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Abstract

Abstract

Limb length discrepancy is a common orthopaedic problem, frequently requiring
surgical intervention. This thesis is concerned with one method of limb
equalisation, leg lengthening surgery. It investigates the effect of leg lengthening

surgery on the muscle function and rehabilitation of patients.

Qualitative research methodologies demonstrated that there is considerable
uncertainty about the best physiotherapy management of patients treated by the
Ilizarov method. There is little evidence-based research into the rehabilitation of
patients treated by this method of surgery.

A clinical cohort study was conducted which examined different aspects of
rehabilitation. These included the effects of leg lengthening surgery on joint range

of motion, muscle strength and on the ability to perform functional activities.

The study of the effect of surgery on joint range of motion highlighted the need
for repeatable measurement techniques. It found that there was a significant loss
of joint range of motion in the latent period prior to distraction of the bones
starting. Factors that influenced loss of joint range in the subjects included in this
study included the rate of lengthening, the age and the diagnosis of the patient. A
mathematical model was developed to assist in predicting the loss of joint range,
at the pre-operative examination.

The ability to perform functional activities and the effect on muscle strength were
investigated and found to recover for up to 2 years following surgery and the
removal of the Ilizarov fixator. Muscle strength recovered to within 5% of the
baseline value by 2 years. This emphasises the need for a prolonged period of

rehabilitation for patients treated by this method of surgery.

Finally a Delphi survey was conducted to produce Clinical Guidelines about the

physiotherapy management of patients treated by the Ilizarov method.
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Introduction

CHAPTER 1 —INTRODUCTION.

1.1 Introduction

Discrepancy in limb lengths (anisomelia) is a common orthopaedic problem
arising from either shortening or overgrowth of one or more of the bones in the
limb. The incidence of leg length inequality greater than 2 ¢m affects at least 1 1n
1000 (Guichet et al 1991). These discrepancies may be congenital, or acquired, for
instance, due to infection, after growth plate injuries or due to non-union of
fractures.

The early work of the pioneering Russian surgeon Gavriel llizarov (1921-1992)
has led to an increasing use of the principles of distraction osteogenests, the
formation of new bone by applied tension, to treat a wide range of orthopaedic
conditions. The Ilizarov apparatus can be applied to utilise the three dimensional
properties of the fixator enabling bones to be lengthened or widened; angular or
rotational deformities to be corrected; fractures to be immobilised or segments of
bone to be transported. These actions may be performed individually, sequentially
or simultaneously, giving a system that is infinitely adjustable (Newschander &
Dunst 1989, Aronson 1997).

This has made the generation of new bone at appropriate sites a technique that 1s
used by orthopaedic surgeons in this country, across Europe and the USA as well
as in Russia. It is particularly useful in the field of limb length discrepancy. Thus
surgeons may use the technique of distraction histogenesis to form new tissues
and equalise the length of the short limb.

Research to date, has focussed on the biological mechanisms of new bone
formation in distraction osteogenesis. However, the role of the soft tissues 1n these
procedures remains comparatively poorly understood. Operations to correct limb
length discrepancies are associated with numerous complications including
muscle contractures, joint stiffness, muscle weakness and subluxation of joints
(Green 1990, Paley 1990, Holm et al 1995, Maffuli et al 1995). These are thought
to arise because of difficulty of soft tissues, particularly muscle and nerve, to
adapt to imposed changes in length. It is known from animal studies that different
tissues have differing optimal rates of distraction in order to achieve histogenesis

of tissues (Simpson et al 1995). This offers one explanation for the soft tissue
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complications that occur. These soft tissue changes present an enormous

challenge to physiotherapists involved in the rehabilitation of Ilizarov patients.
Whilst most authors recognise the importance of the post-operative care of
patients undergoing distraction osteogenesis, particularly limb lengthening
procedures; relatively little is published about the rehabilitation and physiotherapy
treatment of patients treated by these techniques. Information about the efficacy of
rehabilitation of patients treated by the Ilizarov method, relating to the
effectiveness of interventions is sparse. The limited published work that 1s
available tends to rely upon expert opinion concerning what are effective
strategies for rehabilitation, rather than being based on observational or evidence-
based clinical studies (Simard et al 1992, Folkerts et al 1992, Coglianese et al
1993).

The trend in the health service is increasingly towards evidence-based healthcare,
defined as ‘the conscientious, explicit, and judicious use of current best evidence
in making decisions about the care of individual patients’ (Sackett et al 1996).
Hierarchies of the strength of scientific evidence exist, based on the validity of
different methodologies, and the extent to which they can reduce the likelihood of
erroneous conclusions being reached. These place systematic reviews and
multiple well-designed randomised controlled trials (RCT) as the most valid, and
expert opinion and descriptive studies as the least (Moore et al 1995). The
evidence-base of approaches to the physiotherapy treatment of Ilizarov patients
needs to be strengthened. The rehabilitation of these patients is inter-dependent on
many other decisions made within the multidisciplinary team. However, the
patient group treated in any centre tends to be small in number and varied in both
the original pathology and the goals of the surgical intervention. Thus Ilizarov
patients may not be well suited to a RCT approach and many believe that the RCT
1S inappropriate in many areas of rehabilitation and therapy research (Andrews
1991, Gladman 1991). Therefore, this study was planned using a clinical cohort

design rather than a randomised controlled trail.
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1.2 Aims of Thesis

a)

b)

d)

To identify the current treatment methods, experiences and problems faced

by physiotherapists treating patients with an Ilizarov fixator in the United

Kingdom.

To identify the factors that contribute to the development of soft tissue

contractures, specifically loss of joint range of motion, in lower limb

lengthening.

To investigate whether there is an assessment measure that has predictive

validity in respect of which patients will develop soft tissue complications.

To investigate the effect of limb lengthening surgery on muscle function,
specifically power, strength and the ability to perform normal functional

activities using a longitudinal clinical study.

To produce clinical guidelines for the rehabilitation of patients with an

Ilizarov fixator using a Delphi Survey technique and the results of the

clinical longitudinal studies.

To suggest future research and research methodologies, to establish the

effectiveness of physiotherapy approaches.
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CHAPTER 2 - BACKGROUND

2.1 Leg Length Discrepancy

Leg length discrepancy represents a significant orthopaedic problem affecting a
single bone or a whole limb (Figueiredo et al 1993, Stanitski 1996). It is generally
accepted that limb length discrepancies of greater than 2 cm require action to
compensate for the inequality (Kenwright & Albinana 1991). Patients with 2 cm
of discrepancy may have some minor functional problems, but they can usually
compensate for these by using a small wedge inside the shoe or a shoe raise. Shoe
raises can correct the leg length discrepancy and restore mechanical forces to
normal. However, they tend to be poorly accepted by patients who are resistant to
wearing them and non-compliance results in no effective treatment. More than
2cm difference 1n leg length results in both cosmetic and functional concerns due
to postural imbalance whilst standing, as well as an uneven gait. Heel cord
contractures, scoliosis, degenerative joint disease and low back pain may arise as
a result (Mier & Brower 1994). Once the discrepancy is over 4 cm it usually

‘requires surgical correction (Winquist 1986).

Surgical correction of leg length discrepancies by lengthening using distraction
osteogenesis and external fixation is being performed increasingly more
frequently in the United Kingdom for a variety of orthopaedic conditions. In 1993
only 19 surgeons were performing the surgery at their hospiials, by 1999 this had
risen to 86 surgeons in 73 hospitals (Graham 2000). In the past poliomyelitis was
the most common cause of limb length inequality but this is now uncommon.
Today marked Iimb length differences may result from congenital or
developmental abnormalities, or from growth arrest of the physes due to trauma or
infection. Non-union or malunion of fractures are often treated by orthopaedic
procedures that produce a limb length inequality in order to eradicate the infected
or dead bone. Any of these presenting conditions may lead to treatment by
external fixation using the principles of distraction histogenesis. Leg lengthening

1s a complex procedure with a high complication rate but can produce excellent

and dramatic results.
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Limb shortening is a simpler and safer option that has less effect on the
quadriceps mechanism and allows a relatively fast return to normal function. It
may be performed as an open or closed procedure, removing a segment of bone
and collapsing the limb to shorten the leg. In children arresting the growth plate at
the epiphysis will produce limb shortening.

A final option is to combine lengthening and shortening and this 1s usually

performed for patients with a discrepancy in excess of 10 cm.

To summarise, the options for the surgical correction of leg length inequality are :

a) Lengthening the short limb
b) Shortening the long limb by removing a segment of bone

¢) Inchildren, surgical growth arrest of the long limb (epiphysiodesis)

d) A combination of the above

This thesis focuses on correction of limb length discrepancy by lengthening the

short limb.
2.2 Principles of Limb Lengthening

Limb lengthening is based upon the knowledge that bone will regenerate in the
gap of an osteotomised bone. Under certain biological and mechanical conditions
bone can be carefully divided and the two bone ends separated in a controlled
manner to allow new bone to be generated in the gap that is created, a process
known as distraction osteogenesis. This occurs naturally under certain conditions,
for example, the bone growth at the perimeter of the growth plate is the result of
traction forces from the surrounding attached periosteum (Tetsworth & Paley
1995). Surgeons can use mechanical distraction to reproduce and accelerate this
natural phenomenon and exploit it to address a range of clinical problems
including limb length discrepancy. The first widely used technique to achieve
limb lengthening was the Wagner method (Wagner 1978). This utilised a
transverse mid shaft osteotomy, intraoperative lengthening of 1 cm and post-

operative distraction of 1.0-1.5 cm / day. This is now known to result in less
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osteogenesis than the methods that are currently used such as the Ilizarov fixator

or modern unilateral fixators.

Ilizarov (1989a,b) and others (Aronson et al 1989, Delloye 1990) have
demonstrated that under appropriate conditions distraction osteogenesis produces
intramembranous ossification. Ilizarov (1990) states that certain mechanical and

biological factors are essential for osteogenesis:

a) Maximum preservation of extraosseous and medullary blood supply.

b) Stable external fixation.

¢) A delay period prior to distraction of between 5 and 10 days.

d) A distraction rate of 1 mm per day in small frequent steps.

e) A period of stable fixation after the correction is completed (consolidation).

f)  Physiological use of the elongating limb.

2.2.1 Preservation of Extraosseous and Medullary Blood Supply

Optimal bone formation occurs when the bone is divided but the periosteum and
endosteum are left intact, i.e. a corticotomy in which bone is cut with minimal
damage to the surrounding soft tissues. Alho et al (1982) and Ilizarov (1989a,b)
demonstrated that the endosteum and periosteum participated in the filling of the
distraction gap after osteotomy. They described a central area of growth, the
interzone, where most of the regenerate bone forms. Kojimoto et al (1988)
suggested that preservation of the periosteum is vital if regenerate bone is to form.
However, this research was conducted on immature rabbits and may not apply to
humans. Endosteal preservation is less important as it recovers quickly, the
endosteum can be completely transected with no apparent effect on the quality of
the regenerate bone (Delloye et al 1990,Tetsworth & Paley 1995).

Most papers suggest that metaphyseal osteotomy is preferable to diaphyseal. It has
greater osteogenic potential as the blood flow and transverse diameter are greatest
at the metaphysis. Metaphyseal corticotomies produce regenerate of better quality,
which unite more rapidly than those performed in the diaphysis (Aronson 1994,
Fischgrund et al 1994, Schwartsman 1992). However, some clinical studies have
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suggested that it is easier to get fixation favourable to osteogenesis using a

diaphyseal osteotomy (Steen et al 1990).

2.2.2 Stable External Fixation.

[lizarov emphasised that stability of the external fixation i1s important for
successful bone formation. One of the most important parameters in determining
the mechanical stiffness of the fixator is the axial stiffness. This was demonstrated
by Ilizarov (1989 a,b, 1991) who divided dogs into five groups according to the
degree of stability of the fixation during distraction. He found a relationship
between the level of osteogenic activity and the level of axial stability. Unstable
fixation led to cartilage and fibrous tissue formation whilst stable fixation led to
direct bone formation within the distraction zone. Aronson et al (1988) found that
regenerate bone formation improved with more rigid fixation. The effects of
bending and shear forces are not clear, although shear stresses at the osteotomy
site are thought to hinder bone formation (Sproul & Price 1992b).

2.2.3 Delay Before Distraction.

The osteotomy 1s followed by a latent period of several days when the site is left
undisturbed in an anatomically reduced position. This latent period allows the
inflammatory phase of fracture healing to subside and distraction to commence
during the reparative phase when early osteogenesis normally occurs (Tetsworth
& Paley 1995). White & Kenwright (1990, 1991) demonstrated the importance of
a delay before distraction, comparing immediate distraction with a delay of 7
days. They found that experimental osteotomies subjected to immediate
distraction resulted in the production of a small volume of callus with deficient
vascularity. When a delay period was added the response was altered, leading to
increased callus and rich capillary ingrowth either side of the growth zone. This
showed a delay period enhanced bone healing in an animal model. The authors
acknowledge that there are doubts about their choice of outcome measure, as they

measured callus from radiographs, a method with known limitations.
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Possible explanations for these results are that immediate distraction may inhibit
the recruitment of osteogenic precursor cells from surrounding tissues. The lack of
stability associated with immediate and repeated traction may inhibit the local
repair of damaged blood vessels (Mulholland & Pritchard 1959).

Tetsworth & Paley (19935) state that the age of the patient and the quality of the
osteotomy will effect the latency period. The older the patient the longer the latent
period is likely to be. In children a delay of three days may be sufficient but in
adults 5-10 days is normal. Osteotomies that have produced significant vascular
trauma to the periosteum or endosteum will require a longer latent period than
those that are minimally traumatic. Clinical studies reveal considerable variation
in the length of the latent period between different authors and with different
methods of fixation; Kawamura et al (1968) waits 4 days, Ilizarov (1989) 7 days
and De Bastiani (1987) 10-15 days. Morphological studies by Schwartsman
(1992) have suggested that the optimum period of delay is 7 to 10 days.

2.2.4 Rate Of Distraction

It is well recognised that bone is a mechanically sensitive tissue and that the
magnitude, direction, and timing of the applied load are all critical factors in
influencing osteogenesis (Kenwright & Goodship 1989). If distraction is too slow
then premature union of the osteotomy site may occur. If distraction is too rapid
cartilage formation and an enchondral sequence may result.

Ilizarov (1989b) investigated the influence of changing the rate and rhythm of
distraction using a canine model. He combined different rates of distraction
(0.5mm, 1.0 mm or 2.0 mm /day) and rhythms (1 step, 4 steps, 60 steps / day). He
observed that distraction at a rate of 0.5 mm / day in 4 steps often led to premature
consolidation of the regenerating bone, whilst with a distraction rate of 2.0 mm /
day a large proportion of the regenerate zone was filled with fibrous connective
tissue. The best bone formation occurred with a rate of 1.0 mm / day in 4 steps, or
using electrical auto-lengthening at 0.017 mm every 24 minutes. Li et al (1997)
used a rabbit model to investigate the optimum rate of distraction. He found that

the proliferation of osteoprogenitor cells during distraction osteogenesis was
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atfected by the rate of distraction. The rate of cell proliferation was found to
increase as the rate of lengthening increased from 0.3mm to 0.7 mm / day.
However, at rates of over 0.7 mm / day there was no further increase in cell
proliferation and 0.7 mm / day appeared optimal for cell proliferation and
histological characteristics.

A rate of 0.25 mm, four times a day is the most commonly used regimen in the
clinical setting as this uses the rate at which Ilizarov found best bone formation
occurred, in a manner that is acceptable to the patients’ undergoing correction.
This may be decreased in situations where the bone is less vascular, such as dense
cortical bone. In general, bone forms more slowly in adults who require slower
distraction rates than children. During deformity correction the surgeon must vary
the rate of distraction to avoid premature consolidation at the apex, whilst not
exceeding the potential for ingrowth of the vascular supply at the base of the
opening wedge at the lengthening site (Aronson 1988). Frequent intervals of
distraction may be better in allowing soft tissue relaxation due to the viscoelastic
behaviour of collagenous tissues and this may decrease the incidence of soft tissue
complications associated with distraction osteogenesis (Leong et al 1979).

However, as yet the evidence for this is not strong and more needs to be known

about visco-elastic behaviour.

2.2.5 Period Of Consolidation after Lengthening

The consolidation period 1s the time following distraction during which the
regenerate bone matures and establishes cortices as the bone is remodelled. This
period of neocorticalisation is necessary for the regenerate bone to increase its
strength prior to removal of the external fixator (Ilizarov 1989, Aronson 1994a).
Consolidation of the regenerate can be accelerated by dynamic loading of the new
bone, dynamisation of the fixator, or slight compression of the regenerate bone
(Haminishi et al 1994). Once the regenerate has formed a complete cortex on

three sides, as viewed on three orthogonal x-ray views the fixator may be removed
(Green 1991).

10
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2.2.6 Physiological Use Of The Elongating Limb.

Ilizarov (1989,1990) advocated maximal use of the elongating limb in as
functional a way as possible during the period of fixation. Repetitive axial
compression and distraction forces such as occurs in walking have been shown to
stimulate bone formation. This has been demonstrated by Sarmiento (1972) and
Meadows et al (1990) in rat studies and in canine models. Goodship & Kenwright
(1985) applied repetitive axial loading to sheep tibiae after osteotomy and external
fixation. Cyclic loading with 0.5 and 1 mm of displacement cycled every two

seconds increased osteotomy healing significantly compared to a control group in

doses as small as 17 minutes per day.

2.3 Lengthening by Distraction Osteogenesis

Once the bone ends are separated Tetsworth & Paley (1995) describe the four
stages of distraction osteogenesis (Figure 2-1):

i)  The lengthening phase; longitudinally orientated trabeculae form either side

of the bone gap with a central fibrous zone.

ii)  The consolidation phase; the new bone is allowed to mature and ossification

of the central fibrous interzone begins.

iii) The corticalisation phase, during which the cortices around the bone forms;

when there 1s sufficient neocorticalisation for the bone to be united, the

fixator may be safely removed.

iv) Recanalisation; the medullary canal is remodelled and the new cortex is

formed.

11
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Figure 2-1: Stages of distraction osteogenesis.(From Paley et al 1991)

Following corticotomy, there is a short latent period before the bone ends are
gradually distracted. The distraction period continues throughout the period when
gradual, controlled mechanical distraction forces are applied. Bone forms from
intramembranous ossification. The gap is initially filled with haematoma and
fibrous exudate. Within a few days this is invaded by immature connective tissue
fibroblast-like cells, and vascular channels appear. A central zone of
longitudinally orientated type-1collagen fibres are laid down. Columns of bone
spicules form about these fibres forming micro columns of bone (trabeculae) that
are predominantly orientated parallel to the distraction force. They emanate from
each corticotomy surface and span the vascularised region terminating in a central
fibrous interzone, typically 4 to 8 mm wide. Detailed examination of the fibrous
interzone shows spindle-shaped cells, which appear to gradually differentiate into
osteoblasts, that then produce mineralised osteoid. At the junction of the fibrous
interzone and the new trabeculae, collagen is visible. Cuboidal osteoblasts line the

outer surface of each new trabeculum along its entire length. The trabeculae are

conical in shape, with a narrow tip 7um to 10um wide and a broader base 150pm

to 200pum 1in diameter (Aronson 1994, Schenk 1994) (Figure 2-2). The columns
of new bone are eventually interconnected transversely, forming a honeycomb
appearance on microscopy (Aronson 1997).

At the end of the distraction period, fibrocartilage is interposed between the bone

ends and the ossified or sclerotic zone and this is where the collagen fibres end.

12
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The gap begins to consolidate, columns of bone bridge the collagen interface and
rapid bone modelling occurs. There is thickening of the trabeculae at the periphery

of the tube of regenerating bone marking the start of neocorticalisation.

Figure 2-2: Distraction Osteogenesis (Reproduced from Sproul & Price 1992b)

During the consolidation phase bone eventually grows across the fibrous
interzone, the regenerate matures and neocorticalisation continues as the bone is
remodelled (Ilizarov 1989 a,b, Aronson 1994, Schenk 1994, Tetsworth & Paley
1995).

The cortices of the bone ends become thinner and osteopenic and by 4 weeks after
distraction new bone is laid down in the central growth zone (Alho et al 1982,
Aronson 1988, Delloye et al 1990, Tajana et al 1989). The content of the new
bone includes water 15%, lipid 5%, calcium 25%, phosphate 12% and collagen
24%. These are found in approximately the same ratios as in normal bone

(Aronson 1994). Corticalisation occurs at 4-6 months post-distraction.

13
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Remodelling of the bone continues for up to a year or more (Sproul & Price
1992).

The progression of healing from the central zone of collagenous growth to the
more peripheral columns of mineralised bone results in a distinctive x-ray
appearance. The regenerate bone has longitudinal striations, clearly defined lateral
margins, a central radiolucent growth zone and a cylindrical appearance (Ilizarov
1989, Kojimoto et al 1988). Once matured the regenerate bone is
indistinguishable from host bone (Aronson 1988, Ilizarov 1990). This 1s unlike the
new bone seen in fracture healing, in which there is a disorganised collagen

network of bone and where the bone often does not recover its normal contour
(Tetsworth & Paley 1995).

2.4 METHODS OF EXTERNAL FIXATION

The above sections have described distraction osteogenesis to achieve limb
lengthening using the 1lizarov method. This method may be applied using a
variety of different methods of external fixation, not just the Ilizarov fixator.
There are two main types of external fixator; circular and unilateral. The main
differences relate to their physical appearances and the placement of the fixation

clements in one (linear) or more than one (circular) planes (Caja et al 1995).

2.4.1 Circular Fixators

Ilizarov pioneered the circular or ring fixator. It uses a combination of rings that
surround the limb that are interconnected by threaded rods. Tensioned Kirschener
wires pierce the bone and are tightly attached to the rings. Thus the bone segments
are held in a stable position by tensioned wires within an external scaffold of rings
and threaded rods. The rings may be made of stainless steel or carbon fibre.
Alternatively, half-pins which are screwed into the bone are used to reduce the
transfixation of musculotendinous structures (Coglianese et al 1993). This basic
design is altered by the surgeon, depending upon the goals of surgery. It is very
adaptable and can be modified to suit different situations and types of deformity.

It produces suitable conditions for bone regeneration and allows the management

14



Background

of complications arising during treatment by supplementing the basic frame with
additional components (Aronson 1997) (Figure 2-3).

The major disadvantages of the Ilizarov fixator are that it is time consuming and
difficult to apply and requires a lot of post operative management. It is also bulky

and less convenient for the patient to wear than a unilateral fixator (Sproul &

Price 1992a).

Figure 2-3: Ilizarov fixator

2.4.2 Unilateral Fixators.

Wagner (1978) developed a unilateral or rigid cantilever frame in the 1960s,
which proved to result in good bone formation. In 1977 DeBastiani developed a
rigid unilateral fixator with a telescopic component that could be used for
dynamic bone loading. This system of cantilever fixation is axially more rigid
than the ring fixator and biomechanically offers stiffness to bending forces in the
plane of the fixator, but less rigidity perpendicular to the plane of the fixator. The
cantilever design imparts eccentric loads on the bone and may result in angulation
of the lengthened segment (Aronson 1989, Simpson et al 1997). The device
devised by DeBastini, the Orthofix fixator, has evolved into 3 basic models, the
Orthofix external fixator, the Orthofix lengthener and the Orthofix slide
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lengthener. The Orthofix external fixator has adjustable locking ball joints at
either end, facilitating a 35° arc of motion, which allows for angular correction at
the osteotomy site. The friction locks of the ball joints can slip during
lengthening and so the Orthofix Lengthener model tends to be used for this
function (Figure 2-4). The Lengthener model does not have any ball joints and
requires precision when being applied. The third version 1s a segmental slide
lengthener, which again requires precision when being applied, but i1s versatile in
allowing closer pin placement, a longer range of distraction and the ability
segmentally to transport bone (Chao 1988, Sproul & Price 1992). (Figure 2-4).
The fixator may be dynamised in the consolidation phase and axial
micromovement is present during gait (DeBastini 1984).

In a study comparing the biomechanical properties of the main types of unilateral
fixator, Gardener et al (1997) found that all were subject to fatigue and that plastic
or slip failure of frames may occur prematurely during routine weight-bearing and
frame fatigue may affect long-term interfragmentary stability. Biomechanically,
unilateral fixators result in stiffness to bending forces only in the plane of the
fixator. This necessitates that care is taken to choose the most appropriate fixator
that will withstand the stresses placed upon 1t during any surgery and subsequent

distraction or correction of alignment.

Figure 2-4: Orthofix fixator.
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2.5 Advantages and Disadvantages of the circular Vs

unilateral Fixators.

The main points are summarised in Table 2-1. Clinically, both unilateral and
circular fixators can be used to produce excellent bone formation (Aronson 1997).
Biomechanical analysis of the different types of fixator shows that the Ilizarov
fixator has a stiffness in axial loading that is equal or less than other common
types of {ixator (Fleming et al 1989, Paley 1990a, Kummer 1989). This decreased
axial stiffness allows cyclic loading of the bone during weight bearing which has
been shown to enhance fracture healing (Chao 1988, Gasser et al 1990). Sproul &
Price (1992) describe this decreased axial stiffness as a trampoline effect allowing
axial compression and distraction with weight bearing throughout the distraction
and consolidation phases of lengthening.

The circular design of the fixator also reduces lateral bending by the use of the
perpendicularly placed transfixation wires. Amaya et al (1990) compared their
results of 120 lower limb lengthenings with either circular or Orthofix fixators.
They concluded for simple femoral lengthenings unilateral fixation was preferred
as it did not involve crossed pin fixation of the thigh, which may result in pain and
a higher incidence of complications. However, ring fixation offered more
flexibility and scope when carrying out complex realignment of bone and
correction of multiplanar deformities.

A further advantage of ring fixators is that they allow gradual correction of
multiplanar deformities (Paley 1990). Aronson (1997) states that as a general rule
monolateral fixators may not be as well suited as ring fixators for the mechanical
correction of deformities with angulation or rotation or those that need more than
two sites of treatment.

Unilateral fixators allow limb lengthening but not the correction of spatial
deformities (Korzinek et al 1992), although some of the newer versions allow
angular correction. Their main advantage is their ease of application and their
convenience for the patient. Amaya et al (1990) concluded that unilateral fixation
15 preferable for femoral lengthenings reducing the pain and complications

associated with crossed-pin fixation of the thigh.
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TRAIT CIRCULAR FIXATOR | UNILATERAL
FIXATOR

Transfixation of soft More, thigh and lower | vastus lateralis
tissues

Correction of angular Acutely or gradually Possible on some

and rotational patients I
deformity |
Ease of patient Bulky to wear. Less bulky

Easier to distract.

management Distraction more

complicated

Operative technique Technically demanding | Less technically

Time consuming demanding

Less time consuming.
Maintenance of Good. Good with non-ball
e N v
Postoperative Time consuming Less time consuming

management adjustments to frame

design

Table 2-1: Comparison of circular and unilateral fixators.

In clinical practice a choice is often made on a patient by patient basis about
whether unilateral or circular fixation is to be used. In lengthenings involving the
entire limb a hybrid system may be used with a unilateral fixator on the femur and
a circular fixator on the tibia. The different types of fixator have implications for
the physiotherapy management of patients. The circular fixator tends to have a
higher incidence of transfixation of soft tissues and is bulkier, impeding the
mobility of the patient to a greater extent. The unilateral fixators tend to transfix
the vastus lateralis, but overall impede the movement of patients to a lesser extent.

It is possible that the choice of type of fixator may have implications for the
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physiotherapy management of patients and could be a significant co-variate in

determining recovery.

2.6 Clinical Indices Used in Distraction Osteogenesis.

During distraction osteogenesis factors may be manipulated to achieve the goals
of surgery. The rate of lengthening and the total amount of lengthening may be
adjusted in accordance with how well the patient is tolerating the procedure. If the
bone starts to prematurely unite the rate of lengthening may need to be increased
and thus the total length will be achieved more quickly than if the standard
protocol is used. Likewise, the time that the frame is on the limb will be affected
by the amount that the bone is being lengthened, by the need for further
corrections of alignment and by the speed of new bone formation and healing.
Thus the limbs of two patients being lengthened by the same amount of new bone,
may have differing treatment regimens and have different lengths of time within
the fixator. These variables are incorporated into clinical indices that allow
comparisons between different treatment regimens to be made. In reports of
chinical results these clinical indices, reflecting the differences in the rate of
lengthening and duration of fixation are often cited. These have been defined by
Tsuchiya et al (1997) and Aronson (1997), amongst others. (Table 2-2)

Healing Index The total duration of treatment (days)divided
Lengthening Index The duration of distraction (days) divided by

Maturation Index The duration of external fixation, measured

from completion of distraction to the removal
of external fixation, divided by the length of
new bone generated (cm).
Table 2-2: Clinical Indices
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CHAPTER 3 — LITERATURE REVIEW

3.1 Complications of Limb Lengthening

The process of limb lengthening is fraught with numerous complications, many of
which have still to be resolved (Paley 1990, DeBastiani et al 1987, Mosca 1986).

The impact of these complications on a successful outcome has long been
recognised. Compere (1936) divided complications into three groups,

overstretching, interference with the blood supply and insufficient stabilisation of

the fragments.

Lack of adaptability of muscles, tendons, blood vessels and nerves of the
lengthened limb segment have all been identified as problems that may lead to
joint contractures or subluxation or fracture of the bone (Aldegheri et al 1989,
Cattaneo 1986, DeBastiani et al 1987, Ganel & Blankstein 1987, Paley 1990,
Simpson et al 1995). Early authors all emphasised the importance of soft tissue
releases and/or tendon lengthenings to reduce the forces that occur during the
distraction phase of lengthening (Codivilla 1905, Putti 1921, Kawamura et al
1968). The range of complications that were described included angulation, non-
union, delayed union, refracture of the lengthened segment, osteomyelitis,
traumatic arthritis, limitation of joint range, necrosis of bone or skin and
displacement of the fibula head or malleoli (Compere 1936, Sproul & Price
1992a).

The more modern techniques using callostasis, or distraction of callus, such as the
[lizarov or Orthofix external fixators are much less prone to complications,
allowing planned goals of treatment to be achieved in most cases. These methods
have solved many of the problems that arose with bone healing but there 1s still a
considerable range of potential problems remaining. Paley (1990) developed a
scheme for categorising complications experienced during lengthening into
problems, obstacles or true complications. A problem is defined as an expected
potential difficulty that is resolved by the end of the treatment period by non-
operative means, an obstacle as an expected potential difficulty that arises during

the treatment period that is resolved by operative means. Complications are

described as any local or systemic intraoperative or perioperative complication or
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a difficulty that compromise the end result. Paley (1990) reported an incidence of

35 problems (minor complications) and 28 complications in a series of 46

lengthenings.

Sproul & Price (1992a) proposed a simpler classification of complications into

either major or minor.

Major complications:

Bone or joint infection.
Permanent loss of functional joint range of motion.
Arthritis.

Subluxation / dislocation of the knee or hip joints.

1

2

3

4

5.  Delayed or non-union of bone.
6. Residual limb length inequality.

7. Malalignment of the anatomical limb axis greater than 5 degrees.
8.  Migration of the lateral malleolus in a proximal direction.

9

Vascular or nerve injury through either stretch or pin penetration.
10. Chronic oedema.
11. Decreased muscle strength.

12. Poor limb function (worse than would have resulted from amputation).

Minor complications:

Pin site inflammation / infections.
Pin loosening.
Premature consolidation of the distraction site.

Temporary malalignment of the anatomical axis.

I

Temporary neuropraxia.

The complications that are of the most interest from the rehabilitation
professional's point of view are those that arise from poor adaptation of the soft
tissues to distraction. This limited adaptation of soft tissue may be directly

responsible for such complications as:
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e  Loss of functional joint range of motion

. Subluxation / dislocation of the hip or knee joints
o Decreased muscle strength

. Poor limb function

e  Migration of the lateral malleolus in a proximal direction
and indirectly for such complications as:

. Oedema

. Malalignment of the anatomical axis of the limb

. Vascular or nerve damage

3.2 Effect of imb lengthening on joint range of motion

The reported incidence of muscle contractures and joint stiffness varies
considerably from 5% by Mezhenina (1984) to 92% by Tjernstrom et al (1994)
Several authors have described the joint complications that they noted in their
series of patients. Faber et al (1991) reported transient restriction in joint motion
in almost all patients undergoing limb lengthening, serious restriction of motion in
27 out of 46 and permanent limitation of the joint range in 9 out of 46
lengthenings. This is a very high reported complication rate compared to other
authors, however it may be explained partly by semantic factors about the
definition of a complication. Karger et al (1994) also reported that all patients had
transient restriction of movement.

Tjernstrom et al (1994) reported on 53 lengthening operations using three
different styles of frame: Hoffman, Orthofix and Ilizarov. They found restrictions
of joint motion during 49 of the lengthenings and that the contractures appeared
after varying periods of time and had an unpredictable onset. Approximately one
third of their patients still had some restriction of joint mobility at follow-up,
which they postulated meant that most patients regain their range of motion within
six months of frame removal. They suggested that surgical intervention might be
needed if range has not returned by that time and that transfixation of the
quadriceps muscle by the wires was one of the major causes of restriction of
movement. There was no correlation with the pre-operative range of motion and

the development of post-operative joint limitation.
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Aldegheri (1989, 1999) reported substantial lengthenings of over 30% of original
bone length in achondroplastics without soft tissue complications. This is possibly
because of the marked elasticity in the soft tissues, tortuous nerves and vessels
and lax joints typical of achondroplasia (Saleh and Burton 1991). Knee flexion
contractures occur less often and may predispose to knee subluxation. Fixed
flexion deformity increases the transverse component of the force vector of the
hamstrings, allowing them to work unopposed to pull the tibia posteriorly on the
femoral condyles (Jones 1985, Barker et al 2001a, Paley 1990).

There are problems in comparing the rate of joint complications across these
different series of patients. All patients were reviewed retrospectively where there
were inevitably problems with bias and the accuracy and interpretation of the
patient records. There are also problems with semantics and the definition of a
complication. Some would consider that there are complications that are intrinsic
to the lengthening procedure and cannot be avoided e.g. transient joint stiffness
and pin site infection, whilst other complications e.g. joint subluxation, permanent
joint restriction and nerve damage are extrinsic and should be avoided (Wagner
1978, Coleman 1978). Thus the difterences in reported soft tissue complications

may be due as much to different systems of evaluation, as to genuine differences

in the rate of complications.

3.3 KEffect of lengthening on muscle

Distraction histogenesis, the process of subjecting the soft tissues to distraction in
order to stimulate the growth of new tissues, occurs as a natural phenomenon, for
example, in the 900-fold increase in the size of the female uterus during
pregnancy. Although different tissues react in different ways they all involve two
predominant mechanisms: reorganisation of collagen in response to stretch and
neohistogenesis (Tetsworth & Paley 1995). Whilst the factors that affect the
ability of the bone to lengthen are well established i.e. osteotomy, a latent period
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and the rate and frequency of distraction, those effecting the ability of the soft

tissues to accommodate to changes in bone length are not so clearly understood.

3.3.1 Changes to muscle morphology.

Ilizarov (1989a) proposed that gradual traction on living tissues creates stresses
that stimulate and maintain the regeneration and active growth of the tissue. He
called this phenomenon "The Law of Tension-Stress" and claimed that soft tissues
react to distraction by developing the characteristics of embryonic tissue (Ilizarov
1989 a,b, 1990). Ilizarov and his fellow researchers performed much of the pivotal
basic scientific research into the effect of lengthening on the tissues. Using metal
clips to mark the length change in different parts of the distracted muscle and
fascia in a canine limb, they found that with up to 20% lengthening of the bone,
the new tissue was distributed along the total length of the muscle and fascia. In
lengthenings of over 20 % they found that the muscle and fascia tended to
lengthen most at the corticotomy site. Ilizarov stated that under experimental
conditions parts of the distracted muscle developed an identical appearance
ultrastructurally as embryonic muscle tissue. He suggested that this was because
the muscle tissue was demonstrating a proliferative response to an increase in
length (Ilizarov 1989b). However, Ilizarov failed to evaluate this postulated
proliferative response and although it is reported that up to 500 animals were
studied, no details of how many ultrastructural surveys were undertaken or
statistical analysis is given. The published electron microscope pictures of the
lengthened muscle do not provide definite evidence of the generation of new
muscle tissue as Ilizarov claims (Chirkova 1981).

They also reported an increase in the number of fibroblasts during distraction and
an increase in the contact areas between them with dense junctions in many
places. They reported that the fibroblasts were type II collagenoblasts, i.e. cells
typical of embryonic connective tissue. The increased activity in the tissue was
reflected by a number of other changes including hypertrophy of the Golgi
complex, enlargement of mitochondria, cytoskeletal microfilaments and the rough
endoplasmic reticulum. As a result of his studies Ilizarov thought that, like bone,

soft tissues responded to tension-stress distraction by forming new tissue, not by
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simply stretching (Ilizarov 1991). He likened this to the tension-stress that is an

important stimulatory force for the development of limb buds in embryogenesis
(Milichenko 1974).

[lizarov considered that myoblasts were formed under the conditions of tension-
stress and fused into myotubes. He also studied the response of the connective
tissue elements of muscle to lengthening and reported that the orientation of the
collagen fibres became paralle] to the tension -stress force vector (Ilizarov 1989b).
He states that the muscle, nerve, vessels and skin undergo myogenesis,
axonogenesis, vascogenesis and dermatogenesis respectively. Unfortunately, good
scientific evidence for his theories is not presented and, therefore, there remains a
question as to whether myogenesis does occur during lengthening. Many of

Ilizarov’s results could be explained by a damage and repair process.

3.3.2 Other Morphological Studies.

Yasui et al (1991) used metal wires to mark the fascia of the antero-lateral muscle
of growing Japanese White rabbits prior to lengthening the tibia with an external
fixator. They found that elongation occurs throughout the substance of the muscle
and not just at the site of the osteotomy. However, there are some questions about
their methodology as the wire markers were only placed in the fascia or
epimysium and so would not reflect the adaptability of the muscle belly to
lengthening.

Calandrello (1975) used a canine model to demonstrate that lengthening produced
a series of microscopic ruptures of the myofibrils, which later regenerated.
Kyberd et al (1994) distracted rabbit tibiae by 20 %. They found evidence of
muscle damage including the presence of internal nuclei, necrosis, thickening of
the perimysial connective tissue and enlargement of muscle fibres. Likewise Lee
et al (1993) found histopathological changes such as endomysial fibrosis and
internalisation of nuclei after 20 % lengthenings, which may suggest irreversible
muscle damage.

Kawamura et al (1968) showed that biochemical abnormalities can occur under
experimental conditions in the presence of only a 10 % increase in limb length.

They reported that the levels of the muscle enzyme creatine phoéphokinase,
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involved 1n energy storage, rose by between 5-10 times their normal values after

one stage lengthening of 10% of the length of the tibia. This is thought to occur

due to an actively increased metabolism or it may simply represent intravascular
release of enzymes as a result of muscle fibre damage. Whilst this study does not
reflect the clinical picture where the lengthening is achieved more gradually it
does indicate that damage can occur to the muscle in lengthenings of only 10%.
These studies demonstrate that muscle responds to stretch initially by stretching
without cell proliferation, followed by a mixed cellular response with further
stretching. Changes to the muscle morphology occur with distraction of more than

10% of the original limb length, however, these may only be temporary.

3.3.3 Studies of the proliferative response of muscle

Ilizarov (1989a,b) showed that under experimental conditions parts of the
distracted muscle develop the same appearance as seen in embryonic tissue, which
suggests that there is a proliferative response of muscle tissue with adaptation to
an increase in length. Simpson et al (1995) lengthened the tibiae of New Zealand
white rabbits in twice daily increments. They found that new contractile tissue
formed during lengthening but that damage to muscle fibres occurred at rates of
distraction as low as 1 mm/day. There was proliferation of fibrous tissue between
the muscle fibres at distraction rates of over 1 mm/day. Schumacher et al (1994)
lengthened the tibia of New Zealand white rabbits and compared them to a control
group. The nuclei of the tibialis anterior muscle in the proliferative phase was
evaluated and found to demonstrate a significant increase in the weight of the
lengthened muscle and in the number of proliferating cell nuclei compared to a
control group. This response was observed only during the lengthening period and
ceased when the lengthening was stopped. The authors concluded that muscle cell
proliferation occurred only during the distraction phase of limb lengthening and

agreed with Ilizarov (1989a) that stretch was the major stimulus for longitudinal

muscle growth.
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3.3.4 Degenerative response to lengthening.

Shen & Aronson (1993) lengthened adult rat tibiae by 20 %. They found that this
caused acute stiffness in the gastrocnemius muscle, which they attributed to an
increase in endomysial and perimysial fibrosis, a change that they considered
irreversible. However, another explanation for this finding would be that the bone
had lengthened but that the muscle had not grown and was effectively short.
Sirﬁpson et al (1993) studied the effect of lengthening rabbit tibiae at rates of
greater than 0.7 mm/day and found that this led to changes usually found in

muscle damage such as whorled fibres and centralisation of nuclei. The
length/passive tension curves of these muscles demonstrated that there was a

relative increase in muscle stiffness. They postulate that this may lead to the

antagonist group using more energy to produce range of movement and reduced

effictency.
3.3.5 Functional Vs Structural Adaptation To Lengthening.

Matano et al (1994) studied the adaptation of the extensor digitorum lateralis
muscle in 21 Japanese White rabbits who had undergone osteotomy of the radius
and ulna, followed by immediate lengthening of 3.5 mm. The rabbits were divided
into five groups which were sacrificed at 0, 2, 5, 9, and 14 days after surgery. The
lengths of the sarcomeres of the extensor digitorum lateralis muscle of the fifth
digit were measured in a standardised wrist and elbow position using a light
diffraction technique. The sarcomeres initially stretched to 3.51um after
distraction of the bone but became shorter with the passage of time. On the 9th
day post-operatively the length was 3.10 um, which was similar to the length of
the unstretched muscle. These results indicated structural adaptation of the muscle
to a new length and could explain why the efficiency of muscle function is

maintained after limb lengthening. Other authors have reported these stretch-

induced changes in sarcomere length in studies of immobilised limbs (Williams &
Goldspink 1973,1976,1978, Tabary et al 1972).
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Conversely, Williams et al (1994) lengthened rabbit tibiae by 20 % using different
rates of distraction. They found that irrespective of the rate of distraction, the
muscle belly length was significantly longer than in the control limb. At lower
rates of distraction this could be accounted for by an increase in the serial
sarcomeres with no change to the sarcomere length. At higher rates of distraction

fewer sarcomeres were added, sarcomere length was significantly increased and

the muscle showed evidence of atrophy and damage.
Simpson et al (1995) reported that muscle responded most favourably to rates of

distraction that are below those commonly used in prolific bone formation. Up to

a distraction rate of 1 mm/day the muscle showed active muscle function,
however, the compliance of the muscle was only normal with a distraction rate of
0.4 mm/day. At higher rates of distraction there was evidence of dysfunction of
the tibialis anterior muscle with alterations to the active and passive length /
tension curves of the stretched muscle. The results indicate that muscle responds

more slowly to the lengthening regimen than does the supporting bone.

3.4 Rehabilitation.

There is little published material on the rehabilitation of patients with Ilizarov
fixators. The early experience in the use of Ilizarov was at the Kurgan All-Union
Centre for Restorative Traumatology in Kurgan, Siberia in the former Soviet
Union. Ilizarov (1997) states that it 1s essential to involve patients in up to 6 hours
of active therapy a day to improve circulation and to prevent soft tissue
complications developing. None of Ilizarov's reports in English language journals
report the details of the functional outcome of the patients treated by his method.
Furthermore, none of his literature documents the effectiveness of interventions
used to prevent soft tissue restrictions in limb lengthening using distraction
osteogenesis. Though Ilizarov reported that weight bearing and range of motion
are central to the rehabilitation of patients being treated by his method, no details
on how best to do this appear in the literature, nor are criteria for rehabilitation
progress proposed. The little that 1s known about the treatment in Kurgan is
described by Coglianese et al (1992) and shows the use of exercise classes for 6

hours a day. Photographs from these classes show patients walking with crutches
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or in a gym lined up in columns and rows, standing and practising weight shifting

onto the operative side.

Bagnoli (1990) in his writings on the use of the Ilizarov method for fracture
fixation shows a patient performing sit to stand exercises at a rail to facilitate
functional loading. The patient progressed to standing in parallel bars, where
weight-shifting exercises were performed later followed by forwards and
backwards stepping. There appear to be no graduated treatment goals and no
justification for why 6 hours a day of functional loading exercises were given. The
patients all remained resident at the centre for the entire duration of their treatment

with the llizarov frame, which meant that they were in-patients for periods of

many months or even years.

Within a Western model of healthcare treating patients as in-patients for a
protracted time would be neither practicable or cost effective and is unlikely to be
acceptable to Western ﬁatients.

Korzinek & Barbarossa (1992) states that the postoperative period extends from
before surgery to the complete resocialisation of the patient and will be associated
with numerous complications and problems. They state that the physiotherapists’

commitment and the patient's compliance are equally important in preventing and

solving these problems.

Green (1990, 1991) states that active and passive physiotherapy as well as
constant stretching of tightening tissues with either strategically placed elastic
bands or a dynamic splint form the basis of the post operative management of
every patient having a limb lengtfléned. He states that at least 2 or 3 hours a day
should be devoted to stretching exercises and that the greater the proposed
lengthening, the more hours each day that must be devoted to passive stretching.
Intensive "hands-on" phy;iotherapy 1s considered essential to prevent the
contractures and joint subluxations associated with limb elongation. Other
important factors are thoﬁght to include night positioning and ambulation (Simard
et al 1993, Coglianese et al 1992). Paley (1990) describes that persistent non-
improving muscle contractures require tendon lengthening. Conversely, Ilizarov
(1989,1990) considered the best method to prevent soft tissue contractures was to

improve the adaptation of the muscle and tendon by stretching and walking.

29



Literature Review

Functional weight bearing exercise is cited as an important feature of all treatment
programmes for Ilizarov patients. Green (1990) states that physiotherapy is the
key to a successful application of the Ilizarov method. Walking and functional
loading are essential for ossification of the regenerate bone, and stretching and
preserving range of motion are the keys to preventing contractures, subluxation
and dislocations of the joints. He thinks that a natural rhythmic walking pattern is

probably more important than the actual amount of weight on the limb at the
beginning of the rehabilitation programme and that with time the patient must

progressively increase the load on the limb (Green 1991).

Physiotherapy treatment continues throughout the period of distraction, the
consolidation period and after the frame has been removed. The patient should

avoid contact activities until the bone has formed complete cortex on all sides and

a new marrow canal is apparent on x-ray views taken in multiple views (Green
1991).

The literature highlights the fact that use of the Ilizarov fixator is fraught with
numerous difficulties including soft tissue complications. These complications
present an enormous challenge to physiotherapists involved in the rehabilitation of
the patients. There is little published material about the physiotherapy treatment of
patients with the Ilizarov, no prospective studies in the area of Ilizarov
rehabilitation and no papers published that cite evidence-based practice.

There is clearly a need to use the research process to gain the appropriate evidence
that will enable an evidence-based approach to physiotherapy treatment to be
implemented. Although descriptions of physiotherapy regimens in North America
have been published (Simard et al 1992, Green 1990,1991, Coglianese et al 1993,
Folkerts et al 1992), these do not reflect practice in this country due to differences
in methods of funding and the allocation of health care resources. Clinical
experience would suggest that a variety of approaches and regimes are used to
rehabilitate Ilizarov patients. However, these regimes seem to be consultant led
rather than based upon rehabilitation principles, and the most effective treatment

regimen remains unclear.
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3.5 Summary

o  The literature on the complications of limb lengthening, effect on muscle
and rehabilitation of patients after limb reconstruction surgery reports that,

despite many advances in both the surgical and medical management of the

patient, complication rates remain high.

e  Many of the complications are due to difficulties of the soft tissues adapting

to imposed changes of length as the bone is lengthened.

e  The muscle undergoes both structural and functional adaptation to

lengthening.
e  There was a paucity of information about the rehabilitation of patients

following limb reconstruction surgery, the only articles being descriptions

of the regimes at different hospitals.
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CHAPTER 4 — SURVEY OF U.K. PHYSIOTHERAPY PRACTICE

4.1 Introduction

UK physiotherapists are increasingly finding themselves treating patients with an
Ilizarov fixator. Use has escalated over the last few years. In 1993 only 19
surgeons were performing the surgery at their hospitals, by 1999 this had risen to.

86 surgeons in 73 hospitals (Graham 2000). In an attempt to examine the variation
| in practice in treating patients with the Ilizarov fixator and to determine standard

treatment protocols, a nation-wide UK survey of physiotherapists was designed.

4.2 Purpose

The objective of this survey was to: -

e identify the current physiotherapeutic practice for patients treated with an
[lizarov fixator and to examine the variation in methods of treatment and
difficulties experienced.

e to address the uncertainty that exists about the best methods of
physiotherapy treatment for the rehabilitation of patients treated by the
Ilizarov method.

e identify complications that were of particular interest to physiotherapists in

their rehabilitation of these patients.

. establish a database of information on current Ilizarov treatment, which

would be used later in the development of clinical guidelines.
4.3 Method

A questionnaire was designed consisting of open and closed questions. The closed
questions sought to obtain numerical data about the numbers of physiotherapists

who were familiar with the Ilizarov method, the numbers and types of patients

seen and the degree of difficulty presented by specific problems that are likely to
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be encountered. In some questions respondents were asked to grade their response
utilising a rating scale (Oppenheim 1992, Fink & Kosecoff 1985). The open
questions asked about subjects such as treatment objectives, methods of treatment
and criteria for discharge. There was also space at the end of the questionnaire in
which respondents were asked to add any other information about their experience
of treating patients with the Ilizarov fixator that they felt was relevant. A copy of
the questionnaire is enclosed in Appendix 1.

The questionnaire was pilot tested by 12 physiotherapists working at four NHS
clinics. To establish internal validity, physiotherapists who completed the pilot
questionnaire were asked to complete it for a second time, two weeks later.

Subsequently minor changes were made to the questionnaire, mostly to the syntax

used in some of the questions.

400 questionnaires were distributed by post using physiotherapists selected in two
ways. First, a list of the centres that had purchased the most Ilizarov apparatus
was obtained from the manufacturer, and the physiotherapy departments of these
centres were sent a questionnaire. Second, members of three Special Interest
Groups (SIGs) of the Chartered Society of Physiotherapy were mailed a
questionnaire and a covering letter explaining the purpose of the study. The SIGs
used were the Association of Orthopaedic Chartered Physiotherapists (AOCP),
Association of Chartered Physiotherapists in Independent Hospitals (ACPIH) and
the Association of Paediatric Chartered Physiotherapists (APCP). This sampling
method was used as the aim was to sample physiotherapists who had experience
of using the Ilizarov method, rather than to sample physiotherapists as a whole.
The sample was intended to be representative of the range of physiotherapists
likely to treat patients with an Ilizarov fixator. The letter asked the physiotherapist
to complete and return the questionnaire or to designate the most appropriate
person in their department to do so. They were informed that all information
would be confidential. A self-addressed envelope was enclosed with the
questionnaire for return to the audit department at St Peter's Hospital, Chertsey.
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