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Abstract

Background Elongation in patients with achondroplasia provides better overall skeletal proportionality and significantly
improves such individuals’ access to their perineal region to self-manage personal hygiene. This paper describes our surgical
technique and outcomes for bilateral humeral lengthening in achondroplasia patients over 26 years.

Methods Ours was a retrospective study of 55 patients with achondroplasia-related short stature, in whom bilateral humeral
lengthening was performed from 1990 to 2016. We describe the surgical technique and analyze mean gain in humeral length,
days using an external fixator, mean percentage of lengthening, external fixation index, type of callus, and complications.
Pre- and postoperative radiographic measurements were obtained. Patients also were contacted by telephone and asked about
their ability to perform peri-anal self-hygiene and about their overall satisfaction.

Results In total, 110 humeri were lengthened (28 males and 27 females) with medium elongation of 9.5 cm on the right
and 9.6 cm on the left, while averaging 220 days in an external fixator. We observed 14 minor complications. There was no
significant association between pin position and type of callus, and elongation most often external and in the presence of
a straight callus. Before elongation, 77.1% of patients reported difficulties with perineal hygiene and 85.4% could not put
their hands in their pockets. Upon completion of lengthening, 100% could perform both tasks and 94.5% were very satisfied.
Conclusions Bilateral humeral elongation yields significant improvements in patient autonomy, with a relatively low com-
plication rate and very high patient satisfaction.
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Introduction

Achondroplasia is the most common form of short-limb
dwarfism in humans, affecting more than 250,000 individu-
als worldwide. More than 95% of patients have a mutation
in the gene for fibroblast growth factor receptor 3 (FGFR3)
and more than 80% of these are new mutations [1].

It is short-limb dwarfism with rhizomelia, as infants have
upper-extremity deformities isolated to the humerus, such
that they are disproportionally short relative to their fore-
arms, leading to functional, cosmetic, and psychological
problems. Moreover, lack of full extension of the elbow is
a common abnormality in achondroplasia, mainly caused
by a flexion deformity involving the distal humerus and
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subluxation of an abnormally shaped radial head [2]. This
limb disproportion and lack of elbow extension cause func-
tional disability which manifests as problems carrying out
fundamental daily activities, like taking care of peri-anal
personal hygiene, which often must be performed with the
help of another person or using devices specifically designed
for this purpose. Moreover, this dysfunction worsens if the
lower extremities are lengthened [3, 4].

Lower limb lengthening has become one of the standard
modalities for treating achondroplasia patients with func-
tional deficits. Although some centers and groups believe in
cosmetic lengthening, it is not universally accepted among
surgeons [5—7]. As results are encouraging, more and more
achondroplasia patients are now opting for humeral length-
ening after femoral and tibial lengthening.

Gradual mechanical distraction can be used for humeral
lengthening, using either monolateral or circular external
fixator and intramedullary nailing; however, external fixa-
tion is the preferred method for this procedure. Monolateral
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fixators are considered easier to apply and can be used when
deformity correction is not necessary or less lengthening is
desired [8].

Compared to lengthening of the femur or tibia, the litera-
ture regarding humeral lengthening for achondroplasia is
scarce [4, 9]. Consequently, the two main purposes of this
paper are (1) to describe the bilateral humeral lengthening
technique we have used in our achondroplasia patients over
the past 26 years and (2) to report our outcomes.

Materials and methods

We conducted a retrospective study involving 110 humeral
lengthening procedures in 55 patients with achondropla-
sia admitted to our institution between 1990 and 2016. All
humeral lengthening procedures were performed using
monolateral external fixators. All 55 patients had already
undergone bilateral tibial lengthening, while femoral length-
ening was performed either before or after humeral length-
ening. Only patients with complete medical records and
radiographs were included in the study. Clinical and radio-
graphical evaluations of the humerus were used to measure
pre- and postoperative humeral lengths.

Operative technique for humeral lengthening

Every surgery was performed by the same surgeon, who
already had extensive experience with lengthening proce-
dures. Surgery was performed under general anesthesia, with
the patient supine on a radiolucent table. In all patients, both
limbs were lengthened simultaneously.

First, two pins were inserted into the proximal metaphy-
seal region. These pins were drilled through two cortices, as
proximally as possible, while respecting growth cartilage.
The two proximal pins were located side by side, parallel to
each other percutaneously, and perpendicular to the anatomi-
cal axis of the segment. Then two supracondylar pins were
placed in the same way. For this procedure, 4- or 5-mm-
diameter pins were used, stainless steel pin screws before
2007 and hydroxyapatite pin screws from 2007 onwards.

In each limb, after the pin screws were inserted, an osteot-
omy was performed. This osteotomy was always performed
percutaneously at the deltoid tuberosity, after lifting the peri-
osteum from the bone and making drill holes to weaken the
cortices, taking care to avoid all neurovascular structures.
Completion of the corticotomy was performed with an oste-
otome, and manual osteoclasis confirmed using fluoroscopy.

In all patients, the two humeri were lengthened simul-
taneously using monolateral external fixators. The correct
insertion of pins and external fixator position were evaluated
using an image intensifier.
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Postoperative care

Patients were discharged from the hospital 3 days after sur-
gery. Actual lengthening was initiated after 7 days, at a rate
of 1 mm/day (0.5 mm every 12 h). The rate was subsequently
adjusted, based upon callus morphology on control radio-
graphs performed every 6 weeks.

During the humeral lengthening process, patients were
encouraged to have physiotherapy on their shoulders,
elbows, and hands. They were permitted to shower daily
even while wearing the external fixator.

Lengthening was considered complete when patients
were able to put their hands inside their pockets and reported
being able to perform personal hygiene on their own. In
case of patients who failed to complete lengthening pro-
cess, these patients were also included in the final statistical
analyses. At the end of lengthening, the fixator was removed
if either of the three or four cortices had shown satisfactory
corticalization.

Radiological evaluation

Total humeral length gained was determined from radio-
graphs taken before the distraction and immediately after
removal of the fixation pins, adjusted for the effect of mag-
nification. We analyzed the mean lengthening percentage
and the external fixation index (EFI), the former calculated
as the mean increase in humeral lengthening relative to the
initial humeral length, expressed as a percentage, and the
latter calculated by dividing the duration of external fixation
(in days) by the extent of lengthening (in cm).

Callus formation was evaluated, with the shape of the
callus categorized into three types, in accordance with
Hamanishi’s classification scheme [10]: (1) external (a bar-
rel-like fusiform callus just wider than the original bone); (2)
straight (a homogeneous callus just as wide as the original
bone); and (3) attenuated (a callus narrower than the original
bone with an attenuated mid portion). Callus categorization
was based upon the width of the callus at the time of fixa-
tor removal. The distance from pins to the osteotomy line
was measured, and complications were documented during
lengthening, using Paley’s classification system [11], which
classifies complications into problems, obstacles, minor
complications, and major complications.

Questionnaire

All subjects were contacted by telephone and asked to par-
ticipate in a brief telephone interview, during which they
were asked to answer either ‘Yes’ or ‘No’ to the following
two two-part questions: (1A) Could you take care of your
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own personal hygiene in the peri-anal region on your own
prior to surgery? (1B) Can you do it now? (2A) Could you
put your hands into your trouser pockets prior to surgery?
(2B) Can you do it now? They then were asked (3A) to rate
their level of satisfaction with the humeral elongation pro-
cess, as dissatisfied, satisfied, or very satisfied, and if dis-
satisfied, (3B) the reason(s) for their dissatisfaction.

Statistical analysis

To compare the distances from the second pin to the oste-
otomy line, by the type of callus, one-factor analysis of vari-
ance (ANOVA) was used, with multiple comparison correc-
tion by Scheffé. To evaluate changes in perceived abilities
before and after lengthening (for personal peri-anal hygiene
and putting their hands into their pockets), McNemar’s test
for paired proportions was used. The relationship between
satisfaction and the type of osteotomy was evaluated using
Fisher’s exact test. For all tests, only p values < 0.05 were
considered statistically significant, and all tests were two-
tailed. All analyses were performed using SPSS version 18.0
(IBM Corp.).

Results

Results are summarized in Table 1. Twenty-eight of
the patients were male and 27 female. The average age
of patients at the time of surgery was 16.2 years (range:
11.9-25.1). The mean gain in humeral length over all pro-
cedures was 9.5 cm for the right humerus (range: 5.7-13),
increasing from a mean 16.7 cm to 26.2 cm, and 9.6 cm for
the left humerus (range: 3.9-13.9), increasing from 16.6 to
26.2 cm. The average time of external fixator bearing was
220.9 days (range: 113-356).

The mean percentage of lengthening, relative to the initial
humeral length, was 56.4% (28-86) in the right humerus
and 57.4% (19.5-95) in the left. The external fixation index

(EFI) was 24 days/cm on the right (range: 15.7-41.28) and
24.5 days/cm on the left (range: 12.94-44.5).

According to Hamanishi’s classification scheme, 35 of the
calluses were external, 71 straight, and four attenuated at the
time of external fixator removal. The average distance from
the second proximal pin to the osteotomy line was 1.5 cm
in the right humerus and 1.6 cm in the left. No relationship
was detected between the morphology of the callus on radio-
graphs and the position of the humeral osteotomy line (right:
p=0.85, left: p=0.56).

Pre- and postoperative clinical and radiographic images
of one of the achondroplasia patients postbilateral lengthen-
ing are shown in Figs. 1 and 2, respectively. Two problems
and 12 obstacles were experienced, for an overall 12.7%
complication rate. The obstacles were one premature con-
solidation, two varus deviations, and nine humeral refrac-
tures. The one patient with premature consolidation required
a new osteotomy during lengthening; the two varus devia-
tions needed removal of external fixation while lengthening
was completed; and the nine humeral refractures occurred
after removal of the fixator, but were united following immo-
bilization in a brace. No patient experienced any long-term
adverse sequelae. The two problems were both transient
radial palsy, both of which resolved within 6 months of sur-
gery with physiotherapy.

During telephone interviews, 77.1% and 85.4% of patients
reported preoperative problems with personal peri-anal
hygiene and problems putting their hands into their trouser
pockets, respectively. However, all patients reported being
able to perform both activities, with ease, after humeral
lengthening. When we asked about their level of satisfac-
tion, 94.5% claimed to be very satisfied and the remaining
5.5% dissatisfied. The main reasons for dissatisfaction were
minor complications during the lengthening process; no one
expressed dissatisfaction with the ultimate functional results.

No relationship was identified between patients’ satisfac-
tion level and the morphology of the callus or position of the
osteotomy line (p =0.52).

Table 1 Summary of humeral
lengthening results

Right side Left side

Sex
Age (years)
Mean gain in length (cm)

Average time of external fixator bearing

(days)
Mean lengthening (%)

External fixation index (days/cm)

Hamanishi’s classification

28 males/27 females

16.2 years (range: 11.9-25.1)
9.5 (range: 5.7-13)

220.9 days (range: 113-356)

9.6 (range: 3.9-13.9)

56.4 (range: 28-86)
24 (range: 15.7-41.28)

57.4 (range: 19.5-95)
24.5 (range: 12.94-44.5)

33 external calluses
67 straight calluses
4 attenuated calluses
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Fig. 1 Achondroplasia patient a
before lower extremity length-
ening; b after lower extremity
lengthening, but before humeral
lengthening, creating a dis-
proportionately short humerus
relative to the lower extremities;
and ¢ upon completion of the
lengthening process, demon-
strating much better propor-
tioned extremity lengths

Discussion

Functional disability secondary to upper-extremity deformi-
ties is an important problem in patients with achondroplasia.
This functional disability turns into difficulties performing
daily activities, which usually worsen after the person’s
lower extremities are lengthened [3, 4]. For that reason,
humeral lengthening is indicated for achondroplasia to
improve stature and proportion, especially when the lower
extremities have been extensively lengthened, allowing
patients to carry out daily activities more autonomously.
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The high capacity for bone healing that achondroplasia
patients have allows surgeons to perform extensive length-
ening that usually is well tolerated because of ligament and
other soft tissue laxity [7, 12]. External fixators, including
unilateral, multiaxial or circular, and, recently, intramedul-
lary lengthening devices, have been introduced for this pur-
pose [13—15]. We have used unilateral external fixators for
every one of our achondroplasia patients undergoing bilat-
eral humeral lengthening over the last 26 years with good
long-term results, in terms of average extent of lengthening,
consolidation, complications, and patient satisfaction.



MUSCULOSKELETAL SURGERY (2019) 103:257-262

261

A

Fig.2 Right humeral shaft a before lengthening; b immediately
after external fixator placement; ¢ at three-month follow-up; and d at
seven-month follow-up after external fixator removal. Left humeral

Both the mean lengthening achieved (9.5 and 9.6 cm in
the right and left humerus, respectively) and the external
fixation index (24 and 24.5 days/cm on the right and left)
were comparable to the mean extent of humeral lengthen-
ing reported in the literature, which has ranged from 5.0 to
11.1 cm for one-stage procedures not using fibular grafts or
plating, and mean external fixation indices for the humerus
from 23.6 to 30 days/cm [9, 13, 16, 17]. The overall percent-
age lengthening we achieved, relative to the initial humeral
length, was greater than reported by other authors, at 56.4%
and 57.4% versus previously reported percentages from 27
to 50% [13, 16-19].

Regarding the type of callus—utilizing Hamanishi’s clas-
sifications [10] of external, straight, and attenuated, based on
callus width at the time of fixator removal—we cannot com-
pare our results with those of other studies, since no pub-
lished literature exists describing callus types when remov-
ing external fixators. Despite this limitation, we observed no
association between the osteotomy line and type of callus.

In terms of complications, only one of our 55 patients
experienced premature consolidation, similar to the one
case of premature consolidation Nakano-Matsuoka et al.

shaft e before lengthening; f immediately after external fixator place-
ment; g at three-month follow-up; and h at seven-month follow-up
after external fixator removal

[17] reported in their 54 bilateral humeral lengthening
procedures. This contrasts with the higher premature con-
solidation rate reported by Kim et al. [16], for whom two
of twelve patients developed premature consolidation.
We observed nine humeral refractures in 110 humeral
lengthening procedures (rate of 8.2%), similar to the eight
refractures in 108 humeral lengthening procedures (7.4%)
reported by Nakano-Matsuoka et al. [17], and the one in 20
(5.0%) reported by Kashiwagi et al. [4]. Other authors have
reported slightly higher refracture rates, however, includ-
ing two refractures in 19 patients (10.5%) reported by Lee
et al. [20], and two in 16 (12.5%) described by Hosny et al.
[15]. In our patients, all refractures occurred after exter-
nal fixator removal, and all were treated successfully with
brace immobilization without long-term sequelae.

Two of our 55 patients (3.6%) had transient radial nerve
palsy developed during surgery, which is also concord-
ant with rates previously reported [4]. The most impor-
tant finding related to obstacles and complications in our
series, however, is that all were transient or successfully
treated with no lasting sequelae.
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It is important to consider that humeral lengthening is
both a difficult procedure and lengthy procedure, requiring
a mean 220.9 days in our series (range: 113—-356). For this
reason, one prerequisite for limb lengthening surgery in
achondroplasia patients is a highly motivated patient who
understands the benefits and risks of the process. On the
other hand, despite the long time required for limb lengthen-
ing, patients were able to continue going to school wearing
fixators, with little disturbance to their daily activities. One
of the main benefits of humeral lengthening for every patient
was their ultimate ability to self-manage personal perineal
hygiene once the lengthening process was completed. More-
over, no persistent functional restrictions occurred to prevent
them from returning to their preoperative level of activity,
including athletics.

Our study has limitations. First, ours was a retrospective
review. Moreover, there is potential bias in our selection of
patients, because one prerequisite for limb lengthening is a
motivated patient, which could interfere with postoperative
satisfaction rates. Finally, all surgeries were performed by
the same experienced surgeon, so our outcomes might not be
generalizable to other surgeons and institutions. This said,
our complication rates were generally consistent with those
already reported in the literature.

In conclusion, the findings of this retrospective review of
55 achondroplasia patients undergoing simultaneous bilat-
eral humeral lengthening using a monolateral external fixa-
tor suggest that this procedure is both reliable and safe, with
a relatively low complication rate and most complications
minor and self-limiting. Most importantly, patients generally
appear very satisfied with the surgical results, which include
ultimately being able to manage their own personal perineal
hygiene and potentially improving their overall autonomy for
routine daily activities.
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