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Background and purpose — Bilateral femoral distrac-
tion osteogenesis in patients with achondroplasia is insuf-
ficiently reported. We aimed to perform the first study that 
exclusively analyzed simultaneous bilateral femoral distrac-
tion osteogenesis with motorized intramedullary lengthen-
ing nails via an antegrade approach in patients with achon-
droplasia focused on reliability, accuracy, precision, and the 
evolving complications.

Patients and methods — In this retrospective single-
center study we analyzed patients with achondroplasia who 
underwent simultaneous bilateral femoral lengthening with 
antegrade intramedullary lengthening nails between October 
2014 and April 2019. 15 patients (30 femoral segments) of 
median age 14 years (interquartile range [IQR] 12–15) were 
available for analysis. The median follow-up was 29 months 
(IQR 27–37) after nail implantation.

Results — The median distraction length per segment was 
49 mm (IQR 47–51) with a median distraction index of 1.0 
mm/day (IQR 0.9–1.0), and a median consolidation index of 
20 days/cm (IQR 17–23). Reliability of the lengthening nails 
was 97% and their calculated accuracy and precision were 
96% and 95%, respectively. The most common complication 
was temporary restriction of knee range of motion during 
distraction in 10 of 30 of the lengthened segments. 1 patient 
was treated with 2 unplanned additional surgeries due to pre-
mature consolidation.

Conclusion — The method is reliable and accurate with 
few complications.

Achondroplasia with rhizomelic shortening of the limbs is the 
most common dwarfing disorder in humans, with an estimated 
prevalence of 3–5 per 100,000 births [1,2]. Lower limb length-
ening to increase average adult height and minimize functional 
impairment during daily living is controversially discussed 
[3-5]. If patients and their families desire limb lengthening, a 
thorough evaluation together with all involved parties should 
be conducted to discuss the possible benefits and short- and 
long-term complications of such treatment. If significant 
height gain is strongly desired, repeated limb lengthening 
involving bilateral lower leg and femoral lengthening might 
be performed [6-8]. Lengthening can be conducted with either 
external fixators or intramedullary lengthening nails [6,9,10]. 
Distraction osteogenesis with intramedullary lengthening 
nails provides an equally safe, but more comfortable option 
compared with treatment with external fixators, avoiding 
complications such as pin site infection or soft tissue tethering 
[11-13]. However, due to relatively small dimensions and open 
growth plates of the respective bone, lengthening procedures 
in children are commonly performed with external fixators 
[6,10]. Nonetheless, previous studies have shown that femoral 
lengthening with intramedullary lengthening nails implanted 
via an antegrade approach can be applied in children starting 
at the age of 8 years [14-16].

Earlier studies on intramedullary lengthening nails are 
heterogeneous in terms of underlying etiologies, approaches 
employed, and implants [16-19]. 

We aimed to analyze simultaneous bilateral femoral distrac-
tion osteogenesis with motorized intramedullary lengthening 
nails via an antegrade approach in patients with achondropla-
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sia. Reliability, accuracy, precision, and the evolving compli-
cations of treatment were evaluated to increase knowledge 
concerning the treatment and to improve patient counseling. 

Patients and methods
Study design and setting
The longitudinally maintained database of our orthopedic 
teaching hospital was analyzed retrospectively to identify 
patients with rhizomelic short stature who underwent distrac-
tion osteogenesis between 2014 and 2019. Those who under-
went simultaneous bilateral femoral distraction osteogenesis 
with magnetically driven motorized antegrade femoral length-
ening nails were eligible for this study. Patients with a distal 
femoral deformity were treated via a retrograde femoral nail 
approach or with external fixator and were not included in 
this study. Intramedullary lengthening nails were not consid-
ered for patients with deep tissue infection, bone dimensions 
too small in relation to the available implants, and patients 
under the age of 8 years. No patient was excluded or lost 
before the minimum follow-up of 2 years. The study findings 
are reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guidelines 
(Figure 1) [20]. We would like to underline that all patients 
included in this study had a strong desire for this treatment 

to be performed and that lengthening surgery was not recom-
mended during pediatric orthopedic consultation. 

Patients
15 patients with rhizomelic short stature (9 females, 30 femoral 
segments) with a median age of 14 years (interquartile range 
[IQR] 12–15) were available for analysis. At the time of sur-
gery, the youngest patient was 10 and the oldest was 19 years 
old. In 11 patients lengthening of the femur with an intramedul-
lary lengthening nail was the last part of a treatment concept for 
extensive lower limb lengthening to achieve a total length gain 
of 20–30 cm [8]. This is usually achieved by, first, simultaneous 
bilateral lengthening of the femur by 5–8 cm with a unilateral 
monorail external fixator (Limb Reconstruction System [LRS], 
Orthofix, Verona, Italy) at the age of 3–4 years and a second 
simultaneous bilateral lengthening of the tibia of 5–7 cm with a 
circular hexapod external fixator (Taylor Spatial Frame [TSF], 
Smith + Nephew, Watford, UK) before patients start their first 
year of school. Next, simultaneous bilateral lengthening of the 
tibia with a distraction goal of 5–7 cm is scheduled between the 
ages of 8 and 12 years and conducted with a circular hexapod 
external fixator. The last simultaneous bilateral lengthening is 
then planned with an intermedullary lengthening nail inserted 
via an antegrade femoral entry (lateral trochanteric approach) 
once the size of the bone is suitable for the available implants. 
The timing of the last lengthening is left to the patients and 
families’ preferences depending on their individual situation, 
but not before the age of 8 years for girls and 10 years for 
boys. If patients decided in favor of humerus lengthening due 
to functional impairment regarding daily activity and perineal 
hygiene this was usually performed simultaneously bilaterally 
with a unilateral monorail external fixator between 6 and 10 
years, aiming to achieve a lengthening of 8–10 cm. 

Lengthening of the femur was conducted using an antegrade 
intramedullary lengthening nail without additional deformity 
correction. Of the studied cohort, 11 had undergone previous 
bilateral lengthening of the femur with a unilateral external 
fixator (median distraction: 60 mm [IQR 60–65]) and 2 con-
secutive bilateral lengthening procedures of the tibia with cir-
cular external fixators (first lengthening: median distraction 
60 mm [IQR 60–65], second distraction: median distraction 
60 mm [IQR 60–70]) (Table 1). Bilateral lengthening of the 
humerus with external monorail fixator was conducted in 10 
patients with a median distraction of 79 mm (IQR 56–99) at 
the age of 9.0 (IQR 8–11) years. 

The median follow-up duration of the studied cohort was 29 
months (IQR 27–37). After successful completion of femo-
ral lengthening with intramedullary lengthening nails all 15 
patients had all implants retrieved after a median of 17 months 
(IQR 15–20). 

Clinical and radiographic evaluation
Clinical and radiographic information were acquired from hos-
pital records. Anteroposterior (AP) long standing radiographs 

Figure 1. Patient flow diagram detailing the inclusion and exclusion 
criteria of the study.
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and bilateral radiographs of the femur with adjacent joints of 
all patients were analyzed preoperatively and after consolida-
tion. All measurements were conducted on calibrated radio-
graphs using the PACS® system (GE Healthcare, Chicago, IL, 
USA) and the postprocessing software TraumaCad (Brainlab, 
Munich, Germany).

Preoperative planning, surgical technique, and peri-
operative parameters
First, radiographs of all patients were analyzed preoperatively 
in order to assure that the bone dimensions were suitable for 
lengthening nail insertion (Table 2). A minimum femoral 
length of 19 cm (measured from the tip of the greater trochan-
ter to the distal femoral growth plate) and a minimum outer 
cortical bone diameter of 16.5 mm, calculated by adding 2 mm 
of additional reaming to the diameter of 8.5 mm of the small-
est available nail while leaving a cortical thickness of 3 mm 
on each side, was required to insert a lengthening nail with 
minimum lengthening capacity (stroke) of 50 mm (Tables 2 
and 3). When planning the osteotomy site, a minimum of 4 
cm of the female (thicker) part of the nail should remain in the 
distal fragment after full distraction to not compromise stabil-
ity. Therefore, a rather proximal osteotomy should be chosen, 
whilst still preserving a sufficiently long proximal bone seg-
ment to permit stable fixation (Table 2). All femoral lengthen-
ing procedures were conducted with the magnetically driven 
motorized second-generation PRECICE P2 limb lengthening 
system (NuVasive Specialized Orthopedics, Inc, San Diego, 
CA, USA). The TraumaCad software was used for preop-
erative planning to ensure that the bone length and diameter 
were feasible for nail insertion and that the telescopic junction 
remains within the intramedullary canal of the distal fragment 
even after distraction.

For lengthening nail implantation patients were placed in 
a supine position using a minimally invasive antegrade tech-
nique as previously described [18]. All nails were inserted 

via a trochanteric entry established at the very tip of the tro-
chanter [14,15] and without concomitant soft tissue release. 
All implanted nails had 2 locking options in the proximal and 
3 in the distal part of the nail. Whenever anatomically pos-
sible, 2 proximal locking bolts were applied. In patients with 
an open trochanteric apophysis, a nail cap was used or the nail 
was positioned proximal enough to bridge the physeal defect 
caused by the approach. In this case, proximal locking was 
performed with only 1 bolt [18] (Table 3). Correct function 
of the implant was verified intraoperatively by means of an 
image intensifier after distraction of 1 mm of each nail. 

Postoperative lengthening and follow-up protocol
The postoperative latency period was 7 days, and the initial 
distraction rate was set to 1 mm/day. Patients relied on wheel-
chair mobility during the distraction and consolidation period 
as the bilaterally applied implants do not enable full weight-
bearing. Physiotherapy at least once per week under profes-
sional supervision and additional self-exercises on a daily 
basis were recommended so that distraction could be con-
ducted without external bracing. Patients were followed up 
every second week during distraction in the outpatient clinic 
including biplanar radiographs of the lengthened segments. 
According to our established protocols [18], once the length-
ening goal was achieved, a consolidation period of 6 weeks 
was initiated. Full weight-bearing was allowed after consoli-
dation of at least 3 of 4 cortices was confirmed on biplanar 
radiographs. Implant removal was routinely scheduled 1 year 
after consolidation (Figure 2). 

Outcome parameters
The goal of the study was to evaluate disease-specific out-
comes and complication rates. Reliability, accuracy, precision, 

Table 1. Overview of the lengthened segments of the study cohort. 
Values are median and interquartile range unless otherwise speci-
fied

 Lengthening
Factor 1st 2nd 3rd 4th

Patients, n 11 11 9 15
Segments, n 22 22 18 30
Segment Femur Tibia Tibia Femur
Device Unilateral Hexapod Hexapod Intra-
  external external external medullary
  fixator fixator fixator lengthening
     nail
Age at treatment  4.0 (3–5) 5.0 (4–6) 8.0 (6–9) 14 (12–15)
Achieved distraction 
 per segment, mm 60 (60–65) 60 (60–65) 60 (60–70) 49 (47–51)
Total gain of length a / / / 220 (88–238)

a per leg after serial lengthening in mm

Table 2. Preoperative parameters 

Preoperative radiographic measurements Median (IQR), mm

Length of femur (anteroposterior) 273 (247–282)
Smallest outer diameter femur (anteroposterior) 20 (18–23)
Smallest outer diameter femur (sagittal) 21 (19–22)
Smallest inner diameter femur (anteroposterior) 9 (6–10)
Smallest inner diameter femur (sagittal) 10 (8–12)
Planned level of osteotomy (anteroposterior) 81 (72–119)

Table 3. Implant information with nail parameters and applied lock-
ing bolts. Values are count

Nail length: 190 / 215 / 245 mm 8 / 10 / 12
Nail diameter: 8.5 / 10.7 mm 26 / 4
Nail stroke: a 50 / 80 mm 18 / 12
Proximal locking: 1 bolt / 2 bolts 10 / 20 
Distal locking: AP or lateral / 2 lateral 11 / 19
   
a Distraction potential of the lengthening nail. AP = anteroposterior
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consolidation index, and distraction index were calculated as 
previously described (Accuracy = (100 – [(achieved distrac-
tion in mm – planned distraction in mm) / (planned distraction 
in mm) x 100]; Precision = 100 – (relative SD of accuracy)) 
[18]. The length of the femur was determined by measuring 
the distance from the tip of the greater trochanter to the distal 
femoral joint line. On the first postoperative radiograph the 
level of osteotomy (distance from the tip of the greater tro-
chanter to the osteotomy site) was measured. The achieved 
distraction was determined by an implant-calibrated technique 
[18]. Lower limb alignment was assessed by measuring the 
mechanical axis deviation (MAD), the joint line convergence 
angle (JLCA) and mechanical joint orientation angles of the 
proximal and distal femur (lateral proximal femoral angle 
[LPFA] and mechanical lateral distal femoral angle [mLDFA]) 
according to established methods [21]. All available bilateral 
radiographs of the hip joint were screened for signs of avas-
cular necrosis. 

Complications
Complications were summarized descriptively and charac-
terized as minor complications (events that resolved with-
out additional surgery) and major complications (resulting 
in unplanned additional surgery, refracture of the regenerate 
bone, or permanent sequelae) [18]. Pain during lengthening 
was subclassified according to the required type and frequency 
of analgesics: no usage of analgesics, pain relief with oral 
nonsteroidal anti-inflammatory drugs (NSAIDs), or NSAIDs 
with oral opioid analgesics. Limitations in the range of motion 
(ROM) were classified as temporary during lengthening and 
persistent after the end of distraction. 

the parents or legal guardians of those children whose individ-
ual data was presented in the article. The datasets used and/or 
analyzed during the current study are available from the corre-
sponding author on reasonable request. No external source of 
funding was used. 3 authors (BV, JDR, and RR) certify receipt 
of personal payments or benefits, during the study period, in 
an amount of less than US$ 10,000 from NuVasive Specialized 
Orthopedics, San Diego, USA. All other authors have no rel-
evant financial or non-financial interests to disclose. Complete 
disclosure of interest forms according to ICMJE are available 
on the article page, doi: 10.2340/17453674.2024.35226

Results

Patients were hospitalized for a median of 3 days (IQR 
3–8). Surgery parameters and implant type information were 
acquired from the surgical records. For lengthening nail inser-
tion, a median of 77 minutes per segment (IQR 61–91) with a 
median fluoroscopy time of 1.5 minutes (IQR 0.7–2.7) and a 
median blood loss of 0 mL (IQR 0–100) was documented. For 
lengthening nail removal, a median of 55 minutes per segment 
(IQR 44–95) with a median fluoroscopy time of 1.0 minute 
(IQR 0.6–1.3) and a median blood loss of 0 ml (IQR 0–50) 
was recorded.

Lengthening parameters
Reliability was 97%, as 29/30 lengthening procedures were 
completed with the initially implanted lengthening nail 
remaining in situ. One patient required an exchange of the 
implant during distraction. Implant dysfunction most likely 

Figure 2. Bilateral femoral distraction osteogenesis with intramedullary lengthening nails
A. Preoperative anteroposterior (AP) long standing radiograph of a 10-year-old girl with 

disproportionate short stature due to achondroplasia. 
B. Anteroposterior radiographs of the right and left femur during bilateral distraction with 

intramedullary lengthening nails. Proximal locking was performed with one locking bolt 
per segment and the nail remained proximal enough to bridge the entry-related defect 
of the apophysis.

C. Bilateral osseous consolidation after having achieved the planned distraction of 5 cm 
per segment. 

D. Anteroposterior long standing radiograph at consolidation 3 months postoperatively.
E. After implant removal 20 months postoperatively. Due to a slightly different radiographic 

exposure and posture of the patient the mechanical axis does not appear identical 
between D and E. 

Statistics
Normal distribution was assessed by the Sha-
piro–Wilk test. Descriptive statistics were 
performed reporting median values with IQR 
for continuous variables, and numbers with 
percentages for binary variables. Median 
values were compared using the Wilcoxon 
signed rank test. The level of significance 
was set at an α value of < 0.05. All statistical 
tests were conducted using SPSS 27 (IBM 
Corp, Armonk, NY, USA).

Ethics, funding, data sharing, and 
disclosures
This study was performed in line with the 
principles of the Declaration of Helsinki. 
Approval was granted by the Ethics Com-
mittee of the University of Muenster, Ger-
many (registration number: 2019-368-f-S). 
Written informed consent was obtained from 
the parents or legal guardians, and all chil-
dren included in the study gave their verbal 
assent. Consent to publish was obtained from 
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caused premature consolidation. The implant was handed to 
the patient and no further analysis of the implant was con-
ducted (Table 4).

The median difference between the median preoperatively 
planned distraction length of 50 mm (IQR 50–50) and the 
median achieved length of 49 mm (IQR 47–51) was 3 mm 
(IQR 1–3). The calculated accuracy and precision were 96% 
and 95%, respectively (Table 4). The median time under dis-
traction was 51 days (IQR 46–65), with a median of 41 days 
(IQR 26–46) under consolidation. The median time from 
the date of surgery to full weight-bearing was 99 days (IQR 
83–130). The median distraction index was 1.0 mm/day (IQR 
0.9–1.0), and the median consolidation index was 20 days/cm 
(IQR 17–23) (Table 4). The median preoperative MAD was 
–5 mm (IQR –9 to 5) compared with a median postoperative 
MAD of –7 mm (IQR –16 to 3). The parameters of pre- and 
postoperative lower limb alignment and joint orientation are 
shown in Table 5 and Figure 3. In 3 of 30 operations, concomi-
tant interventions were performed with the index operation: 2 
scar excision from previous treatment with external fixator, 1 
epiphysiodesis of the distal fibula. Blood transfusion was not 
necessary in any operation. The median osteotomy level was 
81 mm (IQR 72–119) (Table 2).

Complications of treatment
No intraoperative complications occurred during nail implan-
tation or removal. No nail or locking bolt breakage was 
observed during the study period. No radiographic signs of 
entry-related avascular necrosis of the femoral head were 
observed. The median follow-up time between implant 
removal and subsequent radiographs was 13 months (IQR 
6–20). In 5 patients the last radiograph was taken intraopera-
tively to prove full nail removal. Since then, these patients 
had only clinical follow-up; these 5 patients had a total fol-
low-up after index surgery of 24, 27, 28, 31, and 37 months 
respectively and no clinical signs of avascular necrosis of the 
femoral head. The most common minor complication was 
temporary restriction of knee ROM during distraction, which 
occurred in 10 of 30 lengthened limbs, while temporary hip 
joint limitations were observed in 3 of 30. ROM was restored 

by intensified physiotherapeutic treatment in all patients. 
Acceleration of the distraction rate to avoid premature con-
solidation was required in 5 of 30 segments. Under distrac-
tion, 5 patients reported mild tenderness of the distraction site 
but did not require analgesics while 3 relied on oral NSAIDs 
to achieve a satisfactory analgesic level. 2 patients achieved a 
satisfactory analgesic level only by combining oral NSAIDs 
with oral opioid analgesics. 

A major complication was observed in 1 of all lengthened 
segments. A unilateral premature consolidation of the distrac-
tion site was observed 7 weeks postoperatively and this was 
treated by removal of the distal locking bolts, percutaneous 
re-corticotomy, and application of torsional stress to the oste-
otomy site. Intraoperative in situ testing of the nail by distrac-
tion of 1 mm proved adequate functioning. However, 2 weeks 
later biplanar radiographs revealed insufficient distraction, 
thus the patient was treated by more extensive revision sur-
gery: nail explanation, percutaneous re-osteotomy, application 
of multidirectional stress to the osteotomy site, spreading of 
the osteotomy site with a bone spreader, and insertion of a 
new lengthening nail. Thereafter the planned distraction goal 
of 7 cm and consolidation was achieved without any further 
peculiarities. 

Complications related to bacterial osteomyelitis, neurovas-
cular damage, joint subluxation, or insufficient bone healing 
were not observed in the studied cohort.

Table 4. Limb lengthening parameters. Values are median 
and interquartile range unless otherwise specified

Planned distraction, mm 50 (50–50)
Achieved distraction, mm 49 (47–51)
Level of osteotomy, mm 81 (72–119)
Planned distraction speed, mm/day 1.0
Days under distraction 51 (46–65)
Days under consolidation 41 (26–46)
Days to full weight-bearing after surgery 99 (83–130)
Distraction index, mm/day 1.0 (0.9–1.0)
Consolidation index, days/cm 20 (17–23)
Accuracy 96%
Precision 95%
Reliability 97%

Table 5. Lower limb alignment and joint orientation. Values are median and 
interquartile range

Factor Preoperative Postoperative P value

Mechanical axis deviation, mm –5 (–9 to 5) –7 (–16 to 3) 0.03
Joint line convergence angle, ° 1° (0 to 2) 1° (–1 to 1) 0.02
Lateral proximal femoral angle, ° 99° (91 to 107) 99° (95 to 104) 0.6
Mechanical lateral distal femoral angle, ° 89° (86 to 92) 89° (85 to 91) 0.2
   

Figure 3. Pre- and postoperative change in the MAD. Spaghetti plot 
depicting the pre- and postoperative change in the MAD for each 
lengthened segment. While lengthening resulted in a postoperative 
MAD > –20 mm in 4 segments, no clear trend towards clinically signifi-
cant valgus malalignment was observed in the entire cohort.
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Discussion

Our study showed that motorized magnetically driven intra-
medullary lengthening nails can reliably and accurately be 
employed for simultaneous bilateral femoral lengthening with 
insertion via an antegrade approach in patients with dispropor-
tionate short stature in achondroplasia. 

Previous studies have shown promising results of distraction 
osteogenesis ranging from 33–54 mm per segment in patients 
who were 7–18 years old [14-16] and evaluation of bilateral 
lower limb distraction osteogenesis in achondroplasia pro-
vided valuable results [6,8,10]. However, to our knowledge, no 
study has yet solely assessed the application of intramedullary 
lengthening nails for simultaneous bilateral femoral lengthen-
ing in this condition.

It remains difficult to compare the assessed limb lengthen-
ing parameters of this study with pre-existing data. Previous 
studies reported only results of lengthening in patients with 
achondroplasia conducted with external fixators [4,9,10], or a 
combination of external fixation and/or lengthening nails [6]. 
Other studies that reported the outcome of intramedullary fem-
oral lengthening include heterogeneous patient populations 
[12,14,17-19]. In consideration of these limitations regarding 
comparability, the observed reliability of 97%, accuracy of 
96%, and precision of 95% were similar but slightly above the 
average of previous studies. Nasto et al. reported an accuracy 
of 91% compared with Szymczuk et al. and Iliadis et al., who 
found an accuracy of 95% and 96%, respectively [17,22,23]. 
In accordance with previous results of our study group, intra-
medullary lengthening devices seem to be feasible for accu-
rate and precise distraction osteogenesis [18,24]. In this study, 
the median distraction index was 1.0 mm/day (IQR 0.9–1.0). 
Previous studies have found similar distraction indices rang-
ing from 0.7 to 0.9 mm/day [17,18,23,25]. Interestingly, the 
median consolidation index in this study of 20 days/cm (IQR 
17–23) was lower than in most precedent studies. Horn et al. 
(1 month/cm), Szymczuk et al. (35 days/cm), Calder et al. (29 
days/cm), Frommer et al. (31 days/cm), Fragomen et al. (1 
month/cm), and Radler et al. (63 days/cm) reported consolida-
tion indices ranging from 28 to 63 days/cm [12,16,18,19,23,26]. 
This could indicate that callus formation and consolidation in 
patients with achondroplasia occurs at slightly higher rates than 
in lengthening procedures performed due to other etiologies. 
As patients relied on wheelchair mobility during lengthening 
one might assume that, based on the principles described by 
Ilizarov, the lack of weight-bearing negatively influences the 
consolidation index [27]. However, the results of our study do 
not support this theory. The opposite seems to apply, because 
an acceleration of the distraction rate to avoid premature con-
solidation was required in 5 lengthened segments, premature 
consolidation was observed in 1 patient, and no non-union 
was detected in the studied cohort. In addition, the relatively 
young median age of this study cohort might have been sus-

ceptible to fewer complications than older and less healthy 
patients. However, a recently published study comparing the 
treatment outcome and complications of motorized intramed-
ullary nail lengthening in different age groups showed no dif-
ference between the older population and the younger cohort 
[28]. In order to avoid complications during lengthening in 
relatively young patients with achondroplasia one should be 
aware of the technical peculiarities of preoperative planning 
as described in the methods section. 2 recent studies evaluated 
lower limb lengthening in relatively large cohorts of patients 
with achondroplasia (n = 50 and n = 66 patients) [6,10]. 
Lengthening with intramedullary nails was conducted in only 
a small proportion of patients and the parameters’ accuracy 
and precision were not provided by the authors [6]. Compar-
ing these parameters with those of our own patient cohort was 
thus not feasible. Nevertheless, while Paley did not report on 
lengthening or consolidation indices, Shabtai et al. found a 
femoral consolidation index of 1 month/cm after lengthening 
with external fixators, similar to the aforementioned consoli-
dation indices after intramedullary femoral lengthening [6,10].

Complications
Major complications with permanent sequelae were not 
observed in our patient cohort. The most severe complications 
were 2 re-osteotomies and exchange of a lengthening nail in 1 
segment of the same patient. This complication was most likely 
due to implant malfunction of unclear origin. However, this 
is speculative as the device did not undergo further technical 
analysis. The observed rate of unplanned additional surgery in 
the studied cohort of 3% is considerably lower than in previ-
ous publications [12,16,18,19,23,26]. This could indicate that 
bilateral femoral distraction osteogenesis with an antegrade 
intramedullary lengthening nail in patients with achondroplasia 
bears fewer risks compared with patients treated for leg length 
discrepancy or short stature due to other etiologies. In particu-
lar, severe complications such as joint dislocation or neurovas-
cular damage appear less likely to occur in achondroplasia, pre-
sumably due to the relative excess soft tissue conditions [29]. 
However, this conclusion is limited by the small patient cohort.  

Limitations 
This study is mainly biased by 2 factors: (1) selection bias 
versus other treatments, i.e. external fixators and nonopera-
tive treatment, which were used during the same span of time 
for similar indications, are not reported in this study; (2) 
although this is presumably the largest patient cohort that has 
solely been evaluated for this special indication, the number 
of included patients is still relatively small. Although the 
minimum follow-up in this study is 2 years after nail inser-
tion, even if rare, complications after implant removal might 
occur [30]. It should also be emphasized that there is a lack 
of knowledge concerning long-term side effects of excessive 
limb lengthening, such as secondary arthritis in adjacent joints 
of the lengthened segment. 
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One should consider assessment bias, which is sustained by 
the following main factors: patient-reported outcomes were not 
used; ROM was retrospectively acquired from hospital records 
and could be biased by inconsistency between the examining 
physician and documentation. Patients relied on wheelchair 
mobility during lengthening, which possibly delayed their 
return to work or school and thus reduced functionality and 
quality of life during the distraction period. Unfortunately, due 
to the retrospective study design, this study cannot provide 
reliable information regarding functionality and quality of life 
during treatment. Furthermore, we would like to point out that 
changes in the MAD were observed in the study cohort but a 
clear trend towards valgus malalignment related to lengthen-
ing along the anatomical axis of the femur was not found. One 
might assume that ligamentous laxity of the knee joint, which 
is a common characteristic of patients with achondroplasia and 
asymmetric weight-bearing, might have limited comparability 
of the assessed long standing radiographs [31]. However, this 
hypothesis could not be confirmed by comparing the pre- and 
postoperative JLCA, which did not show large variability. A 
different study design is needed to evaluate the intraindividual 
reliability of MAD measurements in long standing radiographs 
of patients with achondroplasia.

Conclusion
In patients with achondroplasia, simultaneous bilateral fem-
oral distraction osteogenesis with motorized magnetically 
driven antegrade intramedullary lengthening nails seems to be 
a reliable and accurate treatment with few complications. 

Perspective
We argue in favor of close clinical and radiographic follow-ups 
to detect and treat common complications such as joint stiff-
ness and premature consolidation in a timely fashion. Limb 
lengthening in patients with achondroplasia is a treatment that 
addresses only one characteristic of this complex condition. 
Possible long-term side effects of lengthening and its physical 
and psychosocial impact remain unclear. Thorough counsel-
ling should prioritize limb deformities and follow-up of pos-
sible spine complications and lengthening ought only to be an 
option if explicitly requested by patients and families.
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