecto
my syndrome, pseudoarthrosis and internal disc 
disruption. 
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Advantages 
- Due to its wedge shape, it recreates the lumbar 

lordosis within the disc segment. It allows dis
traction and maintenance of the intervertebral 
disc space height. 

- Provides immediate, secure anterior lumbar sup
port. 

- When used with a coralline hydroxyapatite it esti
mates the need for bone graft to obtain fusion. 

Disadvantages 
- Difficult to assess radiographic fusion at the tita

nium-bone interface. 
Requires an intact end plate to prevent subsi
dence into the vertebral body. 
Does not have expansion capabilities for verte
brectomy. 
May require an additional posterior fixation in 
case of an unstable motion segment which cannot 
be immobilised enough with the anterior spacer 
alone. 

Instruments and Implants (Fig. 9.25) 

Surgical Technique 
Implantation of the spacer is performed in three 
stages. First preoperative planning; second the sur
gical approach and finally, insertion of the spacer. 

Preoperative Planning 
Prior to surgery, the desired surgical approach and 
an estimation of the appropriate spacer height 
should be determined. The desired surgical ap
proach is dependent on the level to be treated and 
the surgeon's preference. As the spacer can be in
serted either from the anterior, antero-lateral or lat
eral direction, the surgeon is free to use the ap
proach of choice. The technique for insertion of the 
spacer varies slightly depending on the direction 
chosen. 

An initial estimate of the spacer size can be deter
mined by comparing the Radiographic Template 
with the adjacent intervertebral discs on a lateral ra
diograph. The height of the template is I-mm (half 
the height of the two sets of teeth) shorter than that 
of the respective spacer to account for penetration of 
the teeth into the vertebral bone. 

The spacer must fit firmly with a tight press-fit 
between the endplates with the segment fully dis
tracted. It is essential that the tallest possible spacer 
be used so as to minimise the stability of the seg
ment resulting from tension in the ligament and an
nulus fibrosus. 

It is recommended that the spacer is supplement-

ed with posterior stabilisation either with translam
inar screws or pedicle fixation. 

Anterior Approach 
For anterior insertion the midline of the interverte
bral disc must be exposed so that there is a clear 
space on either side of the vertebral midline (sagittal 
plane) equal to half the width of the spacer. If the 
vessels and/or tissues cannot be retracted sufficient
ly, insertion from an antero-lateral direction may be 
indicated. 

A rectangular window the width of the spacer is 
cut in the anterior longitudinal ligament and annu
lus fibrosus. Care must be taken to retain as much of 
these structures as possible as they are important for 
the stability of the instrumented segment. 

The anterior longitudinal ligament and annulus 
fibrosus, the disc material is excised and the superfi
cial layers of the cartilaginous endplates are re
moved to create a bleeding bone surface. Adequate 
cleaning of the endplate is important for vascular 
supply to the bone graft, however, exessive cleaning 
may weaken the endplate due to removal of the 
denser bone of the endplate. 

Once the endplates have been prepared and any ad
ditional surgical procedures completed, the spacer is 
introduced into the intervertebral space as follows: 

Distraction of the segment is essential for resto
ration of disc height, opening of the neural foramen 
and stability of the spacer. Distraction is achieved 
prior to insertion of the spacer with the distractor 
and distractor blades. 

The distractor blades are placed into the disc 
space. To ensure that the spacer is inserted symmet
rically in the disc space, place the line on the blades 
in the midline (Fig. 9.26a). 

Compressing the distractor handle opens the disc 
space. 

Once desired level of distraction is achieved, the 
required spacer size is determined using the trial 
implants as follows: 

Select the trial implant which corresponds with the 
spacer size determined during the pre-operative plan
ning. Slide the trial implant over the distractor blades 
into the disc space (Fig. 9.26 b,b'). If a tight fit is not 
achieved, try the next larger trial implant size; or if the 
trial implant cannot be inserted, try the next smaller 
trial implant size. With the segment fully distracted, 
the spacer/trial implant must fit firmly with a tight 
pressfit between the endplates such that the disc 
height is not lost once the distractor is removed. It is 
essential that the tallest possible spacer be used so as 
to. maximise the stability of the segment resulting 
from tension in the ligament and annulus fibrosus. 



Fig 9.25 Instruments and Implants for the anterior titanium 
interbody spacer (SynCage) 
a Trial implant holder, straigt and angled 
b Trial implants 
C Anterior interbody spacer holders 
d Disc space distractor 
e Lateral distractor 
f Packing block 
g Graft punch 
h Anterior titanium interbody 
spacers - four sizes 

~ 
~., 
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Fig 9.26 
a Insertion of distractor 
b Attachment of the implant holder to the trial implant 
b' Distraction applied with insertion of the trial implant 
c The appropriate spacer is attached to the implant holder 
d Packing of the spacer with cancellous bone d 



(Fig. 9.26) 
e Insertion of appropriate size spacer 
f Spacer inserted 

Once the size of spacer has been selected the distrac
tion can be temporarily relaxed. 

The spacer corresponding to the trial implant is 
then selected. The spacers are colour coded by 
height (extra small- yellow; small- blue; medium -
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violet and large - green). With the spacer of the cor
rect height chosen, it is secured on the straight im
plant holder (Fig. 9.26c). 

The cancellous graft is morsellised for ease of 
packing into the interior of the spacer. To assist 
packing the graft, the spacer with the implant holder 
attached can be set into the packing block. The bone 
graft impacter can be used to firmly pack the graft 
material (Fig. 9.26d). 

In order to optimise blood supply to the graft, it is 
important that the spacer is completely filled such 
that the graft protrudes from the holes in the spacer. 

With the spacer ready for insertion, the segment 
is again distracted. The distraction is fixed-by light
ening the locking screw on the handle. 

The spacer is then introduced into the disc space 
by placing it between the blades of the distractor 
such that the slots on the superior and inferior sur
faces on the spacer fit over the blades of the distrac
tor (Fig. 9.26e). 

The spacer usually requires light hammering to 
introduce it into the disc space. The distractor 
should be withdrawn once the spacer is inserted but 
not fully seated in the disc space and prior to the fi
nal insertion by hammering. Once the spacer is in 
the correct position, the locking screw on the dis
tractor's handle is loosened and the distraction re
leased. The distractor is gently removed while the 
spacer is maintained in position by the implant 
holder. 

The optimal position for the spacer is such that it 
is centred within the middle of the vertebral end
plate. 

Depending on the size of the vertebrae, the ante
rior edge of the spacer will be approximately 3-5 mm 
posterior from the anterior edge of the adjacent ver
tebvrae. The location of the space relative to the ver
tebral bodies in the AP direction should be verified 
using an image intensifier (Fig. 9.26)f. 

Any additional bone graft may be packed in 
spaces remaining around the spacer, in particular 
into the anterior slot of the spacer. 

Antero-Lateral and Lateral Approach 
Once exposure of the intervertebral disc is attained 
and the surrounding tissues and vessels retracted, 
a special screw is inserted into each of the verte
bral bodies adjacent to the disc to be treated. 
These screws should be introduced parallel to each 
other. 

Care must be taken to ensure that these screws are 
not inserted too deeply. 

The tubular extensions of the lateral distractor 
are then slid over the screws (Fig. 9.27a). 
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The vertebral segment is distracted by turning 
the knob of the distractor. 

If neccessary, additional distraction may be 
achieved using a vertebral spreader to open the 
space using the lateral distractor to hold the distrac
tion. The trial implants may also be used to help 
open the segment. 

To determine the correct size of spacer, the trial 
implant is slid into the disc space (Fig. 9.27b). 

If a tight fit is not achieved, try the next larger 
trial implant size, or if the trial implant cannot be in
serted' try the next smaller trial implant size. With 
the segment fully distracted, the spacer must fit 
firmly with a tight press-fit between the endplates 
such that the disc height is not lost once the distrac
tor is removed. It is essential that the tallest possible 

spacer be used in order to maximise the stability of 
the segment resulting from tension in the ligament 
and annulus fibrosus. 

Once the spacer has been selected the distraction 
can be temporarily relaxed. 

The appropriate spacer chosen, it is secured on to 
the implant holder (Fig. 9.27C). 

Depending on the angle of the approach the spac
er will be introduced from an offset direction or 900 

offset. The former is achieved using the offset im
plant holder which grips the spacer on its lateral 
edge. 

If the spacer is to be introduced perpendicular to 
the vertebral midline (900 offset) the straight im
plant holder is used to grasp the spacer on its lateral 
side. 

Fig 9.27 
a Application of lateral distraction 
b Insertion of trial implant 



(Fig. 9.27) 
C Attachment of angled implant holder to the 
titanium spacer 
d Insertion of spacer with canceUous graft 

With the spacer packed with cancellous bone ready 
for insertion, the segment is again distracted. 

The spacer is then introduced into the disc space. 
The spacer may require light hammering to intro
duce it into the space (Fig. 9.27d). 

The optimal position for the spacer is centred 
within the middle of the vertebral endplate. De
pending on the size of the vertebrae, the anterior 
edge of the spacer will be approximately 3-5 mm 
posterior from the edge of the adjacent vertebrae. 
The location of the spacer relative to the vertebral 
bodies in the AP direction should be verified using 
an image intensifier. 

Once the spacer is in position, the distraction is 
released and lateral distractor is removed. The two 
special screws are then removed. 

Supplemental posterior procedure 
Translaminar screws have been shown to signifi
cantly improve the biomechanical stability of the 
motion segment regardless of the design of ALIF 
implant. Therefore, the use of this simple and safe 
procedure is recommended to supplement the sta
bility provided by the spacer. The procedure is per
formed after implantation of the spacer. For treat
ment of spondylolisthesis the use of supplemental 
pedicle screw construct is indicated. In such cases 
the posterior procedure may be performed first. 
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Postoperative care 
The patients can be mobilised the day after surgery. 
A brace (T.L.S.O. or L.S.O.) should be worn for the 
first three months postoperatively. The patients 
should be cautioned against activities which place 
unreasonable stress on the region. Excessive physi
cal activity and trauma affecting the involved verte
brae may cause premature failure through loosening 
and/or wear of the spacer. 

9.3.3 
Contact Fusion Cage 

Principle 
The contact fusion cage is an implant system for 
posterior lumbar interbody fusion (PLIF). 
It was designed: 

- To fuse the adjacent vertebral bodies in an opti
mal anatomic position. 

- To allow distraction of the disk space to be 
bridged resulting in restoration of disk height, 
lordosis and widening of the foramen. 

- To avoid penetration of the end plates by the cage. 
- To support bone growth through the cage. 
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Fig.9.28 Implants 
CONTACT fusion cage. open at the top and the bottom. where 
the bone graft packed in the cage comes into contact with the 
adjacent vertebral end plates 
b Bone compression crew 

Fig.9.29 In truments 
a Disc space opener 
b Vertebral body preader 
c CO TACT fusion cage holder 
d L-handle with quick coupling 
e Bone compression foreceps 
f Bone curette. rectangular 
g Emergency holder 

a 

b 
f 

Implants (Fig. 9.28) 
The cages have a rectangular cross-section. They are 
introduced on the flat side and turned clockwise in 
order to spread the disk space and to bring the cage 
into its final vertical position. When viewed from 
the side, the cages have rounded superior and inferi
or edges, giving them a 'compact' lenticular form 
that conforms to the average form of the sagittal sec
tion of the lumbar disks (L4 - L5, L5 - Sl). Thus, the 
posterior edge of the end plates is left intact and pre
vents the cages from migration posteriorly. Choos
ing the best-fitting cage from a range of seven sizes, 
the optimal disk height and the natural lordosis can 
be restored without having to cut an implant site in
to the end plates. 

The superior and inferior surfaces of the cage are 
open, in order to receive the milled bone that is com
pressed inside the cages. The bone is pressed firmly 
against the end plates by a compression screw which 
is advanced into the middle of the cage after implan
tation. The autologous bone supports bone growth 
through the cages themselves and the bony fusion of 
the adjacent vertebral bodies. The cages are manu-

c 

d 

e 

factured from strong titanium alloy (TAN), which 
provides MRIICT compatibility. 

Instruments (see Fig. 9.29) 
The handling of the instruments needs to follow the 
instructions strictly, otherwise the system may fail 
and a proper application of the PLIF-contact fusion 
cages may be compromised. 

Indications 
Painful lumbar and lumbo-sacro pathologies indi
cated for segmental arthrodesis including: 
- Degenerative disk disease and instability. 
- Primary surgery for certain advanced disk dis-

eases or extensive decompression. 
- Laminectomy, facetectomy, foraminotomy. 
- Revision surgery for failed disk surgery, recur-

rence of disk herniation, postoperative instabili
ty. 

- Pseudoarthrosis of a posterolateral fusion. 
- Degenerative spondylolisthesis grade I or II. 
- Isthmic spondylolisthesis grade I or II. 



Fig. 9.30a Disa.ssembling of the implant holder (a ) 
into the screwdriver, implant holder and security 
sleeve (b ) ill 

It is recommended to use PLIF preferentially with an 
additional posterior instrumentation, putting the 
cages under compression and restoring the posteri
or tension banding system (load-sharing concept). 

Contraindications 
- Severe osteoporosis. 
- Unstable burst fractures and compression frac-

tures. 
- Active infections. 
- Destructive tumors. 
- Involvement of three or more levels. 
- Grade III or greater spondylolisthesis. 

9.3.2.7 
Moun.ting the Cage on the Implant Holder 

First the screwdriver is taken out of the implant 
holder (Fig. 9.30a, b). This is placed on the bone 
compression screw, which is stored in the implant 
box and the upper end of the shaft slightly pressed. 
Its anterior telescopic shaft will click-couple inside 
the bone compression screw and enable it to be 
picked up (Fig. 9.31). The hexagonal screwdriver is 
inserted and slightly turned in the implant holder (2), 

pressing the telescopic shaft down to the second 
marw(l): The hexagonal screwdriver will snap in and 
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Fig.9.31 Picking up the bone compression screw from the 
implant box 
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Fig. 9.32 Insertion of the screwdriver Fig. 9 .33 Picking up the cage Fig. 9.34 Mounting the 
security sleeve 

Fig. 9.35 Filling the case with bone graft 

lock the screw to the tip of the inner shaft (Fig. 9.32). 
The assembled implant holder is then positioned on 
the cage (1) and the screwdriver is turned until the 
compression screw has engaged the thread. The 
small screw is advanced to the required depth when 
the first circular marking on the shaft is flush with 
the proximal end of the casing (2) (Fig. 9.33). The se
curity sleeve is clipped over the telescopic shaft and 
the turning knob is tightened. As the security sleeve 
blocks the telescopic shaft the implant holder and 
the cage now form a 'continuous rod'. This step is 
very important since it blocks the telescopic action 
of the handle. Only then can the connection of the 
cage to the handle withstand the stresses that occur 
by introducing the cage into the disk space 

(Fig. 9.34). A second cage is mounted on the other 
implant holder in the same way. 

9.3.2.2 
Filling the (age with Bone Graft 

The cages are filled with finely milled autologous 
bone (the resected bone from the spinous processes 
and the facet joints will generally be sufficient). If 
more bone is needed, it can be harvested from the 
posterior iliac crest with the smallest size of hip 
reamer, generating in one working step 'milled' 
bone. The bone compression forceps are used to 
compress the bone in the cages (Fig. 9.35). 

9.3.3.3 
Removal of the Cage 

If for any reason, retrieval of the cage should be nec
essary, a special handle, (Fig. 9.29), is provided. The 
bone compression screw is first removed with the 
hexagonal screwdriver and with the aid of tweezers 
(Fig. 9.36). Subsequently, the inner shaft of the 
emergency holder is inserted into the thread of 



the cage (Fig. 9.37), the sleeve of the emergency 
holder is mounted on the shaft and it is ensured that 
the coupling fits well into the slot of the cage 
(Fig. 9.38). The L-handle is mounted on the sleeve of 
the emergency holder by pressing the coupling a lit
tle bit forward (Fig. 9.39). The threaded turning 
knob is fixed on the threaded end of the shaft and 
firmly tightens it (Fig. 9.40). The cage i finally 
turned counterclockwise and taken out carefully 
(Fig. 9041). 

c:12 
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Fig. 9.37 Insertion of the inner haft 

Fig. 9.38 Mounting the \eeve 
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Fig. 9.36 Removal of the compres ion screw 

o 
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Fig. 9.39 Mounting the L-handle 

2.i 

Fig. 9.40 Mounting the knob 

Fig. 9.41 Removal of the cage 



Surgical Technique 
A midline incision over the levels to be instrument
ed is performed. The muscles should not be stripped 
farther laterally than the lateral aspect of the facet 
joints unless a posterolateral fusion between the 
transverse processes is planned. Pedicle screws for 
additional posterior instrumentation can be insert
ed now or after having implanted the cages. The rod, 
however, is mounted on the screws only after the 
cages have been inserted. 

In the case of intact posterior elements the lamina 
of the cephalad vertebra can be used for the applica
tion of trans laminar screws. Pedicle screws for addi
tional posterior instrumentation can be inserted 
now or after the cages have been implanted. The rod, 
however, is mounted on the screws only after the 
cages have been inserted. In case of intact posterior 
elements the lamina of the cephalad vertebra can be 
used for the application of translaminar screws. 

The epidural space is now exposed: The spinous 
processes of the vertebrae to be fused are freed from 
all soft tissue. They are shortened in order to gain 
wider access to the interlaminar space (Fig. 9.42a). 
The removed bone is stored in a container under a 
moistened gauze, to serve as graft material. In order 
to allow as free access as possible to the dural sac 
and roots, a partial inferior laminotomy (one-third) 
of the upper adjacent vertebra is performed. The 
medial half of the facet joints is removed. A 10- or lS
mm gouge is used and a partial resection of the 
overlying inferior facet and lateral part of the lami
nar edge is performed (Fig. 9.42b). 

At the LS - Sl level, usually the distal half of the 
lamina ofLS needs to be removed in order to ensure 
instrument access to the disk space. The underlying 
superior facet of Sl is then nibbled away to the level 
of the medial aspect of the pedicle. (It is essential to 
make sufficient room laterally to avoid excessive re-
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traction on the neural tissue, but great care should 
be taken to protect the nerve root inside the fora
men.) The next step is to evacuate the disk space by 
a bilateral diskectomy. 

The posterior annulus is opened and resected to 
allow the introduction of the appropriate cage 
probes. The nucleus has to be cleaned out as 
completely as possible and the end plates need to be 
freed from the cartilage without, however, perforat
ing the bone. A good instrument to prepare the end 
plates is the ring curette in different sizes (Fig. 9-43). 
Great care should be taken to protect the nerve root 
and the dura, with the appropriate nerve root re
tractor. 

Once the disk space is prepared, a small disk 
space opener (4/8 or S/9 mm) is introduced into the 
disk space on the right (1) (if you are standing left of 
the patient) (Fig. 9.44): distract the disk space by 
turning the instrument 90 °(2)' This will definitely 
open the posterior entrance into the disk space. 
While protecting the nerve root and dura with a root 
retractor, the smallest vertebral body spreader (719) 

Fig. 9.41 Exposure of epidural 
space 
a Partial resection of spinous 
processes 
b Lateral enlargement of the 
access into the spinal canal 
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is introduced on the left side (Fig. 9.45) until the la
ser marks behind the head of the spreader are flush 
with the posterior edge of the vertebral body, and it 
is turned 90 0 in order to spread the disk space fur
ther. Then the 7/9 vertebral body spreader is re
moved and replaced with the next larger vertebral 
body spreader (8/10) and turned up 90 0 (Fig. 9.46). 
Spreading the disk is now repeated by- introducing 
the next larger spreaders until resistance of the tense 
annulus is felt, indicating that the disk has been en
larged to its natural height. This last spreader should 

Fig. 9.43 Cleaning of the intradi kal space 
and removal of the end plate cartilage with 
ring cureltes 

Fig. 9.44 A small di k space opener 
(4/ij or 5/9mm) is introduced into the di k space 

remain in place until the first cage is introduced on 
the other side, where the disk opener can now be re
moved. 

A contact fusion cage of the same height as the 
largest accepted vertebral body spreader is now cho
sen. The cage previously prepared and filled with 
milled bone is now . introduced into the disk 
(Fig. 9-47) by small gentle blows of a mallet, the root 
and dura being protected by a 'retractor.' The cage is 
introduced with the flat side top and bottom and to 
the appropriate depth, 3 - 4 mm inwards from the 



Fig.9.45 Progres ively different sizes of 
vertebral body spreaders are introduced 
until the natural height of the disk space 
is about to be re tored 

14 m m 

I 

I 
Fig. 9.46 A contact fusion cage of the arne height as the larg
est accepted vertebral body spreader i cho en 
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Fig. 9.47 The chosen contact fusion cage is now introduced 
into the disk space 
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posterior edge of the body (Fig. 9.48). When the heel 
of the implant holder tip is flush with the posterior 
edge of the vertebral body, the cage is in the right 
position (Fig. 9.47). Although the anterior annulus 
is resistant in most patients, keep in mind that the 
resistance of the anterior annulus can be lost in a 
very degenerated disk. If in doubt control the opti
mal position of the cage with a lateral X-ray. 

Once the cage is introduced to the exact depth, it 

Fig. 9.48 The cage introduced with its 
flat side is turned 900 to the vertical, 
definite position 

Fig. 9.49 The security sleeve is removed 

is turned clockwise (Fig. 9.48). The blade of the L
handle is in the vertical axis of the cage. When the 
blade is parallel to the body axis, the cage is also in 
the vertical position. If for some reason the cage has 
to be turned back on its side again, a counterclock
wise turn is done. The security sleeve is removed by 
turning the screwdriver at the upper extremity of 
the introducer backward one or two full turns, thus 
disengaging the security sleeve (Fig. 9-49). 



Fig. 9.50 The screwdriver is turned 
clockwise until the second circular notch 
on the shaft is flush with the proximal end 
of the cage (*) 

Fig. 9.51 After releasing the internal 10k -
king mechanism of the screwdriver, the 
screwdriver is pulled out of the shaft (1) and 
the L-handle is removed (2) 

The screwdriver is turned clockwise until the sec
ond circular mark on the shaft is flush with the prox
imal end of the cage (Fig. 9.48). When it is turned 
downwards, the internal locking mechanism of the 
screwdriver is released. Then the screwdriver is 
pulled out of the shaft(19. This automatically discon-
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nects the implant holder from the cage at the sligh
test movement of the L-handle(2). (If the screwdriver 
should block, it can be disengaged by unscrewing 
the outer casing of the shaft.) (Fig. 9.51) The same 
steps are now repeated on the contralateral side. 
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Care has to be taken that the second cage does not 
displace the first one on being introduced. It should 
be introduced well clear from the first one, and ham
mered down in a direction that is as sagittal as possi
ble. Alternatively, if there is ample space on both 
sides of the neural tube, the handle on the first one 
may be left firmly connected until the second one is 
in place. A pedicular fixation system is now com
pleted or translaminar screws are applied while 
maintaining a posterior tension/band force with a 
towel clamp set onto the two adjacent laminae in or
der to support the restoration of the lordosis 
(Fig. 9.52). 

Fig. 9.52 To inc rea e the tability, a posterior fIXation in the 
form of a pedicular y tern or translaminar screws are added, 
acting a a posterior tension band system. 

Postoperative Care 
Postoperative X-rays should be taken to control the 
correct position of the cages and the pedicle screws 
before mobilization of the patient is started. The pa
tient should be mobilized on the first postoperative 
day to the edge of the bed and then progressively the 
following days. A soft lumbar brace with a lordotic 
reinforcement in the back is given for the first 
8 -12 weeks postoperatively. Isometric exercises are 
started immediately postoperatively for the abdom
inal and back muscles, and rotation and flexion are 
avoided during this period. 
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local host factor 13 
local posterior radical release 196 
locking cap 186, 189 
locking plate 6, 85 
- anterior cervical 6 
- anterior titanium thoracolumbar (ATLP) 6, 85 
locking ring 184 
- extractor 186 
- impactor 184, 185 
locking screw 192 
long blunt awl 169 
loosening 11 

- of the screw 84 
lordosis 74, 123, 216 
loss of stability 37 
low-back pain 207 
low back surgery module 126 
lower cervical spine instability 70 
lumbar lordosis 218 
lumbar reconstruction 11 

lumbar scoliosis 11, 167 
- degenerative 11 

lytic gap 200 

Magerl 55 
Magerl transarticular technique 62 
Malgaigne fracture 214 
Malgaigne type 215 
material hardness 5 
material's stiffness 4 
material's toughness . 5 
Mayfield clamp 42, 45 
mechanical property 4 
metal staple 168 
metal washer 168 
metastatic tumor 13 
middle column 20 
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mineralization 14 
mobile 3D-head 190 
modular stabilization system 123 
modulus of elasticity 6 
molybdenum 5 
moment 3 
motion segment 69 
multi segmental fixation 10 

needle biopsy 211 
neurological deficit 36 
neutral vertebrae 146, 162 
neutralization 1 
neutralization principle 7 
nickel 5 
nonunion 8, 13 
notch sensitivity 6 
notched plate 62 
- Y -notched 64 
notched thoracolumbar plate 105 
nut 130,137,183 

occipitocervical fixation 76 
occipitocervical plate 62 
occipitocervical plate fixation 62,65 
occipitocervical spine instability 70 
occipitocervical stabilization 70 
occiput screw 58 
odontoid (dens) fracture 48, 50 
- nonunion of 48 
- type II 48 
one-third tubular plate 67 
osteoblast 14 
osteoconduction 15,16 
osteogenesis 15, 16 
osteoinduction 15, 16 
osteoinductive capacity 14 
osteomyelitis of the spine 211 
osteopenia 17 
- device-related 17 
osteoporosis 13, 17, 88 
- device-related 17 
osteoporotic weakening 126 
osteoprogenitor 13 
osteotome 133 

Paget's disease 13 
parallel connector 124 
pars interarticularis 11 
pedicle feeler 134 
pedicle fixation 102, 218 
pedicle hook 133,136,158,159 
- drill-guide 136 
- special 133,159 
pedicle screw 158 
PEMP (see pulsed electromagnetic field) 14 
percutaneous external skeletal fixation 213 
percutaneous stabilization 207 
persuader 128, 135, 139, 171, 182, 184 
phantom vertebra 32 
pincer burst fracture 26 
pincer fracture 21, 24 
plastic deformation 4 

plastic washer 167,168 
plate 6,9, 23, 62, 64, 65, 67, 68, 77, 83, 105 
- buttress 6 
- cervicothoracic 65 
- compression 83 
- end plate impaction 23 
- hook plate 67,68 
- large dynamic compression (DCP) 83 
- locking 6 
- screw-plate construct 9 
- standard H 77 
- Y -notched 64 
plate technique 54, 80 
- anterior 80 
- notched 62 

notched thoracolumbar 105 
- occipitocervical 62 
- one-third tubular 67 
PUP (see posterior lumbar interbody fusion) 
polyaxial pedicle screw system 186 
poly traumatized patient 35 
pore size 17 
posterior annulus 217 
posterior column 20 
posterior disruption 21, 26 
- predominantly ligamentous 21 
- predominantly osseous 21 
posterior element injury 26, 31 
- with distraction 26 
- with rotation 31 
posterior fusion procedure of CrC! 8 
posterior interbody fusion (PUP) 192 
posterior ligament complex 20 
posterior lumbar interbody fusion (PUP) 14,217,223 
posterior tension band system 234 
posterior wiring technique 42 
postoperative care 223 
preload 203 
- compressive 203 
- distractive 203 
preoperative planning 218 
pressfit 218 
Pro Osteon 200 17 
Pro Osteon 500 17 
prosthetic device 7 
pseudoarthritic connective tissue 197 
pseudoarthrosis 8 
pulsed electromagnetic field (PEMP) 14 
pure titanium 5 

radiotranslucent retractor 53 
retroperitoneal approach 167,217 
ring curette 217, 229 
risk factor 11 
rod 9, 99, 100, 124, 125, 144, 152, 154, 160 
- 3.5 mm 143 
- concave 152 
- connecting 125 
- convex 154 
- cross-link 144 
- hard 6-mm 160 
- screw-rod 9 
- single-rod configuration 100 



- single-rod construction 100 
rod-bending iron 124 
rod C~dnnector 126,127,141,143 
- cl sed 143 
- do ble-rod construction 99 
rod-c imping plier 182 
rod h@lder 124, 144 
- 3.5!mm 144 
rod pusher 137 
rod s}!,stem 70, 94, 123 
- anterior titanium 94 
- cetvical spine titanium 70 
rod template 177 
rotational displacement 31 
rotati~nal injury 20 
rotational shear injury 22, 34 
rotational vector 3 
Roy-Camille· 55 

sacral clamp removal 192 
sacr~ system insertion 191 
sacroiliac joint 104 
sagittal plane alignment 1 
sagittal reconstruction 37 
sagittal split fracture 24 
scarred tissue 13 
SchaI).z screw 124, 125, 207, 208 
Scheriermann's kyphosis 173 
scoliosis 10, 11, 158, 167, 181 
- adult degenerative 181 
- right thoracic onset 158 
scoliotic deformity 126 
- degenerative lumbar 11 
scoliotic spine 123 
screw 8,11,47,53,58,81,99,102,124 -126,128,135,136,158,159, 

182,191,192,197,207,208,218,223,227 
- cannulated self-cutting odontoid type screw 47 
- cqmpression 227 
- cortical 135, 136 
- end-plate screw 159 
- hcpok-screw system 197 
- iliac wing 191 
- lag 8 
- lo,cking 192 
- occiput 58 
- pedicle 158 

Schanz screw 124,125,207,208 
- self-cutting 3.2-mm cortical 135 
- side-opening 126, 182 
- special Schanz screw 192 
- standard lag 53 
- titanium locking 99 
- titanium plasma spray-coated 81 
- C1-C2 transarticular 8 
- translaminar 102, 218, 223 
- transpedicular 102 
- USS 128 
- USS pedicle 128 
- USS side-opening pedicle 128 
screw extension stick 182 
- loosening of the 84 
screw fixation 45, 48 
- anterior 48 

- transarticular 45 
screw holder 128, 131 
- USS 131 
screw placement 54 
screw-plate construct 9 
screw-rod 9 
screw technique 48, 53 
- cannulated 48, 53 
- lag 53 
screwdriver 88, 124, 140, 142, 182, 225 
- hexagonal- 140 
- small 140 
- small hexagonal 142 
security sleeve 225, 226, 232 
segment moyen 20 
segmental correction 123 
segmental derotation 127 
segmental manipulation 145 
segmental vessel 84 
self-cutting 3.2 mm cortical screw 135 
self-holding screwdriver 187, 188, 189 

,self-holding positioner holder 188 
severe spondylolisthesis L5 208 
sex hormone 15 
sharp awl 169 
shear force 6 
shear fracture dislocation 39 
shear injury 34 
side-opening 128 
- in the hook 128 
- in the screws 128 
side-opening screw 126, 182 
single curve 162 
single-clamp 99, 100 
- double-rod configuration 99 
- single-rod configuration 100 
single-clamp configuration 99, 100 
single-clamp construction 100 
single-rod configuration 100 
single-rod construction 100 
sleeve 130,137,182,183,227 
slice fracture 22, 34 
socket wrench 118, 130, 141, 182, 183 
- 11 mm cannulated 118, 182 
- L-handed 130, 141 
- small 6 mm 141 
- USS 6.0 mm 130 
soft tissue bed 13 
soft tissue release 145 
somatomedin 14 
spacer 217, 218, 221 
- insertion of 218 
special handle 225 
special Schanz screw 192 
- 6-mm threaded part 192 
specialized pedicle hook 127, 133 
spinal canal decompression 214 
spinal deformity 10 
spinal encroachment 9 
spinal instrumentation 6 
spinal stenosis 126 
spine instability 70 
- lower cervical 70 
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- occipitocervical 70 
- upper cervical 70 
split fracture 21, 23 
- burst 24 
- coronal 24 
- sagittal 24 
spondylolisthesis 11, 181, 192, 196, 208 
- degenerative 181 
- grade II-IV 192 
- grade IV-V 196 
spondylolysis 11, 29, 31, 197 
- flexion 29 
- hyperextension 31 
spondylolysis hook 197,198 
spondylolytic defect 11 

- direct repair 11 

spreader 124 
stable internal fixation 
stainless steel 5, 6 
standard H plate 77 
standard lag screw 53 
staple 167 
staple introducer 168 
steel 5, 6 
- stainless 5, 6 
stem cell 13 
- pluripotential 13 
stenosis 9 
sternotomy 65 
strain 4 
strain analysis 4 
strain curve 5 
stress 4 
stress analysis 4 
stress concentration 6 
stress curve 5 
structural property 4 
subgroup (see also group) 21 
sublaminar wire instrumentation 11 

sublaminar wiring technique 42 
substitute 16 
superior articular-pedicle complex 199 
surgical fusion 13 
surgical technique 218 
SynCage 217 
synthetic bone 15, 16 
systemic antibiotic therapy 206 
systemic factor 13 
systemic host factor 14 

rcp (see tricalcium phosphate) 16 
technique 42, 43 
telescopic shaft 225 
template to open the disc space 216 
tensile force 7, 20 
tension band principle 7,192 
tension banding 1 
tension banding force 196 
tension banding system 195 
rGF-~ (see transforming growth factor type) 
third column 20 
thoracic scoliosis 167 
thoracolumbar scoliosis 167 

thoracotomy 65, 167 
threaded drill-guide 88 
three dimensional correction 167 
three-fluted 2.0-mm drill 135 
thyroid hormone 14 
TIS (see titanium interbody spacer) 
titanium 6 
- pure 5,6 
titanium-aluminium-vanadium alloy 5, 6 
titanium-bone interface 218 
titanium cage 95, 170 
titanium interbody spacer (TIS) 215, 216 
titanium interbody cage 217 
titanium locking screw 99 
titanium plasma spray-coated screw 81 
titanium template 61 
torsion 37 
trans articular screw fixation 8, 45, 46 
- C)-C2 8 
transforming growth factor type beta (rGF-~) 14 
translaminar facet -screw technique 11 

translaminar screw 102, 218, 223 
translaminar screw fixation 101 
translation 127 
translational dislocation 26 
translational displacement 31 
transpedicular bone-grafting 120, 121 
transpedicular screw 102 
transperitoneal approach 217 
transverse biocolumn fracture 28 
transverse disruption 20, 26 
transverse process hook 135, 145 
trial implant 218, 220, 222 
tricalcium phosphate (rCP) 16 
tricortical graft 95 
tricortical iliac bone 84 
two-column concept 20, 21 
two-level construct 11 

type A lesion 22 
type B lesion 22 
type C lesion 22 
type II odentoid fracture 8 

ultimate tensile point 4 
ultimate tensile strength 4 
unconstrained device 8 
unconstrained implant 8 
unisotropic 4 
universal handle 128, 182 
universal spine system (USS) 70, 88, 107, 123 
- anterior 88 
- fracture module of the 107 
upper cervical spine instability 70 
upper claw 173 
USS (see universal spine system) 
USS bending plier 124 
USS bending template 177 
USS compression forceps 186 
USS cross-link clamp 143 
USS holding sleeve 140 
USS hook 131 
USS hook positioner 132, 133 
USS lamina feeler 131 



USS lamina hook 128, 131 
- angled 131 
- front opening 131 
- side-opening 131 
USS pedicle awl 105 
USS pedicle hook 128 
USS pedicle probe 3.8 mm diameter 105 
USS pedicle screw 128 
USS rod connector 140 
- closed 140 
- open 140 
USS rod introduction pliers 128 
USS rod-crimping plier 137 
USS sacral fixation device 191 
USS screw 128 
USS screw holder 131 
USS side-opening pedicle screw 128 
USS 6.0 mm socket wrench 130 
USS spreader 143 
USS spreader forceps 186 
USS tubular rod bender 124 
USS universal handle 128, 131 

variable-angle screw 191 
variable axis screw 184 
variable-length plate-connector 191 
VentroFix 94 
vertebral body collapse 23 
vertebral body compression 21, 23 
vertebral body spreader 224, 229 - 231 
vertebrectomy 84, 85, 95 
voltage cell 6 

washer 169 
wedge impaction fracture 23 
wedge-shaped femoral ring 170 
weight-bearing column 7 
wire instrumentation 11 

- sublaminar 11 

wiring technique 42, 54, 55 
- posterior 42 
- sublaminar 42 

xenograft 15,16 

yield point 4 
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