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Abstract

Purpose The aims of this study were to evaluate the recovery of physical function and to investigate whether there are factors that
adversely affect functional recovery after cosmetic bilateral lengthening of the tibia.

Methods One hundred twenty-five healthy individuals who had undergone bilateral cosmetic tibia lengthening by the length-
ening and then nail (LATN) method, lengthening over intramedullary nail (LON) method or intramedullary skeletal kinetic
distractor (ISKD) were included in the study. Functional outcomes were evaluated using the Sports Activity Rating Scale
(SARS), International Knee Documentation Committee (IKDC) Subjective Knee Form and patient self-reported ability scores.
Results SARS and IKDC scores decreased at post-operative one year and improved significantly at post-operative two years.
SARS and IKDC scores recovered similarly to pre-operative levels. Average patient self-reported ability scores at post-operative
two years were 94.6 and 89.9 for daily living and light sports, respectively. However, the average score for moderate-to-strenuous
sports was 68.1 and 39 patients (31.2%) recorded below average score for the moderate-to-strenuous sports.

Conclusions Patients who had undergone bilateral cosmetic tibial lengthening may expect almost full recovery of daily and light
sports activities at post-operativetwo years. However, several patients may feel some limitation in moderate-to-strenuous sports
activities.

Keywords Bone lengthening - Tibia - Recovery of function - Activities of daily living - Sports

Introduction

Bone lengthening is the only available option for skele-
tally mature persons to increase their height. Numerous
studies have reported favourable outcomes after cosmetic
limb lengthening in terms of height gain, maintenance of
joint mobility, satisfaction with the operation and
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improvement of self-esteem [1-5]. Furthermore, follow-
ing developments in surgical methods, such as the length-
ening and then nail (LATN) technique, the lengthening
over intramedullary nail (LON) technique or the
intramedullary lengthening device that have decreased
the external fixation period, surgeons may expect better
outcome and less complication [2, 5-13].
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With the improvements in surgical outcomes, studies of
limb lengthening for stature have begun to focus on the chang-
es of neuromuscular function [14—16]. Any factors that could
reduce physical function would be considered major compli-
cations for healthy individuals who wish to increase their
height for cosmetic reasons [2, 17]. Several studies have re-
ported adverse effects of limb-lengthening surgery on the
muscle strength, power or nerve conduction [16, 18-22].
However, small changes in neuromuscular function, in terms
of performing daily or sports activities, may be not a clinically
significant changes [16, 23].

To evaluate the changes in the physical function, the com-
parison of pre-operative and follow-up physical function is
mandatory, and the physical function should be differentiated
from the daily life activity to the sports activity considering the
performance and frequency. Only few researches studied
about the changes in physical activities with limited informa-
tion, but the recovery of daily and sports activities has not
been differentiated [2, 3]. Furthermore, the functional changes
after operations using intramedullary lengthening devices or
LATN technique have not been evaluated [2, 3].

Individuals who undergo cosmetic stature lengthening sur-
gery are usually physically healthy; therefore, recovery of dai-
ly living and sports activities is likely to be an important factor
in their decision-making process. The purposes of this study
were to evaluate the recovery in the levels of daily living and
sports activities after bilateral cosmetic tibial lengthening
using advanced techniques and to investigate any factors re-
lated to the adverse effects on physical function using func-
tional outcome questionnaires.

Materials and methods

This study was approved by the institutional review board at
our institution (4-2015-0722) and we retrospectively reviewed
prospectively collected data. Among the patients who
underwent bilateral cosmetic stature lengthening from
September 2010 to March 2013, 174 patients who had
consented to participate in the study were recruited. The in-
clusion criteria were as follows: (1) operation at skeletal ma-
turity, (2) bilateral tibial lengthening, (3) follow-up >
two years. The exclusion criteria were as follows: (1) simul-
taneous correction for lower limb malalignment or
malrotation, (2) skeletal dysplasia, (3) any syndrome or hor-
mone disease related to the bone, (4) diagnosis of psycholog-
ical problems or dysmorphic syndrome [24]. Finally, 125
healthy individuals were included in the study. Index surgery
was performed using the lengthening and then nail (LATN)
technique (63 patients) or the lengthening over intramedullary
nail (LON) technique (50 patients) (Fig. 1) or the
intramedullary skeletal kinetic distractor (ISKD) (12 patients)
(Fig. 2). Average patient age was 24 years five months (range,
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16-55 years): 23 years seven months (range, 1635 years) for
men and 27 years ten months (range, 18-55 years) for women.
Average pre-operative height was 162.1 7.5 cm (range, 144—
175 cm): 164.9+5.1 cm (range, 155-175 cm) for men and
150.5 +3.4 cm (range, 145-157) for women.

All surgeries were performed by the corresponding author.
The surgical procedures performed in this study have been
described in previous publications [2, 7, 8]. The ISKD
(Orthofix Inc., Lewisville, TX, USA) was used for bilateral
tibial lengthening without external fixator; however, the num-
ber of patients undergoing this procedure was very small,
because it was not covered by national health insurance. A
conventional tibial interlocking nail (EXPERT™ Tibial Nail,
Synthes, CO, USA), Ilizarov ring fixators and Ortho SUV
frames (S.H. Pitkar Orthotools Pvt., Pune, India) were used
for all bilateral tibial lengthening procedures using the LATN
and LON techniques. The latent period was seven to ten days
for all segments. The distraction rate was set at 0.85—1 mm per
day; however, it was adjusted depending on the amount of
regenerated bone observed on radiographs, which were ob-
tained every one to two weeks. Post-operatively, all patients
were encouraged to perform daily exercises to improve the
range of motion of adjacent joints and strengthen the involved
muscles, under the guidance of a single registered physical
therapist. During the distraction phase, full weight bearing
was allowed in the LON and LATN techniques but was re-
stricted during bilateral ISKD lengthening. Patients were
followed up weekly or bi-weekly during the distraction phase,
monthly during the consolidation phase, at six months and
post-operative one year, and annually thereafter.

Levels of daily living and sports activities were assessed
using the following three approaches: the Sports Activity
Rating Scale (SARS) [25], the International Knee
Documentation Committee Subjective Knee Form (IKDC)
[26] and patient self-reported ability scores. The SARS
(Supplement 1) was selected to enable estimates of how fre-
quently individuals could undertake sports activities. The
IKDC (Supplement 2) was used to estimate changes in func-
tion or pain during recovery from the operation. Patient self-
reported ability scores were developed by the corresponding
author and were used to assess subjective outcomes. Patient
self-reported ability scores (Supplement 3) were consisted of
activities of daily living (walking, sit-to-stand, stair climbing),
light sports activities (golf, bowling, hiking) and moderate-to-
strenuous sports activities (tennis, soccer, basketball). Each
score was described by the patients as a percentage, compared
to the pre-operative state, with ‘0’ the worst score and ‘100’
the best (corresponding to the pre-operative state).

The SARS and IKDC scores were recorded pre-operative-
ly, post-operative one year and post-operative two years.
Patient self-reported ability scores were evaluated at post-
operative two years. Patient self-reported ability scores were
analysed to identify any significant correlations with patient-
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Fig. 1 A 24-year-old male with
164 cm height visited the clinic
for the cosmetic limb lengthening
(a). After lengthening over nail
(LON) with Ilizarov (b), 5.5 cm
lengthening of both tibia was
done (c)

related (age, sex and preoperative body mass index (BMI)) or
distraction-related factors (total length distracted, lengthened
percentage of the segment, external fixator index, healing in-
dex and complications).

Statistical analysis

SAS version 9.4 (SAS Institute, Cary, NC, USA) was used for
all statistical analyses. All continuous variables were tested for
normality using the Shapiro—Wilk test, which allowed normal
distribution assumption. Paired ¢ tests were used to compare
IKDC and SARS scores between pre-operative score, score at
post-operative one year and scores at post-operative
two years, respectively. Multiple regression analysis was con-
ducted to identify any patient-related or distraction-related
factors related to the functional scores. After univariate anal-
ysis, factors with p < 0.2 were selected for multivariate anal-
ysis. The level of significance was set at p < 0.05.

Results

The mean distraction length was 6.3+£0.9 cm (range, 2.8—
8.3 cm), and the mean percentage lengthened at the index
bone segment was 19.3 +3.5% (range, 9.0-25.8%). Ninety-

four legs with equinus contracture recovered after physiother-
apy, and four legs with mild equinus contracture completely
recovered after Strayer gastrocnemius lengthening. Ten legs
with knee contracture recovered a full range of motion after
physiotherapy (Table 1) [27].

Mean SARS scores were 71.5+18.9 pre-operatively, and
65.2+24.1 at post-operative one year and 74.7+19.8 at post-
operative two years. Mean IKDC scores were 84.1 +18.3 pre-
operatively, and 66.8 + 16.8 at post-operative one year and 83.9
+ 15.3 at post-operative two years. Both SARS and IKDC scores
were significantly decreased at post-operative one year; however,
both SARS and IKDC scores were improved from post-
operative one year to post-operative two years. There was no
significant difference between pre-operative scores and scores
at post-operative two years in SARS (p =0.111) and IKDC
(p =0.847) (Table 2). However, patient self-reported ability
scores at post-operative two years were 94.6+7.5 and 89.9 +
10.4 for daily living and light sports, respectively, and 68.1 +
19.4 for moderate-to-strenuous sports. There was a significant
correlation between IKDC and moderate-to-strenuous sports
(r =0.338, p =0.001), but no significant correlation between
SARS and moderate-to-strenuous sports (# = 0.191, p = 0.077).

Thirty-nine patients (31.2%) recorded below average score
for the moderate-to-strenuous sports. In univariate analysis to
find any factors related to the low moderate-to-strenuous
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Fig. 2 A 31-year-old female with 150 cm height wanted the cosmetic
limb lengthening with internal lengthening device (a). After lengthening
by ISKD, 5.1 cm lengthening of both tibia was done without any com-
plication (b)

sports, male patient and LATN procedure were associated
with better moderate-to-strenuous sports scores in patient
self-reports; however, no significant correlations were ob-
served in multiple regression analysis including sex, height,
operation method, complications and patient self-reported
ability score for moderate-to-strenuous sports activities
(Table 3).

Discussion

Cosmetic limb-lengthening surgery has evolved from the
Ilizarov method to intramedullary lengthening and provides
reliable outcomes, in terms of increased height [1-3, 7, 8].
With success in lengthening lower limbs and a reduction in
complications, improvements in self-esteem and patient satis-
faction have been reported [2, 6]. However, the recovery or
changes in physical function after cosmetic lengthening have
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Table 1 Frequencies of complications

Complication Number of segments

Problems
Pin-site infection 28
Equinus contracture 94
Temporary hypoesthesia 26
Knee contracture 10
Delayed consolidation 6

Obstacle
Pin breakage
Equinus contracture
Axial deviation
Impending compartment syndrome

Non-union

S O = N B~

Deep infection
Sequelae
Axial deviation
Major nerve palsy
Proximal migration of distal fibula

Joint contracture

S O o o o

Osteomyelitis

not been reported. We used the LATN technique, the LON
technique and the ISKD, for cosmetic tibial lengthening and
evaluated the recovery in the physical function in terms of
daily and sports activity.

Table 2 Physical activity scores after bilateral cosmetic stature
lengthening
Physical activity ~ p value
score
Pre-operation vs Post-operative  Pre-
post-operative 1 year vs post- operation vs
1 year operative post-
2 years operative
2 years
Sports Activity
Rating Scale
(SARS)
Pre-operation 71.5+18.9
Post-operative  65.2+24.1 <0.001 <0.001 0.111
1 year
Post-operative 74.7+19.8
2 years
International
Knee
Documentatio-
n Committee
(IKDC)
Pre-operation  84.1+18.3
Post-operative 66.8+16.8 0.032 <0.001 0.847
1 year
Post-operative 83.9+15.3
2 years
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Table 3 Multiple regression
analysis of the relationship Variable Univariate analysis Multivariate analysis
between patient-oriented or
lengthening-related factors and $3 (standard error) p value B (standard error) p value
moderate-to-strenuous sports ac-
tivity in patient self-reported abil- Age —0.03 (0.38) 0.9285
ity scores Sex
Female
Male 14.08 (5.05) 0.0066 13.25 (8.28) 0.1135
Height 0.41 (0.28) 0.1462 —0.35 (0.43) 0.4213
Weight 0.17 (0.22) 0.4392
BMI 0.04 (0.84) 0.9656
Operation
LON
LATN 11.66 (4.91) 0.0199 8.86 (5.28) 0.0968
ISKD —4.74 (10.32) 0.6476 —3.97 (10.09) 0.6949
Length —0.1(0.22) 0.6538
Problem
0
1 5.96 (4.63) 0.2017 6.62 (4.07) 0.1083
2 10.1 (6.43) 0.1199
Obstacle
0
1 -0.7 (5.01) 0.8893
2 1.8 (19.76) 0.9276
Percentage length —0.52 (0.61) 0.3951

BMI, body mass index; LON, lengthening over intramedullary nail; LATN, lengthening and then nailing; ISKD,
intramedullary skeletal kinetic distractor

Barker et al. reported a minor decrease in muscle strength
and power in the quadriceps and hamstrings using a Kin-Com
125 isokinetic dynamometer, after femur or tibial lengthening
procedures; however, they stated that the decreased strength did
not have an adverse impact on the ability of patients to perform
everyday functions at post-operative two years [16]. But, they
did not differentiate between tibial and femoral lengthening.
Similarly, Holm et al. reported no difference in pre- and
two year post-operative isokinetic measurements using a
Cybex 340 dynamometer (Cybex-Lumex Inc., Ronkonkoma,
NY, USA), although their subjects were nine persons with short
stature who had undergone bilateral femoral lengthening [23].
In this study, using data from a questionnaire completed by
patients who had undergone bilateral tibial lengthening, we
found that sports and life activity, as evaluated by SARS and
IKDC, was decreased at one year post-operatively, and subse-
quently recovered to the pre-operative level at post-operative
two years. One advantage of SARS is that it evaluates the
frequency of exercise; hence, the recovery determined by
SARS evaluation in this study reflects the ability of individuals
to participate in sports, much as they did before surgery.

Regarding the recovery period for lengthening osteotomy, a
six to 12-month healing period may be expected for 67 cm
lengthening [1-3]. Park et al. reported a more rapid return to

previous activity in the group that underwent LON, compared
with a group that underwent the conventional Ilizarov proce-
dure; however, even among this group, only 25 of 56 patients
recovered within six months [2]. Barker et al. also found that
muscle torque was decreased at six months after frame removal,
with quadriceps and hamstrings recovering after one and
two years [16]. In this study, SARS and IKDC scores were also
improved at post-operative two years, relative to post-operative
one year. But, there could be a long-term change after two years
and long-term follow-up study should be followed.

To our knowledge, only one study has discussed patient-
reported physical activity after cosmetic tibial lengthening [2].
In that study, 25% of each group of patients that had under-
gone Ilizarov and LON procedures were reported to have
some difficulty participating in vigorous activities or strenu-
ous sports. The study did not include the LATN procedure or
intramedullary lengthening device, and sports activities were
recorded only as ‘no limitation in any activity’ or ‘some lim-
itation in vigorous activity’. The recovery of sports-related
functions in this study was evaluated using SARS and
IKDC. But, there was no consideration about the performance
of sports in the SARS and IKDC was designed to evaluate the
knee function, although this system has a question about the
level of activity. If performance in sports activities or different
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types of sports had been considered, the outcome of functional
evaluation may have been different. In the patient self-
reported ability scores, patients still had some difficulty par-
ticipating in moderate-to-strenuous sports activities.

We attempted to identify patient-related or distraction-
related factors associated with reduced performance in
moderate-to-strenuous sports activities; however, none of the
factors assessed exhibited significant relations. In univariate
analysis, male patient and LATN procedure were related to the
higher scores in moderate-to-strenuous sports activities. Male
sex was predominant in our patient series, which may have
introduced bias. In multivariate analysis, patient-related fac-
tors were not related to moderate-to-strenuous sports activi-
ties. Superior callus formation has been demonstrated in
LATN compared with LON, and less pain and complications
have been reported in internal lengthening nail [28, 29]; how-
ever, surgical technique was not related to the moderate-to-
strenuous sports activities on multivariate analysis in this
study. Williams et al. found that a high rate of distraction
was associated with a greater loss of range of joint movement
and elevated muscle fibre atrophy; however, in this series, the
distraction rate was constant at 0.85—1 mm/day and was not
associated with ability to participate in moderate-to-strenuous
sports activities [18]. Kaljumée et al. suggested that the per-
centage of lengthening correlated with the extent of motor unit
recruitment in electromyography study including only femur
[21]. But, only seven patients were included, and the surgery
was done with one-stage lengthening, not gradual lengthen-
ing. Although the electromyography characteristics of mus-
cles were not evaluated in this study, no relationship between
sports function and percentage lengthening was identified by
multiple regression analysis after an average 18.9% lengthen-
ing. After tibia lengthening, changes in electromyography and
nerve conduction and decreased muscle strength have been
reported as a consequence of osteotomy, or the lengthening
procedure itself [16, 19, 20]. They suspected permanent dam-
age to the muscles or nerves, because of the increased com-
partment pressure induced by osteotomy or lengthening.
However, the effect of neuromuscular change to physical
function had not been studied. Considering previous findings
related to neuromuscular damage caused by limb-lengthening
surgery, and the lack of a significant association between
moderate-to-strenuous sports activity and factors related to
the lengthening procedure in this study, we speculate that the
observed difficulties in participation in moderate-to-strenuous
sports may be attributable to the small changes in muscle
power caused by the lengthening procedure itself.
Nevertheless, activities of daily living and gentle sports were
not affected by these changes in muscle power.

This study has several limitations. First, the IKDC and
SARS were originally developed for orthopaedic sports med-
icine or knee disorders; hence, they may not fully reflect the
physical status of patients after their lengthening procedures.
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However, the SARS evaluates the frequency of sports activi-
ties and IKDC can evaluate the level of activity. Second, ad-
jacent joint problems during or after limb lengthening had
been reported and we also experienced ten cases with knee
contracture [30]. They recovered a full range of motion after
physiotherapy, but long-term studies about the effect of limb
lengthening to the joint should be followed. The patient self-
reported physical ability score is a subjective tool and could be
influenced by a patient’s emotional condition, although we did
not include patients with psychological problems or dysmor-
phic syndrome. However, scores of moderate-to-strenuous
sports were correlated to IKDC. And in our opinion, the emo-
tional change after cosmetic surgery should also be considered
in evaluation of sports or daily activities, because changes in
emotion related to sports could be an important factor.

In summary, daily activities and frequency of sports activ-
ities were fully recovered after cosmetic bilateral tibial length-
ening using LATN, LON or ISKD, with a mean 18.9% length-
ening at a rate of 0.85—1 mm/day in terms of SARS and IKDC.
However, individuals who had undergone cosmetic lengthen-
ing may feel some limitation in moderate-to-strenuous sports
until post-operative two years. The findings of this study
should be considered before the decision to proceed with cos-
metic tibial lengthening.
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