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Abstract
Background  The primary objective of this study was to evaluate the quality of life following limb lengthening surgery in 
patients with achondroplasia. The complications and different lengthening techniques have and effects on mid-term results 
were also investigated.
Methods  We performed a retrospective, multicenter study by evaluating the records of patients with achondroplasia oper-
ated in our clinic between 1999 and 2014 for limb lengthening with a minimum follow-up of 3 years. Forty nine patients 
were underwent bilateral lower limb lengthening surgery and 21 of 49 patients underwent bilateral humerus lengthening 
surgery. Patients were evaluated by the Pediatric Quality of Life Inventory (PedsQL) 4.0 Generic Core Scales to assess the 
health-related quality of life (HRQOL) of children. Twenty patients with achondroplasia who had no lengthening surgery 
history were also evaluated with the PedsQL score as the control group.
Results  The average age at the time of first surgery was 6.17 years. The average follow-up period was 100.2 months. The 
average age at the time of study 14.70 ± 2.44 (11–18) years. There were significant differences between the patients with 
humeral lengthening and patients who did not undergo humeral lengthening in all scores. Transient complications had mini-
mal effects on scores. Although all scores in the operated group were higher than non-operated patients with achondroplasia, 
there were no significant differences.
Conclusion  Quality of life was significantly improved as a result of humerus lengthening surgery of patients with achondro-
plasia, despite minor complications compared with Lower limb lengthening surgery.
Level of Evidence  Level III, case control study.

Keywords  Congenital short extremity · Lengthening rhythm · Congenital femoral deficiency · Congenital tibia 
pseudarthrosis · Quality of callus

Introduction

Patients with achondroplasia have physical and psychologi-
cal limitations owing to the disproportionate stature of the 
body and difficulty in making routine activities of daily life 
such as perianal-perineal hygiene and decreased walking dis-
tance [1, 2]. Limb lengthening surgery is usually required 
for both the upper and lower limbs of these patients [1–3]. 
According to the literature, 85% of these patients were satis-
fied with their improved physical and psychological status 
as a result of the lengthening surgery [3].

There are many tests for assessing the quality of life out-
comes for children and adolescents. The Pediatric Quality of 
Life Inventory (PedsQL) is considered one of the most prom-
ising health-related quality of life (HRQOL) instruments for 
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children and adolescents, integrating generic core scales and 
disease-specific modules into one measurement system [4]. 
The main purpose of this study was to compare the patients 
with achondroplasia who underwent limb lengthening sur-
gery and had no lengthening surgery history via the PedsQL 
4.0 to evaluate the HRQOL. The complications and different 
lengthening techniques have and effects on mid-term results 
were also investigated. We hypothesize that limb lengthen-
ing surgery has a favorable effect on the quality of life in 
patients with achondroplasia despite minor complications 
and different lengthening techniques.

Material and Methods

Demographic Data of the Patients

Institutional Review Board (IRB) approval was obtained for 
this study. This retrospective study was performed in single 
center at Istanbul University Faculty of Medicine Depart-
ment of Orthopedics and Traumatology clinic. Records of 
64 patients with diagnosed achondroplasia underwent limb 
lengthening surgery in our institution between 1999 and 
2014 were retrospectively reviewed. All information about 
the study was explained by a child psychiatrist to the parents 
and children and parental informed consent and child assent 
to participate were obtained.

Inclusion criteria were patients diagnosed with achon-
droplasia, operated with external fixator, minimum 3 years 
follow-up, bilateral femur and tibial lengthening, available 
demographics, and medical records.

Exclusion criteria were patients operated with intramed-
ullary nailing, only tibial or femur lengthening, patients or 
parents not accept a participant for this study.

49 patients (29 female, 20 male) were included in this 
study who have suitable the above criteria. Patients with 
bilateral lengthening of the femur and tibia at the same time 
were named as simultaneous bilateral lengthening. Patients 
with bilateral lengthening of the femur and then bilateral 
tibia lengthening in other sections or vice versa, at a differ-
ent time was named as consecutively bilateral lengthening. 
Twenty patients with achondroplasia who had no lengthen-
ing surgery history were also evaluated as the control group 
who regularly follow-up in our pediatric endocrinology 
department.

Humeral lengthening was performed in patients with no 
ability to perform personal hygiene and perineal care. We 
determined the extent of humeral lengthening with the abil-
ity to enable the patient to reach the perineum for the goal 
of personal hygiene.

All patients were divided into subgroups which described 
in Table  1. Thirty patients had complication in lower 

extremity lengthening and ten patients in upper extremity 
lengthening.

The average age at the first time of surgery was 
6.17 ± 2.70 (3–13) years for lower extremity and 10.2 ± 3.1 
(6–15) for humeral lengthening. The mean follow-up was 
100.20 ± 41.15 (37–197) months. The average age at the 
time of study 14.70 ± 2.44 (11–18) years. The mean exter-
nal fixation time was 8.1 (5–13) months for the femur, 8.6 
(5–13) months for the tibia and 6.5 (4–9) months for the 
humerus. The average age of non-operated patients was 15.7 
(13–18) years. There was no significant difference between 
the ages of the two groups at time of study (p: 071).

The mean amount of femoral lengthening was 7.4 (6–11) 
cm and the mean amount of tibial lengthening was 7.1 (6–10) 
cm, lower limb total lengthening was 14.5 (12–20) cm. The 
mean amount of humeral lengthening was 7.7 (6.5–10) cm 
(Table 2). The mean lengthening ratio for the original seg-
ment was 43.1% in the femur (range 23.3–75.0%), 53.6% 
in the tibiae (range 24.7–98.0%) and 62% (40–96%) in the 
humerus.

The mean external- fixator index (EFI) was 33.4 days/
cm for the femur (range 16.2–45.3 days/cm), 36.1 days/cm 
for the tibia (range 18.9–63.5 days/cm) and 24.7 day/cm 
(17.1–34.9 days/cm).

Table 1   The main subgroups of patients with limb lengthening

Bilateral humeral 
lengthening

No humeral 
lengthening

Total

Simultaneous 
bilateral length-
ening (n)

12 14 26

Consecutively 
bilateral length-
ening (n)

9 14 23

Total (n) 21 28

Table 2   Demographic data of all patients’ results

Mean S.D. Min–max

Age 6.17 2.7 3–13
Follow-up/months 100.2 41.15 37–197
Femur; length (cm) 7.4 1.50 6–11
Fixator Time (months) 8.1 2.18 5–13
Tibia; Length (cm) 7.1 1.92 6–10
Fixator time (months) 8.6 2.31 5–13
Humerus; length (cm) 7.7 0.84 6–10
Fixator time (months) 6.5 1.39 4–9
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Operation and Follow‑up Procedure

Ilizarov, classical-type (Tasarım Med, Istanbul, Tur-
key) or hexapod-type (Smart Correction; Gotham Medi-
cal LLC, Fort Lee, NJ, USA) circular external fixators 
were used for tibial lengthening with Gigli osteotomy 
technique which was preferred for proximal metaphy-
seal osteotomy. Orthofix LRS (OrtofixSrl., Bussolengo 
Verona, Italy) mono lateral fixators were used for femoral 
lengthening and multiple drill technique was preferred for 
distal diaphysometaphyseal femoral osteotomy. Monorail 
external fixators (Tasarım Med, Istanbul, Turkey) were 
used for humeral lengthening and osteotomy of the mid 
diaphysis is performed using a multiple drill-hole tech-
nique (Figs. 1, 2, 3).

Distraction started seven days after the surgery at a rate 
of 0.25 mm, four times a day (1 mm/day) and arranged 
according to the clinical and radiological follow up. Start-
ing from the next day of operation, patients were allowed 
to weight bearing as much as they could tolerate with 
the walker. Patients were followed up in the orthopedic 
department every two weeks until the end of the length-
ening period and monthly until fixator removal. Accord-
ing to X-ray control made every 2 weeks, in the event of 
insufficient callus formation, we decreased the rhythm.

When sufficient callus formation and consolidation 
were achieved at one or two cortices, dynamization was 
applied to all patients approximately one month prior 
to removal of the fixator. After the consolidation seen 
at three cortices, we removed the external fixator and 
applied external brace for a mean of 34  days (range 
28–42 days) to prevent plastic deformation and regener-
ate fracture.

Assessment of HRQOL

The PedsQL Measurement Model (Children’s Hospital 
and Health Center, San Diego, California) consists of 4 
subscales with a total of 23 questions and is intended to 
measure "the patient’s and the parent’s perceptions of the 
patient’s HRQOL, as defined in terms of the impact of dis-
ease and treatment on an individual’s physical, psychologi-
cal, social and school functioning [5]. The four subscales or 
functional dimensions are as follows: (1) Physical Function-
ing (8 items); (2) Psychological Functioning (5 items); (3) 
Social Functioning (5 items); and (4) School Functioning 
(5 items). The first three subscales evaluate dimensions that 
are required at a minimum by the World Health Organization 
for an HRQOL instrument to be considered valid. Responses 
were scored as described by Varni et al. [4], by converting 

Fig. 1   a Preoperative full-length 
weight-bearing lower-extremity 
radiograph of patients with 
achondroplasia. b Full-length 
weight-bearing lower-extremity 
radiograph of patients with 
simultaneous bilateral lengthen-
ing of femur and tibia. c Postop-
erative view of the patient

Fig. 2   a Preoperative full-length weight-bearing lower-extremity 
radiographs of patients with achondroplasia. b X-Ray view of bilat-
eral femoral lengthening the patients
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raw scores of 0–4 to HRQOL scores on a 100-point scale 
as follows: 0 = 100; I = 75; 2 = 50; 3 = 25; O = 4, on which 
higher scores denote a better HRQOL. A single score was 
calculated for each individual’s responses (Individual Total 
Scale Score) by adding the scores of all items answered and 
dividing by the number of items answered. The Physical 
Functioning Subscale Score (sum of responses to 8 items) 
is considered the Physical Health Summary Score. The Psy-
chosocial Health Summary Score (responses to 15 items) 
was computed as the sum of the items divided by the num-
ber of items answered in the Emotional, Social, and School 
Functioning subscales.

Evaluations of Complications

The complications were divided according to the classifica-
tion proposed by Caton [6]. With this classification, there 
were three categories of patients and three categories of 
complications. Category I patients had no or minor compli-
cations and healed at the end of the lengthening procedure. 
Category II patients required an additional surgical inter-
vention that was not envisaged in the initial strategy. These 
complications did not leave sequelae and the lengthening 
procedure was completed. Category III patients had major 
complications that left sequelae and/or the lengthening pro-
gram could not be carried out as expected.

20 non-operated patients with achondroplasia who were 
followed-up by our pediatric clinics were evaluated with the 

same PedsQL scoring test. These patients were also evalu-
ated for a basal value of the quality of life.

Statistical Analysis

All the statistical analysis was performed using the SPSS 
version 22 statistics software program (IBM Corp, 2011, 
Armonk, NY). Descriptive statistical methods (mean, stand-
ard deviation, frequency, minimum, maximum) were used to 
evaluate the study data. The independent Student’s t test was 
used to analyze the differences with regard to the different 
groups; simultaneous group, consecutive group, non-oper-
ated group, complication groups, humeral lengthening, and 
other groups. Differences in the number of complications 
were assessed with the Pearson χ2 test. Pearson correlation 
also used for between all scores and sex, age, amount of 
lengthening and fixator time, and a p value of < 0.05 was 
regarded as significant.

Result

HRQOL Results

The operated group’s physical score was 81.72 ± 7.7 
(65–90), psychological total score was 80.18 ± 5.67 (71–90) 
and total score was 80.80 ± 4.48 (73–90). The non-operated 
group’s physical score was 76.34 ± 6.9 (65–83), psychologi-
cal total score was 78.52 ± 6.79 (65–89) and total score was 

Fig. 3   a Preoperative bilat-
eral humerus X-ray view, b, c 
Bilateral humeral lengthening 
view. d Postoperative bilateral 
humerus view of the patients
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77.41 ± 6.68 (78–88). All score was higher in an operated 
group but there were no significant differences (p: 0.712, 
p: 0.641 and p: 0.701). There was no significant difference 
between the simultaneous group and consecutive group psy-
chological total summary score and total score did not show 
a significant difference (p > 0.05). But the physical score was 
significantly different, simultaneous group physical scores 

were higher than the consecutive group (p: 0.026) (Table 3). 
The all scores were significantly higher in the patients with 
bilateral humeral lengthening than no humeral lengthening 
(p < 0.05) (Table 4). 

There was no significant difference in all scores of males 
and females. There was also no significant correlation 
between age at surgery time, lower and upper limb fixator 
time, % of lengthening increase in femur, tibia and humerus, 
amount of femoral, tibial and humeral lengthening and all 
patients’ scores.

Complication Results

Lower Extremity

There was no major complication that consists of category 
3 was observed. There were ten patients with the category 
2 which require surgery, two of which were regenerate 
fracture treated with Steinman pin and the other one was 
knee flexion deficiency treated with surgery. There were 
nine (18.3%) patients with regenerate fracture, sixteen 
(32.6%) patients, thirty-six (18.3%) segments (16 femur, 
20 tibia) with pin tract infection, seven (14.28%) patients 
with transient nerve paralyzes and eight (16.8%) patients 
with knee contractures. Eight patients had unilateral (7 
femur, 1 tibia) regenerate fractures and one had bilateral 
femur regenerate fracture. Regenerate fracture with unilat-
eral treated with long knee cast for the femur and above the 
knee for tibial. Bilateral femur regenerate was treated with 
Steinmann pins (Figs. 4, 5). All pin-track infections were 
resolved after antibiotic therapy and local wound care. 
Spontaneous recovery was observed in all patients with 
transient nerve paralyses within 6 months period. Seven 
of eight patients were treated with redressement operation 

Table 3   Comparison of the simultaneous group and consecutive 
group all scores

*p < 0,05

Simultaneous 
lengthening of 
bilateral femur 
and tibia

Consecutive 
lengthening of 
bilateral femur 
and tibia

p value

Mean S.D. Mean S.D.

Physical health 84.08 5.93 79.03 8.70 0.026*
Psychosocial health 80.13 5.28 80.23 6.22 0.901
Total score 80.82 4.82 80.79 5.09 0,923

Table 4   Comparison of the humerus lengthening patients’ scores and 
scores of patients who did not undergo humeral lengthening

*p < 0,05

Patients with 
humeral length-
ening

Patients without 
humeral length-
ening

p value

Mean S.D Mean S.D

Physical health 85.12 4.77 78.75 8.59 0.004*
Psychosocial health 82.20 5.92 78.68 5.36 0.043*
Total score 82.58 4.32 79.44 4.42 0.02*

Fig. 4   a–c Patients underwent 
simultaneous bilateral lengthen-
ing surgery
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(straightening by force under general anesthesia) before 
the removal of external fixator and one of them was treated 
with quadricepsplasty surgery. There was no limitation 
in these knees in the last visit. There were no significant 
differences in all scores between patients with complica-
tion and without complication who underwent lower limb 
lengthening surgery (Table 5).

Upper Extremity

There were five patients (11.9%) with pin-track infections 
which resolved after antibiotic therapy and local wound care, 
three patients (7.1%) with transient radial nerve palsy occur-
ring after surgery but diminishing spontaneously, and four 
patients (9.5%) with regenerate fracture which treated with 
cast application, one of them bilateral regenerate fracture. 
There were no significant differences in all scores between 
patients with complication and without complication who 
underwent bilateral humeral lengthening surgery.

Discussion

The first conclusion of this study is that limb lengthening 
surgery has minimal effect on midterm quality of life in 
patients with achondroplasia. The transient or minor com-
plications may influence the patient’s quality of life during 
the lengthening time. The second conclusion is that tran-
sient or minor complications have minimal effects on the 
midterm quality of life patients with achondroplasia. There 
were no significant differences in the rate of complication 
and midterm quality of life between simultaneous and con-
secutive lengthening of femur and tibia. When the scores 
of these groups were evaluated, only physical scores were 
found to be significantly different. The main conclusion is 
that humeral lengthening surgery by itself had a significant 
effect on patient quality of life.

There are many studies looking at the results of lengthen-
ing surgery in achondroplasia patients in the literature [2, 3, 
6, 7]. Kocaoglu et al. [7] report that 22 patients with simul-
taneous bilateral lower limb lengthening surgery result in 
their study, in which the fixator time in the simultaneous 
group was reduced half and half. In a study reporting twenty-
two patients with achondroplasia, all the patients who had 
no or only minor complications were satisfied with their 
results [8]. Additionally, in our study, a physical score was 
significantly higher than a consecutive group. In our study, 
rates of complications were similar compared to the other 
series [9, 10]. Similarly, according to our result, a transient 
complication has minimal effect on the midterm quality of 
life patients with achondroplasia.

In our experience, bilateral humeral lengthening is an 
effective surgery in patients with achondroplasia. Despite 
minor complications, the physical health summary score, 

Fig. 5   a This patient has regen-
erate fracture after removal of 
the fixator. b This patient was 
treated with Steinman pin

Table 5   Comparison of all scores between patients with complication 
and without complication who underwent lower limb lengthening sur-
gery

Patients with 
complication 
(n: 30)

Patients without 
complication 
(n: 19)

p value

Mean S.D Mean S.D

Physical health 80.62 6.17 83.01 5.19 0.13
Psychosocial health 78.12 4.78 81.89 6.10 0.27
Total score 79.11 5.13 82.27 5.71 0.19
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psychosocial health summary score, and total score were 
significantly higher than patients with no humeral lengthen-
ing in our series [11]. In a study by Kim et al. [12], patients 
underwent bilateral femoral and humeral lengthening sur-
gery. The authors compared the result of upper and lower 
limb satisfaction with Rosenberg self-esteem questionnaire 
and Short Form-36 (SF-36) quality-of-life instrument score. 
These scores were significantly improved as a result of 
humeral lengthening in their series [12].

There are many studies evaluation of quality of life in 
patients with achondroplasia [12, 13]. Kim et al. investigated 
quality-of-life patients with achondroplasia who underwent 
lower limb lengthening surgery using the SF-36 quality-
of-life instrument score [12]. Matsushita et al. investigated 
whether final height had an impact on the quality of life 
and evaluated what kinds of medical interventions were 
positively or negatively associated with health-related qual-
ity of life. They used the SF-36 scoring system and found 
that the physical component summary was improved in the 
patients who had a height of 140 cm or taller. They also 
recommended that a treatment strategy would be planned 
to gain a final height of 140 cm or taller during childhood 
in combination with growth hormone administration and 
limb lengthening surgeries [13]. We chose the PedsQL4.0 
to measure the HRQOL in our study of patients with achon-
droplasia who underwent limb lengthening surgery due to 
the fact that the questions on the PedsQL are written in age-
appropriate language for several age groups, and the stability 
and validity of the PedsQL have been evidenced in literature 
and the questionnaire is quick and easy to administer.

The PedsQL differentiated HRQOL between healthy 
children and those with acute or chronic health conditions 
and was correlated with measures of morbidity and illness 
[14]. The PedsQL 4.0 is the only generic pediatric HRQOL 
measurement instrument that we are aware of ages 2–18 
for self-report and proxy-report while maintaining item 
and scale construct consistency. Validation analyses con-
firmed a high internal consistency and could successfully 
differentiate between healthy people and young ones with 
chronic diseases [15]. Varni et al. used the 4 PedsQL 4.0 
which were administered to 963 children and 1629 par-
ents (1677 subjects accrued overall) recruited from pedi-
atric health care settings. They founded that demonstrate 
the reliability and validity of the PedsQL 4.0. The Ped-
sQL 4.0 may be applicable in clinical trials, research, clini-
cal practice, school health settings and community popula-
tions [4]. It was founded in their study that the physical 
score was 84.41, the psychological total score was 82.38 
and the total score was 83.0 in 401 healthy children who 
average age 10.7 years and the physical score was 77.36, 
the psychological total score was 77.10 and the total score 
was 77.19 in 367 chronically ill patients. In our study, the 
operated group’s physical score was 81.72 ± 7.7 (65–90), 

the psychological total score was 80.18 ± 5.67 (71–90) and 
the total score was 80.80 ± 4.48 (73–90). The non-operated 
group’s physical score was 76.34 ± 6.9 (65–83), psychologi-
cal total score was 78.52 ± 6.79 (65–89) and the total score 
was 77.41 ± 6.68 (78–88). Although patients with achon-
droplasia who underwent limb lengthening had lower scores 
than healthy patients, they had higher scores than chronically 
ill patients. Non-operated achondroplasia had scores lower 
than chronically ill patients and healthy children.

This study has some limitations. This study is a retrospec-
tive case series. We have not taken into account other factors 
that affect the quality of life in patients with achondroplasia, 
such as respiratory problems, obesity, and other neurologic 
disorders. Last, we just took one stage lengthening proce-
dure for the limbs. In fact, one stage lengthening is enough 
for humerus but to reach more than 140–145 cm length we 
need mostly second lengthening procedure. If the second 
lengthening is also taken into consideration, statistically sig-
nificant results for lower extremity can be obtained.

Conclusion

Although there is no statistical difference, scores were high 
as a result of lengthening surgery patients with achondropla-
sia. The effect of transient complications on patient satisfac-
tion was not statistically determined. Patients who undergo 
humeral lengthening besides lower limb lengthening proce-
dures have higher scores. This study suggests that quality of 
life is significantly improved as a result of humerus length-
ening surgery of patients with achondroplasia.
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