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Surgical Results of Limb Lengthening at the
Femur, Tibia, and Humerus in Patients with
Achondroplasia
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Background: Results of limb lengthening in patients with achondroplasia were previously reported in many studies. However, the
reports of comparison among the three long bones (femur, tibia, and humerus) are rare, especially for the results of crossed length-
ening (lengthening of one femur and contralateral tibia followed by that of the opposite side) for the lower limbs. The purpose of
this study was to report the surgical results of a series of limb lengthening in achondroplastic or hypochondroplasia patients at our
institution.

Methods: Fifteen patients (14 with achondroplasia and 1 with hypochondroplasia) underwent lower limb lengthening of the femur
(n'=32) and tibia (n = 28), and 12 of them underwent crossed lengthening. Humeral lengthening was performed in 14 patients (n = 28).
The mean age at the first operation was 11.7 years, and the mean follow-up duration was 66.7 months. The healing index, con-
solidation period index (duration of consolidation period/gained length), and other radiographic indices were analyzed. Limb length
discrepancy and hip-knee-ankle alignment in lower limbs, and the occurrence of difficulties were assessed.

Results: The average gain in length for the femur, tibia, and humerus was 8.3 cm, 8.5 ¢cm, and 7.4 cm, respectively. The mean
healing index was 29.6 days/cm for the femur, 29.0 days/cm for the tibia, and 27.2 days/cm for the humerus. The mean consolida-
tion period index was 14.7 days/cm for the humerus, which was significantly lower than that in the lower limb (17.3 days/cm for
the femur and 17.8 days/cm for the tibia). Of the 12 who underwent crossed lengthening, five showed limb length discrepancy > 1.0
cm. Among their 24 lower limbs, three showed valgus alignment > 5° and one showed varus alignment > 5°. Thirty-two pin site in-
fections and three fractures were conservatively managed. Three femoral fractures, eight equinus deformities, and four cases with
premature consolidation of the fibula were surgically treated. Obstacle and true complication related to humeral lengthening were
not observed.

Conclusions: Humeral lengthening was relatively effective and safe. Careful attention will be needed to avoid the occurrence of
limb length discrepancy or malalignment in crossed lengthening.
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Limb lengthening is one of the methods for improving the
quality of life in achondroplastic patients."” They undergo
Received October 29, 2018; Revised November 30, 2018; Accepted  greater amount of limb lengthening, heal faster, and show
December 7, 2018 fewer complications than patients with other diagnoses.”

Correspondence to: Jong Sup Shim, MD _ At our institution, achondroplatic patients undergo
Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan lower limb lengthening followed by humeral lengthen-
University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 06351, ing after in-depth consultation and agreement. Regarding
Korea the lower limb lengthening, we believe that patients suffer

Tel: +82-2-3410-3505, Fax: +82-2-3410-0061 t Iv i bil 1 f 11 hening d
E-mail: jss3505@skku.edu most severely from bilateral femoral lengthening due to

Copyright © 2019 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinics in Orthopedic Surgery ® pISSN 2005-291X  eISSN 2005-4408



mailto:kissung@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.4055/cios.2019.11.2.226&domain=pdf&date_stamp=2019-05-13

227

Ko et al. Surgical Result of Limb Lengthening in Achondroplasia

Clinics in Orthopedic Surgery * Vol. 11, No. 2, 2019 * www.ecios.org

the large volume of the thigh and external fixator in both
sides. Therefore, crossed lengthening, which refers to si-
multaneous lengthening of one femur and contralateral
tibia, has been predominantly performed at our institu-
tion. We believe that the narrower width of the lower limbs
after crossed lengthening, compared to “transverse length-
ening” involving bilateral femoral lengthening followed by
bilateral tibial lengthening, can facilitate more comfortable
care of surgical wounds and perineal area, weight bearing
and other physical activities. However, owing to the asym-
metry of lengthened bones in the crossed manner proce-
dure, the occurrence of limb length discrepancy (LLD)
or malalignment is concerned. To date, surgical results of
crossed lengthening were very rarely reported” compared
to those of bilateral tibial lengthening followed by bilateral
femoral lengthening.*® Moreover, frequencies and de-
grees of LLD and malalignment were reported very rarely
and restrictively."”

With this background, we conducted a study to
report the outcomes of a series of limb lengthening in
achondroplastic and hypochondroplasia patients at our
institution. The aims of this study were to compare the re-
sults according to the three lengthening sites (femur, tibia,
and humerus) and to describe the final length discrepancy
and alignment of lower limbs after crossed lengthening.

METHODS

Selection of the Study Subjects

The protocol of this study was reviewed and approved by
the Institutional Review Board of the Samsung Medical
Center (IRB No. 2018-07-123). The informed consent was
waived. From 2003 to 2017, 14 achondroplastic and one
hypochondroplasia patients (nine males and six females)
underwent limb lengthening. The mean age at the first
operation was 11.7 £ 2.3 years (range, 6.8 to 15.4 years),
and the mean follow-up duration was 66.7 + 40.9 months

(range, 42.0 to 209.0 months). The initial height, body
weight, and body mass index were assessed according
to the admission date for the first operation, which were
119.3 £ 11.6 cm (range, 90.0 to 137.0 cm), 35.9 + 8.4 kg
(range, 17 to 47 kg), and 24.9 + 3.8 kg/m’ (range, 20.3 to
32.3 kg/m’), respectively.

Surgical Techniques

All surgical procedures were performed by the senior au-
thor (JSS). Regarding the lower limb lengthening, crossed
lengthening was performed in 12 patients. The second sur-
gery was performed on the opposite side 322.0 + 54.8 days
(range, 254 to 434 days) after the first surgery. Among the
12 patients, one patient underwent the lower limb length-
ening twice for each side (i.e., four operations in total).
Of the remaining three patients, one patient underwent
bilateral tibial lengthening followed by bilateral femoral
lengthening (308 days later) based on patient’s choice; two
patients visited our center after bilateral tibial lengthening
at other center, so only bilateral femoral lengthening was
performed at our institution.

Regarding the humeral lengthening, it was per-
formed in 14 patients; one patient has been followed up in
the out-patient clinic after the lower limb lengthening per-
formed at our institution. Among the 14 patients, four un-
derwent simultaneous bilateral humeral lengthening, and
10 underwent staged operation with an interval of 258.1 +
92.7 days (range, 173 to 420 days). As a result, we operated
32 femoral, 28 tibial, and 28 humeral segments.

The osteotomy was outlined with a series of drill
holes, and it was gently completed using an osteotome. A
single diaphyseal osteotomy was performed for the femur.
In 20 femoral segments, an acute correction was addition-
ally performed to correct varus deformity of the femur.
Except for two segments using an Ilizarov ring fixator, all
the femoral lengthening procedures were performed us-
ing a monolateral external fixator (Fig. 1). For the tibia, a

Fig. 1. Simple radiographs taken after
external fixator application and osteotomy
in the femur (A), tibia (B), and humerus (C).
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single proximal level osteotomy was performed, and an
Ilizarov ring fixator was used. A fibular osteotomy was
also performed (Fig. 1). In 15 tibial segments, a gradual
correction to correct varus deformity of the tibia as well as
lengthening was performed. A single diaphyseal osteoto-
my was performed, and a monolateral external fixator was
used for the humerus (Fig. 1). In 11 humeral segments, an
acute correction was performed to correct limited exten-
sion of the elbow joint or cubitus valgus.

Postoperative Protocol

Distraction began approximately 7 days after the surgery
at a rate of 0.25 mm every 6 hours. The rate was modi-
fied later, based on the radiographic and clinical features.
Lengthening was continued considering the desired length
and combined difficulties. The external fixators were
removed when radiographic evidence of at least three
cortices was shown. The mean duration of external fixator
application was 236.9 * 40.1 days (range, 166 to 343 days)
for the femur, 242.9 + 37.9 days (range, 196 to 343 days)
for the tibia, and 194.3 + 33.4 days (range, 152 to 278 days)
for the humerus.

Radiographic Measurement

All indicators were measured using the picture archiving
and communication system (PACS) system (GE Health-
care, London, UK). The gained length (cm) was defined
as a difference in the length of the long bone measured at
two time points, immediately before and after lengthen-
ing. The lengths of femur and tibia were measured parallel
to the long axis on the anteroposterior view. The length
of femur was measured from the most proximal part of
the femoral head to the most distal part of the femoral
condyle. The length of tibia was measured from the most
proximal part of the tibial eminence to the midpoint of
the tibial plafond.” The length of humerus was measured
parallel to its long axis from the most proximal part of the
humeral head to the most distal part of the trochlea on the
lateral view.” Lengthening percentage (LP) was calculated
by dividing the gained length by the initial length.”

The healing index (HI) was calculated by dividing
the entire duration of external fixator application by the
gained length.” The consolidation period index was cal-
culated by dividing the duration of consolidation period
(from the time of lengthening cessation to the time of
external fixator removal) by the gained length. The callus
shape was classified into five types: fusiform, cylindrical,
concave, lateral, and central.”'®” The occurrence of sublux-
ation or dislocation of adjacent joints was also assessed.

LLD and hip-knee-ankle (HKA) alignment in lower

limbs at the last follow-up were measured using a long
bone radiograph obtained in standing position. LLD was
defined as difference between the vertical heights of the
two lower limbs. HKA alignment was defined as align-
ment between the mechanical axis of the femur and that of
the tibia. All indicators were measured twice (at an inter-
val of minimum 2 weeks) by two observers, and the mean
values were used for analysis. Intraclass correlation coef-
ficients were calculated to evaluate reliabilities and all were
> 0.8.

Clinical Outcomes

Limitation of range of motion (ROM) of adjacent joints
was assessed. In addition, the patients were asked to rate
their overall satisfaction with results as very satisfied, satis-
fied, fair, or dissatisfied.

Complication

Difficulties that occurred during the follow-up period
were subclassified into problems, obstacles, and true com-
plications based on a classification described by Paley."”

Statistical Analysis

ANOVA with LSD post-hoc test and Fisher’s exact test
were used to compare the surgical results according the
lengthening sites. Paired ¢-tests were performed for com-
parison between preoperative and postoperative values.
Mann-Whitney U-tests and Fisher’s exact tests were used
in subgroup analysis. IBM SPSS ver. 23.0 (IBM Corp., Ar-
monk, NY, USA) was used, and the significance level was
setat p <0.05.

Table 1. Results of Analysis of Radiographic Indicators

LI T L P RS
Gained length (cm) 83+19 85+15 74+16
Lengthening (%) 321+108 420+103* 404+104*
Healing index (days/cm) 29.6 +6.7 29.0+54 27.2+6.3
Consolidation period 17.3+£54 17.8+4.6 14.7 + 4.9*

index (days/cm)
Shape of the callus
Cylindrical 23(71.9) 18 (64.3) 24.(85.7)
Concave 9(28.1) 10(35.7) 4(14.3)

Values are presented as mean + standard deviation or number (%).
*Values with statistical significance.
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RESULTS

Radiographic Measurements

The mean gained length for the femur, tibia, and humerus
was 8.3 = 1.9 cm (32.1% + 10.8%), 8.5 + 1.5 cm (42.0% +
10.3%), and 7.4 + 1.6 cm (40.4% * 10.4%), respectively.
The LPs of tibial and humeral lengthening were greater
than that of femoral lengthening (p = 0.001 and p = 0.003,
respectively). The consolidation period index of humeral
lengthening was lower than those of femoral and tibial
lengthening (p = 0.043 and p = 0.023, respectively). Other
comparisons showed no significance. Subluxation or dislo-
cation of adjacent joints was not observed. Detailed results
of radiographic indicators are shown in Table 1. The mean
HKA alignment of 30 lower limbs in 15 patients was 9.7° +
9.4° before surgery, and it significantly improved to -0.5°
+ 4.9° at the last follow-up (p < 0.001). Of the 12 patients
who underwent crossed lengthening, five patients showed
LLD > 1.0 cm. Among their 24 lower limbs, three showed
valgus alignment > 5° and one showed varus alignment
> 5° Detailed alignment and length discrepancy of 24 lower
limbs are presented in Table 2. Using the criteria of 5° and
1 cm, six showed satisfactory results in both alignment
and length discrepancy at the last follow-up (Fig. 2).

Clinical Outcomes
Limitation of the ROM or instability of the adjacent joints

Fig. 2. Long bone radiographs taken before the lower limb lengthening
(A) and at the last follow-up (B). During the 4 years and 8 months of
follow-up, the male patient (#2 in Table 2) gained 28 c¢m of height
including physiological growth after the crossed lower limb lengthening.
At the last follow-up, both alignments and length discrepancy of lower
limbs were satisfactory. Dotted lines that connect the centers of the hip
and ankle in each lower limb pass near the center of the knee at the last
follow-up.

Table 2. Final Alignment and Length Discrepancy of Lower Limbs in Patients Who Underwent Crossed Lengthening

Age at the first Age at the last

Patient no. Sex

surgery (yr) follow-up (yr)
1 Male 11.4 17.8
2 Male 10.3 14.3
3 Male 12.2 18.7
4 Female 6.8 20.7
5 Male 11.8 17.5
6 Female 10.6 15.3
7 Female 15.2 19.4
8 Male 15.3 19.4
9 Male 154 19.5
10 Male 11.5 15.0
1 Male 11.8 16.2
12 Female 13.3 16.7

HKA alignment (°)*  HKA alignment (°)" LLD (cm)
49 -14 15"
02 14 04
49 -19 0.0
03 -28 02

2.7 -05 06
-32 -19 13"
-19 -89 14"
02 -15 00
-9.1" -05 08
7.2" 3 13
0.1 -3 0.1
—45 —6.4" 1.0"

HKA: hip knee ankle, LLD: limb length discrepancy.

*Side of femoral lengthening at the first surgery. 'Side of tibial lengthening at the first surgery. *Varus alignment is presented as a positive value.

"Alignment > 5° and difference > 1.0 cm.
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was not observed. All patients were satisfied with their
surgical results: very satisfied, eight; satisfied, seven. In
particular, 14 patients who underwent humeral lengthen-
ing were able to reach the perineal area and perform peri-
neal hygiene independently.

Complications

The most common problem was the pin site infection.
Three fractures after removal of the external fixators oc-
curred but united following immobilization. Three femo-
ral fractures, eight equinus deformities, and four cases
with premature consolidation of the fibula were surgically
treated. Obstacles related to humeral lengthening were
not observed: the frequency (0%) was significantly lower
than that for tibial lengthening (42.9%, p < 0.001). The fre-
quency of total difficulties in humeral lengthening (42.9%)
was significantly lower than that in femoral lengthening
(68.8%, p = 0.039). We did not experience intraoperative
injuries associated with late sequelae. Details are described
in Table 3.

Subgroup Analysis

To analyze the significant factors associated with com-
plications, subgroup analyses were performed: the group
with fractures after external fixator removal (n = 6) vs. the
group without (n = 82); premature consolidation group (n
= 4) vs. remaining tibial segments (n = 24); and equinus

Table 3. Difficulties That Occurred during Limb Lengthening and

Follow-up
Variable T TR R Y
Problem*
Pin site infection 18 3 11
Fracture 1 1 1
Total 19(59.4) 4(14.3) 12 (42.9)
Obstacle'
Fracture 3 0 0
Premature consolidation 0 4 0
Equinus deformity of foot’ NA 8 NA
Total 3(9.4) 12 (42.9) 0
Total 22 (68.8) 16 (57.1) 12 (42.9)

Values are presented as number or number (%).

NA: not applicable.

*Conservatively treated. 'Surgically treated. ‘Premature consolidation of
fibula. *Underwent Achilles tendon lengthening.

deformity group (n = 8) vs. remaining tibial segments (n
= 20). Among the various comparisons, eight tibial seg-
ments with equinus deformity showed significantly lower
LP than the other 20 tibial segments (35.2% vs. 44.7%, p =
0.043). No other comparisons showed significance.

DISCUSSION

The first main finding of the present study was that hu-
meral lengthening was relatively effective and safe. All the
humeral lengthening satisfied the patients and allowed
independent perineal hygiene. Surgical results of limb
lengthening in achondroplastic patients were previously
reported in many studies;” however, the studies that com-
pared the surgical results among the three long bones were
rare.”” Certainly, the relatively small number of subjects
was a limitation of our study. Nevertheless, comparison of
the surgical results according to the three lengthening sites
based on statistical analyses was the main strength of our
study.

The second main finding of the present study was
the somewhat frequent occurrence of LLD (41.7%) and
malalignment (16.7%) after crossed lengthening of lower
limbs. Surgical results of crossed lengthening” were very
rarely reported than those of transverse lengthening.**®
Different from the previous study, we tried to describe the
exact frequencies and degrees of LLD and malalignment.
In general, patients with LLD < 2 cm are less likely to need
intervention.'>'¥ However, stricter criteria should be es-
tablished considering the disproportionately short stature
in patients with achondroplasia. In fact, one patient with
LLD of 1.3 cm (#10 in Table 2) and another with LLD of
0.8 cm (#9 in Table 2) complained of subjective discomfort
caused by LLD. Regarding the results of three patients who
underwent transverse lengthening in our study, all showed
LLD <0.5cm.

Previous studies on limb lengthening in achondro-
plastic patients used mechanical axis deviation (MAD)
to describe the alignment of the lower limbs in coronal
plane.” Considering the short stature and individual dif-
ference in height, we used the indicator of alignment (HKA
alignment) instead of the distance indicator (MAD). As a
result, four (16.7%) showed malalignment > 5°. In a study
by Park et al.,” transverse lengthening on 56 lower limbs of
28 achondroplastic patients resulted in two genu valgum
and three varus deformity of the femur (8.9%). Crossed
lengthening has been predominantly performed at our
institution because we believe that narrower width of the
lower limbs can facilitate more comfortable patient self-
care and activity. Despite these advantages, we recommend
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surgeons pay special attention to avoid the occurrence of  though four patients (#1, 6, 7, and 12 in Table 2) with LLD
LLD or malalignment when using the crossed manner  or malalignment based on the criteria did not complain
considering the relatively high frequencies in our study. of any symptom, this should be verified in future studies.

The LP of tibial lengthening was greater than that of ~ Second, the heterogeneity of the cohort was one of the
femoral lengthening (Table 1). This finding is consistent  limitations of our study. Of the 14 patients who underwent
with results of a previous study.” In the study, radiographic ~ humeral lengthening, four underwent simultaneous and
indices were more effective in tibial lengthening than in 10 underwent staged lengthening based on the preferences
femoral lengthening.” By contrast, the HI and consolida-  of patients and their parents. However, this heterogeneity
tion period index were comparable for both procedures  would not affect the main findings of our study because
in our study; simultaneous removal of external fixators at  the difference was not found between the subgroups (si-
the tibia and femur after crossed lengthening could have  multaneous vs. staged) in additional analyses. Third, the

adversely affected the indices for tibial lengthening com-  lack of patient-reported outcome measures was also a lim-

pared to the transverse manner lengthening. itation; instead, the patients were asked to rate their overall
Tibial segments with equinus deformity showed  satisfaction.

lower LP. It seemed that the desired length could not be Our study provides valuable data, which will be

achieved owing to the occurrence of equinus deformity  useful for consultation with achondroplastic patients. In
rather than that low LP was the risk factor for equinus  our experience, humeral lengthening in achondroplastic
deformity. Lower HI, latency period less than 5 days, and  patients was a relatively effective and safe method. When
shape of the callus were associated with the occurrence of ~ performing the crossed lengthening procedure, careful at-
postoperative fracture in humeral lengthening for achon-  tention will be needed to avoid the occurrence of LLD or
droplasia in a previous study.'” In our study, we could not ~ malalignment.
identify the significance associated with fractures. It might
be due to the small number of study subjects.

There were several other limitations. First, the crite- CONFLICT OF INTEREST
ria of LLD (1 cm) and malalignment (5°) used in our study ~ No potential conflict of interest relevant to this article was
have not been validated in achondroplastic patients. Al-  reported.
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