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Tibial lengthening in achondroplasia patients aged 6-9 years as the first stage
of growth correction
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Background Height increase and improvement of body proportions for achondroplasia patients normally require two or
more stages of reconstructive treatment to be followed by rehabilitation between lengthening periods, and growth correction
can take a significant part of life in the cohort of patients. What is the best age to start growth correction is an important
question. The purpose of this paper was to present an argument for arranging the first stage of growth correction in
achondroplasia patients aged 69 years based on the structural and functional muscle evaluation of tibiae to be lengthened.
Material and methods Achondroplasia patients aged 6-9 years (n = 30) were examined preoperatively, during distraction,
fixation and at 1.5 to 2 years of frame removal. Tibial lengthening was produced monofocally and bifocally. Contractile force
of the dorsal and plantar flexion muscles of the foot was measured with dynamometer. Ultrasonography of tibial muscles
was performed with HITACHI ultrasound imaging device (Japan). Results Achondroplasia patients aged 6-9 year who
underwent tibial lengthening of at least 50% of the initial length developed neuropathy in 2.6 % of cases and soft tissue
inflammation in 5.6 % of cases. Characteristic muscle striation of m. tibialis anterior and m. extensor digitorum longus
appeared to restore at 1.5 to 2 years of tibial lengthening with clear contouring of the intermuscular septa and retained
contractile force of the muscles. The contractile force restored to 96.15 % of preoperative level in the anterior tibial muscles,
and to 101.92 % in the posterior muscles. Conclusion The comprehensive clinical, ultrasonographic and dynamometric
evaluation of tibial muscles presented a good argument for tibial lengthening in achondroplasia patients aged 6-9 years.
Regained muscle striation and spare capacity of m. tibialis anterior and extensor digitorum longus, the restored force of the

anterior tibial muscles to 96.15 % of the preoperative level suggested the possibility for the next stage of growth correction.
Keywords: achondroplasia, transosseous osteosynthesis, distraction, fixation, functionality, —ultrasonography,
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INTRODUCTION

The leading symptoms of achondroplasia patients
include shortening and deformity of the limb segments,
a pronounced disproportion between the trunk and the
limbs. Achondroplasia patients have an adult height of
122 to 130 cm. The physeal dysplastic phenotype is
common to the disease that is inherited as an autosomal
dominanttrait[ 1-4]. The condition occursin 1 in 100,000
newborns. Achondroplasia is caused by a mutation in
fibroblast growth factor receptor 3 (FGFR3) gene that is
mapped on chromosome 1p16.3 and is a FGFR family
member. Geneticists have identified the replacement
of glycine with arginine at position 380 (Gly380arg)
in the FGFR3 polypeptide that results in a pronounced
impairment of muscle development [5, 6]. The use of
hormone therapy in achondroplasia is ineffective [7].
Short stature, a sharp disparity between the trunk and
the limb length is not only a cosmesis disadvantage but
also creates numerous physical and social problems
for the patient causing difficulties in using household
appliances, transportation clothing and
everything that is designed for normal human stature
[8, 9]. A radical technical solution to height increase for
achondroplasia patients was offered in the second half
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of the last century due to the introduction of the method
of transosseous distraction osteosynthesis developed by
G.A. llizarov. This is the only method to date that can
help people of short stature [1, 8, 10]. The use of the
Ilizarov apparatus allows for limb lengthening by the
amount being comparable to the original length, a clear
surgical plan of the lengthening stages and the sequence
is to be devised with rehabilitation periods provided
inbetween. The final outcome would be dependent on
a number and severity of adverse events that can occur
because of the amount of elongation, the duration of
treatment and postoperative recovery and the patient's
age. All these factors must be considered for surgical
growth correction [8, 11, 13, 14]. Although transosseous
osteosynthesis has been employed for limb lengthening
for more than 40 years the question of the best age to start
growth correction is still controversial. Many authors
suggest that children aged 69 years can undergo limb
lengthening as early as possible with elastic soft tissues
and bones having higher osteogenic capacity. The need
for early surgical treatment of achondroplasia patients
can be ascribed to the complexity of the pathology that
usually requires two or more stages of reconstructive
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treatment, and growth correction can take a significant
part of life in the cohort of patients. Limb lengthening
in achondroplasia patients aged under 10 years can
help to avoid interference in the educational process in
adolescence [15].

The first stage of treatment performed for children
aged 6 years is one of the important principles for
achieving a favorable outcome [16]. Restrictions
of limb lengthening in this age group are associated
with psychological problems when the child cannot
understand the purpose of the procedure [17]. Frank
Schiedel and Robert Rodl report that involvement of
the child in decision-making at the start of treatment
can be recommended from the age of 12[18].
Ganel A., Horoszowski H. advised to start limb
elongation of male achondroplasia patients at the age
of 8 years or older, and to delay limb lengthening in
female achondroplasia patients until approximately 15
years of age to facilitate maximal skeletal growth [19].

The natural growth of lower limbs is accompanied
by increased muscle strength in healthy children,
and achondroplasia patients are likely to develop
such complications as neuropathy, decreased
muscle strength, knee joint contractures, and
restriction of active dorsiflexion of the foot with
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increased anthropometric dimensions [12, 20-23].
A comparative analysis of outcomes of surgical
treatment has shown that limb lengthening in
childhood is accompanied by a significantly lower
rate of neurological complications, and rehabilitation
aimed at restoring nerve conduction appears to be
more effective at this age [11, 12].

A large number of studies report clinical aspects of
the Ilizarov operative limb lengthening [23-26]. There
is a limited number of papers describing the structural
changes of soft tissues and the functionality of the
lower limbs after leg lengthening in achondroplasia
children aged 69 years. The importance of the study
is attributed to multi-stage treatment, the wish to
increase stature as much as possible and improve
the quality of life. There is an increasing number of
achondroplasia children of preschool and primary
school age seen at the hospital of the Kurgan Ilizarov
Center to have the first stage of growth correction to
be performed there.

The purpose of this paper was to present an
argument for arranging the first stage of growth
correction in achondroplasia patients aged 6-9
years based on the structural and functional muscle
evaluation of tibiae to be lengthened.

MATERIAL AND METHODS

The study included patients aged 6-9 years
diagnosed with achondroplasia, having a height of
93-97 cm and ambulating unassisted. Patients with
hypo — and pseudoachondroplasia, achondroplasia
patients who had had corrective surgery on the lower
limbs, patients with paresis of the lower limbs were
excluded from the study. The resultant cohort consisted
of 30 patients (16 female and 14 male patients). The
average age of the patients was 7.5 + 1.5 years (from
6 to 9 years). All patients underwent anthropometric
examinations to identify the amount to be lengthened.
The stature of patients aged 67 years did not exceed
98 + 1.0 cm. The tibial length of achondroplasia
patients aged 6—7 years and 89 years was 16.25 cm
and 17.5 cm, respectively, and that of healthy peers in
these age groups was 24 cm (length deficit — 32 %)
and 30 cm (length deficit— 41.7 %), respectively. The
30 children were examined in dynamics. Ultrasound
of the tibial muscles was performed preoperatively, at
10, 20, 30, 60 days of distraction, at 30 and 60 days
of fixation and at 30 to 45 days of frame removal.
Dynamometry was performed preoperatively and at
1 year to 1.5 years of frame removal.

Tibial lengthening was performed using monofocal
distraction  osteosynthesis, bifocal distraction
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osteosynthesis of both tibiae, bifocal distraction
osteosynthesis of tibia and monofocal osteosynthesis
of fibula. Tibiae were lengthened sequentially.The
function oftheknee joints and lateral laxity were shown
to improve after tibial lengthening and deformity
correction. The distraction rate was maintained at
0.25 mm X 4 times a day (through bifocal lengthening
at each level) to prevent premature consolidation and
to gain the length preplanned.

Tibial muscle power was measured with a testing
facility specially designed atthe Federal State Budgetary
Institution "National Ilizarov Medical Research
Centre for Traumatology and Ortopaedics" [27].
Ultrasonography of m. tibialis anterior, m. extensor
digitorum longus, m. gastrocnemius, m.soleus was
produced with HITACHI ultrasound imaging device
(Japan) using a 7.5 MHz transducer. The muscle power
was measured at rest with the subjects lying supine or
on the stomach to assess the anterior and posterior
tibial muscles. The transducer was placed along the
longitudinal axis of the limb segment at the level of
the belly of the muscle. The thickness of the muscles
was determined using mobile markers, and a histogram
was constructed using a standard computer program to
assess the acoustic density (AD) of the muscles.
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RESULTS

The structure of the anterior and posterior tibial
muscles in achondroplasia patients was evaluated
ultrasonographically in dynamics preoperatively and
at different time points of rehabilitation. The bundles
of muscle fibers appeared to have a vague orientation
preoperatively in achondroplasia patients aged 6 to
7 years that was associated with deficient muscle maturity
in children at this age (Fig. 1). The thickness of m. tibialis
anterior and m. extensor digitorum longus was increased
by 38 % under static stress with acoustic density (AD)
reduced by 7 and 22.7 % as compared to the baseline.

Dynamic ultrasound revealed the severity of
destructive changes in the tibial muscles observed
throughout the distraction and fixation periods.
Subcutaneous cellular tissue and muscles appeared
to be swollen as the first soft tissue response to limb
lengthening being associated with alterations in bone
and soft tissues. This was sonographically manifested
by decreased AD and an increased thickness of the
subcutaneous cellular tissue and muscle complex.
The accelerated growth of the lower limb segments
resulted in a gradual disarrangement of the bundles
of muscle fibers under tension stress with thinning

of the muscle layers, irregular contours, impaired
muscle differentiation and striation that indicated to
muscle atrophy. The severity of these changes was
mostly dependent on the initial muscle condition,
patient's age, the rate of distraction and the amount of
lengthen to be gained. Pronounced structural changes
in the direction of the bundles of muscle fibers were
seen in the anterior tibial muscles after 10 + 2 days
at a distraction rate of 0.25 x 4 mm per day (Fig. 2).

Further distraction led to greater disarrangement of
the muscle structure with impaired muscle striation,
thinning of the intermuscular septum, thickness of m.
tibialis anterior, m. extensor digitorum longus decreased
by 25 and 28 %, respectively, at 60 days as compared to
the intact segment. The acoustic density of the muscles
increased by 30 £4.50 % (p < 0.05) and by 50 £ 6.90 %
(p < 0.05), respectively, at the end of the distraction
as compared to the baseline measurements. Impaired
muscle structure seen in patients aged 6-9 years at
early distraction period was associated with the lack of
maturity. Absence of clear orientation in the bundles of
muscle fibers was typical for both healthy children and
achondroplasia patients (Fig. 3).

Fig. 1 Ultrasonographic scans of the anterior tibial muscles of a 7-year-old patient diagnosed with achondroplasia, low stature;
histograms were built with conventional radiographs to demonstrate ultrasonic muscle parameters of (a) m. tibialis anterior
at rest measuring 99 CU; m. extensor digitorum longus 110 CU; (b) m. tibialis anterior at static stress 92 CU; m. extensor

digitorum longus 85 CU

Fig. 2 Sonographic scans of the anterior tibial muscles of a 7-year-old patient K. showing impaired muscular striation,
contouring of the intermuscular septum at 12-day distraction of the right tibia; thickness at rest (a) and under static stress
(b) measured 6 mm for m. tibialis anterior and 4.7 mm for m. extensor digitorum longus; acoustic density measured 124.4 CU
for m. tibialis anterior and 141 CU for m. extensor digitorum longus
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The muscles' contours appeared to realign during
the fixation period but structural changes persisted with
the acoustic density increased to 158 = 12 CU and the
directionality of the bundles of muscle fibers impaired.
An example is the sonographic scans of the anterior
tibial muscles of the 7-year-old patient K. (Fig. 4).

The structure of m. tibialis anterior and m. extensor
digitorum longus regained characteristic muscular
striation, clearly differentiated intermuscular septa,
the contractile response at one-year follow-up with
the acoustic density of m. tibialis anterior and m.
extensor digitorum longus measuring 135 + 10 CU
and 139 £+ 8.6 CU, respectively (Fig. 5).

With greater mass of the posterior tibial muscles
the structural changes appeared to be less pronounced
during distraction. The differentiation of the muscle
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Fig. 3 Sonographic scans of the
anterior tibial muscles of the
7-year-old patient K. showing
impaired muscular striation,
indiscriminate  contouring of
the intermuscular septum at
60-day distraction of the right
tibia; thickness at rest (@) and
under static stress (b) measured
5.8 mm for m. tibialis anterior
and 42 mm for m. extensor
digitorum  longus;  acoustic
density measured 134.4 CU for
m. tibialis anterior and 148 CU
b for m. extensor digitorum longus

layers in the m. gastrocnemius and m. soleus persisted
throughout the entire treatment period, and the acoustic
density increased by 19 % as compared to the baseline
level measuring 134 + 19 CU. The contractile capacity
of the muscles was evaluated using a dynamometer
stand to determine functionality of the musculoskeletal
system after tibial lengthening. Dorsiflexion muscles
of the foot were shown to recover by 96.15 % of the
baseline level (under-recovery was 3.85 %) at 1.5 to
2 years of frame removal following tibial lengthening
of 67 cm, and the plantar flexion muscles appeared
to be completely restored (101.92 %) (Table 1). The
findings indicated to a correctly selected value of tibial
length to be gained, maintained muscles' capabilities
and adequate rehabilitation arranged for the patients of
this age group.

Fig. 4 Sonographic scans of the anterior tibial muscles of the 7-year-old patient K. showing impaired muscular striation,
indiscriminate contouring of the intermuscular septum at 60-day fixaction of the right tibia; thickness at rest () and under static
stress (b) measured 5.8 mm for m. tibialis anterior and 4.2 mm for m. extensor digitorum longus; acoustic density measured
140.4 CU for m. tibialis anterior and 155 CU for m. extensor digitorum longus
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Fig. 5 Sonographic scans of the
anterior tibial muscles of the
7-year-old patient K. showing
discriminate contouring of the
muscles, clear intermuscular
septum, typical muscle striation
at one-year follow-up; thickness
at rest () and under static stress
(b) measured 7.7 mmand 10.3 mm
for m. tibialis anterior and 11.6 mm
and 147 mm for m. extensor
digitorum longus; acoustic density
measured 122.4 CU and 120 CU
for m. tibialis anterior and 114 CU
and 104 CU for m.extensor
digitorum longus
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Table 1

Muscle strength of the dorsiflexion and plantar flexion muscles of the foot (M + m)
in achondroplasia patients measured preoperatively and at 1-2 years of frame removal

Age Number Dorsiflexion muscles of the foot Plantar flexion muscles of the foot
(years) | of patients pre-op at 1-2 years of frame removal pre-op at 1-2 years of frame removal
6 n=7 0.21 £0.06 — 0.36 +0.08 -
7 n=3_§ 0.23 £0.04 0.22 +0.04 0.39+£0.05 0.38 +0.05
8 n=_§ 0.24 £0.08 0.22+£0.03 0.46 £ 0.05 0.45+0.09
9 n= 0.26 + 0.06 0.25+0.06 0.52 +0.08 0.53+0.11
DISCUSSION

Surgical growth correction in achondroplasia
patients involves a multi-stage polysegmental limb
lengthening and requires a rationally distributed
sequence of lengthening phases[1, 2, 8, 10]. However,
such limb lengthening is accompanied by impaired
functionality of the lower limbs with reduced muscle
strength and range of motion in the joints [1, 12].
Continuous improvements of the techniques of
transosseous osteosynthesis including additional foot
fixation at an angle close to 90° during the distraction
helps to prevent it from sagging. The functionality
of the lower limbs lengthened at the first stage and
well recovered after rehabilitation will be the key to
the amount of length to be gained at the subsequent
stages of treatment.

The first stage of limb lengthening performed for
patients aged 6-9 years is normally accompanied
by a minimum soft tissue complication and allows
the patients improve body proportions, reduce
growth retardation as compared to healthy peers, and
maintain the functionality throughout the entire period
of rehabilitation. The use of the ultrasonography
facilitates assessment of the muscles' structure [28].
The anterior tibial muscles have been shown to undergo
greater structural changes during limb lengthening due
to specific anatomy: the single-joint muscle closely
connected to the tibia (it begins at a greater length
directly from the elongated tibia), relatively small

geometric dimensions, having the strength of 3 times
less than that of the antagonists. Ultrasound findings
on the structure of the tibial muscles observed at
1.5 to 2 years of frame removal demonstrated clear
differentiation of m. tibialis anterior and m. extensor
digitorum longus, the presence of a contractile
response, indicating to the maintained capacity of the
anterior tibial muscles [29].

Dynamometry showed almost completely restored
strength of the anterior tibial muscles (96.15 %) at
1.5 to 2 years of frame removal, and ultrasonographic
findings indicated to maintained capacity of the
muscles to facilitate the next phase of limb lengthening
achieving the maximum length possible. The findings
obtained are in line with the series of other authors
reporting that the musculoskeletal system can quickly
adapt to the new biomechanical conditions for the
gait, and limb lengthening of no more than 50 % of the
original length is accompanied by fewer complications
and allows for positive outcomes [15-17]. Low
complication rate is reported in achondroplasia
patients with neuropathy and soft tissue inflammation
observed in 2.6 % and 5.6 %, respectively. Complex
regenerative and metabolic processes taking place in
the muscles during distraction and fixation of tibial
lengthening in children aged 6—7 years resulted in
muscle recovery and normal morphology at 1.5 to
2 years of frame removal.

CONCLUSION

Regained muscle striation and spare capacity of
m. tibialis anterior and extensor digitorum longus, the
restored force of the anterior tibial muscles to 96.15 %
of the preoperative level suggested the possibility for

the next stage of growth correction. The comprehensive
clinical, ultrasonographic and dynamometric evaluation
of tibial muscles presented a good argument for tibial
lengthening in achondroplasia patients aged 69 years.
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