GCU

Glasgow Caledonian
University

University for the Common Good

Limb lengthening and peripheral nerve function-factors associated with deterioration
of conduction

Simpson, A. Hamish R.W.; Halliday, Jane; Hamilton, David F.; Smith, Murray; Mills, Kerry

Published in:
Acta Orthopaedica

DOI:
10.3109/17453674.2013.859418

Publication date:
2013

Document Version
Publisher's PDF, also known as Version of record

Link to publication in ResearchOnline

Citation for published version (Harvard):

Simpson, AHRW, Halliday, J, Hamilton, DF, Smith, M & Mills, K 2013, 'Limb lengthening and peripheral nerve
function-factors associated with deterioration of conduction’, Acta Orthopaedica, vol. 84, no. 6, pp. 579-584.
https://doi.org/10.3109/17453674.2013.859418

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please view our takedown policy at https://edshare.gcu.ac.uk/id/eprint/5179 for details
of how to contact us.

Download date: 21. Oct. 2022


https://doi.org/10.3109/17453674.2013.859418
https://researchonline.gcu.ac.uk/en/publications/f156b52f-4c94-4b5d-a8e9-96fc65afa1e5
https://doi.org/10.3109/17453674.2013.859418

Act

A

Orthepaccica | Acta Orthopaedica

ISSN: 1745-3674 (Print) 1745-3682 (Online) Journal homepage: https://www.tandfonline.com/loi/iort20

Taylor & Francis

Taylor & Francis Group

Limb lengthening and peripheral nerve
function—factors associated with deterioration of
conduction

A Hamish R W Simpson, Jane Halliday, David F Hamilton, Murray Smith &
Kerry Mills

To cite this article: A Hamish R W Simpson, Jane Halliday, David F Hamilton, Murray
Smith & Kerry Mills (2013) Limb lengthening and peripheral nerve function—factors
associated with deterioration of conduction, Acta Orthopaedica, 84:6, 579-584, DOI:
10.3109/17453674.2013.859418

To link to this article: https://doi.org/10.3109/17453674.2013.859418

8 Copyright: © Nordic Orthopaedic Federation

@ Published online: 31 Oct 2013.

N
CJ/ Submit your article to this journal

||I| Article views: 812

A
& View related articles '

@ Citing articles: 3 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=iort20


https://www.tandfonline.com/action/journalInformation?journalCode=iort20
https://www.tandfonline.com/loi/iort20
https://www.tandfonline.com/action/showCitFormats?doi=10.3109/17453674.2013.859418
https://doi.org/10.3109/17453674.2013.859418
https://www.tandfonline.com/action/authorSubmission?journalCode=iort20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iort20&show=instructions
https://www.tandfonline.com/doi/mlt/10.3109/17453674.2013.859418
https://www.tandfonline.com/doi/mlt/10.3109/17453674.2013.859418
https://www.tandfonline.com/doi/citedby/10.3109/17453674.2013.859418#tabModule
https://www.tandfonline.com/doi/citedby/10.3109/17453674.2013.859418#tabModule

Acta Orthopaedica 2013; 84 (6): 579-584

579

Limb lengthening and peripheral nerve function—factors
associated with deterioration of conduction

A Hamish R W Simpson’', Jane Halliday', David F Hamilton'!, Murray Smith?, and Kerry Mills2

"Department of Orthopaedics and Trauma, University of Edinburgh, Edinburgh; 2Department of Clinical Neurophysiology, King’s College Hospital, Kings

College, London, UK.
Correspondence: hamish.simpson@ed.ac.uk
Submitted 13-04-15. Accepted 13-09-03

Background and purpose Limb lengthening is performed for a
diverse range of orthopedic problems. A high rate of complica-
tions has been reported in these patients, which include motor
and sensory loss as a result of nerve damage. We investigated the
effect of limb lengthening on peripheral nerve function.

Patients and methods 36 patients underwent electrophysiolog-
ical testing at 3 points: (1) preoperatively, (2) after application of
external fixator/corticotomy but before lengthening, and (3) after
lengthening. The limb-length discrepancy was due to a congenital
etiology (n = 19), a growth disturbance (n = 9), or a traumatic
etiology (n = 8).

Results 2 of the traumatic etiology patients had significant
changes evident on electrophysiological testing preoperatively.
They both deteriorated further with lengthening. 7 of the 21
patients studied showed deterioration in nerve function after
lengthening, but not postoperatively, indicating that this was due
to the lengthening process and not to the surgical procedure. All
of these patients had a congenital etiology for their leg-length dis-
crepancy.

Interpretation As detailed electrophysiological tests were car-
ried out before surgery, after surgery but before lengthening,
and finally after completion of lengthening, it was possible to dis-
tinguish between the effects of the operation and the effects of
lengthening on nerve function. The results indicate that the etiol-
ogy, site (femur or tibia), and nerve (common peroneal or tibial)
had a bearing on the risk of nerve injury and that these factors
had a far greater effect than the total amount of lengthening.

Limb lengthening is carried out to correct a diverse range of
orthopedic problems including post-traumatic shortening,
congenital deformity, and short stature. Leg lengthening is
most commonly performed using the Ilizarov method with
a latency period of 5-7 days before gradual distraction with
the external fixator begins (Ilizarov 1989b). The generation

of bone, muscle, and skin during lengthening is well reported
(Austad et al. 1982, Ilizarov 1989a,b, Simpson et al. 1995).
The response of peripheral nervous tissue to lengthening is
less well understood, however.

It has been suggested that in response to gradual lengthen-
ing, Schwann cells synthesise new myelin and new axoplasm
is formed (Hara et al. 2003). However, a deterioration of nerve
function as a consequence of elongation has been reported
in an rabbit model (Chuang et al. 1995) and morphological
changes have been seen in a rodent model at rates of length-
ening of 1.6% per day (Abe et al. 2004). Altered expression
of sodium channels in the nodes of Ranvier following nerve
elongation has also been reported, which could account for
the electrophysiological changes observed in the rodent model
(Ichimura et al. 2005).

Muscle weakness that could be due to either nerve damage
or muscle damage has been reported after limb lengthening
(Maffuli and Fixsen 1995). To determine the extent of nerve
damage, a small number of studies have involved electro-
physiological tests on limb-lengthening patients (Galardi et
al. 1990, Young et al. 1993, Polo et al. 1997, 1999, Malliopou-
los et al. 2007); however, since nerve testing was not carried
out after application of the external fixator and corticotomy
but before lengthening, it was not possible to determine how
much of the nerve damage was a result of the lengthening pro-
cess itself and how much was due to the operative procedure
(i.e. application of fixator and corticotomy). Nogueira et al.
(2003) found that 16% of the nerve lesions in their patients
occurred immediately after surgery.

The aim of this study was to determine whether particular
kinds of patients and particular nerves were at risk of nerve dys-
function as a result of lengthening, by analyzing how nerve con-
duction changed at the different stages of the limb-lengthening
procedure (i.e. after corticotomy but before lengthening or after
lengthening) in patients with different pathologies. From this,
we hoped to make recommendations for management.
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Patients and methods

Study group

Over a 4-year period, electrophysiological data were col-
lected on 36 consecutive patients over the age of 8 years who
underwent leg lengthening by the Ilizarov method. Of these
19 patients had a limb-length inequality as a consequence of a
congenital limb abnormality (the congenital group). 9 patients
had a limb-length inequality as a result of growth disturbance
due to physeal injury or childhood osteomyelitis (the growth-
disturbance group). 8 patients had a leg-length discrepancy
acquired after skeletal maturity due to trauma (the trauma
group). 19 patients underwent unilateral tibial lengthen-
ing, (14 in the congenital group, 3 in the growth-disturbance
group, and 2 in the trauma group), 11 patients underwent uni-
lateral femoral lengthening (2 in the congenital group, 3 in the
growth-disturbance group, and 6 in the trauma group), and 5
underwent both unilateral tibial and femoral lengthening (3 in
the congenital group and 2 in the growth-disturbance group).
1 patient in the growth-disturbance group underwent bilateral
femoral lengthening.

In all patients, leg-length inequality was corrected by dis-
traction osteogenesis using an external fixator. At surgery, the
femur or the tibia was divided percutaneously and the exter-
nal frame applied. After a delay of 7 days, lengthening was
started at a maximum rate of 1 mm per day, in increments of
0.25 mm. If there was evidence of poor regenerate formation
or contractures of adjacent joints due to muscle tightness, the
rate was reduced. The period of treatment was dependent on
the amount of lengthening; the mean lengthening index was
0.9 mm/day.

Electrophysiological recordings

In patients undergoing tibial lengthening, motor nerve func-
tion was monitored by recording compound muscle action
potentials (CMAPs) of a distal muscle (extensor digitorum
brevis) using a Medelec Mystro 20, by placing recording
electrodes over the muscle belly. The common peroneal nerve
was stimulated supramaximally at the fibular head and also
at the level of the ankle. The distance between the 2 stimula-
tion points divided by the difference in the time taken from
stimulation to generation of the CMAP at the 2 sites was the
conduction velocity.

As the sciatic nerve could not be easily stimulated proximal
to the femoral lengthening site, patients undergoing femo-
ral lengthening were monitored using F-waves. These were
generated by stimulating the tibial nerve just posterior to the
medial malleolus. F-waves were generated by applying supra-
maximal stimulation above the distal portion of a nerve so
that the impulse travelled both distally (orthodromically) and
proximally (antidromically) up the axon of the motor neuron
to its cell body in the spinal cord. There, a small proportion
of motor neurons back-fired, generating nerve action poten-
tials which travelled orthodromically and evoked an action

potential in a small proportion of the muscle fibers—caus-
ing a small, second CMAP called the F-wave. The time from
stimulation to the beginning of the muscle action potential as
a result of direct orthodromic stimulation is called the distal
motor latency. The time taken for the action potential to travel
from the medial malleolus, antidromically up the axon to the
cell body, and then back down to the motor end-plate plus
the time for the beginning of the muscle action potential to
be detected is called the F-wave latency. Damage to approxi-
mately 90% of the fibers can cause the F-wave to disappear.

Additional recordings were made on a subset of tibial-
lengthening patients using F-waves to monitor function of the
tibial and common peroneal nerves to establish whether the
common peroneal nerve was more sensitive to damage than
the tibial nerve.

Ampilitude ratios

The amplitude of the CMAP obtained from the distal stimu-
lation point was divided by the amplitude obtained from the
proximal stimulation point and referred to as the amplitude
ratio.

Statistics

All data were analyzed using Minitab release 16 (Minitab
Inc., State college, Pennsylvania). CMAP and F-wave read-
ings were not normally distributed and are therefore reported
as medians with interquartile ranges. Changes in CMAP and
F-wave readings between time points were normally distrib-
uted, and are reported as mean (SD). Between-group differ-
ences were assessed by the Kruskal-Wallis test or chi-square
test for non-parametric data, and normally distributed data
were assessed with one-way analysis of variance (ANOVA);
post hoc evaluations were performed with Tukey’s HSD test
to assess individual comparisons. Statistical significance was
setat p < 0.05.

Results

Electrophysiology

The change in measurement of an individual patient’s conduc-
tion velocity at the 3 different time points in the unoperated
contralateral limb varied from 0.4% to 11%. We therefore con-
sidered only changes of more than 12% to be of clinical rel-
evance. The median conduction velocities were within normal
ranges at all 3 time points in the congenital and growth-dis-
turbance groups (Table 1). The results for the trauma group
(n = 8) were skewed by 2 patients. Both patients had changes
in conduction velocity preoperatively—before either corticot-
omy or any lengthening—that were 37% and 24% less than
their uninjured limbs. The former patient deteriorated further
after operation and the latter patient deteriorated after length-
ening. Both patients had clinically evident common peroneal
nerve palsy (one postoperatively and one after lengthening).
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Table 1. Conduction velocity in m/s by etiology

Etiology
Congenital Growth Trauma
disturbance

Mean (SD) age, years 14 (6.8) 13 (3.1) 27.(9.6)
Mean (SD) length gained, cm 6.5 (3.0) 9.5 (4.2) 5.4 (0.9)
Median (IQR) conduction
velocities:

Preoperatively 50 (7.5) 46 (15) 43 (18)

Postoperatively 49 (8.0) 50 (5.3) 23 (42)

After lengthening 46 (11) 48 (6.1) 26 (53)

Table 2. Latencies of F-waves in milliseconds by etiology 2

Etiology
Congenital ~ Growth disturbance Trauma
Preoperatively 40 (5.1) 42 (5.9) 51 (9.1)
Postoperatively 41 (14) 39 (15) 50 (15)
After lengthening 45 (9.9) 46 (23) 51 (6.3)

2 Median (IQR).

There was no statistically significant difference in median
preoperative conduction velocity between groups (Kruskal-
Wallis, p =0.2). The F-wave latencies were similar at baseline
and at later time points (Table 2).

Despite the large changes in conduction velocity (particu-
larly within the trauma group), differences between the change
in mean conduction velocity between etiologies did not reach
statistical significance between preoperatively and postopera-
tively (one-way ANOVA, F = 1.54, p = 0.3) (Figure 1).

An abnormal conduction velocity preoperatively and post-
operatively was observed in some patients in the trauma etiol-
ogy group (Table 1). No change in conduction velocity was
observed following operation in the congenital and growth-
disturbance groups (Figure 1). The patients undergoing tibial
lengthening in these 2 groups were therefore analyzed further
to assess whether there was a change in conduction velocity
with lengthening. Patients with a congenital etiology showed
a greater reduction in nerve function than those with growth
disturbance (chi-squared, p = 0.03) (Table 3).

The amount of lengthening achieved was also significantly
different between groups (one-way ANOVA, F = 531, p =
0.009). Post hoc Tukey HSD tests showed that the length
achieved was greater in the growth-disturbance group at the
0.05 significance level; all other comparisons were not statis-
tically significant. Interestingly, the lengthening achieved was
not related to poor outcome either between preoperative and
postoperative assessments (one-way ANOVA,F=0.3,p=0.9)
or between postoperative and post-lengthening assessments
(one-way ANOVA, F = 0.2, p = 1.0) (Figure 2).

Change in conduction velocity (m/s)

401 _
20 1
g IS
t I
-20
-40 1
-60 1 1
Congenital Growth Trauma
disturbance
Etiology

Figure 1. Mean (95% CI) change in conduction velocity between pre-
operatively and postoperatively.

Table 3. Patients with and without a 12% drop
(considered to be a clinically relevant change)
in nerve function for different etiologies. A sig-
nificantly greater risk of nerve dysfunction was
observed in patients with a congenital etiology
(chi-square, p = 0.03)

Yes No Total
Congenital 7 10 17
Growth disturbance 0 6 6
Total 7 16 23
Length gained (cm)
114 ° ©® Congenital
® Growth disturbance
104 = 4 Trauma
9 °
8
71 m o L
6 on 4002 o
*
54 Y * *
44 = em @ ° e

40 0 10 20 30 40 50
Change in velocity (m/s)

Figure 2. Length gained and change in conduction velocity after length-
ening. Large changes in conduction velocity (in 2 trauma cases and 1
congenital case) are indicative of poor outcome, as these reflect poor
postoperative conduction. There was no association between these
cases and amount of lengthening.

All the cases in which major disturbance to nerve con-
duction velocity (and function) was evident occurred when
lengthening the tibia; no cases of femoral lengthening showed
a reduction in conduction velocity. This included the patients
undergoing simultaneous ipsilateral femoral and tibial length-
ening, none of whom had a drop in conduction. In all cases of
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Change in conduction velocity (m/s)
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Figure 3. Change in conduction velocity according to nerve assessed.

reduced conduction velocity, the common peroneal nerve was
damaged (Figure 3).

Amplitude ratios

Prior to surgery, CMAPs recorded from extensor digitorum
brevis or abductor hallucis and the amplitude ratios were all
within the normal range (78—100%), except for the 2 patients
in the trauma group, who also had reduced conduction veloci-
ties. Postoperatively in the congenital group, there were no
significant changes in amplitude ratio from baseline. After
lengthening, the CMAPs of 5 patients in the congenital group
fell to below ImV, an order of magnitude lower than base-
line readings (i.e. stimulating the nerve proximal to the site of
lengthening produced a muscle action potential of low ampli-
tude compared to the muscle action potential produced when
the nerve was stimulated beyond the lengthening site). In the
growth-disturbance group, there were no significant changes
in amplitude ratio between preoperative and postoperative
recordings, and no deterioration between postoperative and
post-lengthening recordings. In the trauma group, 6 of the 8
patients were undergoing femoral lengthening, so amplitude
ratios could not be measured. Of the 2 who could be measured,
1 showed complete peroneal nerve palsy postoperatively; this
patient had a very low CMAP preoperatively (300 uV). The
other patient also had a very weak CMAP preoperatively.
These were the same patients who had low conduction veloci-
ties preoperatively. CMAPs in the other patients measured in
this group were normal.

Clinical outcome

Preoperatively, 34 patients (all in the congenital and growth-
disturbance groups and 6 of 8 in the trauma group) presented
with no clinical signs of nerve dysfunction. 2 trauma patients
whose conduction velocity was noted to be abnormal at base-
line also had abnormal clinical signs: 1 patient who had loss of
the anterior compartment musculature and skin had weakness
of dorsiflexion and altered sensation over part of the dorsum
of the foot; the other patient had normal sensation to light
touch and slight weakness, which was attributed to muscle

wasting while in a plaster cast. Postoperatively, no patients
in the growth-disturbance group had clinically apparent nerve
dysfunction. 2 patients in the congenital group had numbness
on the dorsum of the foot and weakness of great toe extension.
The nerve dysfunction recovered slowly in the year following
the end of lengthening. The 2 patients in the trauma group
with common peroneal nerve dysfunction recovered partially,
but had some persisting weakness of toe dorsiflexion and
altered sensation on the dorsum of the foot.

Discussion

In experimental models of limb lengthening, conflicting results
have been reported on the effect of the procedure on peripheral
nerves. Gil-Albarova et al. (1997) did not find any changes
in nerve morphology or function in a study of lengthening of
lamb femurs. Similar findings have been reported by Simp-
son et al. (2013) during lengthening of rabbit tibias. In con-
trast, Ippolito et al. (1994) found degenerative changes in the
myelin sheaths of the palmar nerves of calves, which became
progressively more severe with greater amounts of lengthen-
ing.Nerve dysfunction was also observed by Shibukawa and
Shirai (2001) in their study of rabbit sciatic nerves; they found
that with gradual elongation, the compound muscle action
potential (CMAP) was reduced and the latency (i.e. the time
between stimulation of the nerve and the onset of the muscle
action potential) was increased. Other studies have also shown
nerve dysfunction, which was more evident at rates of length-
ening greater than 1 mm/day (Huang and Chang 1997, Skoulis
et al. 1998, Ikeda et al. 2000, Yokota et al. 2003).

Clinically evident nerve palsy has been reported in one tenth
of patients following leg-lengthening procedures (Velazquez
et al. 1993). In the present study we found that 7 of 36 patients
had electrophysiological evidence of nerve dysfunction. This
could be accounted for by differences in the case mix or by
differences in the technique used, but is more likely to be
explained by the nerve dysfunction not being detectable clini-
cally in half of those with neurophysiological signs of dys-
function. Malliopoulos et al. (2007) reported a higher rate of
electrophysiological deterioration: 8 out of 25. Galardi et al.
(1990) demonstrated denervation in all 10 limbs of 5 achon-
droplastic patients who underwent a large amount (27%) of
tibial lengthening bilaterally, raising the possibility that the
nerve dysfunction secondary to lengthening may be depen-
dent on the total amount of lengthening as well as on the rate
of lengthening. However, in our patients we did not find any
association between the amount of lengthening and nerve dys-
function, and this concurs with a study of lengthening in short-
stature patients and with the findings of Nogueira et al. (2003).
The latter authors found a higher risk of nerve injury in patients
undergoing double-level tibial lengthening. In these patients,
the nerves would have been lengthening at a faster rate. This
is in agreement with reports of nerve dysfunction at rates of
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lengthening of more than 1.5% per day (Simpson and Ken-
wright 1997). This also suggests that patients whose nerves
are tethered by scarring are at increased risk of nerve palsy,
as lengthening would occur over a shorter segment of nerve.

We found a greater number of patients with dysfunction in
the peroneal nerve (n = 5) than in the tibial nerve (n = 0). A
greater susceptibility of the common peroneal nerve is sup-
ported by a study by Huang and Chang (1997), who observed
in a rabbit model that common peroneal nerve damage
occurred earlier and was more severe than in the posterior
tibial nerve. Our results agree with those of Young et al.
(1993), who demonstrated that following tibial lengthening,
all 6 patients examined electrophysiologically had abnormal
peroneal nerves whereas only 2 had changes in the poste-
rior tibial nerve. Our findings are also in agreement with the
results of Polo et al. (1997), who reported that 4 of 14 patients
undergoing lengthening for short stature showed weakness of
foot dorsiflexion and electrophysiological changes, consistent
with peroneal nerve damage.

The hypothesis that disruption of nerve function is greater in
the common peroneal nerve (CPN) than in the posterior tibial
nerve (PTN) is supported by Ikeda et al. (2001), who sug-
gested that elongated nerves are more vulnerable to compres-
sion injury. During lengthening, the common peroneal nerve
and the tibial nerve are both elongated but only the common
peroneal nerve is subjected to compression (against the fibula
neck). Wexler et al. (1998) pointed out that structured electro-
physiological monitoring following limb lengthening allows
early detection of nerve injuries and enables surgical inter-
vention before nerve damage becomes permanent. In patients
undergoing lengthening in whom significant compression of
the common peroneal nerve against the fibula neck may be
expected, it would be prudent to carry out monitoring of the
nerve, perhaps by non-invasive methods such as reported by
Nogueira et al. (2003). If deterioration in function is observed,
which does not resolve, decompression of the common pero-
neal nerve at the fibula neck is recommended.

In conclusion, as detailed electrophysiological tests were
carried out before surgery, after surgery but before lengthen-
ing, and finally after completion of lengthening, it was possi-
ble to distinguish between the effects of the operation and the
effects of lengthening on nerve function. The results suggest
that (1) patients undergoing lengthening for a congenital etiol-
ogy (as opposed to an acquired growth disturbance)—espe-
cially of the tibia—are at greater risk of nerve damage, and (2)
that the common peroneal nerve is at greater risk of damage
than the posterior tibial nerve. These factors had a greater
impact than the total amount of lengthening. In addition, we
found that a quarter of the patients (2 of 8) in the trauma group
had electrophysiologically evident nerve dysfunction at base-
line that was not evident clinically at that stage. These nerves
appeared to be particularly sensitive and deteriorated further
postoperatively or after lengthening.

HS: study design, review of literature, collection and analysis of data, and
writing of manuscript. JH: review of literature and writing of paper. DH:
analysis of data and writing of paper. MS: analysis of data. KM: collection of
data and writing of paper.
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