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Preface

The idea for this book owes its provenance to our weekly combined orthopae-
dic-radiology multidisciplinary meetings. We realised that discussions
around radiographs of orthopaedic implants were not accompanied with the
usual adroitness of non-implant radiographs and scans.

The array of orthopaedic implants is bewildering, to orthopaedic special-
ists and radiologists alike, and continues to proliferate. Combining the his-
torical implants, the range of metalwork used by orthopaedic surgeons is so
extensive that it is near enough impossible to catalogue the features of all the
implants ever used.

The purpose of this book is to give the reader an insight into the radiologi-
cal features of implants and to pick up any signs of impending failure. In
many situations, the orthopaedic specialist who is familiar with the implant
may be best placed to interpret the radiological findings. However, close
working between radiologists and orthopaedic surgeons is of the essence.
With increasing sub-specialisation in orthopaedics, a surgeon who operates
on the knee may not be entirely comfortable with interpreting spine radio-
graphs. Hence, the contributors to this book cover the whole range of ortho-
paedic and radiological specialties.

We hope this book helps improve interaction and promotes a common
language between orthopaedic surgeons and radiologists.

Sanjeev Agarwal
Cardiff, UK Gaurav Jyoti Bansal
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Introduction to Skeletal Radiology

Gaurav Jyoti Bansal and Vineet Bhat

Orthopaedic surgery has developed tremendously
over the last 100 years.

Many developments in associated specialities
have resulted in a significant change to the prac-
tice of orthopaedic surgery. Three of these mile-
stones were the development of anaesthesia,
asepsis and radiology. Before considering the
development of orthopaedics, it is befitting to
consider these three disciplines.

Development of Anaesthesia

The first impetus to surgery came from the devel-
opment of anaesthesia, which initiated following
the discovery of nitrous oxide by Joseph Priestley
in 1772. Nitrous oxide was initially used for rec-
reational purposes. In 1799, British chemist
Humphrey Davy suggested that nitrous oxide
could be used for anaesthesia, but the idea was
not pursued, and nitrous oxide continued to be
used as ‘laughing gas’.

Horace Wells, a dentist in the Unites States,
used it for dental extractions and documented its
utility as a pain-relieving agent. The gas was col-

G.J. Bansal (><)
Cardiff and Vale University Health Board, Cardiff,
UK

V. Bhat
University Hospital of Wales, Cardiff, UK
e-mail: vineet.bhat@wales.nhs.uk

lected in an animal bladder and administered
through a wooden tube. Wells had his own tooth
extraction to prove its safety.

Subsequently, a demonstration was organised
in 1815 at the Massachusetts General Hospital in
Boston by Horace Wells. The patient was William
Morton, also a dentist. However, the gas was not
administered properly and failed to produce the
desired effect. Diethyl ether, commonly known
as ether, had been used by Crawford Long in
1842 for general anaesthesia, but this was not
publicised.

Morton continued the search for a suitable
anaesthetic agent and tried using ether on himself
and his assistants. In 1846, in the same operating
theatre, ether was used by William Morton as an
anaesthetic for removal of a tumour from the
neck. An ether-soaked sponge was used, and the
patient inhaled through the sponge. The proce-
dure was witnessed by medical professionals and
was successful. Anaesthesia gained rapidly in
popularity.

The administration of ether often led to vomit-
ing in patients, and an alternative—chloroform—
was tried by James Simpson, an obstetrician in
Edinburgh in 1847. This became popular and was
widely used. In 1885, the anaesthesia machine
was patented. Improvements in equipment con-
tinued to make the administration safer and reli-
able. Intravenous anaesthetic agents were
introduced in 1874, and spinal anaesthesia started
in the 1890s.

© Springer International Publishing AG, part of Springer Nature 2018 1
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However, asepsis was not established at the
time, and profusion of surgical procedures subse-
quent to anaesthetic developments still resulted
in poor outcomes for many patients.

Development of Asepsis

Asepsis has its origin from the work of Robert
Koch (1843-1910) who proposed four postu-
lates establishing the connection between
infecting organism and infectious disease.
He worked on linking tuberculosis with
Mycobacterium tuberculosis and was awarded
the Nobel Prize for medicine in 1905. Louis
Pasteur, a scientist working in France, made
significant improvements to the understanding
of microbes and infection. His work helped to
refute the theory of spontaneous generation
and replace it with the germ theory, which
links microbes with infection and contamina-
tion. He also recognised the ability of carbolic
acid to reduce infections.

Joseph Lister, professor of surgery at
Glasgow, was influenced by Pasteur’s work
and started using carbolic acid dressings for
wounds in 1867 [1]. He also introduced hand-
washing, sterilisation of instruments and spray-
ing of carbolic acid in operation theatres,
which greatly reduced infection rates. In 1869,
a spray of carbolic acid and local anaesthetic
was devised. Lister is considered the ‘father of
antiseptic surgery’.

Further advances in asepsis came with the
work of Scottish Surgeon William Macewen,
who used steam to clean surgical instruments. He
advocated instruments made entirely of steel,
which could be heated to a high temperature for
decontamination. Rubber gloves were introduced
in the late 1890s, prior to which surgeons used to
operate with bare hands. Laminar flow was intro-
duced in the operation theatres with the pioneer-
ing work of Sir John Charnley in Wrightington,
England. With modern techniques of asepsis,
maintaining normothermia in the anaesthetised
patient and the use of prophylactic antibiotics,
infection rate in orthopaedic surgery is lower
than ever before.

Development of Radiology

Radiology owes its origin to the work of Wilhelm
Roentgen, a German physicist.

Roentgen was working with cathode ray tubes
in 1895 and noticed fluorescence on a barium
platinocyanide plate on one side of the tube. He
placed different objects between the tube and the
plate. When placing his wife’s hand in the path of
the rays, he observed an image of the hand, show-
ing the shadows thrown by the bones of her hand
and that of a ring she was wearing. This famous
image was the first ‘roentgenogram’ ever taken.
Because the nature of these rays was then
unknown, Roentgen called them ‘X-rays’. Later,
Max von Laue and his pupils showed that they
are of the same electromagnetic nature as light
but differ from it only in the higher frequency of
their vibration. X-rays had been observed by
many others before Roentgen, but he was the first
to interpret the results and realise the importance
of the discovery. Roentgen received the Nobel
Prize in 1901. The uptake of radiographic imag-
ing was dramatically quick following this discov-
ery, and within months, many hospitals had set
up X-ray machines.

The next major step in radiology was the
development of cross-sectional imaging. Dr
Godfrey Hounsfield, an engineer in Middlesex,
England, was trying to determine the contents of
a closed box using X-rays projected from differ-
ent directions. Instead of using photographic
plate, he developed a computer, which could
record multiple images. This work led to devel-
opment of a computed tomography (CT) scanner,
and in 1971, a CT scanner was installed at a hos-
pital in Wimbledon, London.

Hounsfield shared the Nobel Prize in 1979
with Alan Cormack, who was a physicist in Cape
Town, South Africa, and worked out the theoreti-
cal mathematics for cross-sectional imaging. The
radiodensity scale used in CT scans is named
after Hounsfield (Hounsfield Unit, HU) with air
being —1000 HU, water is 0 HU and dense corti-
cal bone is +1000 HU.

Nuclear magnetic resonance (NMR) was dis-
covered by Felix Bloch and Edward Purcell for
which they shared the Nobel Prize in 1952.
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Magnetic resonance (MR) creates a strong mag-
netic field leading to magnetisation of small bio-
logical magnets (protons) within the nucleus of
the hydrogen atom within the body. In the
1970s, medical application of this technology
gave rise to magnetic resonance imaging (MRI).
MRI uses harmless radio waves to change the
steady-state orientation of protons. Radio waves
are then detected to register the body’s electro-
magnetic transmission. Lack of ionising radia-
tion makes MRI superior to CT scan for many
clinical applications. The first image of two
tubes of water was produced by Paul Lauterbur
at Stony Brook University, USA, and further
work by Peter Mansfield of University of
Nottingham, UK, led to both scientists sharing
the Nobel Prize for medicine in 2003. Lauterbur
was credited for using magnetic field gradients
for spatial localisation that led to rapid acquisi-
tion of 2D images and Mansfield for the mathe-
matical formalism. The actual work that won
the prize was performed 30 years earlier in
Stony Brook University, where Lauterbur was a
professor of chemistry.

The first whole-body MR scanner was built by
a Scottish Professor John Mallard [2] and his
team in 1970 at the University of Aberdeen. In
August 1980, they used this machine to produce
the first clinically useful image of the chest,
abnormal liver and secondary cancer in bones.
This machine was later used at St Bartholomew’s
Hospital, UK, between 1983 and 1993, leading to
widespread popularity of MRI.

Ultrasound (US) is a nonionising, non-inva-
sive technique which is now widely used
in orthopaedic practice. In 1794, Lazzaro
Spallanzani was the first to study ultrasound
physics by deducing that bats used ultrasound
to navigate by echolocation. In 1826, Jean
Daniel Colladon, a physicist, used an underwa-
ter church bell to calculate speed of sound
through water. He proved that sound travelled
faster through water than air. In 1880, Pierre
and Jacques Curie discovered the piezoelectric
effect, which is a basic principle of modern
ultrasound.

Karl Dussik, neurologist and psychiatrist at
the University of Vienna, is generally regarded

as the first physician to use ultrasound for medi-
cal diagnosis (of brain tumours) in 1942. In
1948, George Ludwig, an internist, first
described the use of ultrasound to diagnose gall-
stones. The use of ultrasound for obstetrics and
gynaecology conditions was pioneered by Ian
MacDonald in 1958.

Ultrasound can be used as a primary diagnos-
tic tool and as an adjunct to other radiological
modalities. Apart from its excellent diagnostic
capabilities, ultrasound can also be used for joint
aspirations, drainage of abscesses/collections and
targeted biopsies. Musculoskeletal ultrasound
can visualise superficial/deep soft tissues and can
diagnose soft tissue abscesses, fasciitis, pyomyo-
sitis, bursitis and soft tissue tumours. Following
implant or prosthesis surgery, the presence of
metalwork makes it difficult to interpret CT and
MRI imaging due to degradation of image qual-
ity. Ultrasound is less affected and can be helpful
in evaluating fluid collections or joint effusions
and can be used to guide aspiration for microbio-
logical diagnosis.

Radioisotope scanning started in 1961, when
Fleming produced the first bone scintigraphic
image using strontium 85, which is a gamma
ray-emitting radionuclide. On the basis of
these scans, he was able to diagnose metastasis
and fractures. The use of technetium-99-
labelled methylene diphosphate was proposed
by Subramanium and McAfee in 1971. This,
along with high-technology gamma cameras,
has vastly improved the application and utility
of bone scanning.

Increasing research is being carried out to
assess the usefulness of positron emission tomog-
raphy (PET) in osteomyelitis, and the results are
encouraging. The accuracy of PET in the diagno-
sis of musculoskeletal infections was 94% com-
pared with 81% for combined bone and white
blood cell scan [3]. A recent meta-analysis found
PET to be the most accurate diagnostic modality
for osteomyelitis.

Orthopaedic surgery could not develop with-
out adequate anaesthesia, asepsis and radiol-
ogy, and once these aspects were developed, the
profusion of orthopaedic implants has been
tremendous.
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Development of Orthopaedic
Implants

Various substances were tried for use as ortho-
paedic implants. Some—Ilike gold, silver and alu-
minium—were not strong enough. Others like
nickel and copper caused local reactions. In the
late eighteenth century, two French surgeons,
Lapejode and Sicre, used brass wire for cerclage
wiring of long bone fractures. This is one of the
earliest attempts at internal fixation using metal-
work. In 1843, Malgaigne devised a claw-shaped
metal instrument, which could be used to approx-
imate the two fragments of patellar fractures.

One of the earliest pioneers of internal fixa-
tion was Albin Lambotte (1866-1955) from
Belgium. He devised internal and external fixa-
tion methods and carefully kept records of his
operations. He coined the term ‘osteosynthesis’
and is considered the ‘father of modern fixation
methods of the bone’.

Sir William Arbuthnot Lane, working at Guy’s
Hospital, London, devised methods to internally
fix displaced fractures using wires and screws.
He published his results in his book entitled The
Operative Treatment of Fractures in 1905. He
used aseptic techniques and specified dressings
to reduce infection rate. He also used long steel
plates fixed with screws for fracture fixation.
Stainless steel had not been discovered, and
Lane’s implants were made of ordinary steel,
which was prone to corrosion.

In 1912, William Sherman devised self-tap-
ping fully threaded vanadium machine screws.
He laid down exact dimensions for screw design,
which were largely similar to the screws used in
metal and wood industry. He also designed a
plate for use with screws, which remained in use
for nearly 50 years.

The development of orthopaedic implants was
closely linked to improvements in metallurgy.
Stainless steel with 12.8% chromium and 0.24%
carbon was first made by Harry Brearley in 1913.
In 1926, stainless steel was used for orthopaedic
implants for the first time. In 1936, Venables and
Stuck introduced cobalt-chrome alloy. Martin
Kirschner, a German surgeon, devised steel wires
for fixation, which remain in use even today.

Gerhard Kuntscher, working in Hamburg,
Germany, developed the intramedullary nail. He
used a hollow nail with a clover leaf cross section
to achieve fixation in the medullary canal. His
work was presented in 1940, but the Second
World War delayed general knowledge and
acceptance of his work. Prior to development of
the nail, standard treatment of femoral shaft frac-
tures involved traction and cast. A faster recovery
was made possible with the use of nail and avoid-
ance of casts.

Robert Danis, a Belgian surgeon, made
design changes to the Sherman screws to adapt
it for use in orthopaedics in 1940s. He also
developed the compression plate and laid down
the principles of internal fixation—accurate
reduction, rigid fixation, early mobilisation and
healing without callus formation—also known
as healing by primary intention. One of his stu-
dents—Maurice Muller—took his concepts
and, along with his colleagues, formed the AO
(Arbeitsgemeinschaft fur Osteosynthesefragen)
group in Switzerland in 1958. The AO group
was instrumental in advancing orthopaedic
trauma management. Over the years, the AO
group has continued to innovate and expand the
armamentarium.

The development of hip replacements by John
Charnley and knee replacement implants by
Insall and Walker made these procedures reliable
and immensely popular. The profusion of
implants over the last three decades has been
truly exponential, and the range of tools available
to the orthopaedic surgeons today would have
been unimaginable few decades back.
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Hip Implants

Sridhar Kamath, Sanjeev Agarwal,

and Ashish Mahendra

Hip replacements became popular in the 1960s
following pioneering work by Sir John Charnley
at Wrightington, England. Over the last 50 years,
there has been a profusion of various types of hip
implants alongside the number of operations per-
formed worldwide.

The radiological assessment of hip replace-
ments is based on anteroposterior (AP) view of
the pelvis and lateral view of the hip joint.

The parameters to note are:

1. AP pelvis radiograph:

* Acetabular abduction angle

» Distance of the acetabular component from
the medial wall

e Degree of covering/uncovering of the
acetabulum

e Cementation of the acetabular component

e Femoral stem placement in the canal

e Cementation of the femoral component
and any radiolucencies in the cement
mantle

e Level of femoral neck cut

e Leg length discrepancy

» Periprosthetic fracture

* Restoration of offset of the femur

S. Kamath (<) - S. Agarwal
University Hospital of Wales, Cardiff, UK
e-mail: sridhar.kamath @wales.nhs.uk

A. Mahendra
Glasgow Royal Infirmary, Glasgow, UK

2. Lateral view of the hip:
* Acetabular version angle
* Femoral stem placement in the canal—
quality of cementation
* Any impinging osteophytes along the ante-
rior acetabular margin
 Periprosthetic fracture
3. On long-term follow-up radiographs, note:
» Evidence of loosening of the femoral/ace-
tabular component
e Wear of the acetabular liner—as evidenced
by eccentric migration of the femoral head
* Periprosthetic fracture
* Stress shielding
* Remodelling of the bone around the
implant

The acetabular version is an important deter-
minant of the stability of the hip. The version is
the angle between the face of the acetabular com-
ponent and the coronal plane of the patient. Most
studies indicate the desired version is between 5
and 30°. Hip replacements done through a poste-
rior approach are more reliant on adequate ver-
sion to maintain stability.

The anteversion of the acetabular component
gives the opening (equator) of the cup an ellipti-
cal appearance on the AP radiograph (Fig. 2.1). If
the equator appears as a straight line, it implies
that it is parallel to the radiographic beam and is
in neutral alignment (Fig. 2.2).
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Fig. 2.1 Left total hip replacement with a cementless
acetabular component and cemented femoral component.
The equator of the acetabular component has an elliptical
outline, as is desirable. The acetabular component has a

polyethylene liner, and no screws were used for fixation of
the acetabular shell into the pelvis

Fig. 2.2 The equator of the acetabular component has a
nearly straight projection. This implies that the equator of
the component is parallel to the beam and is in neutral
version. Anterior or posterior tilt of the pelvis would also
influence the projection of the acetabular component

A lateral radiograph is essential to accurately
assess anteversion, as a retroverted acetabular com-
ponent may appear similar to anteverted radiograph
on the AP radiograph (Fig. 2.3a—). The position-
ing technique for shoot-through lateral radiograph
of the hip is demonstrated in Fig. 2.4. In this view,
the angle between the equator of the acetabular
component and a line drawn vertically represents
the acetabular version. Methods to measure ante-
version are described later in this chapter.

Hemiarthroplasty of the Hip

Hemiarthroplasty of the hip is replacement of the
femoral head with a metal prosthesis. It is com-
monly done for displaced intracapsular fractures
of the femoral neck in the elderly.

The mode of fixation of the implant to the
femur depends on whether the implant is designed
for use with or without cement. Examples of
uncemented hemiarthroplasty are the Austin
Moore and the Furlong Hemiarthroplasty (JRI
Orthopaedics, Sheffield, UK). Cemented hemiar-
throplasty includes Thompson’s prosthesis.

In addition, hemiarthroplasty can be unipolar
or bipolar. A unipolar prosthesis is made of a
single block of metal without an inbuilt articula-
tion—like the Austin Moore and the Thompson’s
prosthesis. These were widely used in the past
few decades but have now largely been replaced
with modern designs which allow better cemen-
tation/fixation and offer a wider range of stem
sizes and offsets.

The Austin Moore prosthesis (Fig. 2.5) was
designed by Austin T. Moore in early 1950s. It
is inserted without cement, and the surface
does not have any special coating to encourage
bone ingrowth or ongrowth. It has two large
fenestrations in the stem which theoretically
allow the bone to grow through for stability,
and a hole proximally which is to aid removal
of prosthesis if required. The prosthesis has a
collar which rests on the cut surface of the
femoral neck and the calcar. Although widely
used in the past, the use of this prosthesis is
now largely historical as it provides inadequate
fixation in the femur.

The Thompson prosthesis was introduced by
Frederick Thompson at St. Luke’s Hospital,
New York, in the early 1950s. This is generally
cemented (Fig. 2.6) although it can be inserted
without cement in narrow femoral canals. It has a
narrower and shorter stem than the Austin Moore
prosthesis and does not have the holes in the
stem. There is no hole proximally for extraction.

Currently used cemented hemiarthroplasty
implants allow better cementing with the use of
appropriately sized broaches to prepare the femo-
ral canal (Fig. 2.7).
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Fig. 2.3 (a) Bilateral cementless total hip replacement.
On the right side, there was a previous periprosthetic frac-
ture involving the lesser trochanter, which was managed
nonoperatively. On the left side, there is a periprosthetic
fracture involving the femoral shaft. The acetabular com-
ponent on the left side appears to have an acceptable ver-
sion. (b) A shoot-through lateral radiograph shows

Fig. 2.4 The method for obtaining a shoot-through lat-
eral radiograph

c Vertical axis
Anteversion

Retroversion

— ] ;‘
|

— —
——

retroversion of the component. This illustrates the impor-
tance of shoot-through lateral radiograph in assessing
anteversion. (c¢) Assessment of version on the shoot-
through lateral radiograph of the hip. The image shows
retroversion, while a tilt of the acetabular component on
the other side of the vertical axis would denote
anteversion

The bipolar prosthesis (Fig. 2.8) has an artic-
ulation within the head, which allows an addi-
tional interface for motion, hence reducing the
motion at the metal articular cartilage interface.
This may reduce erosion of the acetabular artic-
ular cartilage. The implant should match the
natural anatomy of the patient as closely as
possible.

Figure 2.9 shows a hemiarthroplasty placed
in excessive anteversion. In the AP radiograph,
the lesser trochanter is more prominent imply-
ing excess external rotation of the femoral
shaft in the resting position. The offset appears
reduced, and this is also due to the excess ante-
version. This hemiarthroplasty implant has a
bipolar design, which means there is an addi-
tional articulation with the femoral head. The
excess anteversion led to anterior instability
and required revision to a total hip replacement,
whereby the version of the femoral stem was
corrected.
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Fig. 2.6 The Thompson hip hemiarthroplasty prosthesis.
This is a cemented prosthesis

Fig. 2.5 The Austin Moore hemiarthroplasty prosthesis.
The prosthesis is inserted without cement

Fig.2.8 A bipolar cemented hemiarthroplasty prosthesis.
There is an additional articulation within the femoral head

Fig. 2.7 A cemented monoblock (unipolar) hip hemiar-
throplasty prosthesis. The prosthesis has a distal cen-
traliser (lucency at the tip of the stem) and a cement plug
(at the distal extent of the cement mantle) for obtaining a
circumferential cement mantle
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Fig. 2.9 AP (a) and attempted lateral (b) view of a left
hip showing over anteversion of cemented bipolar hemiar-
throplasty prosthesis. On both views, the lesser trochanter
is more prominent

Modern cementless hemiarthroplasty compo-
nents have a special coating on the surface which
allows for bone integration—either through
ingrowth or ongrowth of bone. An example
is shown in Fig. 2.10 which shows a cement-
less hemiarthroplasty. The femoral stem has a
hydroxyapatite coating on its entire surface below
the collar of the stem, and this encourages bone
ongrowth. Additionally, the proximal end of the
stem has a taper on which a modular femoral head
can be attached. The femoral head has a polyeth-
ylene articulation within it, and this allows move-
ment at that interface. Femoral heads used in
hemiarthroplasty with an additional articulation
within them are referred to as bipolar heads.

Fig. 2.10 A hydroxyapatite-coated long-stem bipolar
hemiarthroplasty. This is the Furlong hemiarthroplasty
(JRI, Sheffield, UK). The stem is longer than the stan-
dard stem, and this was used to manage the peripros-
thetic fracture at the proximal femur, which was around
an uncemented Austin Moore prosthesis. This image was
obtained 7 weeks following the revision operation and
shows satisfactory alignment and callus formation.
There is evidence of heterotopic ossification in the soft
tissues

Total Hip Replacement

Total hip replacement prostheses can have a
cemented or cementless acetabular component
and femoral component. Prostheses in which
only one of the two components is cemented and
the other is cementless are known as hybrid hip
replacements.
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Fig. 2.11 Bilateral Charnley low-friction arthroplasty
hip replacements. This implant has a cemented femoral
component and a cemented acetabular component. Both
operations were done through a trochanteric osteotomy,
which has been fixed with wires. The wire markers in the
acetabular component are helpful in assessing the align-
ment of the acetabular component. There is nonunion of
the left trochanteric osteotomy fragment. The cement
restrictor in this technique was a bone plug obtained from
the cancellous bone of the proximal femur, and hence it is
not clearly visible

The earlier designs of hip replacement were
predominantly cemented—such as the Charnley
low-friction arthroplasty (Fig. 2.11) and the
Exeter hip replacement (Fig. 2.12). Charnley fem-
oral stems are based on the principle of ‘compos-
ite beam” [1], which implies that subsidence of
stem within the cement mantle is not intended, and
represents loosening. On the contrary, the Exeter
stems are based on ‘sliding taper’ principle, and
the polished stems are expected to subside to a
limited extent within the cement mantle (Fig. 2.13).

In earlier descriptions of the technique for hip
replacement described by Charnley, the acetabu-
lar component was medialised to improve hip
biomechanics and reduce the joint reaction force
on the hip joint (Fig. 2.14). A hole was made in
the medial wall where the reamers to prepare the
acetabulum were seated. Prior to cementing, the
hole was covered with a circular wire mesh. The
approach for hip replacement was through a tro-
chanteric osteotomy, which was fixed with wires
at the end of the procedure. Current techniques
no longer involve making the hole, and the ace-
tabular component is placed at the level of the
medial wall of the acetabulum or in a position to
allow adequate superior coverage.

Fig.2.12 A cemented total hip replacement. The femoral
component in this hip has a polished surface, which
allows subsidence within the cement mantle

The posterior lip augmentation device (PLAD)
is a method to control recurrent dislocation of the
hip in patients who are medically unwell to with-
stand revision surgery. It can only be used in all-
polyethylene cemented cups which do not have a
metal backing (Figs. 2.15 and 2.16). The device
consists of a semicircular polyethylene compo-
nent with a metal backing which is fixed to the
acetabular component by five screws. The effect
of the device is to increase the height of the pos-
terior margin as well as a physical restraint, pre-
venting posterior dislocation.

The zones of cementing around the femoral
component were described by Gruen [2] and



2 Hip Implants

Fig. 2.13 Subsidence in a polished tapered stem.
Radiolucency in zone 1 at the metal-cement interface rep-
resents subsidence of the stem. In a polished stem, this
is expected and is not a cause for concern. This patient
had fixation of the femoral neck fracture with cannu-
lated screws prior to hip replacement. The screws were
removed at the time of hip replacement, and there is
ingress of cement in the screw holes

Fig. 2.14 A Charnley total hip replacement on the right
side. There is evidence of cement in the pelvis, which has
been pushed through the hole in the medial wall of the
acetabulum at the time of pressurisation of acetabular
cement. The wire mesh to cover the hole is visible against
the medial wall. Note the superior migration of the femo-
ral head within the acetabulum, which is due to eccentric
wear of the polyethylene

Fig.2.15 A dislocated Charnley hip replacement with a
cemented all-polyethylene acetabular component and a
cemented femoral component

Fig.2.16 The hip was reduced, and a PLAD was inserted
to stabilise the hip. The polyethylene component is not
visible radiographically, but the metal backing of the
PLAD indicates its position on the acetabular component

those around the acetabulum by Charnley [3]
(Figs. 2.17 and 2.18). Progressive radiolucency
in these zones indicates loosening of the compo-
nents. Absolute signs of loosening are progres-
sive radiolucency at the cement bone interface
seen on serial radiographs, migration of the com-
ponent (Fig. 2.19a, b), fracture of the component
or fracture of the cement mantle. Loosening of
the femoral component appears as debonding
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Fig. 2.17 Gruen zones to describe
loosening around the acetabular
component

Fig. 2.18 DeLee Charnley zones to describe loosening

around the femoral component Fig. 2.19 AP radiograph (a) and lateral radiograph (b) of

the pelvis showing displacement of the acetabular compo-

nent outside the natural acetabulum. In the AP view, the

(lucency at the cement metal interface at the round outline of the face of the acetabular component is vis-

shoulder of the femoral stem). ible. There is debonding of the femoral stem evidenced by

. the gap between the cement and the metal in zone 1—at the

The all-poly cemented cups have a wire shoulder of the femoral stem. In the lateral view, the acetabu-
marker around the pole of the cup and often along  1ar component can be seen anterior to the femoral head
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Fig.2.20 Bilateral cemented total hip replacements. The
surgical approach was through a trochanteric osteotomy
for the left hip. The trochanter was wired back, but the
fixation has failed. The trochanter has ‘escaped’—proxi-
mal migration. There is wear in the superior part of the
acetabulum, evidenced by reduced distance between the
head and the wire marker superiorly, compared to the dis-
tance inferiorly. There is extensive osteolysis all along the
stem of the femoral component. The acetabulum is not
radiologically loose. On the right side, there is congruence
of the femoral head and the acetabular wire marker

=

Fig. 2.21 A hybrid total hip replacement. The acetabu-
lum is uncemented. On the femoral side, the stem is aligned
with the femoral shaft, with good cementation. There are no
voids in the cement mantle. This is grade A cementation

the face of the cup, which helps in assessing the
alignment of the cup. Superior migration of the
femoral head can also be assessed as a measure
of wear of the polyethylene (Fig. 2.20).

Hybrid hip replacements have a cementless
acetabular component and a cemented femoral
component (Figs. 2.21 and 2.22). The grade
of cementing around the femoral compo-

Fig.2.22 A hybrid hip replacement similar to Fig. 2.21.
Note the two small metal projections from the lateral mar-
gin of the acetabular component. These represent the
locking mechanism, which holds the polyethylene within
the metal acetabular shell. There are two small voids in the
femoral cement mantle—one each in zones 2 and 3. These
represent filling defects. Defects of this magnitude would
not compromise the long-term survival of the femoral
stem. This is grade B cementing

Table 2.1 Grades of femoral cementing

Grade A Complete filling of the medullary cavity
with cement. Also known as ‘white out’

Grade B Slight radiolucency of cement bone
interface

Grade C  Radiolucency involving 50-99% of cement
bone interface; or a defective or incomplete
cement mantle

Grade D 100% radiolucency at cement bone interface

in any projection; or failure to fill the canal
with cement such that the tip of stem is not
covered

nent was described by Barrack and Harris [4]
(Table 2.1).

Cementless hip replacements (Figs. 2.23 and
2.24) rely on primary stability, which is achieved
by a press fit of the prosthesis and secondary sta-
bility, which is achieved by bone ingrowth or
bone ongrowth. The prosthesis has a surface
coating to encourage bone integration.

For stable fixation in cementless hips, firm
primary stability and intimate host bone con-
tact are desirable. Radiolucent lines along
the metal-bone interface on the postoperative
X-ray indicate inadequate contact (Fig. 2.25a).
However, if the component is stable, the lucen-
cies may resolve with progressive osseointegra-
tion (Fig. 2.25b).
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Fig. 2.23 Cementless total hip replacement. The acetab-
ular component has two screws which help in primary
stability of the acetabular shell, although screws are not
always necessary. The femoral component fills the canal
and has restored leg lengths and horizontal offset

Cementless augments can be used to fill
defects in the acetabulum where there is exten-
sive bone loss (Fig. 2.26). These are fixed into the
pelvis with screws for primary stability, and bone
integration leads to long-term stability.

Pedestals may form at the tip of cementless
stems. These are bony trabeculae from the endos-
teum to the tip of the stem and may [5] or may not
[6] be a sign of loosening of the stem (Fig. 2.27).
Other signs of loosening of cementless femoral
stems include radiolucent lines at the prosthesis
bone interface (Fig. 2.28), calcar hypertrophy and
poor implant-bone contact. Signs of well-fixed
cementless stems (Figs. 2.29 and 2.30) are pres-
ence of spot welds, calcar atrophy and absence of
radiolucency at the implant-bone interface. Spot
welds are streaming trabeculae from the endos-
teum to the implant surface. The calcar partici-
pates in load bearing, but with a well-fixed stem,
the load bearing bypasses the calcar, resulting in
rounding or atrophy of the calcar.

Stress shielding in the proximal femur is seen
where the load bypasses the proximal femur
through an extensively coated stem. Cemented
stems do not generally demonstrate clinically
significant stress shielding. Bypassing the load
can be minimised by using cementless stems
which have a porous coating only in the proximal
part (proximally coated stems). A thicker and
consequently stiffer cementless stem is likely to

Fig. 2.24 Cementless total hip replacement after a failed
dynamic hip screw. Evidence of previous metalwork is
visible along the femoral shaft and proximal femur. The
femoral stem bypasses the distal screw hole by two corti-
cal diameters

cause more stress shielding. Variations in stem
design have been tried to reduce stiffness and
match the elasticity of the stem to that of the bone
(Fig. 2.31). The elasticity of titanium is closer to
that of cobalt-chrome, and hence titanium is the
preferred material for cementless femoral stems.

The positioning of the acetabular component
is important for stability, function and long-term
survival of the prosthesis. The vertical (superior-
inferior) positioning on the AP view is referenced
from the teardrop. The medial margin of the ace-
tabular component should be adjacent to the tear-
drop (Fig. 2.32).
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Fig. 2.25 Postoperative radiograph (a) of a cementless
total hip replacement showing radiolucent line in zones 1
and 2 around the acetabular component. After 14 months
(b), the lucency has disappeared with a well-fixed stable

The version of the acetabulum can be described
as radiologic, anatomic or operative version [7]
(Fig. 2.33). Operative anteversion is the angle
between the acetabular axis on the sagittal plane
and the longitudinal axis of the patient. It is
achieved by flexion of the acetabular component
in relation to the transverse axis of the patient.
Radiographic anteversion is the angle between the
acetabular axis and the coronal plane. Anatomic
anteversion is the angle between the acetabular
axis and the transverse axis of the patient.

An estimate of anteversion (or retroversion)
can be made on the AP radiograph. There are
various methods (Fig. 2.34) described to measure
anteversion on plain radiographs, and these are
summarised in Table 2.2.

acetabular component. Osseointegration can lead to reso-
lution of thin radiolucencies in stable cementless acetabu-
lar components

The shoot-through lateral view can be used to
directly measure version [12]. A line is drawn
along the face of the acetabular component in the
lateral view and the angle which this makes with
the vertical is the version of the cup (Figs. 2.35
and 2.36). This method will distinguish between
anteversion and retroversion, which would not be
possible with methods using only the AP view of
the pelvis. However, any pelvic tilt will affect the
measurement of version with this method.

Increased anteversion may predispose to ante-
rior instability (Fig. 2.37).

The superior-inferior positioning of the ace-
tabular component was described by Pagnano
et al. [13]. The acetabular component is approxi-
mately 20% of the vertical height of the pelvis.
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Fig. 2.26 Revision of the left hip using trabecular metal
augments to fill defects in the acetabulum. The augment
has been fixed to the pelvis using two screws. The cement-
less acetabular component is then placed and fixed with
multiple screws. On the femoral side on the left side, a
long modular cementless stem has been used. Evidence of
extended trochanteric osteotomy (ETO) is visible, which
was done for exposure and removing the previous femoral
component. The ETO has been stabilised with three
cables, and fourth cable is around the femoral shaft. The
wires in the left greater trochanter are from the primary
hip replacement which was done through a trochanteric
osteotomy. There is good bone contact on both the acetab-
ulum and femoral side on the left hip. The right hip is a
Charnley hip with a grossly loose acetabular component
and extensive periacetabular osteolysis. There is marked
wear of the polyethylene superiorly. Note the wire mesh
medial to the acetabulum and small amount of cement in
the pelvis. The greater trochanter has been wired using a
spring-loaded wire, as described by Wroblewski and
Shelley [16]. There is a long cement plug distal to the
femoral stem, and the cement restrictor is not visible.
Despite extensive wear, there is no loosening of the femo-
ral component.

Fig. 2.27 Pedestal at the tip of a well-fixed femoral
cementless stem right hip

Fig. 2.28 An example of loosening of a cementless fem-
oral component. This was secondary to infection. A con-
tinuous radiolucency is noticeable at the implant-bone
interface of the femoral component

The inferior margin of the acetabular component
is at the level of the teardrop. The approximate
femoral head centre can be predicted by drawing
an isosceles triangle which is 20% of the height
of the pelvis as shown in Fig. 2.38a. The centre of
the femoral head is at the centre of the hypote-
nuse. Proximal migration of the acetabulum
(Fig. 2.38b) can be assessed by this method.

The angle of the acetabular component with
the horizontal axis should be between 40 and 45°.
Excess vertical placement (Fig. 2.39) or horizon-
tal placement (Fig. 2.40) may adversely affect the
survival of the hip prosthesis.

Another feature to note on postoperative
radiographs is lengthening or shortening of the
limb (Fig. 2.41).
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Fig. 2.29 A well-fixed cementless hip replacement with
streaming trabeculae from the endosteum to the implant
interface, seen best in zone 2

Fig. 2.30 Pedestal at the tip of a well-fixed cementless
femoral stems on both sides. Note the spot weld on the
lateral aspect of the femoral stem. There is cortical thick-
ening at the tip of the femoral stems due to increased load
transfer at this level. Note the calcar rounding (atrophy)
on the right side, but not on the left. The acetabular com-
ponent on the left hip is more vertical (open), and there is
stress shielding superior to the acetabulum. The femoral
head on the left side is made of Zirconia ceramic, which is
less radio-opaque compared to the delta ceramic head (as
on the right side) or metal femoral heads. There are islands
of heterotopic ossification superior to the greater trochan-
ter bilaterally, and these may represent trauma to the
abductor muscles. Both of these hip replacements were
done through a Hardinge approach

¥y
Fig. 2.31 An example of a stem developed to reduce stress
shielding in the proximal femur (Epoch stem). The central
core the femoral stem is made of cobalt-chromium-
molybdenum for mechanical strength, and the outer covering
is made of titanium fibre metal which provides cementless
fixation and elasticity similar to the cortical bone. Note the

endosteum along the lateral cortex where the reamer has
made an indentation during preparation of the femoral canal

Fig.2.32 A well-positioned acetabular component with the
medial margin adjacent to the distal margin of the teardrop

Transverse plane
anatomic anteversion,

Sagittal plane
operative anteversion

Axis of acetabulum
radiographic anteversion

Fig. 2.33 Descriptive types of anteversion of the acetab-
ular component
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Fig. 2.34 (a—d) Various methods for measuring anteversion of the acetabular component in the AP radiograph.
Lewinnek’s method (a), Widmer’s method (b), Hassan method (¢) and Liaw’s method (d)

Table 2.2 Methods of determining acetabular version

Lewinnek’s method [8]  Version = arcsin
(D1/D2)

Version = Arcsin
(Short axis S)/(Total
length (TL)

Version = Arcsin
[(A/D)/A/[(mID)—
(m*D?))

Version = sin~! tanf}

Widmer’s method [9]

Hassan method [10]

Liaw’s Method [11]

D]—ILength of short axis of ellipse

D2—Distance of long axis

S—Short axis length (same as D/)

TL—entire length of the projected cross section of acetabular
component

D—maximum diameter of acetabular component
m—distance along D which is not obscured by femoral head
h—perpendicular from m to acetabular rim

p is the line joining the long axis of the acetabular component to

the end of the ellipse

A line can be drawn along identical fixed
points on each side, and the level of the lesser
trochanter is assessed in relation to this line.
Murphy [14] described measurement of femoral
lengths on the AP radiograph, which can serve as
a surrogate marker for leg lengths. A line is drawn
along the inferior aspects of the teardrop, and the

vertical distance is measured on either side from
this line to the superior aspect of the lesser
trochanter.

A CT scanogram will provide a more accu-
rate measurement and is useful in preoperative
planning for revision surgery (Figs. 2.42
and 2.43).
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Fig. 2.35 Measurement of anteversion on the shoot-
through lateral view. One line is drawn along the face of
the acetabular component (solid line), and the other line is
vertical (broken line). The version measures 15° in this
patient and led to posterior instability

Fig. 2.37 Postoperative radiograph showing an exces-
sively anteverted acetabular component (a, b) resulting in
anterior dislocation (¢). Revision to correct acetabular
alignment reducing the excess anteversion (d, e)

Fig. 2.36 Radiographs after revision of the same patient
as shown in Fig. 2.35. The version of the acetabulum has
been increased to achieve posterior stability. The head size
has been increased as well
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Fig. 2.37 (Continued)

Dislocations following total hip replacement
(Fig. 2.44) can be early or late. Early dislocations
are usually related to technical factors, which
may require addressing through revision surgery.
In patients with abductor deficiency, proximal or
total femoral replacement or neurological condi-
tions, constrained liners may be indicated
(Figs. 2.45, 2.46 and 2.47). In these, the polyeth-
ylene arc is greater than a hemisphere and hence
prevents the head from dislocating out of the
liner. These have a metal reinforcement ring
along the face of the liner, and various designs
have been developed. Disadvantages of using
constrained liners include increased stress at the
fixation interface, accelerated wear, component
failure and restriction of range of movement.

While the constrained liners reduce the risk of
dislocation, it is still possible for the entire liner
to be pulled out (Fig. 2.48) or indeed for the head
to dislocate despite the ring (Fig. 2.49). Another
type of constrained liner is designed such that the
head has a flattened shape along the equator. This
allows the head to be reduced within the liner but
prevents dislocation in the physiological hip
position (Figs. 2.50 and 2.51).

Infection in hip replacements is a rare but seri-
ous complication. In late stages, endosteal scal-

f
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Fig.2.38 (a) Positioning of the acetabular component as
described by Pagnano et al. [13]. The vertical height of the
acetabulum is one fifth of the vertical height of the pelvis.
The femoral head corresponds to the centre of the hypot-
enuse. (b) Proximal migration of left acetabular compo-
nent with bilateral extensive osteolysis. The spring-loaded
wires for trochanteric reattachment on the right hip were
described by Wroblewski and Shelley. There is eccentric
wear of the acetabular polyethylene with superior migra-
tion of the femoral head. There is extensive bilateral pel-
vic osteolysis with loosening of acetabular components.
The left acetabular component has migrated proximally.
The femoral components are well fixed. Note the lack of
cement restrictor in the femoral canal

Fig.2.39 Vertical placement of the acetabular component
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Fig. 2.40 Horizontal
component

placement of the acetabular

Fig. 2.41 Postoperative radiograph showing significant
lengthening of the left side as evidenced by the difference
in level of the lesser trochanter. The radiolucency in the
proximal part of the femoral component is the junction of
the modular neck segment with the femoral stem

loping may be observed, but is not diagnostic for
sepsis. Periosteal new bone formation is highly
specific but is observable in less than one in five
patients (Fig. 2.52). Ultrasound scanning may
reveal fluid in the hip and collection in the muscle
and perimuscular fat, with a very high positive
predictive value. Radioisotope scanning may pro-
vide further evidence of infection.

Heterotopic bone formation (Fig. 2.53) around
hip replacements is commoner after muscle
dividing approaches, hypertrophic arthritis and
previous acetabular trauma. It is classified radio-
logically on the AP radiograph of the pelvis using
the Brooker classification [15] (Table 2.3).

CT SCANOGRAM

Fig. 2.42 A CT scanogram of the same patient as
Fig. 2.41 showing the lengthening of the left side

Failure of components is rare with modern
implants. Cases of ceramic fracture involving the
head or the acetabular liner have been reported
(Fig. 2.54a, b). Failure of the femoral stem is
even more rare (Fig. 2.55) with modern implants.

Resurfacing of the hip (Fig. 2.56) has been a
popular procedure but has declined in use in
recent years due to concerns about metal ion
release in the local tissues and potential for
adverse reaction to metal debris. Similar con-
cerns have been associated with large diameter
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Fig. 2.43 Radiograph after revision of the left hip to
restore difference in leg lengths

Fig.2.44 Posterior dislocation following hybrid total hip
replacement

Fig.2.45 Revision of the patient in Fig. 2.44 using a con-
strained ring acetabular component. The ring reinforces
the polyethylene, and the head is captured by the extended
polyethylene liner preventing dislocation

Fig. 2.46 Follow-up on the same patient as Figs. 2.44
and 2.45. The polyethylene liner has fractured along the
ring after 14 months, and the ring has displaced distally.
Note the increased separation between the ring and the
acetabular shell

Fig. 2.47 Revision of the hip for the same patient
(Figs. 2.44-2.46). A new type of constrained liner has
been cemented in the original acetabular shell. This type
has two extended polyethylene lips reinforced by a metal
ring. Note the femoral stem has been revised as well but
the cement mantle is largely preserved—a ‘cement-in-
cement’ revision for the femur
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Fig. 2.48 Pulling out of the polyethylene constraining

liner from the acetabular shell on the left hip Fig. 2.50 Same patient as Figs. 2.48 and 2.49. The new
constrained component has been placed, correcting the
excess vertical placement of the previous acetabular
component

Fig. 2.51 Same patient as Figs. 2.48-2.50. The femoral
head in this system is flattened at the equator, between the
two sets of arrows. This allows reduction of the femoral
head through the constraining ring intraoperatively but
prevents dislocation in the physiological hip position

Fig.2.49 Dislocation of the femoral head on the left side
in the same patient as Fig. 2.48. The constraining mecha-
nism has been changed, but the vertical position of the
acetabulum predisposes to dislocation
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Fig. 2.52 Chronic infection around a cementless total
hip replacement. There is a continuous radiolucency
around the femoral stem with cortical erosion in zones 5
and 6. Extensive periosteal reaction is seen in this area.
There is thinning of the femoral cortex in zones 1 and 2.
The acetabulum has a near-complete radiolucency at the
metal-bone interface and is proximally placed

metal on metal articulation hip replacements
(Figs. 2.57 and 2.58).

Resurfacing hip replacements are considered
to be more stable on account of larger head size,
although dislocations are still reported (Fig. 2.59).
Fractures of the intertrochanteric area are possi-
ble following resurfacing hip replacements
(Fig. 2.60).

Various techniques have been evolved to
reconstruct bone loss in revision hip replacement.
For the acetabulum, impaction grafting and tra-
becular metal augments are the mainstay of
reconstruction. In impaction grafting, the defect
is converted to a contained defect, and bone graft
is impacted before cementing (Figs. 2.61 and
2.62). Metal augments, which integrate with the
cancellous bone, can be used to reconstruct
uncontained defects or to fill contained defect
(Figs. 2.63 and 2.64).

On the femoral side, long cementless stems
can be used to gain fixation in the femoral diaph-
ysis where proximal migration is compromised.
These stems can gain fixation through a tight fit
in the femoral shaft where the canal has good
bone quality (Figs. 2.65 and 2.66). Alternatively,

Fig. 2.53 Heterotopic ossification following total hip
replacement. This procedure was done through a lateral
approach (Hardinge approach)

Table 2.3 Brooker classification
Grade 1|  Isolated islands of bone
Grade 2 Bone spurs with a gap of at least 1 cm
between the opposing surfaces
Grade 3  Near complete bone bridging (gap less than
1 cm)
Grade 4  Apparent ankylosis

distal locking stems (Fig. 2.67) provide fixation
in the distal third of femur where the canal is too
wide.

For fractures in between two well-fixed
implants, fixation is an option instead of revision
of prosthesis (Fig. 2.68).

Replacement of the proximal femur (Fig. 2.69)
or entire femur (Fig. 2.70), along with the hip and
knee joint, is needed where there is extensive
bone loss, or the femur is removed in tumour sur-
gery. Extensive reconstruction of the acetabulum
is needed for defects following tumour excision
(Fig. 2.71).
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Fig. 2.54 (a) Fracture of the ceramic head 16 months after primary total hip replacement. (b) Revision of the hip
shown in (a) using a ceramic on ceramic articulation

Fig. 2.56 Left hip resurfacing

Fig. 2.55 (a) Fracture of the femoral stem 15 years after
primary total hip replacement. (b) The stem has been
revised using a ‘cement-in-cement’ technique. Most of the
existing cement in the femoral canal was not removed as
it was well fixed. The acetabulum has been revised to
achieve adequate stability
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Fig. 2.57 Bilateral large diameter metal on metal hip

replacement. The acetabular component is cementless and ~ Fig. 2.60 Left hip resurfacing with intertrochanteric
has additional screw for stability. It has a metal liner. fracture of the proximal femur. The fracture was the result

Femoral components have large diameter metal heads and ~ of trauma 4 years after the index operation
cemented stems

Fig. 2.58 MR scan of the patient in Fig. 2.57. There is a
fluid collection in the region of the greater trochanter from
the adverse reaction to metal debris (ARMD)

AN

Fig. 2.61 Extensive impaction grafting of the acetabulum
Flg. 2.59 Bilateral hlp resurfacing with posterior dislo- and femur. The wire mesh has been used to convert an
cation on the right side uncontained defect to a contained defect. An all-polyethylene
acetabular component is cemented into the bone graft. The
femoral component is long stem and is cemented
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Fig. 2.64 Reconstruction of the uncontained defect of the
posterior buttress using a trabecular metal augment. The aug-
ment is fixed to ilium with screws and provides primary sta-
Fig.2.62 Impaction grafting of the acetabulum to recon-  bility. The cementless acetabular component is then fixed in
struct a post-traumatic defect. Some of the metalwork place. Secondary stability is achieved through bone integration
used to reconstruct the anterior and the posterior column
is in situ. The bone graft is visible medial to the original
medial wall of the acetabulum. An acetabular cage has
been used to reinforce the impaction grafting, and an all-
polyethylene liner has been cemented into the cage. The
technique helps restore bone stock

Fig. 2.65 Cementless modular stem used to stabilise a
Fig. 2.63 Periprosthetic fracture of the acetabulum with  periprosthetic femoral fracture. The plate provides fixa-
displacement of the component tion to the greater trochanter fragment
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Fig. 2.66 Bilateral long-stem cementless femoral com-
ponents for pathologic fracture of the neck of femur with
proximal femoral involvement. A constrained acetabular
component has been used on the left side. The femoral
components are modular, which allows matching different
proximal bodies and distal stems so as to achieve maxi-
mum contact with host bone without removing excess
bone

Fig. 2.67 Cementless femoral prosthesis with distal
locking screws. These are suitable where inadequate bone
stock precludes fixation in the proximal part of femur

Fig. 2.68 Fixation of a femoral fracture between a revi-
sion hip replacement and a revision knee replacement.
Presence of stemmed implants on either side produces a
risk of fracture of the bone in the middle unsupported
segment
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Fig. 2.68 (Continued)

Fig. 2.69 Proximal femoral replacement. The acetabular
component has a constrained liner to reduce the risk of
dislocation. With the loss of trochanters, soft tissue ten-
sion in the hip is often inadequate for stability of the joint,
and hence constrained liners are usually needed in these
situations
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Fig. 2.70 Bilateral total femur replacement. Radiograph of the pelvis (a) and femoral shafts (b, ¢) are shown. The
remaining part of femoral shaft allows some degree of soft tissue attachment
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Fig. 2.71 Reconstruction of the acetabulum using
cement reinforced with metal pins and a cemented acetab-
ular component following tumour excision. Fixation has
been achieved in the remaining part of the ilium and ala of
the sacrum. There is no distal fixation or support for the
acetabulum. The screws adjacent to the femoral compo-
nent were used to fix the trochanteric osteotomy
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Knee replacement is an increasingly common
operation with over 80,000 performed in the UK
annually (UK National Joint Registry 12th
Annual Report, 2015). The vast majority are
cemented implants. Unicompartmental knee
replacements account for about 8% of all knee
replacements, and patellofemoral replacements
are 1% of the total.

A large variety of implants are currently in
use. In most primary knee replacements, the fem-
oral component and polyethylene insert articulate
without any mechanism to provide stability for
collateral ligaments.

Knee replacement implants used in primary
knee surgery may be cruciate retaining or poste-
rior stabilised. In the cruciate-retaining implants,
the posterior cruciate ligament is preserved dur-
ing surgery (Fig. 3.1). On the other hand, in pos-
terior-stabilised implants (Fig. 3.2), the posterior
cruciate ligament is removed and substituted by a
cam and post mechanism within the implant. The
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articulation between the post and the cam pro-
vides posterior femoral rollback. In patients with
lateral ligamentous insufficiency, semi-con-
strained implants which provide some degree of
varus and valgus support are used. If the medial
collateral ligament is lax/non-functional, a
hinged implant is generally needed to achieve a
stable knee.

The assessment of knee replacement radio-
graphs is based on the anteroposterior (AP), lat-
eral and the skyline views.

On the AP view, the features to note are:

1. Femoral component varus/valgus alignment
(alpha angle)

2. Femoral component overhang medially/
laterally

3. Gap between femoral component and tibial
tray on medial and lateral side

4. Tibial component varus/valgus alignment
(beta angle)
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Fig. 3.1 Cruciate-retaining cemented total knee replace-
ment. AP (a) and lateral (b) views. On the lateral view,
there is no box for cam and post mechanism. There are
two pegs (arrow) on the femoral component which appear
superimposed on the lateral projection

5. Tibial component overhang medially/laterally

6. Relative angle between anatomical axis of
the femur and anatomical axis of tibia

7. Any periprosthetic fracture

8. The level of joint line—compared to preop-
erative radiograph

9. Quality of cementation of the
component

10. Any retained cement

tibial

On the lateral view, the features to note are:

1. Femoral component positioning—flexion/
extension compared to femoral anatomical
axis.

2. Anterior flange of femoral component collin-
ear with anterior cortex of the femur—evi-
dence of notching of the femur or overstuffing
of the patellofemoral joint.

3. Posterior condyle of the femur should blend
with the outline of the femoral condyle.

4. Posterior condylar offset and posterior con-
dylar offset ratio.

5. Patellar height.

6. Tibial slope—anteriorly sloping, posteriorly
sloping or perpendicular to the anatomical
axis of the tibia.

7. Tibial component
positioning.

8. Cementation of femoral and tibial compo-
nent in cemented knee replacements.

9. Osseointegration/bone apposition in cement-
less knee replacements.

10. Any periprosthetic fracture.
11. Any retained cement.

anterior/posterior

In medium- to long-term follow-up, further
features are:

. Evidence of osteolysis

. Loosening of components

. Migration of components

. Fracture of cement mantle

. Thinning of the polyethylene
. Metallosis in the soft tissues
. Periosteal reaction

~N N R WD =

A major impediment to successful compari-
son of knee replacement radiographs is lack of
reproducibility. Radiolucent lines under the tibial
component would be best demonstrated if the
beam is parallel to the under surface of the
component.

One method to improve comparability is
through fluoroscopy-guided radiographs. However,
this method is labour intensive and is not practical
for routine use.

The alpha angle is the angle between the lon-
gitudinal axis of the femur and a line tangential to
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Fig. 3.2 Cruciate substituting (posterior stabilised) cemented total knee replacement. AP (a) and lateral (b) views. On
the lateral view, there is a box (arrows) on the femoral component, which accommodates the cam and post mechanism

the distal aspect of femoral condyles (Fig. 3.3) in
the AP view. Ideally this should correspond to the
angle between the mechanical axis and anatomi-
cal axis of the femur. For most patients, it is
between 3 and 7 degrees of valgus.

The beta angle is the angle between the longi-
tudinal axis of tibia and a line tangential to the
flat surface of tibial component (Fig. 3.3). The
tibial component should be perpendicular to the
mechanical axis of the tibia to avoid shear force
at the tibial metal—bone interface.

Standard postoperative radiographs include
only the knee joint, and hence measurement of
axis of the femur and tibia is not accurate. Internal
or external rotation of the limb may also affect
accurate determination of longitudinal axis.

To determine the longitudinal axis of the
femur, the midpoint of the femoral shaft is

marked furthest from the knee joint, and another
mark is made 10 cm proximal to the joint line.
The axis is assumed to pass midway between two
corresponding points on the cortex. Similarly, on
the tibia, the point chosen is 10 cm distal to joint
line and another point as far distal on the tibia as
the radiograph allows.

On the lateral view, the longitudinal axis of
the femur is marked out and compared to the axis
of the femoral component. The axis of femoral
component on the lateral view is determined by
the longitudinal axis of the pegs or perpendicular
to the box (in posterior-stabilised knees) or paral-
lel to anterior/posterior flange of the femur. In
implants with diverging flanges, the line bisect-
ing the angle between the flanges is the femoral
axis. The angle between the femoral axis and the
axis of the implant is the gamma angle (Fig. 3.4).
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Alpha angle

Fig. 3.3 Determination of the alpha angle and beta angle
on the AP radiograph of the knee

Fig. 3.4 Determination of the gamma angle and sigma
angle on the lateral radiograph

The axis of femoral component should be collin-
ear with the femoral axis.

On the lateral view of the tibia, the tibial axis
is along the keel of tibial component. The angle
between the tibial component and the tibial axis
is sigma angle. Posterior slope on the tibia is
desirable in most implants. Anterior slope on the
tibia should be avoided as it impedes posterior
femoral rollback and leads to restricted knee
flexion.

The Knee Society has developed a scoring
system [1] for knee replacement radiographs
(Fig. 3.5). The presence of radiolucency at
cement-bone or implant-bone interface can be
described based on the radiologic zones.

In the AP view (Fig. 3.5a), seven zones have
been defined for the cement interface of the tibial
component. Zones 1, 2, 3 and 4 are along the
tibial base plate, and 5, 6 and 7 represent the keel
of the tibial component. For the femoral compo-
nent fixation, seven zones are defined in the lat-
eral view (Fig. 3.5b), with the peg represented by
zones 5, 6 and 7. The patellar fixation is deter-
mined on the skyline view, with the pegs on the
patellar component designated as zones 3, 4 and
5. Further derivations of numeric system to define
loosening of the component have been reported,
which is based on zones with radiolucency and
the width of the radiolucent line in millimetres.

The main advantage of this system lies in its
definition of zones of fixation.

While this is an elaborate attempt to introduce
comparability in knee radiographs, the over-
whelming limitations of this system are lack of
reproducibility of knee radiographs and lack of
clinical correlation of the numeric system.

A nonprogressive radiolucent line, less than
2 mm wide at the cement-bone interface, is fairly
common, and does not signify loosening of the
implant [2].

Asymmetry of the extension gap has been
associated with increased postoperative pain
following total knee replacement. This assess-
ment is based on the routine postoperative
radiograph (Fig. 3.6). The distance between the
femoral condyle and tibial component is com-
pared between the medial side and the lateral
side. Presence of a medial opening extension
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Fig. 3.5 Knee society

scoring system for knee a
radiographs. The

numeric system

describes zones on the

femoral and tibial

interface. The zones on

the tibia are

demonstrated on the AP

view (a), and the

femoral zones are shown

in the lateral view (b)

Lateral

b ]
— |

Fig.3.6 (a) Asymmetric gap on postoperative radiograph. Lateral widening indicates lateral ligamentous laxity. (b) An
example of medial gap widening
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gap (wider space on the medial side compared
to lateral side of the joint) may be associated
with increased incidence of pain postopera-
tively [3]. Patients with lateral opening of the
joint had better improvement in pain compared
to those with medial opening.

In effect, asymmetry of the joint on non-
weight-bearing postoperative radiographs indi-
cates ligamentous imbalance. This may not be
evident on the weight-bearing AP radiograph
as the femur and tibial components are com-
pressed together. Weight-bearing radiographs
are helpful to detect gross ligamentous insuffi-
ciency in malaligned knees, but minor degrees
of imbalance may be masked on weight
bearing.

Varus or valgus malalignment of the femoral
component will affect the axis of the limb.

A tilted joint line may lead to postoperative pain
(Figs. 3.7, 3.8, and 3.9).

Overhang of the tibial or femoral component
may be a cause of pain postoperatively due to soft
tissue irritation (Fig. 3.10). Medial tibial over-
hang impinges on the medial collateral ligament,
and lateral overhang can impinge on the iliotibial
band.

The posterior condylar offset is measured
(Fig. 3.11) from the posterior aspect of the fem-
oral condyle to a line extended along the poste-
rior cortex of the femur on the lateral view. The
posterior condylar offset ratio can be measured
on the lateral radiograph. A straight line is
drawn on the lateral view as an extension to the
posterior cortex of the femur. The posterior off-
set ratio is the maximum projection of the pos-
terior condyle posterior to the line compared to

Fig. 3.7 Excess valgus positioning of the femoral com-
ponent along with varus malalignment of the tibial com-
ponent leading to a tilted joint line evident on the AP view

(a). Note the anterior slope on the tibia on the lateral view
(b), which may lead to restricted flexion range post
operatively
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Fig. 3.8 Radiographs after revision showing restoration
of normal femoral valgus angle. The tibial varus has been
corrected on the AP view (a). Stem and sleeve have been
used to augment fixation on the tibia. There is bone loss
on the medial margin of tibia which has been filled with

the distance from the anterior femoral cortex to
the tip of posterior condyle at that level [4].
Inadequate restoration of posterior condylar
offset can lead to flexion instability (Fig. 3.12),
while increasing the posterior offset can lead to
a tight flexion gap and restriction of flexion
postoperatively.

& L y *

cement. Tibial fixation has been achieved predominantly
through the use of metaphyseal sleeve with good contact
in the AP and lateral view (b). The femoral component has
a stem. An augment (not visible on radiographs) was used
to fill the defect in distal part of lateral femoral condyle

Postoperative radiographs should be carefully
scrutinised for iatrogenic fractures, especially in
the osteopenic bone (Fig. 3.13).

Cementless total knee replacements were 4%
of all knee replacements done in the UK in 2011.
The metal implants have a porous coating to
allow bone ingrowth. Some implants have a tra-
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Fig.3.9 Excess valgus of the femoral component evident ~ visible on post-revision radiograph (b). The augment,
in the AP view (a) corrected through revision surgery (b).  shown by the arrows, fills the gap between the femoral
The augment on the lateral side of femoral component is ~ component and the distal lateral femoral condyle

Fig.3.10 Overhang of the tibial component on the
lateral side. Medial overhang should be avoided

as it impinges on the medial collateral ligament and
may lead to attrition rupture of the tendon
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becular metal interface on the tibial side
(Fig. 3.14).

All-poly tibial components are made entirely
of polyethylene and are in the same shape as the
combination of metal and polyethylene insert
(Fig. 3.15). They lack the modularity, which is
present in metal-backed tibial components, but
survival of all-polyethylene tibial components is

similar to metal-backed tibial components.

Fig.3.11 Measurement of posterior condylar offset. The
white dotted line is the projection along the posterior cor-
tex of the femur, and the black arrow denotes the posterior
condylar offset

i

Fig. 3.12 (a) Lateral view of the knee showing excess
posterior resection on the femoral condyle, which led to a
loose flexion gap and flexion instability. (b) At revision
the posterior femoral condyle was built up using 8 mm

Mobile-bearing knee replacements have
been developed in an effort to reduce the wear
of the polyethylene insert. These allow flex-
ion-extension and some gliding on the supe-
rior surface of the insert, and rotation occurs
on the under surface of the insert. As the insert
is free to rotate on the tibial component, accu-
rate balancing of the gaps is essential to mini-
mise risk of bearing spinout (Figs. 3.16 and
3.17).

Unicompartmental knee replacements com-
prised 8% of all knee replacements in the UK in
2015 (12th Annual report, National Joint
Registry, UK). The medial, the lateral or the
patellofemoral compartments can be replaced
individually, thereby preserving the other two
compartments.

Medial replacements comprise the vast major-
ity of unicompartmental replacements. The
Oxford design (Fig. 3.18) is the commonest
mobile bearing in use in the UK. In the mobile-
bearing version, the superior surface of tibial
component is smooth and highly polished, allow-

augments on both medial and lateral femoral condyles.
Note the augment just below the tip of the flange of the
femoral component posteriorly between the two arrows
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Fig. 3.13 Discontinuity along the proximal medial
tibial cortex noted on postoperative images. This could
be due to iatrogenic fracture sustained during tibial
preparation or impaction. Alternatively, this could be
from the tip of a pin used to fix the tibial preparation
tray. The pins are inserted vertically, and due to the
conical shape of the proximal tibia, they may
sometimes penetrate the medial tibial cortex. Further
imaging (CT scan) may be helpful to determine the
cause and extent of this discontinuity

Fig. 3.14 AP (a) and lateral (b) view of cementless total
knee replacement. In this implant, the tibial interface is
trabecular metal. On the femoral side in lateral view, there
is radiolucency along the posterior chamfer (arrow). This

was present on the first postoperative radiograph and was
nonprogressive on serial radiographs. It implies lack of
contact between the metal and bone, while seating the
implant, but does not indicate loosening
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Fig.3.15 All-polyethylene tibial component with a cemented cruciate-retaining femoral component in the AP (a) and
lateral (b) view. Only the cementation is visible on the tibial side

Fig. 3.16 A cruciate-retaining mobile-bearing insert ~ On the lateral view (b) of the knee, the insert is visible as
which has ‘spun out’. On the AP view (a), there is if it is in an anteroposterior projection (between the black
malalignment between the femoral and tibial component.  arrows)
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ing the highly conforming polyethylene insert to
move freely over the tibial component. The supe-
rior surface of the insert is concave and matches
the shape of the spherical femoral component.
Accurate sizing and positioning of the compo-
nent (Fig. 3.19) and optimum tension in the soft
tissues are essential for good outcome. Excess
valgus alignment of the knee will lead to over
load of the lateral compartment and pain, requir-
ing revision surgery.

In the fixed-bearing version (Fig. 3.20), the
superior surface of the tibial component has a
locking mechanism to engage the polyethylene
insert. The insert remains fixed to the tibia.

As opposed to total knee replacements, the
coronal plane restoration of alignment depends
on the balancing of the soft tissues rather than
the angle of bone resection. Increasing the tight-
ness by using thicker insert will shift the
mechanical axis of the limb to the contralateral
side of the knee, resulting in increased loading
of the unreplaced compartment. This can lead to
accelerated wear of the unreplaced compart-
ment, with subsequent need for total knee
replacement.

Lateral unicompartmental replacements are
less than 1% of all knee replacements. Most of
the lateral replacement implants employ fixed-
bearing design. The limb alignment should be
few degrees of valgus to prevent overload on the
medial side (Fig. 3.21).

Patellofemoral replacements are less than 1%
of all knee replacements. The patellar compo-
nents are all polyethylene and cemented. The
femoral component resurfaces the trochlea and
can be an onlay design (Fig. 3.22) or an inlay
design (Fig. 3.23).

Bicompartmental knee replacements
(Fig. 3.24) are intended to deal with two arthritic
compartments while preserving the cruciate liga-
ments. Long-term survival of these is unproven at
present.

The polyethylene insert may dislocate in
mobile-bearing unicompartmental replacements.
This is generally due to improper balancing (ten-

Fig. 3.17 Radiographs following revision surgery for
spinout. The tibial component has been switched to a
fixed-bearing tray (a), in which the insert is fixed to the
tibial component. The gaps were accurately balanced, and
posterior augments (arrows) are visible on the lateral view
(b). A semi-constrained implant has been used to provide
some degree of varus and valgus stability. The metal bar
within the polyethylene insert is the reinforcement bar for
the relatively longer polyethylene peg of the insert. A stem
has been used on the femoral side for additional fixation
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Fig. 3.18 Oxford medial unicompartmental replacement
in the AP (a) and lateral view (b). The polyethylene insert
is mobile (not fixed to the tibial component). The shape of

sioning) of the knee with an excessive lax medial
side (Fig. 3.25).

Notching of the anterior femoral cortex
(Fig. 3.26) can predispose to supracondylar frac-
ture of the femur. Ideally, the anterior flange of
the femoral component should be along the ante-
rior cortex of femur. Posterior translation of the
femoral component will lead to notching. Excess
anterior translation, conversely, will ‘overstuff’
the patellofemoral joint and may cause anterior
knee pain (Fig. 3.27).
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the polyethylene matches the shape of the femoral compo-
nent superiorly and is flat on the inferior surface to match
the tibial component

Bone loss in the proximal tibia may require
the use of metal augments. These are fixed to the
undersurface of the tibial component and can be
either on one half (Fig. 3.28) or on the entire
undersurface of the tibial component (Fig. 3.29).
Overhang of the augments should be avoided, as
medial overhang can lead to attrition rupture of
the medial collateral ligament.

An alternative method to gain fixation in the
compromised bone is through the use of metal
metaphyseal sleeves (Fig. 3.30) [5]. These allow
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Fig. 3.19 An Oxford medial unicompartmental replace-
ment with overhang of the tibial component on the medial
side seen in the AP view (a). There is minimal posterior
slope on the tibial component, and the tibial component is
translated posteriorly in the lateral view (b). The femoral

component appears oversized evident by the overhang
posteriorly and prominence beyond the femoral condyle
anteriorly. The alignment of the knee is excess valgus in
the AP view, which would shift the weight-bearing axis
laterally and overload the lateral compartment

Fig.3.20 A fixed-bearing medial unicompartmental knee
replacement. There should not be any medial overhang of
the tibial component on the AP view (a), as this can lead to
pain and damage the medial collateral ligament. The tibial
component should be perpendicular to the tibial mechani-
cal axis. It is important to note the relative angle of the axis

of femur and tibia. In this knee, the femur and tibia axis are
collinear, implying a varus alignment of the knee. This pre-
vents overloading of the lateral compartment. In the lateral
view (b), the femoral component should not extend beyond
the resected femoral surface (arrow), or this can impinge
on the patella and lead to pain on patellar gliding
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Fig. 3.21 Lateral unicompartmental replacement AP (a) and lateral (b) view using a fixed-bearing implant done for
arthritis secondary to lateral meniscectomy. The limb alignment is valgus, which helps load the implant

Fig. 3.22 AP (a) and lateral (b) radiographs following patellofemoral replacement. The joint space in the medial and
lateral tibiofemoral joints is well preserved. The trochlear component is an ‘onlay’ design
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Fig.3.23 A different patellofemoral replacement design.
The AP view (a) is similar to the implant in Fig. 3.22; the
femoral component has a lower profile on the lateral view
(b). The femoral component is ‘inlay’ type and is placed
into a milled area. Compare this to Fig. 3.22b where the

i

Fig. 3.24 Medial and patellofemoral compartment
replacement. AP view (a) and lateral view (b) show
replacement of the medial and patellofemoral compart-

femoral component in ‘onlay’ and the posterior aspect of
the femoral flange are collinear with the anterior femoral
cortex. The inlay implants cause less ‘overstuffing’ of the
patellofemoral joint

ment. The lateral compartment is preserved, and the cruci-
ate and collateral ligaments are left intact
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Fig. 3.25 Dislocated polyethylene from a medial uni-
compartmental replacement. The gap between the femoral
and tibial component is reduced on the AP view (a). The
polyethylene insert in this particular implant has three
radio-opaque markers seen in both views. These are visi-

Fig. 3.26 Lateral radiograph after total knee
replacement using a cruciate-retaining, fixed-bearing
cemented implant. There is gross notching of the
anterior femoral cortex. The tibial component has been
placed in excess posterior slope, which can cause
flexion instability

ble in the suprapatellar pouch within the radiolucency of
the insert seen in the lateral view (b). This patient had
revision of the mobile bearing to a fixed-bearing medial
unicompartmental replacement
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Fig. 3.27 Gross loosening and subsidence of the tibial ~ joint in the lateral view (b). Femoral component valgus
component. There is proximal medial tibial bone loss, measures 14°, as opposed to the usual 4-7° valgus. This
resulting in an uncontained defect seen in the AP view (a).  would imply lateral femoral condyle bone loss. The poly-
The femoral component is oversized, with an anteriorly ~ ethylene has a metal marker which identifies the position
translated anterior flange, overstuffing the patellofemoral  of the polyethylene insert

Fig.3.28 AP (a) and lateral (b) view of knee prosthesis showing an augment on the under surface of the tibial compo-
nent to manage medial tibial bone loss
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Fig. 3.29 A block augment on the under surface of the tibial component to manage proximal tibial bone loss. There is

overhang of the augment on both medial and lateral cortices

WEIGHT BEAR

Fig. 3.30 Metal metaphyseal sleeves used to achieve
cementless fixation in the proximal tibia and the distal
femur. The metal sleeve (arrows) has stepped margins
seen on the AP (a) and lateral (b) view and can be attached

to the tibial and/or femoral component. Stems have been
used on the femur and tibia. The metal in the polyethylene
is for reinforcement of the peg, as this implant provides
some degree of varus and valgus stability
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cementless fixation in the metaphyseal bone of
the proximal tibia and distal femur.

The degree of constraint used in the knee
implant depends on the integrity of the knee liga-
ments. In unicompartmental knee replacements,
the cruciate and collateral ligaments are pre-
served. In cruciate-retaining total knee replace-
ment, the anterior cruciate ligament is removed,
but posterior cruciate and both collaterals are pre-
served. Posterior-stabilised implants substitute
for the posterior cruciate ligament but provide no
stability against varus or valgus stress.
Semiconstrained implants (Fig. 3.30) have
greater conformity between the polyethylene peg
and the box of the femoral component. These
provide some degree of varus and valgus stability
but are often inadequate for medial collateral
ligament laxity. Deficiency of the medial collat-
eral ligament is managed with the use of a hinged
knee prosthesis (Fig. 3.31). Different designs are
used in different situations (Fig. 3.32).

Osteolysis around knee replacements appears
a number of years after initial surgery. The extent
of osteolysis is often underestimated on plain
radiographs, and CT scanning is more accurate in
determining the degree of bone loss (Fig. 3.33).

An alternative method to reconstruct bone loss
is through the use of trabecular metal shapes
(Fig. 3.34). These are fixed to the host bone and
achieve osseointegration. The knee prosthesis is
cemented into the shapes. This differs from
sleeves, as the sleeves are fixed to the prosthesis
itself.

Failure of the components (Fig. 3.35) is rare
with modern implants. The polyethylene insert
wear may eventually lead to failure of the poly-
ethylene (Fig. 3.36). In posterior-stabilised knee
replacements, peg dislocation is a possible com-
plication where the cam is dislocated anterior to
the peg of the polyethylene (Fig. 3.37).

Extensive bone loss associated with peripros-
thetic fracture (Fig. 3.38) is a complex problem,
and if the implants are loose, revision to a con-
strained implant may be the best option
(Fig. 3.39). Loss of the distal femur through non-
union (Fig. 3.40) or bone loss can be managed by
replacement of the distal femur (Fig. 3.41).

Various options exist for the treatment of
medial compartment arthritis of the knee. A com-
mon procedure is the high tibial osteotomy,
which can be through a medial open wedge
(Figs. 3.42 and 3.43) or a lateral closing wedge
osteotomy. Another device aims to reduce the
load on the medial compartment through
distraction using a spring loaded system fixed to
the medial side of the knee (Fig. 3.44). Currently,
these have very limited utility.

Anterior cruciate ligament placement in the
knee is described in relation to the femoral and
tibial tunnels. The femoral reference is based on
a grid described by [6] and known as the ‘Bernard
and Hertel grid” (Figs. 3.45 and 3.46). The grid
5 x 10 is based on tangent drawn along
Blumensaat’s line in the lateral view of the knee.
Two perpendiculars are drawn at the intersection
of this tangent with the shallow and the deep bor-
der of the lateral femoral condyle. The fourth line
is parallel to Blumensaat’s line and is tangent to
the inferior border of the condyles. The centre of
the femoral attachment of the ACL should be
27% in the deep-shallow direction and 34% in
the high-low direction (Fig. 3.47).

In the AP view, the angle between the femoral
tunnel and the femoral anatomical axis should be,
on average, 39°. Angle below 17° may be associ-
ated with rotational instability.

For the tibial tunnel, the centre of the tibial
tunnel should be 43% from the anterior cortex of
the tibia, using the entire AP dimension of the
tibia as a reference. The tibial tunnel should be
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Fig. 3.31 A hinged knee replacement. The femoral and  ponent is evident. On the lateral view (b), the hinge in this
the tibial components are linked through a hinge, which  particular implant is central. This hinge allows rotation
prevents any varus/valgus movement. On the AP view (a), between the polyethylene insert and the tibial component,
the link between the femoral component and tibial com- ~ which reduces the stress at the fixation interface
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Fig. 3.32 Another example of a hinged knee replace-
ment. There are stems in the femur and tibia along with
metaphyseal sleeves (a). This design has a posterior loca-
tion of the hinge (b), as opposed to the implant in

Fig. 3.31, which has a central hinge. The wires in the ante-
rior part of tibia are used to fix the tibial tubercle osteot-
omy, which was done for exposure of the knee joint for
revision surgery
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Fig. 3.33 Osteolysis in the distal femur which is largely
obscured in the AP view (a) but visible in the lateral view
(b) outlined by the arrows. (¢) CT scan showing the extent
of osteolysis in the distal femur. Metal metaphyseal
sleeves have been used in revision surgery to gain fixation

in the intact metaphysis in the distal femur. AP (d) and
lateral (e) view shows the large sleeve required to achieve
host bone contact. The tibial component has a stem but
sleeves were not required
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Fig. 3.33 (continued)
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Fig. 3.34 Trabecular metal shape denoted by arrows in the AP (a) view and the lateral (b) view used to reconstruct
bone loss on the femoral side
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Fig. 3.35 Fracture of the posteromedial aspect of the femoral component seen in the AP (a) and lateral (b) views

Fig. 3.36 Gross loosening of the implant with failure of
the polyethylene insert. The femoral component has worn
through the tibial tray as well (black arrows) seen in the AP
(a) view, leading to metal debris (metallosis) in the joint
(white arrows). Soft tissue shadows represent the metal
debris in AP and lateral (b) view. (c¢) Retrieved implants
from the patient in Fig. 3.35 showing the extent of damage
to the polyethylene component and the tibial tray. In this

implant system, the femoral component is made of cobalt-
chrome alloy which is much harder than the titanium tibial
component. Hence the tibial component has been eroded,
with less damage to the femoral component. Postoperative
radiographs of the same patient as Fig. 3.34 after revision
to a hinged implant, AP (d) and lateral (e) view. The lack
of integrity of the medial collateral ligament necessitated
the use of a constrained prosthesis
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Fig. 3.36 (continued)

Fig. 3.37 Dislocation of the femoral cam over the
post of the polyethylene insert. The femoral
component is translated anteriorly in relation to the
tibial component, with loss of congruity as seen in the
lateral radiograph
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Fig. 3.38 Supracondylar periprosthetic fracture above a  is from the primary surgery. Lack of modularity of the
femoral component in AP (a) and lateral (b) view. The tibial component restricts access to the posterior part of
femoral component is loose. The tibial component is an  the knee after cementing. There is extensive osteopenia
all-polyethylene design. The extruded cement posteriorly

Fig. 3.39 Postoperative radiograph AP (a) and lateral
(b) view following revision of the implant to a hinged
prosthesis for the patient in Fig. 3.38. The distal
femoral condyles have been removed. The implant is
cemented. A distal femoral replacement prosthesis
could have been considered in this situation, but the
presence of a total hip replacement stem proximally
imposed a limitation on the length of femur available
for fixation
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Fig. 3.40 Nonunion of a distal femoral fracture fixed
with a distal femoral locking plate 3 years prior to presen- o]
tation. The interfragmentary compression screws and all  [gle]:avde]ay:-YM:1:\]

the screws in the distal fragment have failed

I£

Fig.3.41 Postoperative radiograph AP (a) and lateral (b)
view of the patient from Fig. 3.40 showing removal of
failed metalwork and reconstruction by a distal femoral
replacement prosthesis
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Fig.3.42 AP (a) and lateral (b) radiograph following a high tibial osteotomy. This is an oblique medial opening wedge
osteotomy stabilised with a locking plate

L

Fig. 3.43 An alternative implant for medial opening wedge high tibial osteotomy. This plate has a metal block seen in
AP (a) and lateral (b) view, which helps to stabilise the osteotomy after a gap is created in the medial tibial cortex
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Fig.3.44 The KineSpring device in AP (a) and lateral (b) view, designed to reduce the loading of the medial compart-
ment of the knee

Fig. 3.45 The Bernard and Hertel grid projected on the  Fig. 3.46 Lines representing deep/shallow and high/low
lateral radiograph of the knee positioning of the femoral attachment of the ACL
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Fig. 3.47 AP (a) and lateral (b) view of the knee showing excessive shallow placement of the femoral tunnel in ACL
reconstruction

posterior to a line drawn along the Blumensaat’s
line in the lateral view. In the AP view, for ACL
reconstructions done through the trans-tibial
technique, the tibial tunnel should be less than
72° from a line along the proximal tibial articular
surface. More vertical tunnel placement may lead
to graft impingement (Figs. 3.48 and 3.49).
Reconstruction of the posterior cruciate liga-
ment (Fig. 3.50) is needed for moderate to severe
instability following isolated injuries to the PCL or
as part of management of multiligament injuries.
Realignment procedures to stabilise the patella
may involve different strategies. Distal realign-
ment is commonly through a tibial tubercle trans-
fer, while proximally, reconstruction of the

medial patellofemoral ligament is an option. In
patients with a shallow trochlear groove, a troch-
leoplasty is performed to deepen the trochlear
groove. This can be combined with other stabili-
sation procedures (Fig. 3.51).

Periprosthetic fractures around the knee are
usually managed with either intramedullary fixa-
tion with an antegrade femoral nail (for more
proximal fractures—Fig. 3.52) or plate fixation
(for more distal fractures—Fig. 3.53).

With both techniques, it is important to try and
achieve an overlap between the joint prosthesis
and the fracture fixation device. This prevents the
formation of a stress riser and decreases the risk
of future fractures.
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Fig. 3.48 Excessive medial (a) and anterior (b) placement of the tibial tunnel with shallow placement of the femoral
tunnel. This position of the ACL graft will lead to impingement

Fig.3.49 Revision surgery for the patient in Fig. 3.47. The femoral and tibial tunnels have been repositioned
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Fig.3.50 PCL reconstruction using an ENDOBUTTON on the femur and a staple on the tibia to fix the graft in AP (a)

and lateral (b) view

Fig. 3.51 A 17-year-old patient with recurrent patellar
instability managed by trochleoplasty, medialisation of
the tibial tubercle and reinforcement of the medial patellar
retinaculum (a, b). The two headless screws in the troch-

lea help to fix the osteochondral flap of trochlear surface.
Screws in the proximal tibia are used to stabilise the tibial
tubercle. Anchors have been used for the medial repair in
the medial margin of the patella
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Fig. 3.52 Antegrade IM nail for fixation of a mid-shaft this case, there is no overlap between the implants (b),
femoral fracture in a patient with a total knee replacement. ~ which could put the patient at risk of a further fracture at
The fracture is inadequately reduced in the AP view (a). In  the site of the gap
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Fig. 3.53 Lateral plate fixation of a distal femoral shaft ple screws passing from lateral to medial behind the
fracture in a patient with a knee replacement (a). The frac-  anterior flange of the femoral component (b)
ture has healed in an anatomic position. There are multi-

4. Johal P, Hassaballa MA, Eldridge JD, Porteous
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Shoulder Implants

Timothy Matthews and Devdutt Neogi

The history of shoulder replacements goes back
over 100 years. In 1893, Péan, a French surgeon,
performed the first documented implantation of
shoulder prosthesis. It was fashioned from plati-
num and rubber and inserted into a 37-year-old
baker with tubercular arthritis. Unfortunately, it
had to be removed after only 2 years, due to
recurrence of the infection. Interestingly, one of
the first X-ray machines to be developed helped
detect an overwhelming reactive process in this
patient.

In the 1950s, Neer [1] popularized shoulder
replacements using a stemmed hemiarthroplasty
for proximal humeral fractures. Since then,
developments in design and techniques have
resulted in a wide range of prostheses, with
options for modularity, resurfacing arthroplasty
and reverse arthroplasty.

Anatomic shoulder replacements are aimed at
restoring the anatomy of the proximal humerus
in conjunction with a glenoid surface replace-
ment. The glenoid component usually has a keel
or pegs for fixation. The humeral component can
be stemmed, metaphyseal fit or resurfacing
(Fig. 4.1a—c). The humeral component can also
be used as a hemiarthroplasty, where the glenoid
is not resurfaced.

T. Matthews (<) - D. Neogi
University Hospital of Wales, Cardiff, UK
e-mail: tjiwmatthews @sky.com

© Springer International Publishing AG, part of Springer Nature 2018

Resurfacing shoulder arthroplasty is aimed at
‘covering’ the humeral head of the individual
patient rather than attempting to reconstruct
predetermined anatomical parameters, and this
also can be used with or without a glenoid
component.

Both glenoid and humeral components can be
cemented in place or uncemented. In uncemented
or cementless fixation, primary stability is
achieved by a ‘press fit’ (accurate apposition of
the implant against the prepared bone surface) of
the prosthesis. Secondary stability is achieved by
bone ingrowth or bone ongrowth.

Currently, a wide variety of glenoid compo-
nent options are available, and these can be either
‘all-polyethylene’ (Fig. 4.1a, b) or metal-backed
(Fig. 4.1c). The surface of metal-backed compo-
nents allows for inset and augmented designs as
well as provides a surface for bone ingrowth or
ongrowth.

There is no consensus on which X-ray views
should be performed postoperatively; however,
anteroposterior (AP) views in internal and
external rotation, together with axillary lateral
views, are commonly reported as the standard
method of radiographic evaluation in the cur-
rent literature.
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Fig. 4.1 Types of anatomic total shoulder replacements
(TSR). (a) Stemmed TSR with all-polyethylene glenoid;
(b) metaphyseal TSR with polyethylene glenoid with

AP Shoulder Radiograph

Features to note on the humeral component:

. Head-neck angle

. Humeral head height

Glenohumeral offset, medial and lateral

. Cephalotuberosity index

. Articular surface thickness

. Restoration of diameter of curvature of the
articular surface of the humeral head

. Periprosthetic fracture

. Cementation of humeral component (if cemented
stem is used)

9. Humeral stem placement (for stemmed humeral

implants)

oo

Features to note on the glenoid component:

. Implant seating

. Cementation

. Periprosthetic fracture
. Height

AW =

Axillary View

Features to note on the humeral component, both
stemmed and resurfacing:

1. Humeral head version
2. Articular surface thickness

porous-coated central peg; (¢) resurfacing TSR with
metal-backed glenoid

3. Restoration of diameter of curvature of the
articular surface of the humeral head

Features to note on the glenoid component:
1. Implant seating

2. Cementation
3. Periprosthetic fracture

On Long-Term Follow-Up
Radiographs

1. Evidence of loosening of the humeral or gle-
noid components

2. Wear of the glenoid—evidenced by eccentric
articulation of the humeral head

3. Superior humeral migration—evidence of
rotator cuff tendon failure

4. Periprosthetic fracture

5. Stress shielding

Head-Neck Angle

The head-neck or inclination angle is the angle
between the proximal metaphyseal (intramedul-
lary) axis and a line perpendicular to the plane of
the articular margin (Fig. 4.2). A cadaveric study
[2] showed a range of 123—136° with the mean at
approximately 130°. Anatomical replacements
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Fig. 4.2 Bony landmarks around the shoulder on the AP
radiograph. Line A, humeral shaft axis; angle AOD,
humeral neck-shaft angle; Line B, vertical line from the
glenoid; Line C, vertical line from the lateral point on the
proximal humerus; distance between Line B and Line C,
lateral humeral offset; Point X, the centre of rotation of
the humeral head; perpendicular distance between Point X
and Line A, medial humeral offset; distance between X
and humeral surface, radius of curvature of the humeral
head; distance between Line E and Line F, cephalotuber-
osity index

aim to recreate this angle accurately within their
design, but resurfacing humeral components rely
on surgical technique for accuracy (Fig. 4.3a, b).
Biomechanical and cadaveric studies have con-
sidered this angle to be important when preventing
against impingement from malposition. However,
there are no clinical studies to corroborate this
view [3, 4].

Humeral Head Retroversion

Humeral head retroversion is defined as the angle
between a line perpendicular to the articular mar-
gin plane of the implant and the transepicondylar
axis or the tangent elbow axes.

This may be appreciated on the axillary view
(Fig. 4.4) but is difficult to calculate accurately as
most commonly acquired shoulder images do not
include the elbow. Calculation is possible from
standard AP radiographs with the forearm held in
35° of external rotation using a simple mathemat-
ical formula based upon the humeral head appear-
ing as an ellipse. Anatomically, the retroversion
is markedly variable, not only between individu-
als but also between the right and left shoulder of

Fig. 4.3 Humeral component in varus alignment (a) and humeral component in normal alignment (b)



72

T. Matthews and D. Neogi

Fig. 4.4 Axillary view depicting humeral head version in comparison with preoperative radiograph. The lines indicate
the axis of the humeral shaft and the alignment of the humeral component, which matches the normal anatomy

the same individual. Clinical and cadaveric stud-
ies have recommended retroversion of implants
to be between 20 and 40° but may be closer to
30—40° to account for more anteriorly positioned
stems. Malposition may be associated with insta-
bility, altered joint kinematics and pain [5-7].

Lateral Humeral Offset

The distance between the base of the coracoid
process and most lateral part of the greater tuber-
osity on the plain radiograph [8, 9] is the lateral
humeral offset (LHO) (Fig. 4.2). The LHO cor-
relates both with the deltoid and rotator cuff
moment arm and the humeral head size [10].
Restoration of LHO is thought to improve shoul-
der function and stability and to decrease glenoid
wear [8].

Medial Humeral Offset
The medial humeral offset (Fig. 4.2) has been

defined by the distance of the centre of the
humeral head from the central axis of the humeral

canal. Irrespective of the method used, measure-
ments before and after surgery can be made and
the offset difference calculated. Significant
increases in offset have been considered to repre-
sent ‘overstuffing of the joint” and may be respon-
sible for poorer outcomes [11]. This is more
commonly seen in resurfacing humeral head
arthroplasty, as insufficient quantities of the car-
tilage and subchondral bone may be reamed to
make space for the metal ‘cap’. Cadaveric studies
have demonstrated that increase in medial offset
by more than 4 mm may lead to impingement.

Radius of Curvature

Restoring a radius of curvature close to normal is
essential (Fig. 4.2) because an excessive increase
does not increase lateral humeral offset but may
induce overstuffing of the joint (Fig. 4.5) [12].

Cephalotuberosity Index

The distance between the superior most point on
the humeral head and the greater tuberosity is the
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Fig. 4.5 ‘Overstuffing’ of the shoulder joint. Insufficient removal of the bone results in a prosthesis, which extends

beyond the curvature of the humeral head

cephalotuberosity index (Fig. 4.2). It has been
reported to be 8 = 3.2 mm in the normal
glenohumeral joint [10, 13]. Accurate positioning
of the resurfacing implant relative to the top of
the greater tuberosity is important. If the prosthe-
sis is placed inferiorly, it may lead to impinge-
ment of the greater tuberosity under the acromion
(Fig. 4.6). Placing it superiorly will lead to over-
stuffing of the cuff tendons with limited range of
motion. An increase of the humeral height of
5 mm or greater will lead to a decrease of 20-30°
of range of motion [14].

Loosening

Radiographic assessment of glenoid loosening
was developed [15] to evaluate the integrity of
the bone-cement interface in keeled all-
polyethylene glenoid components (Fig. 4.7).
These were graded according to the presence of
radiolucent lines.

This classification was modified [16] so that
cemented pegged all-polyethylene components
could be similarly evaluated (Fig. 4.8), and a

Fig. 4.6 Inferior humeral component placement leading
to impingement at greater tuberosity with restriction of
shoulder abduction
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Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Fig. 4.7 Grading system used to depict radiolucencies around keeled components (reproduced with permission) [15]

grading scale was developed for completeness of
glenoid component ‘seating’ as this reflected the
amount of host subchondral bone directly in con-
tact with the back of the glenoid component
(Fig. 4.9).

Loosening in bone ingrowth components can
be described [17] in five zones around the gle-
noid (Fig. 4.10) and eight zones around the
humeral stem (Fig. 4.11). Loosening in cemented
humeral components (Fig. 4.12) has also been
described [18] using eight zones (Fig. 4.11).

A humeral component is considered radio-
graphically ‘at risk’ for clinical loosening
when a radiolucent line 2 mm or greater in

width was present in three or more zones or tilt
or subsidence was identified on sequential
radiographs [18]. Malposition of the glenoid
implant has a direct effect on the clinical and
radiological outcomes [19]. In a three-dimen-
sional orientation, implanting the glenoid com-
ponent in neutral rotation, neutral to slightly
retroverted and neutral to 20° of superior incli-
nation is recommended.

Computer modelling using normal CT shoul-
ders suggests that positioning the glenoid compo-
nent more inferiorly might reduce the risk of a
‘rocking horse phenomenon’ [20] by reducing
shear forces.
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Grade 0

Grade 3

Grade 1

Grade 5

Grade 4

Fig. 4.8 Tllustration depicting grading system used to depict radiolucencies around pegged components (reproduced

with permission) [16]

Reverse Shoulder Replacement

Significant shoulder arthritis in the presence
of large irreparable rotator cuff deficiency
historically has proved a challenge to the
surgeon. In the past attempts were made to
address this problem by designing a con-
strained or semiconstrained arthroplasty
which could replace the joint but also restore
the biomechanical imbalance caused by the
loss of the rotator cuff.

In the 1980s, Paul Grammont designed the
reverse shoulder arthroplasty, which was based

upon the use of a large hemisphere glenoid com-
ponent with no neck and a small humeral cup
with a head-neck angle of 155°.

This design medialized the centre of rota-
tion, placing it at the surface of the glenoid,
thus minimizing torque forces and prosthesis
loosening. By creating a fixed centre of rota-
tion, the humeral head was prevented from
migrating superiorly, and the length of the
deltoid muscle fibres could be restored. This
provided a stable arthroplasty and placed the
deltoid at a biomechanical advantage for
movement.
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Grade A

Grade B

Grade C

<50%

Grade D

Grade E

> jﬂ%

Fig. 4.9 Tllustration depicting the grading system used to
assess the completeness of glenoid component seating on
the host bone. Representative anteroposterior and axillary

Fig. 4.10 Glenoid
is divided  into five
(reproduced with permission) [17]

interface
zones

component
radiographic

views are depicted for each grade (reproduced with per-
mission) [16]
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Fig. 4.11 Humeral component interface is divided into
eight radiographic zones (reproduced with permission)
(17]

Reverse prosthesis is also becoming increas-
ingly popular in the unreconstructable three- or
four-part proximal humeral fractures in the elderly,
particularly in the light of poor results from hemi-
arthroplasty. Grammont’s design has now evolved
into an uncemented humeral stem, with an unce-
mented glenoid component augmented by screws.
The majority of contemporary components are
fixed in this way, although cemented humeral
components are also common, particularly in the
trauma setting. There are also short humeral com-
ponents that rely on metaphyseal fixation without
the need for a stem. There is an increasing vogue
for ‘platform’ systems, which build upon a univer-
sal stem and then are added to a humeral body. The
aim of these is to allow accurate reconstruction of
the anatomy but also provide more straightforward
revision options should the need arise.

There is a lack of consensus on X-ray views
which should be performed postoperatively.
However, AP views in internal and external rota-
tion, together with axillary lateral views, are
commonly reported as the standard method of
radiographic evaluation in the most recent pub-
lished series.

Fig.4.12 Sequential radiographs demonstrating humeral component loosening
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Postoperative AP radiographs should make
note of:

—_—

. The head-neck angle of the humeral stem

. Cementation of humeral and glenoid compo-
nents (if cemented stem is used)

. Periprosthetic fracture

. Glenosphere height and size

. Position of glenoid base plate screws

. Seating of glenoid base plate

. Integrity of the acromion

. Evidence of scapular notching

. Dislocation

[\S]
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Axillary views can provide some idea into the
version of the humeral component particularly if
they include the epicondylar axis of the elbow as
a point of reference.

Head-Neck Angle

The head-neck angle is set by the prosthesis
design and is usually between 135 and 155°

(Fig. 4.13). Prosthesis design, where the humeral
neck angle is lower, reduces humeral contact
with the scapula neck and can potentially reduce
the incidence of scapula notching [21] but may
have implications with reduced movement and
instability.

Scapular Notching

Scapular notching was a commonly reported
complication in the early reports and raised
significant concerns that it was associated
with poorer outcomes and potentially cata-
strophic failure [22]. Nerot-Sirveaux score
[23] established a method (Table 4.1) for

Table 4.1 The Nerot-Sirveaux score
0 No defect
1 Defect affecting only lateral pillar
2 Defect in contact with inferior screw
3 Defect extends beyond inferior screw
4 Defect extends to base plate

Fig.4.13 Illustration showing different neck-shaft angles of the humeral component
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describing the extent of postoperative scapular
neck erosion on plain radiographs (Figs. 4.14
and 4.15).

Factors associated with notching are gleno-
sphere position and humeral neck-shaft angle.
Inferior placement, inferior eccentricity or even
overhang of the glenoid component is associated
with less common occurrence of scapular notch-
ing [24].

Fig. 4.14 Sirveaux grading for scapular notching on a
schematic diagram

Humeral Component Version

Early series recommended retroversion of the
humeral component to facilitate maximum rota-
tion without having a detrimental effect on
stability.

Placing the humeral component in 0-20° of
retroversion allows maximum internal rotation
with the arm at the side, a movement that is
required for daily activities. This limits external
rotation with the arm at the side but has no effect
on external rotation with the arm -elevated.
Biomechanically this provides sufficient teres
minor length and moment arm, as well as causes
minimum impingement [25, 26].

There is however some evidence to suggest
that retroversion of the humeral component can
predispose to abnormal anterior instability, rec-
ommending that the component should be placed
in a neutral version [27].

Dislocation

The incidence is reported to be between 0 and 8%
and depends on indication for surgery, surgical
technique and patient-related factors [28]. Many
patients are unaware that their prosthesis is dislo-
cated, and thus, it behoves the surgeon to obtain
radiographs throughout the acute postoperative
period, even in patients who are clinically doing
well (Fig. 4.16). In addition, a 10° inferior tilt of
the glenoid is associated with a reduced risk of
dislocation when compared to neutral tilt. It does

Fig.4.15 Scapular notching from grade 1 to 4 as demonstrated on radiographs
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Fig. 4.16 Dislocated reverse shoulder prosthesis

not however reduce the incidence or severity of
radiographic scapular notching [29].

Acromial Fractures

Stress fractures to the acromion (Fig. 4.17) are
seen in over 10% of reverse shoulders at 5 months
post surgery. The occurrence of an acromial frac-
ture does not necessarily translate into clinical
relevance.

Excision of tumours of the humerus requires
reconstruction with extensive prosthesis (Fig. 4.18).

Elbow Implants

Prior to 1947, resection and interposition arthro-
plasties were the primary surgical procedures for
the treatment of severe posttraumatic deformity,
trauma and rheumatoid arthritis of the elbow.
Since 1947 surgeons began performing partial
elbow arthroplasty of the distal part of the humerus
and proximal part of the ulna, but the results were
unfavourable. In the 1970s, the first simple hinged
prosthesis was inserted with the use of methyl
methacrylate fixation. This improved the stability

Fig.4.17 Acromial stress fracture

of the construct, but loosening rates were high.
Over the years, there have been significant
improvements in designs and materials [30].
Currently the indications for total elbow
arthroplasty (TEA) have expanded from inflam-
matory arthropathy to include unreconstructable
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Fig. 4.18 Replacement of the humeral shaft and elbow
joint using a prosthesis after resection for tumour AP (a)
and lateral (b) view. There is limited bone in the proximal

fractures and primary osteoarthritis. Nevertheless
TEA is still generally considered mainly for
patients with low physical demands, and the
reported survival is not as good as hip or knee
replacements.

The modern elbow replacements can be
broadly divided into linked, unlinked and link-
able. The mechanism of linkage is the main dis-
tinguishing feature between the subtypes. The
linkage refers to the physical connection of the
humeral and ulnar components at the time of
surgery, in order to avoid subluxation or dislo-
cation [30].

The early linked implants allowed purely flex-
ion and extension. These were associated with
high failure rates secondary to the transmission
of high stresses to the implant-cement-bone
interface. The modern linked implants are semi-
constrained, with the linking mechanism behav-
ing as a ‘sloppy hinge’ allowing flexion and
extension with some valgus-varus movement.

humerus and fixation using an intramedullary stem, and
extramedullary plate has been used. Distally, the elbow
joint has been replaced with a hinge design

They are designed to transmit less stress to the
implant-cement-bone interface. These changes
replicate more accurately with helical motion of
elbow movement and have generally resulted in
more reliable long-term results [31, 32].

Examples of the linked total elbow prostheses
include the Coonrad-Morrey, Discovery, GSB 111,
Norway, Pritchard Mk II and Pritchard-Walker.

The unlinked implants are not mechanically
linked. Therefore, the maintenance of prosthesis
congruency depends on the adequate position of
each component, the ligamentous integrity and
the dynamic stabilizing effect of the musculature.

Examples of the unlinked implants include the
Capitellocondylar, iBP, Kudo, Sorbie and Souter-
Strathclyde [31].

The Acclaim and Latitude prostheses are
newly designed implants that are linkable sys-
tems. In these, the surgeon can choose to either
link or unlink the implant depending on the intra-
operative assessment of the stability.



82

T. Matthews and D. Neogi

Postoperative Radiological
Assessment

Immediate postoperative radiographs include AP
and lateral views.
They are used to assess:

1. Alignment of the implanted stems (humeral
and ulnar) in relation to the long axis of the
bone

2. Normal articulation between the humeral and
ulnar components, with no evidence of sub-
luxation or dislocation

3. No evidence of periprosthetic fractures

4. Cementation

Long-term follow-up radiographs should be
scrutinized for any features of:

. Loosening

. Instability

. Infection

. Periprosthetic fracture

AW N =

Loosening is graded from grade O to grade 4
(Table 4.2) as described by Morrey [32].
Radiolucency around pegged and keeled glenoid
components are classified in Tables 4.3 and 4.4.

Subluxation or dislocation is unlikely in
linked prosthesis; however, wear of the polyeth-
ylene bushings can be identified and is a precur-
sor for implant failure.

Disengagement of the linking pin will also
result in elbow instability.

Polyethylene bushing wear can be evalu-
ated based on the description by Ramsey et al.

Table 4.2 Classification of of elbow

prosthesis

loosening

Type 0, a radiolucent line which is <1 mm thick and
involves <50% of the interface

Type 1, a radiolucent line which is 1 mm thick and
involves <50% of the interface

Type 2, a radiolucent line which is >1 mm thick and
involves >50% of the interface

Type 3, a radiolucent line which is >2 mm thick and
involves the whole interface

Type 4, gross loosening

Table 4.3 Grading scale for radiolucencies around
keeled glenoid components [16]

Grade |Finding

0 No radiolucency

1 Radiolucency at superior and/or inferior
flange

2 Incomplete radiolucency at keel

3 Complete radiolucency (<2 mm wide)
around keel

4 Complete radiolucency (>2 mm wide)
around keel

5 Gross loosening

Table 4.4 Grading scale for radiolucencies around
pegged glenoid components [16]

Grade |Finding

0 No radiolucency

1 Incomplete radiolucency around one or two
pegs

2 Complete radiolucency (<2 mm wide)
around one peg only, with or without
incomplete radiolucency around one other
peg

3 Complete radiolucency (<2 mm wide)
around two or more pegs

4 Complete radiolucency (>2 mm wide)
around two or more pegs

5 Gross loosening

[33], which is based on a true AP radiograph
of the prosthesis. A line is drawn parallel to
the yoke of the humeral component, and
another line is drawn parallel to the medial or
lateral surface of the wulnar component.
Normally the prosthesis has about 7° of varus-
valgus and axial rotational laxity. An angle of
intersection of more than 7° between these
two lines is indicative of excessive tolerance
of the bushings due to wear or plastic defor-
mation (Fig. 4.19).

The presence of periosteal new bone forma-
tion, periprosthetic bone resorption, soft tissue or
periprosthetic gas and periprosthetic loosening
may indicate infection.

Periprosthetic ~ fractures are  classified
(Fig. 4.20) based on the location of the fracture
based on the Mayo classification [34] (Table 4.5)
and also consider the bone quality and the stabil-
ity of the component. It applies to both humeral
and ulnar fractures.
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Fig.4.19 On a true anteroposterior radiograph, a qualita-
tive determination of wear of the bushings may be esti-
mated by observing the angular relationship between the

| | Type C

Type C

Type A _,: E Type B

Fig. 4.20 Periprosthetic fractures of the humerus and
ulna can be classified according to the region of the bone
involved (reproduced with permission) [34]

\

ulnar component and the humeral yoke. A normally
aligned implant (a) and image showing wear of the bush-
ings (b) (reproduced with permission)

Table 4.5 Elbow periprosthetic fracture classification

1. Based on anatomical region
(a) Periarticular (humerus + condyle, epicondyle)
(ulna + olecranon, coronoid)
(b) Shaft around or at tip of stem
(c) Shaft beyond tip of stem
2. Based on status of stem and bone stock
(a) Well-fixed, adequate bone quality
(b) Loose, adequate bone quality
(c) Severe bone loss or osteolysis
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Foot and Ankle Implants

Anthony Perera, Monier Hossain, and Faiz Khan

An increasing variety of specialised implants are
used in foot and ankle surgery. Fixation devices
used can be either internal fixation devices—
plates, screws, staples, wires or intramedullary
nails—or external fixation devices, fine wire fix-
ators or ring fixators.

Plates are a common method of internal fixa-
tion. A commonly used plate is the one-third
tubular plate. This is often used as a neutralisa-
tion plate in fibular fracture fixation. The plate is
thin and malleable and often contoured at the
time of the operation to lateral fibular cortex
(Fig. 5.1).

New locking compression plates are recogni-
sable by their combination holes that allow screw
insertion in both locking and non-locking modes
and are larger than conventional plate holes.
Locking compression plates are used in tibial
plafond fixation (Fig. 5.2) where compression
across the fracture site may not be achievable due
to comminution.

Screws are widely used and are of different
types. They can be fully or partially threaded.
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Cortical and cancellous screws are the common-
est in use. Cortical screws tend to have finer
threads, and cancellous screws have deeper
threads with longer distance between threads
(Fig. 5.1).

Locking screws have additional threads in
the screw head that lock within the reciprocal
threads in the hole of the plate. Locking screw
threads are shallower compared to conven-
tional non-locking screws, and they also have a
sharper, self-drilling, self-tapping tip. Another
useful clue is that conventional screws are used
for bicortical fixation, whereas locking screws
can be used for unicortical fixation. However,
although initial fixation principles recom-
mended unicortical fixation with locking
screws, bicortical fixation is more commonly
used generally.

Headless compression screws (Fig. 5.3) are
also widely used in forefoot elective surgery. The
lack of a head allows the screw to be buried in the
bone and produce compression through differen-
tial pitch.
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Fig. 5.1 AP (a) and lateral (b) view after fixation of an
ankle fracture. The fibular fracture has been stabilised
with a one-third tubular plate along with a lag screw. The
medial malleolus and the anterolateral fragment from the
distal tibia have been fixed with partially threaded cancel-
lous screws to achieve compression. Three screws from
the fibular plate extend into the distal tibia for additional
fixation in view of osteopenia, as well as to stabilise the
syndesmosis. The fibulo-tibial screws are fully threaded
cancellous for optimum fixation. The proximal three
screws in the fibular plate are cortical screws with shorter

distance between threads compared to cancellous screws.
AP (c) and lateral (d) view of the ankle showing an exam-
ple of syndesmosis stabilisation using two screws from
the fibula to the tibia. The screws have broken, and the
lateral half of the screws has been retrieved. The syndes-
mosis has been stabilised using two tight rope anchors.
The tight rope has a metal button at either end connected
by a suture. In view of the relatively large hole on the fibu-
lar cortex, a three-hole one-third tubular plate was used to
provide a stable surface for positioning the button of the
tight rope

Fig. 5.2 AP (a) and lateral (b) views of the ankle after
fixation of a Pilon fracture. The fibula has been stabilised
with a locking plate. There are two cortical screws in the
fibula (solid black arrows), and the remaining four screws
are locking. The distance between threads in locking
screws is shorter than cortical screws. The tibial fracture
has a locking plate contoured to match the shape of the
bone. There are two additional fully threaded cortical

screws for the medial cortical fragment and two partially
threaded cancellous screws for the medial malleolus.
Stabilisation of an ankle fracture through the posterior
approach—AP (c¢) and lateral (d) view. The one-third
tubular plate has been used as a buttress plate to stabilise
the posterior distal tibial fracture. There is a single screw
for the medial malleolus and a single screw to stabilise the
syndesmosis
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Fig. 5.3 AP (a) and oblique (b) view of hallux valgus correction using headless screws. The screws have two separate
sets of threads with a different pitch, and this produces compression as the screw is tightened

Staples are used frequently in foot and ankle
elective surgery to achieve compression, for
instance, in arthrodesis or following osteotomy
(Fig. 5.4). A common use is following hallux
valgus correction where the proximal phalanx
of the great toe is angulated to achieve better
correction. This staple is positioned near the
MTP joint and may inadvertently penetrate the
articular surface.

Wires are used for lesser toe corrective surgery.
As these are smooth, they have a tendency to
migrate, and it is not uncommon to see wires in soft
tissue in post-operative images. An intramedullary
nail may be used for tibiotalocalcaneal (TTC)
arthrodesis (Fig. 5.5). There are two different
designs in use: straight entry nail and valgus entry
nail. Valgus entry nail has a distal lateral bend to
allow a valgus hindfoot positioning.
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Fig. 5.4 AP (a) and lateral (b) view of the forefoot illus-
trating the use of a staple to stabilise the corrective oste-
otomy of the proximal phalanx great toe

Fig.5.5 AP (a) and lateral (b) views of the ankle follow-
ing a hindfoot nail. The nail stabilises the subtalar and the
tibiotalar joints. This is an example of a straight nail
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Implants Used for Managing
Injuries

For ankle fractures, adequate radiological assess-
ment requires a standing AP, lateral and mortise
view. Table 5.1 gives an indication for acceptable
reduction criteria [1] following ankle fractures.

Table 5.1 Radiographic markers of ankle malunion

Lisfranc fractures are usually fixed with a
combination of screws (Fig. 5.6) for the first and
second tarsometatarsal joints (TMTJ). Additional
fixation with wires may be needed for the third,
fourth and fifth TMTJ. Weight-bearing AP, lateral
and oblique views are useful for assessment of
Lisfranc injuries. In case of subtle injuries, it may

Consider reconstruction if:

Medial malunion/instability

Medial clear space

>4 mm or >superior space

Talar tilt >5 degrees
Syndesmosis

Fibula overlap <10 mm
Tibiofibular clear space <5 mm
Talar shift > mm

External rotation stress test

Compare with the opposite side

CT scan of syndesmosis

Incongruency

Fibula length

Talocrural angle

Average = 83 + 40 but compare with the opposite side

Fibula shortening >2 mm
Fibula rotation

CT fibula torsional angle | >150
Distal tibial malunion

Tibial plafond angle '>100

Fig.5.6 AP (a) and
oblique (b) view of the
midfoot showing
stabilisation of a
Lisfranc injury of the
first ray using two
partially threaded
cancellous screws
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be useful to obtain a CT scan or comparison
views of the contralateral foot.

A number of collinear lines are helpful to
assess adequacy of reduction:

1. Medial border of the base of the second metatar-
sal should be in line with the medial border of the
intermediate cuneiform (best seen in AP view).

2. Medial border of the third metatarsal should
be in line with the medial border of the lateral
cuneiform (best seen in oblique view).

3. Medial border of the fourth metatarsal should
be in line with medial border of cuboid (best
seen in the oblique view).

4. The fourth metatarsal styloid process should
project beyond the lateral margin of the cuboid
(best seen in the oblique view).

5. Flattening of the longitudinal arch is evident in
the lateral view. This is best assessed by the talo-
first metatarsal angle. Normal range is 0 + 50°.

Navicular fractures are usually fixed with
screws (Fig. 5.7). If the lateral navicular fragment
is small, the screw may extend into the cuboid.
Both the naviculocuneiform and talonavicular
joint should be congruent following fixation.

Fig.5.7 AP (a) and
oblique (b) view of the
midfoot. Fixation of the
navicular and the
calcaneum for Chopart
fracture dislocation of
the foot. The partially
threaded screw in the
navicular helps achieve
compression as it is
tightened

For Chopart joint fracture/dislocation, both
AP and lateral views of the foot are useful. On the
AP view, the proximal edges of the cuneiforms
must line up with the distal edge of the navicular.
The calcaneocuboid joint space should not
exceed 2 mm, and there should be no overlap
between any of the opposing sides of the Chopart
joints. On the lateral view, Chopart’s joint should
be outlined as a smooth S shape, also called the
cyma line, which is formed by the talonavicular
and the calcaneocuboid joints.

Talar neck fractures are usually fixed with two
screws. However, a medial contoured plate (Fig. 5.8)
may be used especially if there is medial neck com-
minution. Canale view gives optimal observation of
the talar neck. Following fixation, it is important to
assess whether there is any persistent medial neck
comminution and varus angulation. Hawkins sign
is best seen in the mortise X-ray 6-8 weeks after
injury. The presence of subchondral radiolucency
under the talar dome indicates resorption of sub-
chondral bone and intact vascularity.

Calcaneal fracture is fixed with screws or
locking plates (Fig. 5.9). Adequate radiological
assessment requires a lateral view of the foot and
ankle, dorsoplantar and oblique view of the foot
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Fig. 5.8 Talar neck fixation using an anterolateral plate
(a—c). On the initial AP view of the ankle (a), there is a
radiolucency under the talar dome (arrow). This is the
Hawkins sign signifying maintenance of blood supply to

il ¥

Fig.5.9 Fixation of the calcaneum using a lateral plate—
lateral (a) and AP (b) view. The plate provides multiple
screw options to stabilise the fragments. Restoration of
the subtalar congruity is evident on these radiographs

&

the talus. Lateral and oblique views (b, ¢) show the metal-
work on the talar neck. On follow-up radiographs (d), the
radiolucency has disappeared, and the talar bone architec-
ture is maintained

and axial Harris view. The lateral view is useful
for assessing the position of the middle and pos-
terior facet and the calcaneal height.

Calcaneal height is indicated by the Bohler
angle. Normal range is 20-40°. Flattening repre-
sents collapse of the posterior facet, and double den-
sity is indicative of subtalar joint incongruity.
Normal Gissane angle range is 130-145°. An
increase of this angle is indicative of collapse of the
posterior facet. Double density sign is present when
injury only involves the lateral portion of the poste-
rior facet. Both Bohler’s angle and Gissane angles
are normal when double density sign is present.

Axial view is useful for assessing varus angu-
lation and lateral wall displacement. Broden’s
view is useful for assessing the articular surface
of the posterior facet. A step of more than 2 mm
is considered significant. CT scan is very useful
for assessing calcaneal fracture morphology.
Coronal scan is especially important to assess
heel width, subfibular impingement and commi-
nution and displacement of the subtalar joint and
the posterior facet.

Radiological Assessment of Hallux
Valgus Deformity

A number of radiological measurements have been
described for assessment of hallux valgus angle.
Although the measurements are well described and
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widely in use, the interobserver reliability is low,
and their accuracy can be affected by the position of
the foot and the great toe and their weight-bearing
status [2—4]. These measurements should therefore
be performed with weight-bearing AP and lateral
views of the foot taken in identical positions.

Radiological assessment is based on various
angles. The hallux valgus angle is formed
between two lines bisecting the first metatarsal
shaft and the proximal phalanx. Normal value is
less than 15 degrees. Intermetatarsal angle is
formed between two lines bisecting the first and
the second metatarsal shafts. Normal value is less
than 9°. The distal metatarsal articular angle
(DMAA) is formed between two lines, one
bisecting the first metatarsal shaft and the other
drawn perpendicular to the distal articular surface
of the first metatarsal head. Normal value is less
than 10 degrees. The interphalangeal angle is
formed between two lines bisecting the base and
the shaft of the proximal phalanx. Normal value
is less than 10 degrees.

As hallux valgus deformity progresses, there
is progressive subluxation of the metatarsal head
compared to the sesamoid position. Hardy and
Clapham had originally devised a scoring system
to measure the severity of metatarsal head sub-
luxation. This is graded from 1 to 7 by measuring
the tibial sesamoid position compared to a line
drawn bisecting the first metatarsal shaft. This
scoring system was subsequently simplified by
the American Orthopaedic Foot and Ankle
Society. The new grading system has a score
from O to 3. Grade O is no lateral displacement of
the tibial sesamoid compared to the mid-
metatarsal shaft. Grade 1 is less than 50% lateral
subluxation, grade 2 is less than 100% sublux-
ation, and grade 3 is 100% subluxation (Fig. 5.10).

®
<
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Fig. 5.10 Scoring system for position of tibial sesamoid
in relation to the axis of the first metatarsal

For determination of first metatarsophalangeal
(MTP) joint subluxation, two lines are drawn
connecting the medial and lateral articular mar-
gin of the first metatarsal and the proximal pha-
lanx. The first MTP joint is considered congruent
if the lines are parallel. If the lines are not paral-
lel, the joint is deviated or subluxed.

The relative length of the first metatarsal
compared to the second is assessed. A number
of different techniques have been described. A
simple technique is to draw the axis of the sec-
ond metatarsal and parallel lines perpendicular
to this line from the distal end of the metatarsals
(Fig. 5.11). Most of the surgical techniques
described for hallux valgus correction involve a
degree of first metatarsal shortening, and this
measurement is especially important in individ-
uals who experience transfer metatarsalgia fol-
lowing surgery. A difference in length 2 mm of
the first metatarsal compared to the second is
normal. However, first metatarsal should not be

Y
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Fig.5.11 Determination of the relative length of the first
metatarsal
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longer than the second following surgery, and
up to 4 mm shortening is acceptable. Some
reports have claimed that a relative first metatar-
sal length of less than 82.5% of the second
metatarsal may cause symptoms [5, 6].

Weight-bearing sesamoid view is not rou-
tinely performed preoperatively but is useful for
assessment of recurrent hallux valgus to deter-
mine the position of the sesamoids in relation to
the sesamoid facets of the first metatarsal.

Radiological Assessment of Flatfoot
Deformity

Adult-acquired flatfoot results in loss of medial
longitudinal arch, peritalar subluxation and pla-
novalgus deformity. A number of radiological
markers are available to assess this deformity.
Deformity is mainly noted in the talonavicular
(TN) joint, but the naviculocuneiform (NC) and
the first tarsometatarsal (TMT) joint may also be
affected.

Weight-bearing AP and lateral views of the
foot and the ankle are required. In addition some
specific views have also been described for
assessment of flatfoot deformity.

With increasing flatfoot deformity, the navicu-
lar subluxes laterally and the talus become
increasingly uncovered. The talonavicular cover-
age angle can be quantified on the dorsoplantar
view. This angle is formed by two lines drawn
perpendicular to the articular surfaces of the talus
and the navicular. An angle greater than 7° indi-
cates lateral subluxation of the navicular.

The talo-first metatarsal angle is formed by
the long axis of the talus and the first metatarsal
on the weight-bearing lateral view. Normally, the
axis of the two bones should be collinear. An
angle which is convex downwards and greater
than 4° is suggestive of pes planus (Figs. 5.12 and
5.13). Angle of greater than 15° is considered as
moderate deformity, and angle greater than 30° is
severe pes planus.

The anterior talocalcaneal angle is formed by
the long axis of the talus and the calcaneus. This
is increased due to talocalcaneal divergence in
planovalgus deformity.

Fig.5.12 The talo—first metatarsal angle on the weight-
bearing lateral view of the foot

Fig. 5.13 Reconstruction of flatfoot deformity with a
medialising calcaneal osteotomy, repair of medial liga-
ments, medial cuneiform osteotomy and fusion of the
metatarso-phalangeal joint. Lateral (a) view and AP (b)
view demonstrated

Arunakul et al. [7] have described the relation-
ship of the talar head in respect to the foot tripod
formed by the heel centre and the medial and lat-
eral borders of the foot. They termed this the “tri-
pod index” and stated that this measurement is a
summation of fore, mid- and hindfoot deformities
in multiple planes and demonstrated the effect of
overall foot alignment on the subtalar joint. Tripod
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index has been validated for assessment of both
flatfoot and cavovarus deformity. On a weight-
bearing AP radiograph of the foot, the centre of
calcaneus, talar head, lateral edge of the fifth
metatarsal head and the medial edge of the medial
sesamoid are marked. The tripod is formed by two
lines joining the centre of calcaneus with the fifth
metatarsal and the medial sesamoid. The index is
positive if the line joining the centre of talar head
and calcaneus is outside of the tripod. The more
positive the tripod index, the more medial the talar
head and the more severe the flatfoot deformity.
AP view of the ankle is important in long-
standing cases to rule out talar tilt and degenera-
tive changes of the ankle. The standing ankle
height can be measured in the AP view from the
talar dome to the calcaneal tubercle. Standing
ankle height is reduced in unilateral planovalgus
deformity. Severe planovalgus deformity may
give rise to stress fracture of the fibula 5-10 cm
above the tip of the lateral malleolus, and this can
be detected on the AP view of the ankle.
Calcaneal pitch is the angle formed by a line
drawn parallel to the floor and another drawn
connecting the inferior point of the calcaneocu-
boid joint and the antero-inferior margin of the
calcaneal tuberosity. Normal values are between
17 and 32°, with an angle less than 10° consid-
ered abnormal. Calcaneal pitch is reduced in flat-
foot deformity. A reduction in the distance
between the medial cuneiform and the fifth meta-
tarsal is also indicative of loss of arch height.
This is best compared with the opposite side.

Radiological Assessment of Ankle
Joint Replacements

Ankle joint replacements are relatively recent
and less common compared to hip and knee
replacements. The first generation of constrained,
cemented implants was introduced in the early
1970s. They were not very successful, nor widely
adopted. These implants incorrectly considered
an ankle joint to be a single axis hinge joint.
Subsequent development of uncemented implants
has produced better clinical results. The polyeth-
ylene insert can be mobile or fixed with the

mobile design being more commonly used cur-
rently (Figs. 5.14, 5.15 and 5.16).

The radiographic assessment of ankle replace-
ment requires standing anteroposterior and lat-
eral views. Serial images over a period of time
are more relevant and useful. In some situations,
CT scans are needed to evaluate problems.

Post-operative radiological assessment can be
divided into two separate aspects—component
position and complications.

Fig.5.14 Weight-bearing AP (a) and lateral (b) views of
the ankle with osteoarthritis. Loss of joint space, osteo-
phytes and cysts are seen in both views
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A

Fig.5.16 Post-
operative AP (a) and
lateral (b) views
following TAR

The tibial and the talar components are
assessed for varus, valgus, flexion or exten-
sion alignment. Other features to note include
component overhang, relative angle between
the tibia and talus, quality of cementing in
case of cemented implants, any retained
cement, component migration and osseointe-
gration. Possible complications which should
be checked for include periprosthetic fracture,
stress fracture of the medial malleolus, loos-
ening, osteolysis, component subsidence, cav-
itation, spacer migration or fracture and
heterotopic bone formation.

Various radiological measurements have been
described. The alpha angle defines the position of
the tibial component in the anteroposterior view
and is formed by the intersection of two lines:
one line is drawn in the long axis of the tibia, and
the other line is drawn parallel to the flat plate of

the tibial component [8]. This angle should nor-
mally be 90°.

The beta angle defines the tibial component
position in the lateral view and is formed by the
intersection of the same lines drawn in the AP
view. This angle should also ideally be 90°.

Gamma angle is used to describe the position
of the talar component in the lateral view and is
formed by the intersection of two lines, one
drawn along the long axis of the talar compo-
nent and the other line drawn through the mid-
dle of the talar neck. Normal range of gamma
angle is between 11 and 33°. This measurement
may not be precise if there is a deformity of the
hindfoot.

Displacement of the talar component relative
to the tibial component can be assessed by draw-
ing lines through the centre of both components.
The relative position of the two lines is the tibial—
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talar relationship. Normally, the two lines should
be collinear.

Tibial component overhang or undercoverage
is checked in the lateral view by noting the dis-
tance between the most anterior and posterior
margin of the tibial component. Medial impinge-
ment is measured in the AP view and is the dis-
tance between the lateral margin of the medial
malleolus and the tibial component. A change in
angular measurement of either component by
more than 5° is suggestive of component migra-
tion or subsidence. A change in talar component
position of more than 5 mm in the lateral view
also suggests possible migration.

Radiolucency at the bone—implant interface in
the early post-operative radiograph may be the
result of surgical technique. However, radiolu-
cent lines at the bone—implant interface that are
progressive or more than 2 mm wide are consid-
ered significant and are suggestive of osteolysis.

In order to better localise abnormalities and to
facilitate communication, a number of different
zonal systems similar to Gruen zones for assess-
ment of hip arthroplasty have been described.
However, in view of the different designs of
implants, there is no universally accepted zonal
classification system.

Researchers reporting mobility ankle outcome
described 15 zones for assessment of radiolucen-
cies: ten zones for tibial component (five in AP
view and five in lateral view) and five zones for
talar component (two in AP and three in lateral
view) [9, 10]. Tibial component interface for the
agility prosthesis [11] was divided into six zones
in the AP view and three zones in the lateral view.
However, assessment of radiolucency around
ankle arthroplasty may be difficult for a number
of reasons. Periprosthetic osteolysis may not be
evident until a significant proportion of the bone
is lost because it happens mainly around the can-
cellous bone of the distal tibia and proximal talus.
Additionally, even if osteolysis is present, it may
be obscured by the metallic overhang of tibial or
talar components. CT scan is often a more accu-
rate assessment tool for this [12].

The presence of radiolucency around the entire
length of a zone or of more than 2 mm width at any
point indicates possible lack of osseointegration.

Some of the current ankle replacement sys-
tems like the agility ankle system incorporate a
design feature to allow concomitant arthrodesis of
the tibiofibular joint. In assessing post-operative
imaging, it is important to assess whether the syn-
desmosis fusion has taken place or not.

An anteroposterior and a lateral X-ray view is
needed to ascertain adequate implant position.
The radiographic appearance after TAR is influ-
enced by the intraoperative positioning of the
implant and the type of implant used. The two
primary components are tibial and talar. They
may be cemented particularly in the earlier gen-
erations but are predominantly uncemented in the
current generation of implants. They are made
from metal alloys and are thus visualised on
radiographs, but some earlier implants particu-
larly tibial were made from polyethylene and
therefore are not well visualised.

The polyethylene insert may be an indepen-
dent third component or incorporated into the
tibial component. This is an important distinction
to make, as the mobile insert may present as a
dislocation. Mobile inserts usually have radio-
opaque markers that allow its position to be
determined. These may be in the form of metal
dots or a metal bar along the longitudinal axis of
the polyethylene spacer (Fig. 5.17).

The bioactive coating on the implant may
present as a linear radiolucency at the bone—
implant interface, particularly in the immediate
post-operative views until osseointegration takes
place. Heterotopic ossification may also be seen
after TAR.

There are multiple important radiological find-
ings in relation to TAR outcomes. The most com-
mon complications are mechanical and include
loosening, dislocation and disintegration. Post-
operative X-rays may show a fracture of the lateral
or the medial malleolus. This can occur during
preparation of the joint surfaces or during insertion
of the implant and may not be seen on image
intensifier films in theatre. The position of the
implants plays a significant role in the long-term
outcomes of TAR as it significantly affects the
loading of the joint. The orientation of the tibial
implant should be at a right angle to the long axis
of the tibia on the AP and lateral views. The posi-
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Fig.5.17 (a—c) AP views post-TAR with the metal mark-
ers in the polyethylene spacer. They are placed along the
long axis of the spacer. On a true AP view (a), they appear
as one dot, and the dots are besides each other on an

Fig.5.18 AP (a) and
lateral (b) weight-
bearing views 3 years
post-TAR with
complaints of pain.
Lucent areas are seen in
both views at the bone—
implant interface

tion of the talar component should correspond to
the native talus and not be anterior or posterior.
The metal dots or bar in the insert should be cen-
tral and aligned with the tibial and talar implants.
Narrowing of the spacer due to wear can take place
over time, and this may be even or uneven depend-
ing on ankle loading (Fig. 5.18). This is best
assessed on serial weight-bearing images.
Loosening of the implants can occur over
time and can be septic or aseptic. The presence

oblique AP view (b). On the lateral view (c), they appear
as two linear markers along an imaginary longitudinal line
in the spacer

of radiolucent lines at the bone—implant inter-
face and development of periarticular cysts
indicate loosening. It is best appreciated in
serial X-rays which would show progression of
the lines and enlargement of cysts. A radiolu-
cent line of 2 mm or a progressive increase in
size of a line which is already present is highly
suspicious of loosening, as is subsidence of
over 5 mm of the talar implant as seen on the
lateral view. Change in the position of the
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implant on serial radiographs is an absolute
sign of loosening.

In the absence of radiological abnormality, deter-
mination of source of pain after ankle replacement
can be difficult. The pathology may be in the ankle
or in the subtalar and other adjacent joints. In order
to identify the source of pain, selective local anaes-
thetic injections are done under ultrasound guidance
into the suspected joints of the foot or the ankle
joint. The ultrasound guidance technique is also
very useful if joint sepsis is suspected. It is used for
aspiration of the joint to obtain samples for culture.

The use of SPECT scan to localise the site of
the pathology after TAR is being shown to be of
statistical significance. In the presence of a metal
implant, a plain X-ray may not view the joint
adequately. A CT scan will have a certain degree
of scatter due to the metal in the implants and
thus may not show the underlying pathology.
SPECT scans combine a CT scan with the use of
a radioisotope. Hence, its use is an important tool
to localise the site of the pathology.

With more widespread use of ankle replace-
ments, the radiological features and their under-
standing continue to evolve.
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Spinal Implants

Sashin Ahuija, Kiran Lingutla,
and Abdul Gaffar Dudhniwala

Spinal surgery, like other disciplines of orthopae-
dics, has experienced an immense expansion in
range of implants. The era of instrumentation in
spinal surgery began in 1970s with the develop-
ment of Harrington rods by Paul Harrington. It
provided distraction rods as well as compression
hooks. Currently, the common indications for
spinal instrumentation are to stabilise unstable
segments, correct spinal deformities, achieve
bony union/fusion, promote soft tissue healing,
reduce need for external immobilisation and
allow early mobilisation.

Anterior Cervical Fusion Cages

Anterior cervical interbody fusion is the gold
standard in the treatment of symptomatic degen-
erative and traumatic conditions of the cervical
spine. Various materials are used to manufacture
these cages. The most common materials used
are polyetheretherketone (PEEK), titanium, car-
bon fibre, trabecular metal and more recently
allograft-machined cages.

Cages can be used as stand-alone devices with
or without integrated screw mechanism or in
combination with a plate (Fig. 6.1). The level of
the operation should be confirmed on both the AP
and lateral views. On AP view, the position of the
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cage in the interbody space is checked along with
adequacy of fixation methods.

On lateral view, sagittal position of the cages is
checked. The full metal cage implant or the metal
markers on the radiolucent PEEK cages are help-
ful to assess the position of the cage with respect
to the anterior and posterior vertebral lines. Other
features to note are restoration of intervertebral
height, restoration of foraminal height, adequacy
of cervical lordosis, facet joint integrity and con-
gruity and any soft tissue swelling.

On long-term follow-up, osseous integration
may be evident with a bony bridge across fusion
segments. Any subsidence of the implant is
noted, along with any lucency around cages or
the screws and implant failures, e.g. screw frac-
ture. The subsidence of the cage can lead to seg-
mental kyphosis. The adjacent disc spaces are
checked and compared to previous X-rays for
degenerative changes or progression with loss of
disc height and osteophyte formation.

Anterior Cervical Plates

Various types of plates are available for use in the
cervical spine. They can be static/rigid plates,
dynamic plates and buttress plates. Static plates
are used in trauma management scenarios
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Fig. 6.1 Anterior
cervical fusion cage
(stand alone). AP (a)
and lateral (b) view

Fig.6.2 (a,b)
Multilevel anterior
cervical fusion with
radiolucent PEEK cages
and a plate. AP (a) and
lateral (b) view

whereas dynamic plates are used in degenerative
fusion procedures.

On both AP and lateral views, the level of the
operation is confirmed (Fig. 6.2). On the AP view,
adequate positioning of the plate and screws to the
vertebral body/bodies is checked. On lateral view,
the positioning of the plate on either side of the disc
space is checked. The screws should not extend
beyond the posterior vertebral body (bicortical
screws extend up to the posterior vertebral body).

The screws should be in the vertebral body and not
breaching the endplate into the disc space. Proximity
of the superior or inferior ends of the plate to the
adjacent endplates has been shown to accelerate
adjacent segment degeneration and osteophytes for-
mation. The plate should be sitting snug to the ver-
tebral bodies and shouldn’t be prominent. If the
plate sits off the vertebral bodies (which can occur if
the anterior osteophytes haven’t been excised ade-
quately) it can potentially cause problems with
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swallowing. Pre vertebral soft tissue and mainte-
nance of cervical lordosis is noted.

Supra-adjacent disc space degenerative
changes, evidence of fusion at the operated lev-
els, i.e. bony bridging, and any lucency around
metal work suggesting pseudarthrosis are
checked on long-term follow-up.

Cervical Disc Replacement

Replacement of the cervical disc is used as
motion preservation technique at the affected spi-
nal segment. It is hypothesised that motion pres-
ervation reduces the incidence of adjacent
segment degeneration. Numerous devices with
various bearing surfaces and endplate fixation
methods are used (Fig. 6.3). Most of the disc
replacements are metallic although some of these
can be made of PEEK. If the cervical disc replace-
ment is made of PEEK the metal markers on the
device are utilised to assess positioning on the AP
and lateral X-rays of the cervical spine.

On both AP and lateral views, the level of the
operation is confirmed.

On AP view, the midline positioning of implant
is assessed. A keel, if present, helps in this assess-

Fig.6.3 AP (a) and
lateral (b) view—
cervical disc
replacement

ment. This view also helps ascertain central loca-
tion of the entire device in the disc space. The
spinous process could also be used as a guide to
assess this, but is not always reliable due to rota-
tion. The contact area of the disc replacement
implant with vertebral body is assessed by disc
congruity with the vertebral endplate.

On lateral view, anterior and posterior margin
of the disc replacement are checked to assess
adequate placement of the implant. The disc
replacement should be congruent with the
vertebral endplates. Position of the disc replace-
ment device can be judged, i.e. neutral, flexed or
extended. Restoration of intervertebral height,
adequacy of endplate fixation, congruency of the
facet joints and any soft tissue swelling are noted.

On long-term follow-up, the implant position
and alignment is checked. Subsidence of the
implant into the vertebral body leading to seg-
mental kyphosis as discussed above. Lucency
around the device may be evident suggesting
loosening of the implant. Bridging osteophytes or
heterotropic ossification may be present across
the replaced level. Segment integrity is checked
and flexion-extension radiographs are helpful to
demonstrate preservation of motion at the
replaced level.
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Fig. 6.4 Odontoid

process screws. Open a
mouth (a) view and

lateral view (b). The

screws should be within

the outline of the

odontoid process

Odontoid Process (C2) Screws

One or two screws are used for the fixation of C2
odontoid process fractures, and these are directed
retrograde from the antero-inferior part of the
body of C2 to the tip of the odontoid (Fig. 6.4).

Two views are obtained to assess the metal-
work. In the ‘open mouth view’, the level of
operation is confirmed. If one screw is used,
the position should be central, and if two
screws have been used, the screws should be
parallel and contained in the odontoid peg.
The length of screw should be adequate.

In the lateral view, appropriate direction and
length of the screws is checked and well as satis-
factory reduction and compression at the fracture
site. If a cancellous screw is utilised then the
threaded portion of the screw should be past the
fracture line and in the tip of the odontoid peg.

Posterior Cervical Spine Fixation

Posterior cervical spine fixation can be achieved
with screws placed in the occiput, C1 articular
(lateral) mass, C2 (pedicle/pars/translaminar)
and lateral mass screws for subaxial spine (C3—
C7), which are more commonly used compared
to pedicular screws (Fig. 6.5). These screws are
used in conjunction with appropriate rods, wires
or plate.

oy

For the subaxial spine (C3—-C7) lateral mass
screws, on AP view, the level of operation is con-
firmed. The lateral mass screws project upwards
and outwards as compared to the pedicle screws,
which are medially directed. There should be
adequate length of the rod, i.e. above and below
the caps. The rods are sometimes connected with
cross connectors, which increase the stability of
the construct.

On lateral view, the level of operation is con-
firmed. Lateral mass screws are directed cranially
and parallel to the cervical facet joints, whereas
pedicle screws are directed into the vertebral
body. The screws should not encroach into the
cranial facet joint. The rod length and contour are
assessed along with the alignment of the spine,
i.e. cervical lordosis.

Posterior fixation for C1 and C2 can be
achieved with wires or screws. The posterior
wires for stabilisation can be done by Gallie or
Brooks technique. Gallie technique involves an
iliac crest bone graft held between C1 and C2
with a wire from under the arch of CI to the spi-
nous process of C2. The Brooks technique uses
two bone grafts between the arch of C1 and the
lamina of C2 held with two separate sublaminar
wires. Various modifications of these two tech-
niques have also been described.

Transarticular C1-C2 screw stabilisation was
described by Magerl (Fig. 6.6). Posterior screws
are directed cranially and medially from the infe-
rior articular edge of C2 traversing the C1-C2
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Fig. 6.5 Cervical lateral mass screw fixation. AP (a) and lateral (b) view

Fig. 6.6 Transarticular C1-C2 screw stabilisation. The screws traverse the facet joint between C1 and C2. AP (a) and
lateral (b) views
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facet joint to the lateral mass of C1. These are
augmented with posterior bone graft.

On the AP view, the level of operation is con-
firmed. The screws project upwards and outwards
from the base of C2 to the C1 lateral mass cross-
ing the C1-C2 articulation and should be of ade-
quate length. The placement of the bone graft
posteriorly between C1 and C2 is checked.

On the lateral view, the level of operation is
confirmed. The screws should be directed crani-
ally from inferior articular edge of C2 up to the
anterior arch of C1 but should not breach it. The
length of screws should be adequate.

C1 Lateral Mass and C2 Pedicular/
Pars Screw Fixation

C1 lateral mass screws are directed medially and
cephalad starting from a point above the C1-C2
articulation at the junction of lateral mass with
the arch of C1 and the centre of lateral mass in
medial-lateral plane. The C1 screw is usually a
shaft screw which is a cancellous screw with a
long smooth shaft and threads at the distal end.
This it to avoid irritation of the greater occipital
i.e. C2 nerve as it come out between C1 and C2
i.e. in contact with the smooth part of the screw.
These are connected to C2 (pedicle/pars) screw
with rods (Fig. 6.7).

The level of operation is confirmed on both
views. On the AP view, the C1 lateral mass, C2
pedicle/pars screws project upwards and inwards.
The C2 pedicle screw enters the lateral part of C2

body; hence, their anterior ends are more medi-
ally placed as compared to the C2 pars screws.
C2 laminar screws are almost transversely placed
with the right laminar screw starting from the left
side and vice versa. Adequate rod length, i.e.
above and below the caps, is checked.

On the lateral view, the screws are directed
cephalad from their starting point and should be
contained within the vertebra. The screws should
not encroach into the cranial facet joint and the
C2 nerve foramen. The rod length and contour is
assessed along with the alignment of the atlanto-
axial joint.

Occipito-Cervical Fixation

Occipito-cervical fusion is used in the manage-
ment of cranio-cervical junction instability.
Fixation is achieved commonly by a combination
of occipital plates, screws, rods and lateral mass
screws for cervical spine (Fig. 6.8).

Radiological assessment for the cervical
part of fixation is the same as for the lateral
mass screws of subaxial spine. For the occipi-
tal part of fixation, AP view shows central
placement of the plate and helps assess align-
ment of cranio-cervical junction. The lateral
view confirms the level of operation and
assesses alignment of cranio-cervical junction.
The length of occipital screws should be ade-
quate and not breach the inner table of the cra-
nium. Occipital plate should be seated in close
contact with the occiput.

Fig.6.7 C1-C2 posterior stabilisation with C1 lateral mass and C2 pedicle screws. Open mouth AP (a) and lateral view (b)
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Fig. 6.8 Occipito-cervical fixation AP (a) and lateral (b) view

Cervical Corpectomy Cages

The radiological assessment for cervical corpec-
tomy cages (Fig. 6.9) is similar to intervertebral
cages. In addition, the AP view helps to see mid-
line placement of the cage and the positioning of
the cage within the confines of the cephalad and
caudal vertebral bodies. The lateral view shows
positioning of the cage within the confines of
cephalad and caudal vertebral bodies, restoration
of the segmental height and lordosis, prevertebral
soft tissue alignment and implant bone interface
to ensure no subsidence into vertebral body. On
long-term follow-up, the maintenance of align-
ment is checked along with evidence of fusion.
These cages could be metallic i.e. made of tita-
nium or PEEK cages which are radiolucent but
they have metal markers to assess the proximal
and the distal ends and anterior and posterior
ends of the endplate of the corpectomy cage.

Anterior Spinal Instrumentation

Anterior spinal instrumentation can be either
extracolumnar or intracolumnar. Extracolumnar
implies vertebral body screws connected to a
plate or rod. Intracolumnar instrumentation
(Fig. 6.10) resides within the contour of the ver-

tebral body. Implant options are bone, metal or
synthetic materials. Metal options are titanium
mesh cages, expandable mesh cages and stack-
able modular cages.

The level of the operation is confirmed on both
views. On the AP view, screws should be cited in
the vertebral body in the safe zone. These screws
can also be bicortical. The plate is placed on the
lateral aspect to increase stability of the construct.
The interbody corpectomy cage should be in the
midline and well anchored to the endplates.

On the lateral view, the interbody cages should be
positioned anterior to spinal canal. The screw should
be positioned within the confines of vertebral body.
Normal spinal curvature should be restored.

Pedicle Screw Stabilisation
for the Thoracolumbar Spine

Pedicle screw stabilisation of the thoracolumbar
spine is commonly utilised during decompres-
sion and fusion procedures for degenerative con-
ditions, to stabilise the unstable segments
following trauma (Fig. 6.11), pathological frac-
tures and metastatic cord compression (Fig. 6.12).
Pedicle screw systems are also employed in the
procedures for the correction of a spinal defor-
mity—scoliosis or kyphosis (Fig. 6.13).
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Fig.6.10 Anterior
vertebrectomy cage and
stabilisation. AP (a) and
lateral (b) view
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Fig.6.11 Chance
fracture fixation with
pedicle screws. AP (a)
and lateral (b) view

R

ERECT

Fig.6.12 Pedicle screw
fixation post
decompression for
metastatic cord
compression. AP (a) and
lateral (b) view
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Fig.6.13 Pedicle screw
fixation post posterior
only correction of
scoliosis deformity. AP
(a) and lateral (b) view

On both views, the level of the operation is
confirmed. On AP view, the trajectory of the ped-
icle screw in the coronal plane is checked. The
screws should not be medial to the medial wall of
the pedicle or lateral to the lateral wall of the ped-
icle, i.e. missing the pedicle medially or laterally.
The pedicle screws are usually directed medially
but do not cross the midline of the vertebral col-
umn. The coronal alignment of the spine is
assessed. The rods should be of adequate length
and not impinge on the facet joint above or below.

On the lateral view, the pedicle screw should
be in the position of the tract i.e. in the centre of
the pedicle. The pedicle provides 80% fixation
strength of the screw and the screws are expected
to have adequate length. The screw should not
breach the anterior wall of the vertebral body or
reach the superior vertebral endplate. Restoration
of the normal curvature of the spine is checked—
thoracic kyphosis and lumbar lordosis. The pri-

mary purpose of the procedure, i.e. reduction of
fracture and correction of deformity, is checked
on both views.

Crosslink’s are utilised to connect the two rods
in a long construct to increase the torsional stabil-
ity of the construct. Hybrid constructs formed by
using hooks (sublaminar, transverse process
hooks, hooks around ribs) wires or cables supple-
mented to pedicle screw fixation are employed to
improve the stability of the construct.

Stabilisation for Lumbar Disc
Degeneration

Spinal fusion is commonly performed in the man-
agement of lumbar disc degeneration. This is
achieved by methods employing either anterior
(interbody cage) fusion or posterior (pedicle screw
fixation) fusion techniques. Often, to improve
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fusion rates, both these techniques are used in com-
bination to provide global (360°) stabilisation.
Lumbar interbody cages, as the name implies,
are placed in the disc space between the vertebral
bodies. This can be achieved by different approaches
and is named depending on the approach used, i.e.
ALIF, anterior lumbar interbody fusion (Fig. 6.14);
PLIF, posterior lumbar interbody fusion (Fig. 6.15);
TLIF, transforaminal lumbar interbody fusion; or
LLIF, lateral lumbar interbody fusion (Fig. 6.16).

Fig. 6.14 ALIF—anterior lumbar interbody fusion. AP
(a) and lateral (b) view

Fig. 6.15 Posterolateral lumbar fusion with pedicle
screw fixation. AP (a) and lateral (b) view
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Fig. 6.16 Lumbar interbody cage with pedicle screw
fixation—Ilateral view

In both views, the level of the operation is
confirmed. On the AP view, checking the metal
markers in a PEEK cage or the full cage profile in
the case of titanium implants helps assess the
position of the cage in the interbody space.
Further features to note are adequacy of the fixa-
tion method, restoration of the disc height and
bone graft/fusion mass especially in the postero-
lateral gutter in posterolateral fusion.

On the lateral view, the metal markers of the
cage, or the cage itself with respect to the anterior
and posterior vertebral lines, assess sagittal posi-
tioning of the cage. Restoration of the disc height,
restoration of the foraminal height, adequacy of
the segmental alignment, i.e. lordosis, and any
surrounding soft tissue swelling are noted.

Dynamic Stabilisation

There are various modalities for dynamic stabili-
sation, which are also known as soft stabilisation

-t

Fig. 6.17 Dynamic stabilisation of lumbar spine with
pedicle screws and flexible rods—Ilateral view

or motion preservation. These can be pedicle
screw-based devices. The assessment of the ped-
icle screws on the X-rays is similar to the descrip-
tion above.

These could be connected either with polyure-
thane radiolucent spacers (which would not be
visible on plain X-rays—Fig. 6.17) or with
spring-type devices, which connect the pedicle
screws instead of rigid rods.

Interspinous Device

These devices are implanted in between the spi-
nous processes and are usually made of PEEK
with metal markers (Fig. 6.18), which helps to
localise them on X-ray.

The level of operation is confirmed on both
views. On the AP view, the implant should be
positioned on either side of the spinous process.
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Fig.6.19 Lumbar disc replacement. AP (a) and lateral (b) view

On the lateral view, the implant should be in
between the spinous processes and not displaced
posteriorly beyond the limits of the spinous pro-
cess. The metal marker is helpful in determining
the position of the implant.

Lumbar Disc Replacement

Imaging of lumbar disc replacement (Fig. 6.19)
is similar to cervical spine disc replacement with
regard to the AP and lateral view as described
earlier.

Sacroiliac (SI) Joint Fusion

Fixations devices used for SI joint fusion
(Fig. 6.20) may be hollow modular screws,
cannulated compression screws, triangular
wedges, etc. A minimum of two or three
screws are used to stabilise the joint. The posi-
tion of the implants is assessed on inlet and
outlet views of the pelvis. The level and side
of fusion is confirmed. In both views, the
implant should be intraosseous, crossing the
sacroiliac joint and not breaching the sacral
foramen.
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Fig. 6.20 Inlet view (a) and outlet view (b) of pelvis with sacroiliac joint fusion device in first and second sacral

vertebra

Growth-Sparing Instrumentation
for Paediatric Spine Deformities

Operative management of children with early-
onset scoliosis, i.e. scoliosis identified below the
age of 10, can be in the form of growth-sparing
spinal instrumentation without fusion (Luque
trolley, growing rod systems). These procedures
involve multiple interventions consisting of cor-
rection of spinal deformity and holding the defor-
mity in corrected position with instrumentation
but without fusion, lengthening of instrumenta-
tion with growth to maintain correction until the
need for definitive correction and fusion.

Other methods of operative management for
early-onset scoliosis include selective fusion
(hemiepiphysiodesis) and growth modulation
with growth tethers or staples.

Luque trolley instrumentation (Fig. 6.21)
consists of two U-shaped rods held by sublami-
nar wires. The distance between the ends of rods
expands as the spine grows. Growing rod sys-
tems can be pedicle screw-based device
(Fig. 6.22) with dual rods on each side connected
with a tandem connector, e.g. paediatric isola.
Tandem connectors holding the rods are opera-
tively extended approximately every 6 months to
facilitate growth.

The MAGEC® (Magnetic Expansion Control)
system (Fig. 6.23) utilises a magnetic rod on
either side, which are anchored proximally and
distally with appropriate fixation device (pedicle
screw, hooks with or without connectors). An
external remote controller is used in an outpatient
setting to allow growth of the spine by expanding
the magnetic rods.

Chest wall deformity, e.g. congenital rib
fusion, and scoliosis are co-dependent.
Management of this form of scoliosis by VEPTR®
(Vertical Expandable Prosthetic Titanium Rib)
implant allows stabilisation of ribs post thoraco-
plasty, thereby promoting growth of the lung and
spine.

VEPTR® device (Fig. 6.24) is attached to the
proximal and distal fixation location (ribs, spine
or pelvis). This device also needs lengthening at
regular intervals like growing rods to accommo-
date growth.

X-ray assessment of early-onset scoliosis
instrumentation is done to confirm the level and
extent of operation, assess the fixation method
and follow-up to confirm elongation of rods and
potential for further extension. Definitive scolio-
sis correction X-rays are assessed similar to the
earlier description in pedicle screw system for the
thoracolumbar spine.
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Fig. 6.21 Luque trolley method for correction of early-onset scoliosis. Pre-op (a), immediate post-op (b) and follow-
up (c¢) radiographs

Fig. 6.22 Pedicle screw-based paediatric growing rod
system. AP view of dorsolumbar spine
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Fig.6.23 MAGEC®
(Magnetic Expansion
Control) rods for
early-onset scoliosis. AP
(a) and lateral (b) view

Fig. 6.24 VEPTR® (Vertical Expandable Prosthetic
Titanium Rib) implant for thoracic deformities. AP (a)
and lateral (b) view
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Trauma is the leading cause of acute hospital
admission in people under the age of 44 years
(data from the Trauma Audit and Research
Network, UK). Some traumatic fractures can be
managed non-operatively with casts, splints,
slings or braces. However, a significant propor-
tion of patients require surgical implants to
achieve a satisfactory outcome.

A huge variety of fixation methods exist, and
the type of implant used depends on fracture
location, type of fracture and patient factors such
as age, mobility and bone quality.

Standard postoperative radiographs include
AP and lateral views showing the entire implant,
including the adjacent joint if relevant. The rele-
vant features to note on trauma radiographs are as
follows:

1. Fracture reduction

2. Position of implant relative to the bone

3. Number and type of screws used (locking or
non-locking)

4. Position of screws in the bone

5. Length of screws relative to the bone

6. Evidence of implant loosening

7. Evidence of callus formation

8. Evidence of fracture migration, nonunion or

malunion

J. Clutton - J. Lewis (D<)
University Hospital of Wales, Cardiff, UK
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In many injuries, the method of treatment is
determined by the classification of the fracture.

Fixation of the fracture can be achieved
through internal fixation, external fixation or,
rarely, a combination of the two. Various implants
exist for achieving fixation.

Plates

There are many different types of plate available,
each with specific functions and applications.
Broadly, the plates can have either locking screws
or non-locking screws and are consequently known
as locking or non-locking plates. Many modern
plates have options for either of these screws using
elliptical ‘combination holes’, whereby one end of
the hole accepts locking screws and the other part of
the hole accepts non-locking screws.

The method in which the plates are used can
vary with different situations. A standard
dynamic compression plate (DCP) can be used
in compression mode, neutralisation mode,
bridging mode, antiglide mode or tension band
mode.

Plates used in compression mode—known as
compression plates—have specially shaped
screw slots with an incline. Screws engage with
this incline and shift the bone relative to the plate
as they are tightened. These are designed to pro-
duce compression at the fracture site (Fig. 7.1).
Plates used to fix simple transverse or simple
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Fig.7.1 Fixation of fracture of midshaft humerus treated
with compression plating principle. AP (a) and lateral (b)
views are demonstrated. The patient had a hypertrophic
nonunion, as evidenced by extensive callus around the
fracture site. The fracture has been stabilised with one

short oblique fractures of the shaft of long bones
are likely to be used in compression mode.

Plates used in neutralisation mode—also
known as neutralisation plates—are used in con-
junction with lag screws and resist bending and
torsional forces. These reduce the force at the frac-
ture site and are used to supplement the fixation
provided by the lag screw. Long oblique or spiral
diaphyseal fractures can be managed by compres-
sion (lag) screws and a neutralisation plate.

Plates in bridging mode are used in multifrag-
mentary fractures. The plate is fixed to intact
proximal and distal bone as an internal splint.
The plate bypasses the fracture zone, leaving
fracture fragments untouched and hence avoiding
damage to the blood supply. No attempt is made
to achieve compression. Buttress plates support
and reinforce underlying bone without being
fixed to the part of bone which needs support.
Common sites for use of buttress plates are distal
radius and proximal tibia.

Antiglide plates are secured at the apex of an
oblique fracture to physically block shortening or

compression screw, which is separate from the plate. The
plate is a locking compression plate, and all screws are
cortical screws. The plate has been used in neutralisation
mode, as the lag screw provides the compressive force

displacement. A common site for their use is in
lateral malleolus fractures.

Tension band plates convert tension forces to
compressive forces when secured to the tensile
surface of a bone.

Screws

A screw is an object that converts rotational force
to longitudinal motion. Screws have been
designed in a variety of types and diameters.

Cortical screws have threads that are designed
to engage the cortex of the bone into which they
are inserted. They are fully threaded and usually
require the use of a tap to cut threads before they
are inserted. Some cortical screws can be self-
tapping. Self-tapping screws cut their own
threads as they are inserted and do not require the
use of a tap before insertion. Cancellous screws
have a narrow core and a wide, deep thread. They
are designed to achieve fixation in the relatively
soft cancellous bone.
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Locking screws have threads in the head, as
well as in the shaft of the screw. The threads in
the screw head are designed to lock into the plate.
The holes of the plate are designed with corre-
sponding threads, and the screw head locks into
these holes. Hence, these screws engage with
both the bone and the plate through which they
are inserted (Fig. 7.2).

Fully threaded screws have threads from the
tip to the head of the screw. These can be cortical
or cancellous or locking screws. Partially threaded
screws have threads at the tip of the screw, extend-
ing a set amount towards the screw head, with a
smooth area of screw shaft between the head and
the threads. Commonly, cancellous screws have
the option of partial threads. These are helpful in
gaining compression as the screw is tightened.

Cannulated screws are hollow, and are
designed to be inserted over guide wires.

The term ‘lag screw’ refers to a technique
whereby the screw is used to apply compression
across a fracture site. For instance, a fully

Fig. 7.2 Dual plating of proximal tibia. The posterior
plate has a combination of cortical and locking screws.
Note the tip of cortical screw is rounded (thick white
arrow), and this screw requires the use of a tap before
insertion. The tips of locking screws (thin white arrow)
are designed to cut threads through the bone (self-tapping)
as they are inserted

threaded cortical screw can be used as a lag screw
(Fig. 7.3). The screw is inserted perpendicular to
the plane of the fracture, and the near cortex
(entry point of the screw into the bone) is ‘over-
drilled’ to the outer width of the screw threads.
As a result, the screw threads only engage in the
far side of the bone and are free to slide in the
proximal cortex. This applies compression across

Fig. 7.3 Plating of the humerus using lag screws. This
patient had a spiral distal humerus fracture that was treated
with two lag screws (black arrows) and a distal humeral
locking plate. He had a second injury 3 months after the
initial injury, resulting in a spiral fracture above the plate,
which was treated with a second plate, again with the use of
three lag screws (white arrows) and a locking plate. Here,
both the plates have been used in neutralisation mode
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the fracture when the screw head engages with
the cortex on the near side.

Intramedullary Nails

These devices have become the standard of treat-
ment for many diaphyseal fractures, particularly
in the lower limb. They are locked into place
using screws to improve stability of the fracture.
Static locking involves inserting screws into
round holes in the nail, and these allow minimal
movement. Dynamic locking involves inserting
screws into oval-shaped elongated holes in the
nail. This allows some movement at the fracture
site and, in selected situations, can encourage
callus formation.

Fracture Stability

Absolute stability means that there is no move-
ment at the fracture site (or very little movement).
This allows fractures to heal by direct bone heal-
ing, with no callus. Compression at the fracture
site with a lag screw or dynamic compression
plate helps achieve absolute stability.

Relative stability allows movement at the
fracture site, whilst still stabilising the zone of
injury. It allows fractures to heal by indirect
healing, with the formation of callus.
Intramedullary nail fixation is an example of
relative stability.

Clavicle Fractures

Clavicle fractures are common injuries, often
occurring in young individuals as a result of
direct trauma or a fall onto an outstretched
hand. Fractures are grouped into those involv-
ing the lateral, middle or medial third of the
bone.

Plate fixation is the most common surgical
treatment of clavicular fractures. The plate used
can be either straight (see Fig. 7.4) or anatomi-
cally contoured (see Fig. 7.5), but in each case
the idea of the plate is to bridge and stabilise the
fracture. Either locking or cortical screws can be
used, and the standard is to have fixation in six
cortices (usually three screws) on either side of
the fracture. The screws engage the cortex on the
inferior surface of the bone to achieve bicortical
fixation.

Fig. 7.4 Middle third clavicle fracture after internal fixation with a straight plate. The compression plate has six corti-
ces fixation on either side of the fracture. AP (a) and oblique (b) view
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Fig.7.5 Middle third clavicle fracture after internal fixa-
tion with an anatomically contoured plate with lag screws.
In this fixation, only four of the six screws inserted go

Fig. 7.6 Scapular fixation using anatomically contoured
plates. There is a lateral and a medial plate, with the
medial plate extending onto the inferior surface of the

y b

through the plate. The other two are lag screws, which
have been inserted to apply pressure across the fracture
sites. AP (a) and oblique (b) view

spine of scapula. AP (a) view of the shoulder and AP (b)
view of the right hemithorax

Scapula Fractures

Most fractures of the body of the scapula are
managed conservatively. The scapula is sup-
ported by its surrounding soft tissues, and there-
fore fractures are rarely displaced enough to
warrant fixation. Anatomical plates can be used
for scapular fixation (Fig. 7.6).

Proximal Humerus Fractures

Fractures of the proximal humerus are grouped
according to Neer’s classification, which is based on
the relationship between the greater tuberosity, lesser
tuberosity, articular surface and the shaft fragment.
There are six fracture types, and each can be further
split into two-, three- and four-part fractures.
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Fig. 7.7 In the locking
proximal humerus plate,
multiple screws are
inserted at different
angles into the humeral
head. This multiple-
angle construct increases
stability and improves
grip in osteoporotic
bone and multipart
fractures. AP (a) and
scapular Y (b) view

Displaced fractures, head-splitting frac-
tures, surgical neck fractures in young patients
and fracture dislocations can be treated
with open reduction and internal fixation
using a locking plate (Fig. 7.7). In the exam-
ple, the fracture has been anatomically reduced
and fixed with the principle of absolute
stability.

Mid-shaft Humerus

Mid-shaft humeral fractures should be treated
operatively if they are open, have an associated
vascular injury or are associated with fractures
of the forearm (so-called floating elbow).
These fractures can be managed with either
plate fixation giving absolute stability (Fig. 7.8)
or intramedullary nailing giving relative stabil-
ity (Fig. 7.9). It is also recommended to fix
pathological fractures or impending pathologi-
cal fractures, usually with an intramedullary
device.

Fig. 7.8 Mid-shaft humerus fracture fixed using plates. Dual
plating has been done to stabilise comminuted fragments

Distal Humerus Fractures

Capitellar fractures are rare and generally result
from a coronal shear force. The posterior half of the
capitellum is nonarticular and can be used for inser-
tion of fixation devices. These should not extend
beyond the anterior articular surface (Fig. 7.10).
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Fig.7.9 IM nail for
mid-shaft humerus fracture
in AP (a) and lateral (b)
view. Note that, despite
having been fixed, the
fracture is malaligned, and
the distal fragment has some
varus angulation. Note also
the lucency around the distal
locking screw, indicating
relative movement between
the implant and bone. The
rounded appearance of the
fracture site, and lack of
bridging callus indicates
nonunion

Fig. 7.10 Fixation of an isolated capitellar fracture AP
(a) and lateral (b) view using two screws inserted from the
nonarticular posterior aspect of the capitellum

Olecranon Fractures

Olecranon fractures almost always require fixa-
tion (except in elderly low-demand patients)
because the fracture fragments are pulled apart
by the action of the triceps. The two methods of
fixation available use the tension band principle,
which converts tensile forces crossing the joint
into compressive forces and applies pressure to
the fracture site.

The parallel wires are often engaged in the
volar cortex of proximal ulna (Fig. 7.11). If the
wires are prominent beyond the volar cortex of
ulna, these can lead to injury to the anterior inter-
osseous nerve. The wires should be less than
10 mm beyond the cortex [1].

In comminuted fractures, a locking plate is
preferred to maintain length and restore stability
(Fig. 7.12). The proximal screws should not pen-
etrate into the humeroulnar joint.

Mid-shaft Fractures of Radius
and Ulna

In adults, mid-shaft forearm fractures are almost
always fixed to preserve length and rotational
alignment (Fig. 7.13). The plate is positioned and
contoured to the bone so as not to protrude and
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Fig.7.11 Tension band wire fixation of the
olecranon. The fracture has been fixed with a
figure-of-eight tension band wire loop and two
longitudinal K-wires. The twists in the wire loop (a)
are used to tighten the loop in order to compress the
fracture site intraoperatively. Note the prominent
sharp ends of the two K-wires anterior to the
anterior cortex of ulna in the lateral view (b). This
can lead to anterior interosseous nerve problems if
they protrude more than 10 mm from the cortex

Fig. 7.12 Fixation of a proximal
ulnar fracture and a radial head
fracture using a locking plate AP
(a) and lateral (b) view. A
coexistent radial neck fracture
has been stabilised using two
headless screws
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Fig. 7.13 Plate fixation of the radius and ulna in the AP
(a), oblique (b) and lateral (c) view. In each plate, there
are three screws on either side of the fracture site for opti-
mum stability. Satisfactory length and rotational align-

cause irritation. Screw length is also very impor-
tant here, as screws that are too long can impinge
on the ulna or soft tissues and cause problems
with pronation and supination.

Distal Radius Fractures

Simple extra-articular distal radius fractures can
be fixed with closed reduction and percutaneous
pinning (Fig. 7.14). Two or three K-wires are
inserted to hold and stabilise the fracture, along

ment have been achieved. It is important to note the
proximal and distal radio ulnar joint on the radiographs
and check for any subluxation/dislocations in forearm
injuries

with a plaster cast for added support. However,
K-wires may not provide enough stability to ade-
quately stabilise comminuted intraarticular frac-
tures, and these are therefore managed by plate
fixation (Fig. 7.15).

There are many different plate constructs
available. Some provide absolute stability (such
as T-plates and variable angle locking plates)
whilst some are inserted to support comminuted
fractures and prevent ‘drifting’ of the distal frag-
ment without the use of screws in the distal frag-
ment—known as the buttress principle.
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Fig.7.14 K-wire
fixation of the distal
radius. Two wires have
been used, one from the
dorsal aspect and one
from the radial styloid
AP (a) and lateral (b)
view. Both wires engage
the opposite cortex. A
plaster cast is required
for support, despite the
use of wires. Note the
ulnar styloid fracture,
which has not been
surgically stabilised

Fig.7.15 Plate fixation
of the distal radius using
a volar locking plate.
Care should be taken
that no screws protrude
into the joint (a). This
should also be carefully
assessed on the post-op
X-rays. The screws
should engage the dorsal
cortex of radius, but
excessive prominence of
screws will cause
irritation/injury to the
extensor tendons (b)
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Acetabular Fractures

Acetabular fractures are frequently high-energy
injuries, and displaced fractures require reduc-
tion and internal fixation to achieve a congruent
articular surface and allow early mobilisation.
Acetabular fractures are classified according
to whether they involve the anterior column
(from symphysis pubis and obturator foramen,
through the acetabulum to the ASIS and iliac
crest), the posterior column (from inferior
pubic ramus, through obturator foramen,
through the posterior aspect of the weight-

Fig.7.17 Plate fixation of the posterior column. Two lag
screws have been used to stabilise a posterior wall frac-
ture. The plate is fixed proximally and distally to buttress
the fragment. This patient had a fracture of the femoral
head as well. A trochanteric osteotomy was used for
access and has been fixed with three cortical screws.
There are two headless screws in the femoral head

bearing dome to the greater sciatic notch) or
both.

Plates used in pelvic fractures are usually pre-
contoured but can be altered by the operating sur-
geon to provide a close contact between the plate
and bone. They are low-profile and should be long
enough to provide stability across the entire frac-
ture site (Fig. 7.16a—c). Posterior column plates
(Fig. 7.17) applied through a posterior approach
usually act as bridging plates, gaining fixation
above and below the acetabulum.

In very comminuted fractures, multiple plates
may be required (Fig. 7.18).

Fig. 7.18 Highly comminuted fracture of the right ace-
tabulum stabilised with multiple plates covering the ante-
rior column, posterior column and the iliac wing. Despite
extensive fixation, the acetabulum was not reconstructible
and required a hip replacement
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Pelvic Ring Injuries

In all three types of pelvic fractures (lateral com-
pression, AP compression and vertical shear), the
SI joint and pubic symphysis are often involved.
The affected SI joint (or joints) are stabilised
with screws, whilst the anterior disruption can be
managed with either a plate (Fig. 7.19) or an
internal fixator (Fig. 7.20).

Fig. 7.19 The anterior pelvis has been fixed with a plate
and screws, and the posterior fracture fixed with ilio-
sacral screws as seen in the AP (a) and outlet (b) view.
The ilio-sacral screws should not penetrate through the
sacral foramen. CT scans may be helpful to determine the
screw position

Fig. 7.20 Open book pelvic injury stabilised with in-fix
(internal fixator) anteriorly and SI joint screw posteriorly.
There is inadequate fixation of the left iliac screw

Intracapsular Fracture of the
Neck of Femur

Intracapsular fractures of the neck of femur are
treated according to the degree of displacement.
Undisplaced fractures are usually managed by
internal fixation. Displaced fractures in young
patients are treated by reduction and internal fix-
ation. Relatively older patients may require a
replacement procedure with either a hemiarthro-
plasty or a total hip replacement.

Fixation for undisplaced fractures, or after
reduction of displaced fractures, is accom-
plished usually with the use of three screws
(Fig. 7.21). These are inserted parallel to each
other and in a triangular configuration with two
superior and one inferior screw. The entry point
of the screws should be above the level of lesser
trochanter on the lateral cortex. An inferior
entry point may increase the risk of subtrochan-
teric fracture. The screws should engage the
subchondral bone in the head avoiding superior
and anterior placement in the head. The threads
should cross the fracture site in order to achieve
compression. Despite a satisfactory AP and lat-
eral view showing the screws to be contained
within the head, it is still possible for screws to
protrude beyond the femoral head (Fig. 7.22)
and any doubtful appearance should be evalu-
ated with a CT scan.
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Fig. 7.21 AP (a) and lateral (b) view of an minimally
displaced (valgus impacted) intracapsular hip fracture,
which has been fixed with cannulated screws. These pic-
tures show the ‘two screws, two views’ principle. Three
screws have been inserted, but their orientation is such
that it appears only two screws are visible on both the AP
and lateral views

Fig.7.22 Prominent screw which can damage the articu-
lar surface of the femoral head or acetabulum. The screws
appear satisfactory on the AP (a) view, but the anterior
screw is protruding into the joint in the lateral (b) view.
This requires removal and insertion of a shorter screw to
prevent ongoing damage to the joint

Reduction parameters for cannulated screw
fixation are:

e No varus (results in increased rates of nonunion)

* Maximum 15° of valgus acceptable (increases
bony stability; however, excessive valgus
increases the rate of avascular necrosis)

e Anteversion of 0-15°
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Fig. 7.23 AP view of the hip showing fixation of intra-
capsular femoral neck fracture using a dynamic hip screw
with two-hole side plate. There is a de-rotation screw
proximal to the dynamic compression screw for rotational
stability. There has been loosening and backing out of the
screw from the barrel. The fracture is healed, but there are
arthritic changes in the hip

The screws should have a wide spread in the
lateral view [2]. A reduced spread on the lateral
view is associated with a higher risk of failure of
fixation and nonunion.

Dynamic hip screw, with a two-hole side plate
(Fig. 7.23), can be used for fixation of intracapsu-
lar femoral neck fractures. This implant is fre-
quently supplemented with an additional screw
superior to the compression screw. The superior
screw provides another point of fixation and also
reduces the risk of loss of reduction as the com-
pression screw is tightened in the femoral head.
There is little evidence to suggest the superiority
of screws over dynamic compression screw, but
screws are generally a more popular choice.

Hemiarthroplasties (Figs. 7.24 and 7.25) can
be either unipolar (stem, neck and head of the
implant are a single block) or bipolar (mobile
head on a fixed neck and stem). Most hemiar-
throplasty implants are designed for cementation
as this provides firm fixation in the bone.
Uncemented implants such as Austin Moore

Fig. 7.25 Cemented bipolar hemiarthroplasty of the left
hip in AP (a) and lateral (b) view

prosthesis (Fig. 7.26) were designed before the
development of porous coating technology.
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Fig.7.26 Austin Moore uncemented hemiarthroplasty of
the right hip. This operation is rarely performed now as
the stability of the stem is generally poor

These provide inadequate fixation and are no
longer in general use. Modern uncemented
hemiarthroplasty prostheses have a porous coat-
ing on the surface, which allows bone ingrowth,
and this provides secondary stability of the stem.

Features to note on radiographs of hemiar-
throplasty are the type of prosthesis, cemented or
cementless fixation, the quality of the cement
mantle, presence of cement restrictor and the size
of prosthetic head in relation to the acetabular
socket. The restoration of leg length is deter-
mined by drawing a horizontal line through the
inferior end of the tear drop on both sides. The
relative perpendicular distance of a fixed point,
commonly the lesser trochanter, is compared on
both sides in relation to the horizontal line. A
careful check should be made for any peripros-
thetic fracture and any retained cement.

Total hip replacement for displaced femoral
neck fractures is indicated for patients who are
independently mobile, cognitively intact and med-
ically well enough to withstand the procedure.

Extracapsular Fracture of the Neck
of Femur (Intertrochanteric Fracture)

The vast majority of extracapsular fractures of the
proximal femur are managed by internal fixation.
These fractures do not disrupt the blood supply to

Fig. 7.27 An extracapsular fracture of the right hip,
which has been fixed with a dynamic compression screw.
Note that the screw is low in the neck on the AP (a) view,
which helps achieve the position of the screw tip in the
centre of the femoral head. The tip-apex distance is less
than 20 mm, which is calculated by adding the distance
between the AP and lateral (b) view

the femoral head, and therefore the risk of avascu-
lar necrosis is low.

Most extracapsular fractures can be managed
with a dynamic hip screw (Fig. 7.27), which
encourages compression at the fracture site as the
patient mobilises. The implant is in two parts: a
screw inserted along the femoral neck and into
the femoral head, and a plate attached to the lat-
eral surface of the femoral shaft through which
the screw can glide. This construct stabilises
most extracapsular fractures, as these fractures
are usually orientated obliquely between the
greater and lesser trochanters.

Many factors determine the rate of success of
the implant construct; however, one of the key fac-
tors is the tip-apex distance. This is a measurement
proposed by Baumgaertner in 1997 [3, 4] and is
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the sum of the distance, measured on the AP and
lateral views of the hip, between the tip of the
screw and the apex of the femoral head. Tip-apex
distance of less than 20 mm is associated with a
much lower rate of cutout of the screw compared
to those where the distance is greater than 20 mm
(Figs. 7.28 and 7.29). Adequate reduction of the
fracture is associated with a reduced failure of
fixation.

For accurate determination of tip-apex dis-
tance, the magnification of the radiograph has
to be accounted for. The dynamic hip screw is
12.5 mm at the widest point of the threads, and
this measurement can be used to correct for
magnification. In some situations, where there
is a fracture of the greater trochanter, it can be
stabilised with an additional plate fixed to the
side plate of the dynamic hip screw (Fig. 7.30).
The additional plate allows multiple screw
placements for fixation of the greater trochanter
fragment.

Extracapsular fractures that are orientated in
the opposite direction (so-called ‘reverse oblique’
fractures) will not be sufficiently stabilised by a

Fig. 7.28 An improperly positioned dynamic hip screw.
In this case, note that the screw is high in the neck, and the
tip is far superior to the apex of the femoral head. This
screw is at high risk of cutting out

Fig. 7.29 Dynamic hip screw positioned in the superior
part of the femoral head (a) with a large tip-apex distance.
The fracture is not well reduced and femoral neck is short-
ened. On follow-up, the screw cut through the femoral

head and penetrated into the acetabulum (b). This was
managed by removal of the screw, bone grafting of the
contained defect in the acetabulum and total hip replace-
ment (¢)
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Fig. 7.30 Side plate used with the dynamic hip screw to
fix greater trochanter fragment in the AP (a) and lateral
(b) view

dynamic hip screw. This is because shear forces
acting on the fracture are parallel to the compres-
sion screw. These fractures are better managed
with an intramedullary device (Fig. 7.31) with a
screw placed along the femoral neck and into the
head. Similar to the DHS, the screw into the fem-
oral head is dynamic to allow compression at the
fracture site. The presence of intramedullary nail
avoids excess shortening at the fracture site. The
nail is fixed distally with one or two distal inter-
locking screws. If more movement at the fracture
site is required, only the oval-shaped dynamic
hole is used. However, more often than not, a
screw is inserted into both the dynamic and static
(round) holes in order to achieve static stability.
Mechanical failure of the cephalomedullary
nail can be predicted by the absence of three-point
contact [5]. The three points are the tip of the
screw in the femoral head, the contact between the
lateral end of screw and the lateral cortex of femur,
and the contact point between the proximal end of
the nail and its entry point in the femur (Fig. 7.32).

Mid-shaft Femur Fractures

Mid-shaft femoral fractures in adults are often
high-energy injuries that require early stabilisa-
tion to prevent severe complications. In the
elderly, it is possible to sustain low-energy frac-
tures due to poor bone quality

These fractures are most often fixed with
either antegrade (proximal to distal) or retrograde

Fig. 7.31 Extracapsular fracture of the hip, which has been fixed with an intramedullary nail in AP (a) and lateral (b)
view. AP (c) and lateral (d) views of the knee should be obtained to check implant position postoperatively
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Fig.7.32 Three-point fixation of the intramedullary nail.
The two black arrows represent fixation in the femoral
head and the entry point of the nail. The white arrow sig-
nifies contact on the lateral cortex

(distal to proximal) intramedullary nailing of the
femur (Figs. 7.33 and 7.34). There are a variety
of implants used for this purpose, but the basic
construct is the same with an intramedullary nail
fixed into position in the bone with proximal and
distal locking screws. These nails provide rela-
tive stability to fractures, and on postoperative
X-rays, evidence of callus formation indicates
fracture healing.

Distal Femur Fractures

In distal femoral fractures, the aim of surgery is
to restore the anatomy of the knee joint and pro-
vide rigid fixation if the fracture is intraarticular.
This is usually achieved by open reduction and
internal plate fixation (Fig. 7.35). Commonly, the
plates are applied to the lateral aspect of distal
femur, although fractures involving only the
medial condyle may be best managed by medial
fixation (Fig. 7.36).

Tibial Plateau Fractures

Tibial plateau fractures are intraarticular and are
graded in terms of severity by the Schatzker

Fig. 7.33 Antegrade femoral nail for correction of a previous fracture malunion. Note that there are multiple options
for screw fixation of the nail at both the proximal (a) and distal (b, ¢) ends
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Fig. 7.34 Retrograde femoral nail AP (a) and lateral (b)
view. Note that this nail has been fixed distally with both
a cortical screw and a spiral blade. The spiral blade gives

Fig.7.35 A very distal
fracture of the left
femur, fixed with a
locking plate on the
lateral surface of the
bone. The plate allows
multiple screws in the
distal fragment, all of
which are locking and
act as fixed angle
devices providing far
superior fixation
compared to non-
locking screws. AP (a)
and lateral (b) views are
demonstrated

classification [6]. They are usually managed
with open reduction and internal fixation in
order to provide absolute stability. There are
multiple methods of fixing a tibial plateau frac-
ture, as illustrated in the examples (Figs. 7.37,
7.38, 7.39 and 7.40). The approach and the use

c l

added stability in comminuted fractures, or in patients
with osteoporotic bone. Proximally, the nail is locked (e,
d) using two anteroposterior locking screws

of plates depend on the pattern and severity
of injury. In some situations, a combination
of limited internal fixation along with exter-
nal fixation helps to restore articular surface
and bridge the metaphyseal comminution
(Fig. 7.41).



136 J. Clutton and J. Lewis

Fig.7.36 Fracture of
the medial femoral
condyle stabilised with
screws inserted from a
medial approach—AP
(a) and lateral (b) view

Fig.7.37 Tibial plateau fracture fixed with a medial plate. The third screw from distal end is a non-locking screw (a).
This helps to pull the plate close to the bone. All other screws are locking screws for better fixation (b)
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Fig. 7.38 Tibial plateau fracture fixed with three screws
from lateral to medial side AP (a) and lateral (b) view.
This method is suitable for fractures with a longitudinal

Fig.7.39 Tibial plateau
fracture fixed with a
posterior plate. The
restoration of articular
surface on the AP (a)
view and tibial slope on
the lateral (b) view is
satisfactory

split, without significant depression. The distal screw
functions as an antiglide screw
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Fig. 7.40 Double plating of the proximal tibia using an anterolateral locking plate and a posteromedial buttress plate.
AP (a) and lateral (b) views. The posterolateral plate does not provide locking option and is used purely in buttress mode

Fig.7.41 Combined
internal and external
fixation of the proximal
tibia. The two
cannulated screws
inserted lateral to medial
in the proximal tibia
help to restore the
articular surface
continuity as seen in AP
(a) and lateral (b) view.
Extensive metaphyseal
comminution has been
bridged using an
external fixator. The
fixator uses fine wires in
the proximal tibia and
half pins in the tibial
shaft
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Patella Fractures

Patella fractures are fixed if they are open, if there
is displacement of fracture fragments or if there is
failure of the extensor mechanism. The method of
fixation commonly uses a tension band construct,
which converts the tensile forces across the knee
joint into compressive forces, and draws the two
fragments together. The wire loop on the anterior
aspect of the patella is the actual tension band, with
the parallel wires acting to provide stability to the
fixation. As an alternative, two parallel cannulated
screws can be used in place of wires (Fig. 7.42).

Fig. 7.42 Patella fracture treated with two cannulated
screws and a wire loop used in ‘tension band principle’.
Unlike in the elbow (Fig. 7.11), the construct here uses
two cannulated screws through the patella, through which

Mid-shaft Tibia Fractures

Tibial shaft fractures in adults are commonly
fixed with an intramedullary nail in order to
achieve and maintain good alignment and pre-
vent malunion.

Tibial intramedullary nails (Fig. 7.43) are
inserted antegrade and are statically locked (with
screws through the round holes) at both the
proximal and distal ends. There are usually one
or two proximal screws (inserted from lateral to
medial) and two distal screws (inserted from
medial to lateral).

the wire loop is threaded. AP (a) and lateral (b) view.
Either method is acceptable although screws provide
some degree of interfragmentary compression
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Fig.7.43 Tibial intramedullary nail. Note the presence of two locking screws proximally and two distally in the AP (a)
and lateral (b) view. There is evidence of callus formation at the fracture site due to indirect bone healing

Distal Tibia Fractures

Extra-articular fractures of the distal tibia can be
managed by intramedullary nail or plate fixation
(Fig. 7.44). Ring fixators are also an option.

Pilon Fractures

Pilon fractures are usually the result of axial
loading injuries and involve the articular weight-
bearing surface of the distal tibia. The pattern of
fracture configuration determines the approach
and choice of fixation (Figs. 7.45 and 7.46).

Ankle-Bimalleolar Fractures

Fractures involving the ankle can be classified
according to the number of malleoli involved. Bi-
and tri-malleolar fractures are almost always
fixed in order to stabilise the ankle joint.

The other important classification in ankle
fractures is Weber’s classification of distal fibu-
lar fractures. This is based on the level of the
fracture relative to the syndesmosis between
the tibia and fibula. Weber A (below the syn-
desmosis) fractures are inherently stable and
can be managed conservatively. Weber B frac-
tures (at the level of the syndesmosis) may be
stable or unstable, depending on the presence
or absence of an injury on the medial side, and
should be fixed on the basis of this (Fig. 7.47).
Weber C fractures (above the syndesmosis)
are inherently unstable and require fixation
(Fig. 7.48).

External Fixators

An external fixator is a device that stabilises a
fracture at a point distant from the focus of injury.
There are many different constructs, all of which
involve an external frame of bars and connectors,
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Fig.7.44 Medial locking
plate for a distal tibial
extra-articular fracture. AP
(a) and lateral (b) view
show locking plate on the
tibia, and a non-locking one
third tubular plate on the
tibia. The syndesmosis was
stable and hence has not
been surgically stabilised

Fig.7.45 Anteromedial
locking plate of distal
tibia. There are two lag
screws inserted from
medial to lateral
direction for
compression seen in the
AP (a) and lateral (b)
view. Two further screws
have been used to
stabilise the medial
malleolus. The locking
plate acts like a
neutralisation plate. The
fibula has been fixed
with a locking plate,
which is used in
neutralisation mode as
the fibular fracture is
comminuted
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Fig.7.46 Pilon fracture
of the left ankle. This
has been fixed with a
plate on the anterolateral
surface of the tibia, and
two screws to fix the
medial malleolus. There
are multiple screws
holding the anterior
fragments in place,
along with a T-plate
which is acting as a
buttress to prevent the
fracture fragment
migrating proximally.
AP (a) and lateral (b)
view

Fig.7.47 Bimalleolar
fracture of the ankle
fixed with a contoured
fibular plate and two
screws in the medial
malleolus. This plate is a
specially designed
contoured locking plate,
allowing multiple screw
options in the distal
fragment. AP (a) and
lateral (b) view. There
are no washers on the
medial screws. Washers
are needed in osteopenic
bone. There was no
syndesmotic injury,
hence no fixation across
the distal tibio-fibular
joint

with pins or wires fixed into or traversing the
bone. External fixators can be used either as a
temporary stabilisation measure to rest the soft
tissues prior to definitive fixation or as definitive
fracture management.

‘Quad Frame’

A quadrilateral frame is a simple external fixation
construct consisting of pins through and through the
proximal tibia and calcaneum in the coronal plane,
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Fig. 7.48 Weber C of the lateral malleolus fracture
fixed with a fibular plate and a TightRope implant sys-
tem to stabilise the syndesmosis. The fibula has been
fixed with a lag screw across the fracture site, and a neu-
tralisation plate with three screws proximal to the frac-
ture, and two screws distally. Where the middle distal

parallel to the sole of the heel (Fig. 7.49). Clamps to
a bar on either side of the leg connect these pins.
The frame can be strengthened by the addition of
two further pins, one from the medial bar into the
medial side of the proximal tibia and a further pin
into the first metatarsal. There are helpful temporary
measures whilst the swelling reduces.

Delta Frame

A delta frame is an A-shaped (or delta-shaped)
external fixation construct used for stabilisation
of distal tibial fractures (Fig. 7.50).

An important concept in the use of delta
frames is the ‘tibial safe zone’. In the tibial shaft,
this is the area between the sagittal plane anteri-
orly and the coronal plane medially. In the distal
tibia, this zone starts just medial to the sagittal
plane (to avoid the anterior tibial artery and vein)
and runs medially for 120°.

screw would have been placed, there are buttons on the
medial side on the tibia, and another adjacent to the plate
seen in the AP (a) and lateral (b) view from the TightRope
implant used to stabilise the syndesmotic injury. There is
also a small posterior malleolus fragment, which has not
been fixed

For a delta frame, two pins are inserted anteri-
orly in the tibial shaft (one in the mid-shaft
region, and one more distally). These two pins
are connected by a multi-pin clamp, which is
then connected by bars to a Steinmann pin
through the calcaneum (inserted in the same way
as for a quadrilateral frame).

Circular Frame

Circular frame external fixators can be used for
complex injuries including where there is defor-
mity or limb length discrepancy requiring correc-
tion. The device consists of at least two circular
frame ring elements connected to the bone by pins
or wires (Fig. 7.51). The frame components are
attached by adjustable rods, which allows for
gradual lengthening and/or correction of angular
deformity. This construct allows correction to be
achieved in multiple planes.
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Fig. 7.49 ‘Quad frame’ across the right ankle. There is a
Steinmann pin through the proximal tibia (a) just distal to
the flare of the metaphysis and a half pin in the tibial
diaphysis providing extra fracture stability in the sagittal
plane (b). A third pin has been inserted through the calca-
neum. Connecting the three pins to rods running parallel

Fig.7.50 Delta
frame—there is a
multi-pin clamp attached
to the pin in the tibial
shaft seen in the lateral
(a) and AP view (b).
This allows both lateral
rods to be attached to a
single tibial pin. In this
case, a half pin has been
inserted more distally in
the tibial shaft, to
improve stability (c)

The Masquelet Technique

The Masquelet technique is a procedure that can be
used to manage traumatic bone defects and infected
non-union. The technique involves the debridement
and stabilisation of the bone and insertion of a tem-
porary cement spacer impregnated with antibiotics
(Fig. 7.52). This construct is left in place for several
weeks to allow the formation of an induced pseudo-
membrane around the cement spacer.

to the lower leg forms a stable rectangular construct.
There is a plaster support to prevent equinus deformity.
There is residual subluxation of the talus seen in the lat-
eral view (c) posteriorly, which is not acceptable and had
to be corrected urgently

Once the membrane has formed, the second
stage of the procedure involves the gentle removal
of the cement spacer and insertion of bone graft
into the induced membrane space (Fig. 7.53).
The bone graft encourages the formation of new
bone, whilst the induction membrane prevents
resorption and acts as a ‘bone-forming chamber’
(Fig. 7.54).

The Masquelet technique can also be used in
more distal fractures, such as Tibial Pilon frac-
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Fig.7.51 Circular
frame used to stabilise
the tibia AP (a) and
lateral (b) view. There is
an osteotomy in the mid
third of the tibial shaft at
the site of a previous
fracture malunion.
Correction is achieved
with the frame and
maintained until
sufficient bony union

Fig.7.52 Masquelet technique stage
1. There is cement at the fracture site
in the proximal tibial metaphysis.
This was the site of an infected
nonunion. The infected bone has been
removed, local debridement done and
the gap filled with a cement spacer.
AP (a) and lateral (b) view shown.
There is also a fibular fracture at the
same level, which is healing by
secondary (indirect) bone healing
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Fig.7.53 Masquelet technique stage 2.
The cement has been removed, and length
has been maintained with the nail AP

(a) and lateral (b) view. The gap at the
fracture site is packed with bone graft

Fig.7.54 Masquelet technique—end
result. Note that tibial length has been
maintained, and there is evidence of fresh
bone filling the gap in the fracture site AP
(a) and lateral (b) view
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Fig. 7.55 Masquelet technique used in a Pilon fracture.
(a, b) demonstrate the Taylor-Spatial frame with cement
at the fracture site, and subsequently the presence of the

tures with loss of significant bone stock
(Fig. 7.55). In these cases, an external fixator is
often used to immobilise the fracture during
stages one and two of the procedure.
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Hand and Wrist Implants

Tamsin Wilkinson, Ryan Trickett,
and Carlos Heras-Palou

The development of arthroplasty in the hand and
wrist lags behind that of the larger joints, and as
yet, there is no clear consensus on the best overall
material or configuration for most joint replace-
ments. As a result, there is a proliferation of
replacements on the market, most of which have
only short-term results available. This chapter is,
therefore, not a comprehensive atlas of all
replacements but endeavors to provide an idea of
radiological appearances. Some specialized
fusions have been included as well.

The Hand

Replacements in the small joints of the hand con-
sist of either resurfacing arthroplasty, or spacers,
which are usually made of silicone. The arthro-
plasties are very dependent on the availability of
bone stock for implant fixation and soft tissue
integrity for joint stability, which are commonly
both destroyed in the inflammatory arthropathies.
Arthroplasty is therefore generally reserved for
posttraumatic or osteoarthritis. To date, the avail-
able evidence suggests that resurfacing arthro-
plasties provide pain relief but do not improve
range of motion. Both metal and pyrocarbon
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resurfacing arthoplasties exist. The biomechani-
cal properties of pyrocarbon mimic that of corti-
cal bone more closely and thus theoretically
should lead to less stress shielding and therefore
less loosening of the implant. However, a non-
progressive lucent line is frequently noted around
these implants.

In the presence of an inflammatory or post-
infective arthritis, where there is significant bone
loss or loss of soft tissue integrity, resurfacing
arthroplasty is contraindicated and a choice must
be made between a silicone spacer or fusion of the
joint. When making this decision, the functional
requirements of the different parts of the hand
should be considered. In general terms, the radial
half of the hand is used for pinch, tripod, and key
grip. This involves holding the digits in slight
extension, with significant lateral loading, so
fusion of the index and middle fingers provides
strength and stability with limited effect on func-
tion. Similarly, the thumb can be considered a
stable post that the fingers grip against, and fusion
of the thumb is usually tolerated well. The ulnar
half of the hand, however, is used predominantly
for power grip, and this relies on the ability to curl
the fingers into deep flexion. Fusion of the ring
and little fingers is therefore much less tolerated,
and silicone spacers should be considered.

In general, no replacement in the hand allows
the patient to regain much in the way of move-
ment, and in the presence of an already stiff, but
painful joint, fusion is a more reliable long-term
option than replacement. However, in very
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mobile but painful proximal inter phalangeal
joints (PIPJ) or metacarpophalangeal joints
(MCPJ), the patient will find it hard to adapt to
the loss of movement, and arthroplasty should be
considered.

Metacarpophalangeal Joints

The history of MCPJ replacement dates back to the
1950s, when initially, metal hinges were used.
These rapidly loosened, with bone erosion and
metal debris abounding. Following the success of
the early hip replacements, a similar design was
used for the MCPJ, incorporating a metal head
within a high-density polyethylene cup. Again,
breakage and erosion were problematic. Interest
then moved to the silicone spacer, and a variety of

metal/silicone devices were developed. Of these,
the Swanson [1] has proved the most durable and is
still in use today. The principle of Swanson’s joint
replacement is a flexible silicone spacer which is
inserted into the medullary canal of the bone on
either side of the joint, following resection of the
articular surfaces. This acts as a constrained pros-
thesis to maintain joint alignment, but the combina-
tion of the implant flexibility and the ability of the
tapered stems to piston in and out of the medullary
canal permits the joint to maintain range. The sili-
cone promotes the formation of a fibrous capsule,
thus increasing the joint stability (Fig. 8.1).

These spacers do not, however, replicate the
normal rotating and gliding action of the MCPJ
and thus do not restore normal function. They
also have a tendency to fracture at the hinge over
time (although fracture does not invariably

Fig.8.1 Silicone metacarpophalangeal joint replace-
ments in the middle, ring, and little fingers of the right
hand. The flat cut of the resected joint surfaces is noted,
compared to the irregular erosions on the index finger
MCPJ. The silicone spacer is not visible on X-ray. The

metal components are cuffs, called grommets, which sit
just within the medullary canal, around the neck of the
spacer, and were originally designed to strengthen the
implant. Their use has been largely abandoned as they
offer no protection against implant fracture of the silicone
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necessitate revision) and, although still the most
commonly used type of implant, are now gener-
ally reserved for lower-demand patients.

The motion of the MCPJ varies depending on
its position. In flexion, it moves predominantly in
the sagittal plane, but in extension, some adduc-
tion and abduction in the coronal plane are per-
mitted. This complex action is best replicated by
two separate articulating components. For these
to function as a joint, there must be sufficient soft
tissue stability to maintain the alignment of the
components throughout their range of motion.

Cobalt-chrome and ultrahigh molecular
weight polyethylene (UHMWPE) MCP]J replace-
ments have been designed to replicate the three-
dimension shape of the native anatomy [2]. They

consist of a proximal cobalt-chrome head and a
distal polyethylene cup. They are cemented in
situ, and this makes revision difficult due to sub-
sequent loss of bone stock. Results are equivalent
to those for silicone arthroplasty. They are highly
dependent on intact soft tissue for stability and
coverage.

More commonly used, but still with rela-
tively short-term follow-up, are pyrocarbon
resurfacing arthroplasties. These consist of
two, uncemented (press fit) pyrocarbon
implants, which are designed to replicate the
native anatomy. They rely on intact soft tissues
for stability, but the absence of cement makes
revision easier, as bone stock is preserved
(Fig. 8.2). They seem to provide reasonable

Fig. 8.2 Pyrocarbon metacarpophalangeal joint replace-
ment of the left index finger. The pyrocarbon is a similar
density to cortical bone on X-ray, as distinct from ceramic
or metal, which look completely white. The area which
has been reamed to allow the press fit of the components

can be seen as a halo around the implants. It should be
noted that the metacarpal head component has not been
inserted centrally, but instead, replicates the load bearing
articulation of the native joint
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Fig.8.3 Lysis around the pyrocarbon MCPJ replace-
ment. Subsequent X-rays of the same patient show a clear
area of lysis around the implants. The edges of this lysis
are clearly defined and well demarcated, with no sur-
rounding erosions or bone reaction. This is commonly

pain relief and, in the MCP]J, a slight increase
in range of movement of about 10°. Evidence
of nonprogressive lysis around the components
is common, as is subsidence (Fig. 8.3). In
asymptomatic patients, these radiographic
changes do not necessitate revision. Stability
of these implants relies on adequate soft tis-
sues (Fig. 8.4). If these joints are revised, they
are usually exchanged for a silicone arthro-
plasty. Most studies report average follow-up
of 5 years, with reasonable patient satisfaction
[3-5].

seen in these joint replacements and should be followed
up radiographically. A nonprogressive lytic region of up to
1 mm surrounding the prosthesis is not considered
pathological

Proximal Interphalangeal Joint

The development of proximal interphalangeal
joint replacements has followed a similar path to
the MCPJ, with silicone spacers remaining the
gold standard. However, the even smaller size of
the joint, and the complex soft tissue balancing,
often on a background of degenerate soft tissues
preoperatively, means that results have been less
satisfactory overall. The joints have to withstand
large loads, particularly during pinch grip, and
the surgical approach requires release and subse-
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Fig.8.4 Dislocated pyrocarbon MCPJ replacement. In this
X-ray, the index and middle MCPJ have been replaced with
pyrocarbon resurfacing components. Alignment of the index
MCP]J is maintained, but the middle MCPJ has dislocated.
There is no inherent stability to the resurfacing arthroplasty,
and joint congruency is entirely dependent on the soft tissue
constraints. These are often damaged by the underlying

quent repair of the collateral ligaments. Failure of
these often leads to unsatisfactory results.

The silicone spacers, by necessity being smaller,
are less stiff and less able to resist lateral loading.
Particularly in the radial digits, fracture rate of the
implant is high and they are very intolerant of pre-
existing deformity (such as swan neck deformity).
They do not show any increase in range of motion
from preoperative measurements, but in selected
patients, satisfaction is generally good [6].

Pyrocarbon resurfacing of the PIPJ replicates
the anatomy of the native joint, and because of

pathology preoperatively (such as soft tissue erosions from
rheumatoid arthritis), and the extensive surgical approach
weakens them still further. Dislocation is a common compli-
cation and is usually managed with revision to a silastic
implant. In common with Fig. 8.3, a narrow lytic line can be
seen surrounding the components. Note also the areas of
heterotopic ossifications surrounding the prosthesis

the bicondylar design, it provides more lateral
stability than the silicone spacers. The surgical
approach, however, is similarly unforgiving,
and good soft tissue structure preoperatively is a
necessity. Numerous studies have shown that
preoperative range of motion is preserved, but
not increased, following pyrocarbon joint
replacement [7], and significant bone erosion
and implant subsidence have been demonstrated
radiographically. This latter phenomenon is
thought to cause a gradual loss of range in these
joints but doesn’t appear to be associated with
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Fig. 8.5 Pyrocarbon proximal interphalangeal joint
replacement. The size of the components in the PIPJ is
determined by the size of the medullary canal. In this case,
it can be seen that the joint surface has expanded in
response to the osteoarthritis, and the surface replace-
ments look undersized. However, the stems of the compo-
nents are well fixed and centrally located in the medullary
canal, and it would not have been possible to insert a
larger component. The cerclage wire around the middle
phalanx has been placed there intraoperatively to treat a
split in the cortex which occurred during reaming. When
managed in this way, these splits usually go on to unite, as
in this case, without resulting in instability of the
components

either pain or dissatisfaction (Fig. 8.5). A
slightly unusual complaint is an audible squeak
from the joint, which has not been fully
explained. Revision is sometimes requested for
this! Titanium semiconstrained implants have a

L

Fig. 8.6 Failure of the titanium semiconstrained PIPJ
replacement. The LPM PIPJ replacement was introduced
in 2000. The two titanium implants are constrained by a
central hinge. Nearly 50% were showing signs of failure
within 6 years. In this image, massive lysis around the
components can be seen. Unlike the well-demarcated
lysis seen in Fig. 8.3, the cortices here are being eroded
and there is significant subsidence of the components

high failure rate due to extensive osteolysis and
consequent loosening (Fig. 8.6).

Distal Interphalangeal Joint

There are no resurfacing arthroplasties available
for the distal interphalangeal joint (DIPJ), but
there are Swanson’s silicone spacers in use.
Radiographic appearances are similar to other sili-
cone spacers. However, fusion of the DIPJ remains
the gold standard and by far the most commonly
used surgical treatment for arthritis of this joint.



8 Hand and Wrist Implants

155

Carpometacarpal Joint
of the Thumb

The carpometacarpal joint of the thumb (CMCJ)
is the most commonly operated on joint for
arthritis in the hand. It has an incredibly complex
articular shape, often described as “saddle
shaped,” with two arcs of curvature which enable
circumduction of the thumb metacarpal. The
combination of high load on gripping and
flexibility of the surrounding soft tissues leads to
a high rate of arthritis in this joint (30% of women
and 12% of men).

The gold standard for surgical treatment of
arthritis in the thumb CMCJ remains excision of
the trapezium. Soft tissue stabilization proce-
dures at the same time are popular, but have not
been found to lead to superior results [8].
Satisfaction is generally high, but some patients
complain of weakened grip strength, and in
patients with ongoing pain following trapeziec-
tomy (15%), there are few salvage options.

Fig. 8.7 Pyrodisc thumb
carpometacarpal joint
interposition prosthesis. This
pyrocarbon prosthesis is shaped
like a doughnut, with a central
hole. This allows a section of
tendon to be passed through to
hold the prosthesis within the
resected joint space. The curved
resections of the base of the
thumb metacarpal and trapezium
match the surface contours of the
pyrodisc. Height of the thumb
metacarpal (and thus length of the
thumb) has been maintained.
There has been only limited bony
resection required. Results of
implant arthroplasty of the thumb
CMCIJ remain mixed. AP (a) and
lateral (b) view

For these reasons, the search for an acceptable
joint replacement has been ongoing. The unique
articular shape of the CMCJ has proved challeng-
ing to replicate, and numerous articulations have
been trialed, some with more success than others.
Two implant types will be discussed, the total joint
replacement and the interposition arthroplasty.

Interposition arthroplasty is appealing, as it
has the potential to maintain thumb length and
grip strength, with minimal surgical exposure
and limited bone resection, thus facilitating sub-
sequent revision. Implants are commonly made
of pyrocarbon and are usually either spherical or
disc shaped. They most frequently fail by dislo-
cation. The disc-shaped implants have a hole
through the center to allow a ligamentous con-
straint to be passed through, with the aim of
preventing this. As yet, they have not been shown
to have superior clinical results to simple trapezi-
ectomy (Fig. 8.7).

There has been more success with joint
replacements, but the design of these still has its
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limitations. The older designs consist of monob-
lock “spacers,” with stems inserted into the
thumb metacarpal. These can either be silastic or
titanium. More recent designs usually consist of a
stemmed ball, fitted into the thumb metacarpal,
and a screw-fit hydroxyapatite-coated socket in
the trapezium. The articulation of these implants
is usually a cobalt-chrome metal on metal design
and is unconstrained (Fig. 8.8). Nineteen differ-
ent types have been recorded, none of which have
shown superior results to trapeziectomy [9]. A
review of total arthroplasties from the Norwegian
Joint Registry found a total of five different
implants used, with an average survival rate of

91% at 5 years and 90% at 10 years. However,
they stress that survival was defined as not having
been revised and did not necessarily imply that
the implants were functioning well [10]. Implants
fail by dislocation, loosening, or periprosthetic
fracture. In those implants that survive, however,
patients report good pain relief, range of motion,
grip strength and high satisfaction [11].

It is clear that CMCJ arthroplasty requires
considerable development before it can match
simple trapeziectomy in efficacy; however, the
more recent designs have promising early
results, and they may become more popular in
the future.

Fig. 8.8 The Elektra thumb CMCJ prosthesis. The proxi-
mal thumb metacarpal has been resected and a modular
stemmed head has been inserted. In the trapezium, a
hydroxyapatite-coated threaded cup has been impacted.
There is little mechanical constraint to this prosthesis and

the small bone size means that periprosthetic fracture is a
risk. It can be seen that the height of the thumb metacarpal
has been maintained, and the axis of the thumb articula-
tion is well aligned, meaning that subsequent Z deformity
should not occur
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The Wrist

The wrist consists of three separate articulations,
the midcarpal joint, the radio and ulnar carpal
joint, and the distal radioulnar joint (DRUJ). A
discussion regarding the biomechanics and the
consequent effects of arthroplasty of these joints
is beyond the scope of this chapter, but some
examples will be illustrated.

The midcarpal and radioulnar carpal joints
are primarily responsible for flexion and exten-
sion of the wrist, approximately 50% of the
range coming from each articulation. The radio-
ulnar carpal joint is largely responsible for radial
and ulnar deviation of the wrist. The distal radio-
ulnar joint (DRUJ), the proximal radioulnar
joint, and the diaphysis of each bone, held by the
interosseous membrane, in combination, permit
pronosupination of the forearm. The DRUJ

should therefore be considered separate from the
wrist, although it is often involved in wrist joint
pathology.

Radio Carpal and Midcarpal Joints

Arthritis of the midcarpal and radio carpal joints
is most commonly treated with fusion of the
affected joints. Numerous implants exist to fuse
the small joints in isolation, but they can also be
fused using headless compression screws or sim-
ple k-wires. Non-union is becoming less com-
mon as locking implant technology allows greater
compression and stability but should be consid-
ered in a patient with ongoing pain.

Fusion across either the radio carpal joint or the
midcarpal joint will sacrifice 50% of the flexion-
extension range but is well tolerated (Fig. 8.9).

Fig. 8.9 The four-corner fusion. This plate has locking
screw holes to allow rigid fixation of the midcarpal,
lunotriquetral, and capitohamate joints. The scaphoid has
been excised to treat either a non-union, AVN, or
radioscaphoid osteoarthritis, and the remainder of the car-

pus have been fused to prevent collapse of the carpal
height. The defect in the distal radial metaphysis is iatro-
genic and is the site where bone graft has been taken to fill
the intercarpal spaces. AP (a) and lateral (b) view
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Total wrist arthrodesis spans the radio carpal,
midcarpal, and usually the third carpometacarpal
(CMCJ) joints. It abolishes all flexion and exten-
sion and radial and ulnar deviation at the wrist but
provides excellent long-term pain relief and good
strength. The wrist is usually fused in 15° of
extension, to facilitate power grip (Figs. 8.10 and
8.11). Unilateral wrist arthrodesis is well toler-
ated, but lack of flexion is disabling when bilateral

wrist arthrodesis is performed. Non-union of the
third CMC]J is common, and more recent plate
designs abolish the need to span this joint.

Total wrist replacement is predominantly used
for low demand patients, often with a contralat-
eral wrist fusion. The indication is pain relief
where some preservation of movement is required
[12]. It is typically used in patients with rheuma-
toid arthritis.

Fig.8.10 Wrist fusion using a Steinman pin. This patient
with severe erosive arthritis from rheumatoid disease has
had a wrist fusion using a Steinman pin to stabilize the

carpus onto the distal radius. The Steinman pin can also be
inserted through the head of the third metacarpal. AP (a)
and lateral (b) view
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Fig.8.11 The Synthes
wrist fusion plate. This
patient with
osteoarthritis and
well-preserved carpal
height has had a dorsal
wrist plate, spanning the
radius, carpus, and third
metacarpal. The third
carpometacarpal and
lunotriquetral joints have
not been excised. The
radioscaphoid and
scapholunocapitate
joints have fused. Note
that the wrist is fixed in
slight extension to
enable power grip

Early wrist replacements have developed
along similar lines to the hand arthroplasties.
The earliest examples are Swanson’s silastic
spacers. These demonstrated considerable prob-
lems with instability of the hand, implant break-
age, and synovitis and have now been abandoned.
In the 1970s, cemented prostheses with a ball
and socket design were introduced. These have
also been abandoned due to poor soft tissue bal-

ancing, loosening, and periprosthetic fracture.
More recent designs utilize an offset articulation
to mimic the dual plane of motion of the wrist
and to preserve the soft tissue balancing. Further
developments have reduced the amount of bone
resection required, thus making subsequent
revision or fusion more feasible. The current
generation of total wrist replacements is coated
with hydroxyapatite and relies on osseous
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integration in the proximal component and
screw and peg fixation with osseous integration
distally. The majority employ a metal on poly-
ethylene bearing and are designed to replicate
the anatomical shape of the distal radius and
proximal carpal row. A modular design allows
different thicknesses of polyethylene to be
selected to enable better soft tissue balancing.
These designs allow flexion and extension and
radial and ulnar deviation at the wrist but permit
only very limited or no pronosupination at the

carpus, which many rheumatoid patients rely on
for function (Figs. 8.12 and 8.13).

A recent review of the evidence for total
wrist replacement looked at the results for
seven different manufacturers. Follow-up was
reported up to 10.8 years (for the Universal).
Survivorship ranged from 50% at 7.3 (5-10.8)
years to 100% at 5.5 (3-9) years. All prostheses
demonstrated improved pain scores postopera-
tively, although when compared to arthrodesis,
pain scores do not improve as much. Only one,

Fig. 8.12 Total wrist replacement. The proximal carpal
row has been excised and an oblique cut has been made at
the distal radius. The proximal part of the prosthesis is
coated with hydroxyapatite and impacted into the shaft of
the radius. The distal part is held in place with a
hydroxyapatite-coated peg and two screws, one into the

hamate and one crossing into the index metacarpal. Between
the two cobalt-chrome prostheses, there is a polymer-bear-
ing surface which fixes onto the distal component and artic-
ulates with the proximal component. The curvature of the
articulating surfaces copies the normal articular dynamics of
the radiocarpal joint. AP (left) and lateral (right) view
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Fig. 8.13 Comparing these images with Fig. 8.12, lysis
has developed around the distal component. The screws
and pegs have areas of bone loss around them, and the

the Maestro, demonstrated a functional range
of motion. The remainder tended to show that
the preoperative range of motion was preserved
but not improved. Data for grip strength was
insufficient [13]. It is clear that total wrist
replacement currently lags significantly behind
that of larger joints in its efficacy, and fusion
remains the gold standard.

ke ©
:

component has subsided into the distal carpal row. The
proximal component remains well fixed, with trabecular
bone extending up to the metal-bone interface

The Distal Radioulnar Joint

The distal radioulnar joint (DRUJ) has a complex
gliding and rolling motion with stability largely
provided by the soft tissue constraints of the trian-
gular fibrocartilaginous complex (TFCC) and the
tension in the interosseous membrane. Pathology
of the DRUJ consists of either arthritis, leading to
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pain and loss of forearm rotation, or instability,
which can cause pain and loss of grip strength and
a feeling of “giving way.”

Traditional approaches to management of
DRUI pathology were to either excise the distal
ulna (Darrach’s procedure) or to fuse the DRUJ
and perform an osteotomy proximal to the

[

Fig. 8.14 Postoperative images of a Sauve-Kapandji pro-
cedure, revised to a Herbert distal ulna prosthesis.
Remodeling of the ulnar border of the distal radial metaph-
ysis can be seen in response to abutment of the unstable
ulnar stump. The Herbert distal ulna prosthesis is modular,
consisting of a press-fit titanium stem, variable neck lengths

DRUJ articulation to allow forearm rotation
(Sauve-Kapandji procedure). Both of these pro-
cedures can lead to instability of the ulnar
stump and painful abutment between the ulna
and radius (Fig. 8.14). The salvage options for
these patients are a soft tissue stabilization pro-
cedure, arthroplasty, or a one-bone forearm,

/|

to allow for differing levels of ulna resection, and a ceramic
head which replicates the anatomy of the native distal ulna.
It relies on ECU function for DRUIJ stability as the TFCC
attachments are excised. AP (a) and lateral (b) view of
Sauve-Kapanji procedure. AP (¢) and lateral (d) of Herbert
distal ulna replacement
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where the radius and ulna are fused in the
mid-diaphysis.

Arthroplasties can be divided into ulnar head
replacements or DRUJ total arthroplasty.

Ulnar head replacement designs are either a
monoblock or modular design, usually consisting
of a metal stem and either metal, ceramic, or
pyrocarbon articulation. The modular design
allows for an extended neck, which can be useful
when revising a Sauve-Kapandji procedure,
where the osteotomy site is often too proximal
for a standard prosthesis (Fig. 8.15).

DRUIJ total arthroplasties can again be subdi-
vided into two categories, constrained and semi-
constrained. They are considered in patients who
have erosion of the sigmoid notch, either at pre-
sentation or following distal ulna replacement.
Semiconstrained prostheses (Fig. 8.16) have the
theoretical advantage of allowing the normal glid-
ing and rolling action of the DRUJ, whereas con-
strained prostheses permit rotation only. There is,
however, only short-term follow-up of small num-
bers for these prostheses and as yet no conclu-
sions as to which is superior in the long term.

Fig.8.15 Eclypse ulnar head replacement. This is a modu-
lar prosthesis. With a titanium press fit (uncemented) stem
and pyrocarbon head. It is designed to replicate the ulnar
head. Mobility between the cylindrical peg and the pyrocar-

bon spacer allows some rotation and proximo-distal trans-
lation, and it can be inserted without detaching the normal
soft tissue stabilizers of the DRUJ, thus maintaining the
normal dynamics of the joint. AP (a) and lateral (b) view
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Fig.8.16 The Scheker
(Aptis), semiconstrained
total distal radioulnar
joint prosthesis. This is
used for arthritis of the
distal radioulnar joint
with instability or
following distal ulna
resection with stump
instability. The
constrained design
means that stability is
maintained even in the
absence of the normal
soft tissue constraints.
Replacement of the
sigmoid notch
overcomes the problem
of notch erosion, and the
Scheker can be used as a
revision prosthesis. A
cobalt-chrome plate is
attached to the distal
radial metaphysis using
a peg and screw fixation.
A socket protrudes from
this. A cobalt-chrome
peg is inserted into the
ulnar shaft. This has a
highly polished stem
distally, onto which is
inserted a polyethylene
ball. This ball articulates
with the cobalt-chrome
socket on the radial plate

In summary, arthroplasty for the joints in the
hand and wrist is in its infancy when compared to
the advances that have been made in larger joints.
The prostheses tend to have only short-term fol-
low-up, and a consensus on the best designs has
yet to be reached.
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Radionuclide Imaging of Skeletal

Implants

Vetri Sudar Jayaprakasam and Patrick Fielding

Radionuclides are atomic species that are inher-
ently unstable and decay emitting energy in the
form of ionising radiation. Nuclear medicine or
radionuclide imaging studies use a variety of
radionuclides, usually bound to a further mole-
cule to form a radiopharmaceutical. The radio-
nuclide acts as the marker that allows localisation
and formation of an image with a camera/scan-
ner system, whilst the radiopharmaceutical
(with the carrier molecule) gives the tracer
specificity.

Two distinct types of radionuclides are
used in clinical practice: those that decay by
single-photon emission and those that decay
by positron emission. Single-photon-emitting
radionuclides and radiopharmaceuticals derived
from them are routinely detected with gamma
cameras, and this form of imaging is available
in most hospitals. Scans of this type include
isotope bone scans, labelled white cell scans,
gallium scans and labelled colloid scans. These
form the first line of radionuclide imaging for
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most patients with suspected complications of
skeletal implants.

There has been a recent interest in the use
of positron emission tomography (PET)-based
tracers in imaging complications of prosthetic
joints. Tracers decaying by positron emission
have included 18-F fluorodeoxyglucose
(FDG), the uptake of which reflects metabolic
activity, and sodium fluoride (NaF), the uptake
of which reflects bone turnover. Whilst PET
imaging does have an emerging literature,
most centres will routinely use single-photon-
emitting radionuclides as the first nuclear
medicine investigation of choice, and the
majority of this chapter is devoted to discus-
sion of these.

All forms of nuclear medicine investigations
use ionising radiation, and the approximate doses
received for each investigation are given in each
section. As a comparison, the UK average back-
ground radiation exposure is around 2.5 mil-
lisieverts (mSv) per year.
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Imaging Technology

Single-photon-emitting radionuclides are imaged
with a gamma camera. Usually planar images are
acquired initially. Planar images demonstrate the
distribution of tracer from a particular viewpoint
with respect to the patient. Standard views would
include anterior and posterior images. It is also
possible to obtain tomographic images of the dis-
tribution of single-photon-emitting tracers. This
process is known as single-photon emission
(computed) tomography (SPECT or PET imag-
ing). These may be combined with CT images
with a variety of resolutions. The examinations
performed in this way and the hybrid images
produced are known as SPECT/CT images. It is
important to note that SPECT and SPECT/CT are
not scans or investigations as of themselves but
are only a refinement of existing investigations to
clarify the exact distribution of a single-photon-
emitting tracer.

PET imaging is only ever acquired as tomo-
graphic (3D) images. It is always combined with
cross-sectional imaging, usually with CT or
occasionally MRI. PET images have intrinsically
higher spatial resolution than SPECT images due
to differences in hardware and instrumentation.
The CT component of a PET/CT examination
will also tend to be of a higher resolution than
those in SPECT/CT examinations.

Isotope Bone Scans and Skeletal
Implants

Isotope bone scans use bisphosphonate deriva-
tives to assess bone turnover. Skeletal uptake is
proportional to osteoblastic activity and to blood
flow. Scans for assessment of the problematic
skeletal implant are usually performed as three-
phase studies (Fig. 9.1). For these, the patient is

positioned on the gamma camera table, and the
initial images are obtained in the first 60 s follow-
ing tracer injection. These are labelled as “flow”
images. “Blood pool” images are obtained
between 2 and 5 min. Subsequently, delayed
images are obtained between 2 and 4 h. Early-
phase images reflect perfusion and vascularity,
whereas delayed images reflect osteoblastic
activity. The scans allow evaluation of the local
anatomy, in addition to the joint under investiga-
tion (Fig. 9.2).

Administered activities are typically of the
order of 600 MBq intravenously, which yields a
radiation dose of 3 mSyv.

It is hypothesised that in the case of peripros-
thetic infection that there will be increased uptake
on all three phases, whereas in aseptic loosening,
there is no hyperaemia on the early phases but
increased uptake on delayed imaging (Fig. 9.3).
Table 9.1 shows typical described patterns in the
uncomplicated prosthesis, in aseptic loosening
and in periprosthetic infection.

In a study [1] at a single institution, 75 patients
who had undergone total knee replacements and
presented with pain were studied. The mean
interval between surgery and re-presentation was
3 years. The patients underwent two-phase bone
scans and were assigned as normal if uptake was
within normal limits on both phases, as infected
if there was abnormal uptake on both phases and
as aseptic loosening if increased uptake was seen
on the delayed phase images only. Although this
approach was unreliable at distinguishing infec-
tion from aseptic loosening, of 43 patients in
whom the bone scan was felt to be normal, 41
were felt to be indeed normal on prolonged fol-
low-up with two patients being eventually diag-
nosed with aseptic loosening and none with
infection. This early study underlines a key prin-
ciple in relation to isotope bone scans in the pain-
ful prosthetic joint—if an isotope bone scan is
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Fig. 9.1 A 64-year-old

female patient who

underwent a left a ANT
uncemented THR

15 months prior to this
scan. She presented with
left-sided groin pain.
Plain films and
inflammatory markers
were unremarkable.
Images from isotope
bone scan following

500 MBq of Tc 99m
HDP. Images shown are
anterior views only
although posterior
images are usually also
acquired. (a) is the
anterior perfusion or
flow image (first 60 s, v
notice prominent 'l

vessels), (b) shows

blood pool images

acquired between 2 and 0-60 SEC
5 min and reflects ANT
capillary blood flow and

(c) shows delayed
images obtained at 3 h
following tracer
injection. The scan was
felt to be normal, and
the patient remains well
after 2 years of clinical
follow-up

BLOODPOOL RT

ANTERIOR
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Fig.9.2 A 71-year-old patient who underwent a revision
right total hip replacement 6 months prior to the scan. He
had been experiencing right-sided hip pain radiating down
the right leg. Three-phase studies following 500 MBq of
Tc 99m HDP. (a, b) are anterior flow and blood pool
images which are within normal limits. (¢) is anterior and
(d) is posterior delayed images. Despite the early stage
following surgery, tracer uptake around the hip prosthesis

entirely normal then a significant prosthetic com-
plication is unlikely (Figs. 9.4, 9.5, 9.6, 9.7, 9.8,
9.9, 9.10, 9.11, 9.12, 9.13, 9.14, 9.15, 9.16 and
9.17).

As isotope bone scans demonstrate bone turn-
over, it can be expected that scans performed
immediately (in the first few days or weeks) fol-
lowing a skeletal implant will show intense
abnormal tracer uptake around the prosthesis. A
degree of increased tracer uptake is to be
expected for some time after implantation. As a
general guide, some increased uptake is to be
expected in the first year in an uncomplicated hip
replacement and some increased tracer uptake is
to be expected for up to 2 years in knee replace-
ments [2].

Several early studies have focussed on the pat-
tern of abnormal uptake in the differentiation of

is within normal limits. There is however a lumbar scolio-
sis with degenerative pattern uptake of tracer (arrows) in
association with this. This may have been the cause for
ongoing pain. When performing isotope imaging for
assessment of prosthetic joints, it is important to include a
wider anatomical area on the delayed phase images.
Typically for hip and knee prostheses, a field of view from
the lumbar spine to below the knees is recommended

loosening and infection. It has been suggested
that in aseptic loosening, the uptake will be focal,
but uptake may be either diffuse or focal in the
case of infection. If uptake is diffuse, then infec-
tion should certainly be considered [3].

In another series [4] of 71 patients, with pain-
ful hip and knee prostheses, all of whom eventu-
ally underwent revision surgery; the relative
merits of the erythrocyte sedimentation rate
(ESR), joint aspiration and a three-phase bone
scan were evaluated. All patients underwent three-
phase bone scintigraphy, measurement of ESR,
and 70 patients also underwent joint aspiration.
Bone scans were interpreted as positive for infec-
tion if they revealed uptake around the prosthesis
on all three phases in the absence of any other
explanation. The final consensus of the state of
the joint was derived from the surgical appear-
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Fig. 9.3 A 59-year-old
male patient, 3 years
following left total hip
replacement and 5 years
following right total hip
replacement. The patient
presented with left-sided
hip pain and was
asymptomatic on the
right side. Images
following 500 MBq of
Tc 99m HDP. Only the
anterior images are
shown. The early
perfusion and blood
pool images are normal
(a, b). Delayed images BT
(¢) show focal increased
tracer uptake in relation
to the tip and both ¥
trochanteric regions
(arrows). This pattern of
abnormality is
classically associated
with aseptic loosening—

which is normal early ‘
phase imaging and focal
uptake on delayed phase
imaging
RT

! §

LT

SR

i LT
Table 9.1 Typical patterns in 3 phase bone scintigraphy in joint prostheses
Phase Uncomplicated Aseptic loosening Infection
Early and blood pool Normal Normal Increased
Delayed Normal Increased focal pattern Increased diffuse pattern

ances and the presence or absence of appropriate
microbiology. Of the nine joints felt to be defi-
nitely infected, only three showed the classical
appearances on three-phase bone scans. In this
study the sensitivity and specificity of three-phase
bone scans combined with radiographs were 38%

and 41%, respectively. It appears therefore that
whilst a totally normal three-phase bone scan is
reassuring, as a diagnostic tool on its own, isotope
bone scans are unable to distinguish between
infection and aseptic loosening as the cause for a
painful prosthesis.
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Fig. 9.4 A 52-year-old man had undergone a left knee
replacement 4 years previously. He complained of pain,
inflammatory markers and plain films were equivocal.
Three-phase isotope bone scan. The early perfusion and
blood pool images show diffuse increased tracer uptake
around both components of the prosthesis (a, b). This per-
sists on the delayed images (c). Only posterior images are

shown. There should not be any increased uptake at this
stage following prosthetic implantation. The diffuse
uptake on all three phases is the pattern most classically
associated with infection, although this is not an abso-
lutely accurate predictor. In this case subsequent labelled

white cell imaging suggested prosthetic infection, and this
was subsequently confirmed at surgery
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Fig. 9.5 A 59-year-old female patient who had under-
gone a right total knee replacement 3 years ago and patel-
lar resurfacing 1 year previously. There was ongoing pain.
The clinical impression was of aseptic loosening. A three-
phase bone scan was undertaken, and the images shown

are posterior views. There is no significant abnormality on
the perfusion or blood pool imaging (a, b). Delayed
images (c) show focal increased tracer uptake in relation
to the tibial and femoral components. The scintigraphic
pattern is compatible with aseptic loosening
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Fig. 9.6 A 73-year-old female underwent left knee total
arthroplasty 10 months ago. Presented with pain on the left
knee. Clinical examination showed slight oedema, and the
left knee was warm to touch. A whole body Tc-99m MDP
scan followed by whole body gallium-67 scintigraphy was
performed. (a) shows the whole body anterior and poste-
rior views of the Tc-99m MDP scan and gallium-67 imag-
ing. (b) shows the static anterior, posterior and left lateral

POST

LAT

knee views of the Tc-99m MDP bone scan (top row) and
gallium-67 imaging (bottom row). The Tc-99m MDP bone
scan shows increased uptake in relation to the tibial com-
ponent of the prosthesis. Mild increased uptake is also seen
within the femoral component. The gallium-67 scan (both
static and whole body views) shows relatively normal
uptake in relation to the left knee. Prosthetic infection was
ruled out
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a

Tc-99m MDP Scan

Fig. 9.7 Whole body images (a) and static anterior pelvic
views (b) of Tc-99m MDP bone scan and gallium-67 imag-
ing in a patient who had undergone right total hip arthro-
plasty a few years ago and presented with right hip pain.
The Tc-99m bone scan shows increased tracer uptake, par-

Gallium- 67 Scan

ticularly in relation to the femoral component of the pros-
thesis. The gallium-67 images also show increased tracer
accumulation in relation to the prosthesis. This was proven
to be an infected prosthesis. Note the normal physiological
distribution of gallium-67 within the liver and soft tissues
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Fig. 9.8 A 79-year-old female underwent a revision right
knee replacement 1 year previously. Clinical presentation
was pain at the level of the joint line, and inflammatory
markers were equivocal. X rays (a) were felt to be unre-
markable. A labelled white cell scan was performed with
200 MBq of leukocytes labelled with HMPAO. Images at
4 h (b) and 24 h (c) showed low-grade increased tracer

Fig. 9.9 An 84-year-old lady presented with continued
pain around the left knee 11 months post left revision total
knee arthroplasty for nickel allergy. Tc-99m bone scan fol-
lowed by Tc-99m-labelled leukocyte scan was performed.
Delayed static anterior, posterior and left lateral Tc-99m
MDP bone scan views (a—c) of the left knee show increased
tracer uptake in relation to the tibial component of the left

1

uptake around the tibial and femoral stems. In order to eval-
uate further, colloid scintigraphy was undertaken with
300 MBq of colloid. Images were obtained at 2 h (d). Only
the anterior views are shown. The colloid scan shows at least
as marked tracer uptake as the white cell scan; hence the
low-grade white cell accumulation is taken to be related to
marrow redistribution rather than periprosthetic infection

Lat

knee prosthesis, particularly at the plateau and the tip of the
prosthesis (arrows). Some increased uptake is also seen in
relation to the femoral component. At 4 h anterior, posterior
and left lateral views of Tc-99m-labelled WBC scan (d-f)
show normal white cell distribution. Patient was managed
conservatively. Pain subsided over the next 6 months, and
the patient remained symptom-free on 2-year follow-up
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Fig. 9.10 Tc-99m-labelled leukocyte scan in a 70-year-
old male presenting with pain along the anterior aspect of
the right ankle 5 months following right ankle replace-
ment. The 4 h planar anterior and posterior images from
pelvis to the ankles (a, b), anterior (¢), posterior (d) and

Sl ~ 4hrs

Q

=
K

4 hrs : f

lateral views (e, f) and 24-h anterior (g) and posterior (h)
of the ankles show a normal pattern uptake. No evidence
of infection. Note the normal uptake within the lower limb
vessels
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Fig. 9.11 Tc-99m-labelled leukocyte scan in a 80-year-
old male presenting with continued pain 8§ months follow-
ing total knee arthroplasty. The 4 h anterior (a), posterior
(b) and lateral views (c¢) of the knees shows intense tracer
uptake within the femoral component, which persists at

24 h (d—f). Small focus of uptake is also seen within the
tibial component. Appearances are consistent with infec-
tion. Patient underwent revision left total knee replace-
ment with infection proven on intraoperative cultures
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Fig. 9.12 Three-phase Tc-99m MDP bone scan (a) and a
combined WBC marrow scan (b) in a 54-year-old female
who had undergone right knee replacement 3 years ago.
Patient complained of swelling and pain around the right
knee. On the early (0—60 s anterior and posterior) and blood
pool images, there is hyperaemia of the knee, particularly
around the femoral component. Delayed anterior, posterior
and lateral images show increased activity surrounding the

femoral component and underneath the tibial component.
Four- and 24-h Tc-99m-labelled leukocyte scan {b(a)}
shows tracer activity extending asymmetrically along the
femoral shaft up to the femoral component. This pattern of
uptake matches with the Tc-99m colloid scan {b(b)} per-
formed a week later. Appearances are consistent with asep-
tic loosening. In view of ongoing symptoms, a revision of
the right total knee replacement was undertaken
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Fig. 9.13 Tc-99m-labelled leukocyte scan in a 67-year-
old male. Right shoulder replacement was performed 1
year previously. Clinical presentation was right shoulder
pain with raised inflammatory markers. Four-hour (a) and
24-h (b) anterior views show abnormal uptake in relation

WBC Scan

Fig. 9.14 A 75-year-old female underwent retrograde
nailing for femoral shaft fracture 12 years previously. She
presented with constant pain around the fracture site.
Coronal CT image (a) shows non-union of the fracture of
the shaft of the right femur. Planar 4-hour (b) and SPECT
CT (e, d) Tc-99m-labelled leukocyte imaging shows mod-

24 hrs Ant b

¥

24 hrs SPECT d

to the right shoulder. A SPECT CT (¢, d) performed at 24 h
shows the activity was located along the posterolateral
aspect (arrows) of the humeral component of the prosthe-
sis, consistent with infection. The patient underwent two-
stage revision of the right shoulder replacement

Colloid Scan

erate grade uptake along the entire length of the femoral
shaft. The SPECT CT confirms that the uptake is around
the prosthesis. A Tc-99m colloid scan (e) performed a
week later shows congruent uptake along the length of the
femoral shaft. There was no scintigraphic evidence of
infection
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Fig.9.15 An 18F-FDG PET CT in a 65-year-old female
with right femoral retrograde intramedullary nail. Coronal
CT images (a) show the metalwork in the right femur.
Coronal PET (b) and coronal fused PET CT (c) images
show normal FDG uptake in relation to the implant. Note
the mild increased uptake adjacent to the prosthetic neck

Fig. 9.16 An 18F-FDG PET CT in a 70-year-old male
with asymptomatic right hip prosthesis. Coronal (a) and
axial (d) CT images show right hip prosthesis. Coronal
(b) and axial (e) PET and coronal (c¢) and axial (f) fused
PET CT images show intense uptake around the neck of
the femoral prosthesis (straight arrows) and between the
prosthesis-bone interface in relation to the acetabular
component (curved arrows). Maximum intensity projec-
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s
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along the prosthesis-soft tissue interface (arrows) which is
considered within normal limits. Whole body maximum
intensity projection (MIP) images (d) show physiological
uptake within the brain, myocardium, liver and muscles.
18F-FDG is excreted via kidneys (unlike normal glucose)
and is accumulated in the bladder

tion (MIP) images (g) show uptake within the head and
neck of the femoral prosthesis. No abnormal tracer uptake
is seen in relation to the prosthesis within the femoral
shaft. The site of uptake (prosthesis-bone interface) is
considered more significant than the intensity (SUVmax)
of the uptake. Uptake limited to the femoral head portion
of the prosthesis is suggestive of aseptic loosening. Patient
remained symptom-free at 1-year follow-up
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Fig. 9.17 A 71-year-old male patient underwent 18F-
FDG PET CT for an unrelated indication. Coronal (a) and
axial (b, ¢) CT images show right hip prosthesis. Coronal
(d) and axial (e, f) PET and coronal (g) and axial (h, i)
fused PET CT images show intense uptake along the
bone-prosthesis interface of the femoral component of the

Gallium/Bone Scintigraphy

Gallium-67 has been used for many years in
nuclear medicine as a non-specific tracer for
infection, inflammation and malignancy. As iso-
tope bone scans alone have been found to be
insufficient to discriminate between aseptic loos-
ening and infection, a combination of gallium
scintigraphy and bone scintigraphy has been sug-
gested as a means for the distinction between
prosthetic infection and aseptic prosthetic
complications.

Gallium-67 has a long half-life of 3.26 days. It
is administered intravenously as the citrate salt
and binds non-specifically to neutrophil and bac-
terial cell membranes. Images are typically

prosthesis. There is also intense uptake in relation to the
neck of the prosthesis. Appearances are suggestive of
infection. Maximum intensity projection (MIP) image (j)
shows uptake in relation to the right hip prosthesis. Note
intense uptake in relation to the right lung cancer for
which the patient was initially referred

obtained at 24 and 48 h following injection and
are acquired with a medium-energy collimator
over a period of around 30 min. Administered
activities are usually in the region of 150 MBq,
and this yields a fairly high radiation dose of
around 15 mSv.

In a typical approach, the patient undergoes
gallium and isotope bone scans sequentially. The
combined scan is ascribed as positive if there is
“spatial incongruence” between the uptakes of
the two tracers. Using a final consensus of sur-
gery, microbiology or 2-year clinical follow-up, a
sensitivity of 66% and specificity of 81% have
been reported for this approach [5].

Other authors have however found imaging
with labelled leukocytes to be superior to gal-
lium/bone imaging. In a review [6] of 57 consec-
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utive patients with a mixture of suspected
prosthetic infections and native osteomyelitis, the
sensitivity of leukocyte scanning was estimated
to be 100% for acute infections, whereas com-
bined gallium scanning showed the typical pat-
tern of incongruent uptake in only 28% of patients
thought to have infection.

Gallium imaging has the disadvantages of
higher radiation doses, poorer image quality and
the fact that images have to be acquired over sev-
eral days. For these reasons, combined with the
fact that the results from labelled leukocyte imag-
ing is at least as good as gallium imaging has led
most centres to use labelled leukocytes in prefer-
ence to gallium imaging.

Labelled Leukocyte and Colloid
Scintigraphy

A normal isotope bone scan has a good negative
predictive value. In other words, with a normal
three-phase bone scan, the chances of a signifi-
cant periprosthetic complication are very low.
However, isotope bone scans alone cannot reli-
ably distinguish between infection and aseptic
loosening.

This limitation has led to development of
leukocyte-labelled radionuclide studies, and this,
combined with marrow studies, is still considered
the most accurate [7] and most widely available
test for the evaluation of possible prosthetic
infection.

Radiolabelled leukocytes have been used in
detection of infection and inflammation since the
1970s [8, 9]. Initially the leukocytes were labelled
with In-111 oxine non-selectively. But over the
years, Tc-99m hexamethylene-propylene amine
oxime (HMPAO) has gradually replaced In-111
oxine as the radionuclide of choice for labelling
leukocytes because of low cost, general availabil-
ity and favourable imaging characteristics [10].
The long half-life of In-111 oxine (67 h) com-
pared to the Tc-99m (6 h) may be useful under
certain circumstances. Another advantage of
using In-111 is in combined WBC and marrow
imaging when the images can be acquired simul-
taneous or immediately after the WBC scans.
However the less favourable photon energy, long

waiting times (up to 30 h) and low-resolution
images make it a less desirable radioisotope in
clinical practice [11, 12].

The presence of an orthopaedic implant causes
variations in normal marrow distribution [13].
For this reason labelled leukocyte accumulation
can occur in uninfected musculoskeletal patholo-
gies and result in reduced sensitivity and specific-
ity [14, 15]. The basis for the combined WBC/
marrow imaging is that the WBC accumulates in
both normal marrow and infection, whereas the
colloid accumulates only in normal marrow and
not in infection.

Radiopharmaceutical Preparation

Commercial Tc-99m HMPAO kits have been
available since the late 1990s. However, the
labelling of the white blood cells (WBC) is still
cumbersome. The kit is reconstituted with a
freshly eluted Tc-99m pertechnetate, which
forms a hydrophilic Tc-99m HMPAO complex in
aqueous solution [16]. As this complex is unsta-
ble in aqueous solution, it should be prepared
immediately before use [17].

Around 20-50 mL of the patient’s blood is
drawn into a syringe containing an acid-citrate-
dextrose (ACD) anticoagulant solution. Mixed
leukocytes are separated by centrifugation and
sedimentation. If purified granulocytes are
required, gradient centrifugation is required. For
most clinical practices, mixed leukocyte is used
for labelling with Tc-99m HMPAO and is consid-
ered to perform satisfactorily [18].

The procedure for labelling In-111 oxine
radioisotope with mixed leukocytes is similar to
labelling with Tc-HMPAO [19]. However the
radioisotope has to be ordered in advance in con-
trast to Tc-99m, which is readily available from
the portable generators. The labelling efficiency
and the in vivo stability of In-111 oxine are better
than the Tc-HMPAO.

Special precautions need to be taken by the
operator when handling blood and blood products.
As the labelled blood is reinjected into the patient,
strict aseptic conditions should be followed dur-
ing labelling, and for practical purposes, com-
monly only one patient is labelled at a time.
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The most commonly used tracers for marrow
imaging are Tc-99m sulphur colloid and nano-
colloid. Sulphur colloid particles range in size
from 100 to 1000 nm, and about 5% of the parti-
cle gets distributed within the marrow. The nano-
colloid particles measure less than 80 nm in size,
and about 10% gets distributed in the marrow.
There is however considerable background blood
pool and urinary tract activity with nanocolloid
[20]. The sulphur colloid is more commonly used
in the USA, whereas the nanocolloid is com-
monly used in Europe [21].

For adults, the usual administered dose is
180-375 MBq of Tc-99m HMPAO-labelled
WBC with an effective dose of 2 mSv. Around
1020 MBq is administered for In-111 oxine-
labelled WBC imaging. This gives an effective
dose of around 12 mSv in total. The bone marrow
imaging is performed by injecting 370 MBq of
freshly prepared Tc-99m colloid (effective dose
of around 4 mSv).

Image Acquisition

It is generally agreed that for musculoskeletal
infections, Tc-HMPAO WBC imaging should be
performed at two time points. The first imaging is
3—4 h after labelled leukocyte injection, and the
second is a late imaging at 16-24 h. Early imag-
ing at 30 min—1 h is optional for bone marrow
uptake but is generally omitted [22]. Planar ante-
rior and posterior whole body or of the involved
site along with contralateral site for comparison
are acquired at both these time points using a
large field of view gamma camera with a low-
energy, high-resolution collimator [23].

For In-111 WBC scan, planar images are
acquired at 1-4 and/or at 16-30 h following
tracer injection using a large field of view gamma
camera fitted with medium-energy collimator.
Delayed images should be obtained if the early
images are negative [24].

The addition of single-photon emission
computed tomography with computer tomog-
raphy (SPECT/CT) has shown to improve
identification, localisation, accuracy and reader
confidence [25, 26]. In particular, SPECT/CT
can help in differentiating skeletal uptake from

soft tissue uptake [27]. SPECT/CT can be per-
formed at late (4 h) or delayed (20-24 h) time
point and is usually guided by the uptake on
the planar imaging. The presence of a metallic
implant with consequent beam-hardening arte-
fact on CT does not appear to reduce the diag-
nostic accuracy of the scan, and evaluation of
the non-attenuation-corrected images help in
further assessment under these circumstances
[28].

Colloid marrow images are acquired 30 min
after tracer injection using a large field of view
gamma camera. This can be performed at the
time of injecting In-111 oxine-labelled WBC or
immediately after completion of WBC scan.
However, if Tc-HMPAO labelling is used, the
WBC and marrow scan should be performed
48-72 h apart [29]. The advantage of performing
WBC scans first is that if it is negative or normal,
the marrow scan can be omitted.

Normal Distribution

Normal uptake of the Tc-HMPAO-labelled leu-
kocytes is seen within the spleen, liver, bone mar-
row, kidneys, bowel, bladder and blood vessels.
Renal and bladder activity appears within
15-30 min of the tracer injection, and the patients
should be advised to void before the acquisition
and over the course of 24 h following tracer injec-
tion to reduce the radiation dose to the bladder.
Physiological bowel activity may be seen at 4 h,
usually within the right iliac fossa and increases
over time [23, 30]. Normal lung uptake is seen on
the early images which gradually decreases over
time and by 4 h becomes similar to background
uptake [31].

Normal biodistribution of the In-111-labelled
WBC is restricted to the liver, spleen and bone
marrow. No bowel or bladder activity is present.

Pathological Uptake

In clinical practice, the planar images are visually
analysed initially. The study is considered “nega-
tive” if no uptake is seen in relation to the pros-
thesis on either the 4 or 24 h images. A “positive”
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study is characterised by at least one focus of
tracer uptake seen at the region of interest. The
uptake typically increases over time from the 4 h
images to the 24 h images.

Based on bacteriology and/or follow-up,
Esper et al. found the sensitivity and specificity
of the Tc-HMPAO WBC scan to be around 83%
and 100%, respectively [32]. Erba et al.
demonstrated a sensitivity of 88% and 100% for
visual analysis of hip and knee prosthesis with
radiolabelled WBC scan and a specificity of 82%
and 62%, respectively [22]. Similar results were
found in other studies using Tc-HMPAO-labelled
leukocytes scan [33, 34].

In-111-labelled WBC scan showed a sensitiv-
ity and specificity of 77% and 86% in a study per-
formed by Scher et al. [35]. Other studies using
In-111 WBC scans have reported sensitivity of
83-100% and a specificity of 45-73% [36-38].

Bar-Shalom et al. [39] showed that addition of
SPECT/CT improved diagnosis, localisation and
assessment of the extent of disease in 48% of
patients undergoing gallium-67 and WBC scan.
SPECT/CT offered a significant contribution to
final diagnosis in 35.7% of patients undergoing
WBC scans in a study performed by Filippi et al.
[27] SPECT/CT scans are not useful when the
planar imaging is negative.

For a scintigraphic diagnosis of periprosthetic
infection, uptake of white cells should be seen in
areas in which there is no colloid uptake (spatial
incongruence) or uptake of labelled white cells
should be much more intense than the uptake of
colloid. Seabold et al. [40] performed Tc-99m
albumin colloid study on 34 patients with abnor-
mal WBC scan. The marrow imaging improved
specificity from 59% to 92%. The combined accu-
racy of WBC/marrow imaging is around 90%.

Imaging Using Labelled
Antigranulocyte Antibodies

As an alternative to scintigraphy with labelled
leukocytes, several studies have evaluated the
role of technetium-labelled murine Fab frag-
ments directed against NCA-90, a cell mem-
brane protein found on granulocytes. The only

commercially available version of this is sule-
somab (LeukoScan™), labelled with technetium
[41]. Typically an activity of around 900 MBq is
administered yielding a dose of around 7.7 mSv.
These have the advantage of a single injection
without the need to remove and label blood
products.

In patients with possible infection of either hip
or knee prostheses, a sensitivity, specificity and
positive predictive value of up to 100% for the
diagnosis of prosthetic infection have been
reported when used in combination with colloid
imaging [42]. Another study [43], involving 78
consecutive patients with knee prosthesis, recom-
mended dual time imaging at 4 h (early) and 24 h
(delayed) to avoid false-positive results and to
increase specificity.

The data on LeukoScan™ is however limited
to a few trials and centres. Other drawbacks are
that it is expensive and the use of mouse antibod-
ies can trigger an allergic reaction. Therefore
many departments continue to prefer labelled
white cells in view of the much greater volume of
data for accuracy.

Positron Emission Tomography/
Computed Tomography (PET/CT)

In the recent years, PET/CT has been increas-
ingly used in the evaluation of the prosthetic joint
infections. The commonly used radiotracer is
18F-fluorodeoxyglucose (FDG), which is an ana-
logue of glucose. The principle behind using this
tracer is that there is increased glucose consump-
tion by the infected tissues when compared with
the normal tissues, leading to increased accumu-
lation of the tracer at the site of infection.

Around 300400 MBq of 18F-FDG is injected
intravenously, and the images are obtained at
60-90 min. Usually the CT images are obtained
without any intravenous contrast. The high reso-
lution and high target to background uptake of
tracers make it a favourable imaging modality.
However, it is still not widely available and
remains a relatively expensive modality.

In a preliminary study [44], FDG PET was
performed in 23 patients with 28 prostheses
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referred for suspected prosthetic infection or
loosening. The evaluation criteria for synovitis
were when the uptake was seen solely within the
synovial structures surrounding the prosthesis.
When the uptake was seen at the bone prosthesis
interface, it was considered either infection (if
the uptake was intense) or aseptic loosening (if
the uptake was intermediate). FDG PET cor-
rectly identified four prosthesis as infected, four
prosthesis as loosening, 13 prosthesis with
synovitis and three as unsuspected for loosening
or infection. One case was false negative for
loosening.

Another study compared FDG PET to com-
bined In-111-labelled leukocyte/Tc-99m sulphur
colloid imaging in 88 prostheses [45]. FDG PET
was found to more sensitive in hip prosthesis
evaluation (P = 0.0625). On its own, the FDG
PET showed a sensitivity of 82% and specificity
of 93% for detection of hip prosthesis infection
and sensitivity of 95% and specificity of 88% for
knee prosthesis infection.

The advantage of using FDG PET/CT is easy
availability of the tracer and relatively straight-
forward technique. There is no need for handling
blood products, scanning is completed in one
visit, and the images are of higher quality.
However the volume of literature is relatively
limited, and more research is required before
FDG PET/CT can be considered as a replace-
ment for WBC/marrow imaging for detection of
skeletal implant infections.

Imaging of Spinal Implants

In spinal surgical implants, isotope bone scans
may be helpful for the identification of areas of
increased biomechanical stress. In this circum-
stance SPECT/CT may be very helpful in the pre-
cise localisation of any abnormal uptake,
particularly with reference to the anatomy of the
metalwork. As there is normally a substantial
amount of haematopoietic marrow in the verte-
bral bodies, labelled white cells will normally
accumulate here. In cases of infection, there may
be associated avascular necrosis and loss of the
normal marrow, and areas of vertebral osteomy-

elitis related to spinal metalwork may show
increased or decreased activity. For these rea-
sons, in suspected spinal periprosthetic infection,
imaging with labelled white cell scans is not rou-
tinely recommended.
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A
Absolute stability, 120, 122
Acetabular components, 12, 17-20
horizontal placement of, 21
vertical placement of, 20
Acetabular fractures, 127
Acetabular version, hip, 5, 18
Acid-citrate-dextrose (ACD), 182
Acromial stress fracture, 80
Adult-acquired flatfoot, 95
Adverse reaction to metal debris (ARMD), 26
All-poly tibial components, 41
All-polyethylene, 69
tibial component, 43
Alpha angle, 34, 36, 97
American Orthopaedic Foot and Ankle
Society, 94
Anaesthesia development, 1
Anatomic shoulder replacements, 69
Ankle-bimalleolar fracture, 140
Ankle fractures, 88, 91
Ankle joint replacements, 96
Ankle malunion, 91
Anterior cervical corpectomy cage, 108
Anterior cervical fusion cage, 102
Anterior cervical interbody fusion, 101
Anterior cervical plates, 101
Anterior column acetabular fracture, 127
Anterior lumbar interbody fusion (ALIF), 111
Anterior spinal instrumentation, 107
Anterior talocalcaneal angle, 95
Anterior vertebrectomy cage, 108
Anteroposterior (AP) views, 69
Antiglide plates, 118
Arbeitsgemeinschaft fur Osteosynthesefragen
(AO), 4
Arthroplasty, 69, 75
Asepsis development, 2
Austin Moore hemiarthroplasty prosthesis, 8
Austin Moore prosthesis, 6, 9
Austin Moore uncemented hemiarthroplasty, 131

B

Bernard and Hertel grid, 52, 63

Beta angle, 35, 97

Bicompartmental knee replacements, 44

Bilateral cemented total hip replacements, 13

Bilateral Charnley low-friction arthroplasty hip
replacements, 10

Bilateral hip resurfacing, 26

Bilateral long-stem cementless femoral
components, 28

Bilateral total femur replacement, 30

Bimalleolar fracture, 142

Bipolar cemented hemiarthroplasty prosthesis, 8

Bipolar prosthesis, 7

Bohler angle, 93

Bone-implant interface, 98

Bone loss, 45, 51, 52

Bone scanning, 3

Bony landmarks, shoulder, 71

Brooker classifications, 24

C
C1 lateral mass screws, 106
C1-C2 posterior stabilisation, 106
C2 pedicle/pars screws, 106
Calcaneal fracture, 92
Calcaneal pitch, 96
Cannulated screws, 119, 129
Capitellar fractures, 122
Carbolic acid dressings, 2
Carpometacarpal (CMCJ) joints, 158
of thumb, 155
Cemented bipolar hemiarthroplasty
hip, 130
prosthesis, 9
Cemented implants, 33
total hip replacements, 10
total knee replacements, 34, 35
Cemented unipolar hemiarthroplasty, 130
Cementless acetabular components, 16
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Cementless augments, 14
Cementless femoral components, 16
Cementless hemiarthroplasty, 9
Cementless hip replacements, 13
Cementless modular stem, 27
Cementless total hip replacements, 14
chronic infection, 24
postoperative radiograph, 15
Cementless total knee replacements,
39,42
Cephalotuberosity index, 73
Cervical corpectomy cages, 107
Cervical disc replacements, 103
Cervical lateral mass screw fixation, 105
Charnley low-friction arthroplasty, 10
Charnley total hip replacement, 11
Chest wall deformity, 114
Chloroform, 1
Chopart joint fracture/dislocation, 92
Circular external fixators, 143
Clavicle fractures, 120
Cobalt-chrome, 151
Colloid marrow images, 183
Comminuted fractures, 123
Composite beam, 10
Compression plates, 117
Computed tomography (CT), 2
Cortical screws, 87, 118
Cruciate-retaining implants, 33
cemented total knee replacements, 34

D

Definitive scoliosis correction X-rays, 114

DeLee Charnley zones, 12

Delta frame, 143, 144

Dental extractions, 1

Dislocation
Charnley hip replacements, 11
pyrocarbon MCPJ replacements, 153
shoulder replacements, 79

Displaced femoral neck fractures, 131

Distal femoral fractures, 134

Distal humeral fractures, 122

Distal interphalangeal joints (DIPJ), 154

Distal metatarsal articular angle (DMAA), 94

Distal radioulnar joints (DRUJ), 157, 161
total arthroplasty, 163

Distal radius fractures, 125

Dynamic compression plate (DCP), 117

Dynamic hip screw, 130, 132

Dynamic locking, 120

Dynamic stabilisation, lumbar spine, 112

E

Elbow implants, 80

Elbow periprosthetic fracture classification, 83
Elbow prosthesis, 82

Elektra thumb CMCIJ prosthesis, 156
Erythrocyte sedimentation rate (ESR), 170
Exeter hip replacement, 10

Extended trochanteric osteotomy (ETO), 16
External fixators, 140

Extra-articular fractures, 140

Extracapsular fractures, 131-133

F

Father of antiseptic surgery, see Lister
Femoral cementing, 13

Fixed-bearing medial unicompartmental knee

replacements, 46
Flatfoot deformity, 95
18F-Fluorodeoxyglucose (FDG),

167, 184
Fluoroscopy-guided radiographs, 34
Foot and ankle elective surgery, 87

staples, 89
Four-corner fusion, 157
Furlong hemiarthroplasty, 9

G

Gallium-67, 181

Gallium/bone scintigraphy, 181
Gamma angle, 36, 97

Gamma nail, 133

Glenoid components, 70, 76
Glenoid loosening, 73, 74

H
Hallux valgus angle, 93, 94
Hallux valgus deformity, 93, 94
Hand implants
arthroplasty, 149
carpometacarpal joints, 155-156
distal interphalangeal joints, 154
joint replacements, 149
metacarpophalangeal joints, 150-152
proximal interphalangeal joints, 152
Headless compression screws, 87
Head-neck angle, 70, 78
Hemiarthroplasties, 130
Hemiarthroplasty, 69, 77, 122, 130
hip implants, 6, 7, 9
Hemiepiphysiodesis, 114
Heterotopic bone formation, 21
Hip and knee prostheses, 170
Hip hemiarthroplasty prosthesis, 8
Hip implants, 5, 170
acetabular version, 5
anteroposterior view, 5
hemiarthroplasty, 6, 9
hybrid total hip replacements, 9, 13, 22
infection in, 20
total hip replacements, 9, 10, 14-16,
18,21, 24
Hip resurfacing, left, 25
Humeral component version, 79
Humeral head retroversion, 71, 72
Hydroxyapatite-coated long-stem bipolar
hemiarthroplasty, 9
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1
Inclination angle, see Head-neck angle
Interphalangeal angle, 94
Interspinous device, 112
Intracapsular fractures, 128, 131
femoral neck fractures, 130
Intracolumnar instrumentation, 107
Intramedullary nails, 120, 134
Intravenous anaesthetic agents, 1
Isotope bone scans
bisphosphonate, 168
blood pool images, 168
erythrocyte sedimentation rate, 170
flow images, 168
three-phase bone scan, 171

K
Keeled glenoid components, 82
KineSpring device, 63
Knee arthroplasty, nickel allergy, 176
Knee prosthesis, 50, 52
Knee radiographs, 37
Knee replacement implants, 49, 53, 54
anteroposterior view, 33
in knee surgery, 33
lateral view, 34
medial replacements, 41
medium- to long-term follow-up features, 34
mobile-bearing knee replacements, 41
osteolysis, 52
patellofemoral replacements, 33
periprosthetic fractures, 64
radiographs, 33, 34, 36
unicompartmental replacements, 33
Knee society, 36, 37
K-wire fixation, 126

L

Labelled leukocyte and colloid scintigraphy, 182

Lag screw, 119

Lateral humeral offset (LHO), 72

Lateral unicompartmental replacements, 44, 47

Laughing gas, see Nitrous oxide

Left uncemented THR, 169

Leukocyte scanning, 182

LeukoScan™, 184

Lisfranc fractures, 91

Lister, 2

Locking compression plates, 118

Locking/non-locking plates, 117

Locking screws, 117, 119

Long-term follow-up radiographs, shoulder

replacements, 70

cephalotuberosity index, 72, 73
head-neck/inclination angle, 70
humeral head retroversion, 71, 72
lateral humeral offset, 72
loosening, 73, 74
medial humeral offset, 72
radius of curvature, 72

Lumbar disc degeneration, 110
Lumbar disc replacements, 113
Lumbar interbody cages, 111, 112
Lumbar interspinous device, 113
Luque trolley instrumentation, 114, 115

M

MAGEC® (Magnetic Expansion Control) system,
114,116

Magnetic resonance imaging (MRI), 3

Masquelet technique, 144—147

Maximum intensity projection (MIP), 181

Medial compartment replacements, 48

Medial humeral offset, 72

Medium-energy collimator, 183

Metacarpophalangeal joints (MCPJ), 150

Metal hip replacements, 26

Metatarsophalangeal (MTP) joint subluxation, 94

Mid-shaft femoral fractures, 133

Mid-shaft forearm fractures, 123

Mid-shaft humeral fractures, 122, 123

Mobile-bearing knee replacements, 41

Mobile-bearing unicompartmental replacements, 44

Monoblock spacers, 156

Multifragmentary fractures, 118

Mpycobacterium tuberculosis, 2

N

Nanocolloid, 183

Navicular fractures, 92
Naviculocuneiform (NC), 95

Neer’s classification, 121
Nerot-Sirveaux score, 78
Neutralisation plates, 118

Nitrous oxide, 1

Non-locking screws, 117

Nuclear magnetic resonance (NMR), 2

(0]

Occipito-cervical fixation, 107
Occipito-cervical fusion, 106
Odontoid process screws, 104
Olecranon fractures, 123
Orthopaedic implants, 4
Orthopaedic surgery, 3
Osseointegration, 52
Osteoarthritis, 149

Osteolysis, 52, 55
Osteosynthesis, 4

Overstuffing, shoulder joints, 73
Oxford medial unicompartmental replacements, 45

P

Paediatric spine deformities, 114

Patella fractures, 139

Patellofemoral compartment replacements, 48
Patellofemoral knee replacements, 33, 44, 48
Pedestals, 14
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Pedicle screws, 109
paediatric growing rod system, 115
stabilisation, 107
Pegged glenoid components, 82
Pelvic ring fractures, 127, 128
Periprosthetic fractures, 82
of acetabulum, 27
Periprosthetic infection, 168
Pilon fractures, 88, 140, 142
Planovalgus deformity, 96
Plate fixation, 120, 127
Positron emission tomography (PET), 3, 167
Positron emission tomography/computed tomography
(PET/CT), 185
Posterior cervical spine fixation, 104, 106
Posterior condylar offset, 38, 41
Posterior lip augmentation device (PLAD), 10, 11
Posterior-stabilised knee implants, 33, 52
Posterolateral lumbar fusion, 111
Postoperative radiographs, 35, 36, 38, 39, 60, 61, 167
AP radiographs, 78, 82, 167
radiological assessment, 96
Post-operative X-rays, 98
Primary total hip replacements, 25
Progressive radiolucency, 11
Prosthesis, 14, 24
Proximal femoral replacements, 29
Proximal femur, 17
Proximal humerus, 121
Proximal interphalangeal joints (PIPJ), 150, 152-154
pyrocarbon resurfacing, 153
Proximal tibia, dual plating of, 119
Pyrocarbon metacarpophalangeal joint replacements, 151
Pyrocarbon proximal interphalangeal joint
replacements, 154
Pyrocarbon resurfacing arthroplasties, 151
Pyrodisc thumb carpometacarpal joint interposition
prosthesis, 155

Q
Quad frame, 144
Quadrilateral frame, 142

R
Radio carpal and midcarpal joints, 157-161
Radioisotope scanning, 3
Radiological assessment
ankle joint replacements, 96—100
flatfoot deformity, 95-96
Radiology, 2
Radiolucency, 98
Radionuclide imaging
gallium/bone scintigraphy, 181-182
image acquisition, 183
isotope bone scans and skeletal implants, 168—171
labelled leukocyte and colloid scintigraphy, 182
normal distribution, 183
pathological uptake, 183—184

radiopharmaceutical preparation, 182—183
spinal implants, 185
using labelled antigranulocyte antibodies, 184
Radionuclides, 167
Radiopharmaceutical preparation, 182
Radius of curvature, 72
Relative stability, 120
Resurfacing arthroplasty, 149
Retrograde femoral nail, 135
Reverse oblique fractures, 132
Reverse prosthesis, 77
Reverse shoulder arthroplasty, 75
Reverse shoulder prosthesis, dislocated, 80
Reverse shoulder replacements, 75, 77, 78
acromial fracture, 80
dislocation, 79
head-neck angle, 78
humeral component version, 79
scapular notching, 78, 79
Roentgenogram, 2

S
Sacroiliac (SI) joint fusion, 113
Saddle shaped arcs of curvature, 155
Sauve-Kapandji procedure, 162
Scapular fixation, 121
Scapular notching, 78
Schatzker classification, 134—135
Scheker (Aptis), 164
Screws, 118
Semiconstrained implants, 52
Shoulder joints, overstuffing, 73
Shoulder replacements, 6974, 78-80
anteroposterior radiograph, 70
axillary view, 70
elbow implants, 80, 81
long-term follow-up radiographs, 70
cephalotuberosity index, 72
head-neck/inclination angle, 70
humeral head retroversion, 71, 72
lateral humeral offset, 72
loosening, 73, 74
medical humeral offset, 72
radius of curvature, 72
postoperative radiographs, 82
reverse replacements, 75, 77, 78
acromial fractures, 80
dislocation, 79-80
head-neck angle, 78
humeral component version, 79
scapular notching, 78, 79
Silicone arthroplasty, 152
Silicone metacarpophalangeal joint replacements, 150
Single-photon emission computed tomography with
computer tomography (SPECT/CT), 100, 183
Skeletal radiology
anaesthesia development, 1
asepsis development, 2
radiology development, 2, 3
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Sodium fluoride (NaF), 167
Soft tissue stabilization, 155
Spinal fusion, 110
Spinal implants
anterior cervical interbody fusion, 101
anterior spinal instrumentation, 107
Cl1 lateral mass and C2 pedicular/pars screw
fixation, 106
cervical corpectomy cages, 107
cervical disc replacements, 103
dynamic stabilisation, 112
interspinous device, 112
lumbar disc degeneration, 110, 112
lumbar disc replacements, 113
occipito-cervical fusion, 106
odontoid process screws, 104
paediatric spine deformities, 114
posterior cervical spine fixation, 104, 106
sacroiliac joint fusion, 113
thoracolumbar spine, pedicle screw stabilisation,
107, 110
Spinal surgery, 101
Static plates, 101
Stress fractures, 80
Stress shielding, 14
Subluxation/dislocation, 82
Superior-inferior positioning, acetabular components, 15
Supra-adjacent disc space, 103
Supracondylar periprosthetic fracture, 60
Swanson’s silastic spacers, 159
Synthes wrist fusion plate, 159

T
Talar neck fixation, 93
Talar neck fractures, 92
Talo-first metatarsal angle, 95
Talonavicular (TN) joints, 95
coverage angle, 95
Tarsometatarsal joints (TMTJ), 91, 95
Tc-99m hexamethylene-propylene amine oxime
(HMPAO), 182
Tc-99m sulphur colloid, 183
Tension band plates, 118
Tension band wire fixation, 124
Thompson hip hemiarthroplasty prosthesis, 6, 8
Thoracolumbar spine, 107
Threaded screws, 119
Three-phase bone scintigraphy, 170
Three-phase isotope bone scan, 172
Tibial intramedullary nails, 139, 140
Tibial plateau fractures, 134—137
Tibial safe zone, 143
Tibial sesamoid, 94
Tibial shaft fractures, 139
Tibiotalocalcaneal (TTC) arthrodesis, 89
Tip-apex distance, 132
Titanium semiconstrained PIPJ replacements, 154
Tomographic (3D) images, 168
Total elbow arthroplasty (TEA), 80

Total hip replacements, 20, 131
bilateral cementless, 7
cementless acetabular components, 6
cementless augments, 14
cementless hip replacements, 13
heterotopic ossification, 24
hip biomechanics, 10
hybrid hip replacements, 13
poly cemented cups, 12
posterior lip augmentation device, 10
prostheses, 9
sliding taper principle, 10
Total knee replacements, 44
Total shoulder replacements (TSR), 70
Total wrist replacements, 160
Transarticular C1-C2 screw stabilisation, 105
Trans-tibial techniques, 64
Trauma, 117, 123, 125
acetabular fractures, 127
ankle-bimalleolar fracture, 140
circular frame, 143
clavicle fractures, 120
delta frame, 143
distal femoral fractures, 134
distal humeral fractures, 122
distal radius fractures, 125
distal tibia fractures, 140
external fixator, 140
extracapsular fractures, 131-133
intracapsular fractures, 128, 129, 131
intramedullary nails, 120
Masquelet techniques, 144
mid-shaft femoral fractures, 133, 134
radius and ulna, 123, 125
mid-shaft humeral fractures, 122
mid-shaft tibia, 139
olecranon fractures, 123
pelvic ring fractures, 128
pilon fractures, 140
plates, 117, 118
proximal humerus, 121
quadrilateral frame, 142
radiographs, 117
scapula, 121
screws, 118, 119
stability, 120
tibial plateau fractures, 134, 139
Triangular fibrocartilaginous complex (TFCC), 161
Tripod index, 95-96
Trochleoplasty, 66

U

Ulnar head replacements, 163

Ultrahigh molecular weight polyethylene
(UHMWPE), 151

Ultrasound (US), 3

Uncemented implants, 96

Uncemented (press fit) pyrocarbon implants, 151

Undisplaced fractures, 128
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Index

Unicompartmental knee replacements, 33, 41, 45,
46, 49, 52
Unipolar prosthesis, 6

v

Varus/valgus malalignment, 38

VEPTR® (Vertical Expandable Prosthetic Titanium Rib)
implant, 114, 116

A\

Weber’s classification, 140
Weight-bearing AP, 95, 96
Weight-bearing radiographs, 38
Weight-bearing sesamoid, 95

Well-fixed cementless femoral stems, 17

Well-fixed cementless hip replacements, 17
Well-positioned acetabular components, 17
White blood cells (WBCs), 182
Whole body images, 175
Whole-body MR scanner, 3
Wrist fusion, Steinman pin, 158
Wrist implants
distal radioulnar joints, 157, 161-164
radio carpal and midcarpal joints, 157

X
X-rays, 2, 114

Z
Zones of fixation, 36
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