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Abstract

Background: The inferior subluxation of the proximal part of the fibula have been reported to occur
with distraction osteogenesis of the tibia with unilateral external fixation in achondroplasia. The
purpose of this study was to evaluate the clinical and radiologic effects when the fibula head is not
fixed to the tibia during the tibial lengthening in achondroplasic patients. Methods:We
retrospectively reviewed all the achondroplasic patients who were underwent bilateral tibial
lengthening by distraction osteogenesis with use of a unilateral external fixation between 2007 and
2016. Clinically and radiographically data related to mean age at the time of the surgery, amount of
lengthening, proximal fibular migration, mean mechanical axis deviation were collected. The mean
duration of follow-up was 7.4 years (range, 1.96-11years). Results:80 tibial lengthening procedures in
40 achondroplasic patients were evaluated. The mean age at the time of the surgery was 11.97 years
old (range 9.30-16.40 years). The mean amount of lengthening was 15.03 +/- 1.56 cm (range 11.40-
18.50 cm) and the mean percentage lengthening was 84.64 % (range 62.21 to 138%). The mean
proximal fibular migration (PFM) was 19.09 £ 4.57mm (range, 10.48 to 29.37mm). The mean
mechanical axis deviation (MAD) of 14.40 £ 11.95 mm (range, -22.45 to 59.74mm) preoperatively and
8.2 £15,25mm (range, -21.91 to 49.88mm) at the final follow-up. We observed that the degree of
proximal fibular migration was linearly correlated with the amount of tibial lengthening. The
proximal fibular migration was not associated with the valgus deformity of the knee (p> 0.05). Our
study showed a relation between the presence of valgus deformity and the magnitude of lengthening.
We observe that the proximal fibular migration and the magnitude of lengthening were not
associated with the presence of complications. Comnclusions:The proximal fibular migration is
common in patients undergoing bilateral tibial lengthening using unilateral external fixation.
However, no valgus deformity or presence of major complications was found. These findings indicate
that the fixation of the proximal tibiofibular joint is not required in bilateral tibial lengthening with
unilateral external fixation in achondroplasic patients.

Keywords: achondroplasic patients; bilateraltibial lengthening; fibular migration; fibular
subluxation; proximal fibula; distraction osteogenesis; external fixation

1. Introduction

Achondroplasia is the most common form of short-limb dwarfism in humans, affecting more
than 250,000 individuals 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]. One
of the most evident disorder associated with achondroplasia is short stature, which is evident at birth.
[2,3]. This are reflected in the quality of life experienced by the patients with achondroplasia. They
also had significantly lower self-teem values and significantly lower quality-of-life indices[4].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0558.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 February 2026 d0i:10.20944/preprints202602.0558.v1

Extended limb lengthening is a worldwide accepted treatment option for height enhancement
[5-7]. In tibia, bone lengthening has been performed through osteotomies and lateral or circular
external fixators devices.

Related to complications for tibial lengthening, subluxation of the proximal tibiofibular joint has
been observed [8]. This difference is attributed to fibular distraction appeared to progress slower than
the tibial distraction secondary to counter-tension exerted by the soft tissues[9].

Additionally, the role of distraction - resisting forces in the restriction of knee and ankle range
of motion and in axial deviation of the tibia is well established [10]. Several studies have reported
increased knee laxity and valgus angulation of the tibia due to proximal fibular migration [9,11].

We investigated the clinical and radiological effects when the fibula head is not fixed to the tibia
during the tibial lengthening in achondroplasic patients.

2. Materials and Methods

This was a retrospective, unicenter study including all the achondroplasic patients (Apendix
A.1) who were underwent bilateral tibial lengthening by distraction osteogenesis with use of a
unilateral external fixation at our institution from 2007 to 2016 because of a short stature. We excluded
patients with idiopathic short stature, secondary a another skeletal dysplasia or patients with limb
length discrepancy

This study was conducted in accordance with the principles of the Declaration of Helsinki while
a high level of confidentiality, in terms of the protection of personal data as required by Spanish Law
(LOPD 3/2018), was also ensured. Written informed consent was obtained from all participants.

The lengthening procedure was performed with use of distraction osteogenesis by the senior
author with more than thirty years of experience in this technique. First, the distal tibiofibular joint
was fixed and stabilized with a palmer nail. The fixation of the distal tibiofibular joint was done to
prevent heel valgus deformitythat results from proximal migration of the lateral malleolus during
tibial lengthening.

After that, the osteotomy of the fibula between its middle and distal one-thirds was realized,
and a segment of bone approximately one cm in length was excised to avoid early consolidation
(Apendix A.2). Then, percutaneous tenotomy of the Achilles tendon proposed by Vilarrubias
[5],Aldegheri[8] (with three incisions) was implemented. Postoperatively, the ankle was immobilized
in a plaster cast-boot to maintain a 90° during the period of distraction.

Afterward 2 cortical-bone hydroxyapatite (5mm) screws were inserted in the proximal
metaphysis of the tibia and 2 distally, in order to respect the growth plate. We made a subperiosteal
(multiholes) osteotomy through an (1.5cm) anterior incision over the proximal part of the tibia. Itis
aligned to the long axis of the tibia, two centimetres distally to the proximal screws. Finally, the
medial unilateral external fixation device was placed.

In the period of distraction, they can stand up and take small steps, but for long distances they
move in wheelchair with leg extensions.

We started the distraction between four to five days after the surgery. A rate of one millimetre
per day, 0.25mm every six hours by means of a unilateral external fixation. This rate was subsequently
adjusted commensurate with the degree of ossification seen on the radiographs.

Removal of the external fixator was done when three cortices showed satisfactory corticalization
on radiographs (Apendix A.3). All patients were evaluated clinically and radiographically every four
weeks during the distraction and the consolidation period.

The parameters that were assessed to determine the outcome included the increase in length (in
centimeters and as a percentage of the preoperative length) [8] , the mean external fixation index
(computed by dividing the number of days in the external fixator by the final regenerate length) [12]
and the presence of major complications.

The radiographs were evaluated with regard to four parameters: (1) mechanical axis deviation
(MAD) (Figure 1), measured on long standing radiographs preoperatively and at the last follow-up;
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(2) the tibiofibular distraction difference (TFDD) (Figure 2), calculated by subtracting total fibular
distraction from total tibial distraction at the end of the distraction period; (3) the proximal fibular
migration (PFM) (Figure 3), comparing the position of the fibular head relative to the tibial plateau
on the preoperative radiograph and the radiograph made at the end of the distraction period; (4)
tibial angulation (Figure 4), calculated by comparing the orientation of the joint lines of the knee and
ankle on preoperative radiographs with those on the postoperative radiographs [11,13]. Regarding
knee deformity, a value of >8mm valgus MAD or a tibial valgus angulation of > 10° was assumed to
by clinically important because a residual deformity of such magnitude might warrant surgical
correction [8].

Statistical analysis was carried out using the SPSS software for Windows (Version 16.0. Chicago,
SPSS Inc). The (non-parametric) Mann-Whitney U test was used to compare differences on
lengthening between genders. Also Mann-Whitney U test was used to compare the variables between
the group which develop any complication and the group without complications.

Correlations have been analyzed calculating Pearson Correlation Coefficient. To analyze the
relation between the percentages of tibial lengthening with other variables, we have categorized it in
4 groups, and compared the differences through Kruskall-Wallis non-parametric test.

3. Results

40 patients and 80 tibial segments were evaluated. The mean age at the time of the surgery was
11.97 years old (range, 9.30-16.40 years). 25 were male and 15 were female. The mean duration of
follow-up was 9.41 years (range, 3.10 to 13.9 years).

The mean amount of lengthening was 15.03 cm (SD 2.25) (range, 11.40 to 18.50) and the mean
percentage lengthening was 84.64% (range, 62.21% to 138%) of the original tibial length. The mean
external fixation index (EFI) was 19.78 days/cm (SD 4.25) (range, 13.9 to 31.11) with a mean
preoperatively mechanical axis deviation (MAD) of 11.91 mm (SD 17.36) (range, -22.45 to 59.74) and
8.2mm (SD 15,25) (range, -21.91 to 49.88) at the final follow-up. According to these results, we
observed a total of 53 genu varus and 18 of valgus with only 10 of these with > 10 mm at the final
follow-up.

The mean tibiofibular distraction difference (TFDD) was 3.80 cm (SD 1.43) (range, 1.40 to 7.47).
The mean proximal fibular migration (PFM) was 19.09 mm (SD 4.57) (range, 10.48 to 29.37) and the
mean preoperatively amount of tibial angulation was -6.4° (SD 8.80°) (range, -23.58 to 15.24°) and 7.16°
(SD 7.30%) (range, -12.9 to 28.6) at the final follow-up. The tibia was found in varus in 59 segments
and in valgus in 15 segments preoperatively.

At the final follow-up we found 1 tibia in varus and 75 in valgus. In the valgus deviation, 26 had
more than 10° without association between the proximal fibular subluxation and gender (p>0.05).

On clinical examination at the time of the latest follow-up no peroneal nerve abnormality was
found. Any patient reported swelling or tenderness at the proximal tibiofibular joint. No patient
presented a subjective sense of instability at the knee joint during walking or running.

Mayor complications during lengthening appeared in 23 of the 80 segments (28.7%). The
premature consolidation of the fibula occurred in 2 cases; we resolved them with another osteotomy
and new excision of bone. In 12 cases a valgus deviation needed a corrective osteotomy at the apex
of the deformity with internal fixation or keeping the external fixator device.

A combination of valgus and torsional deviation showed up in 4 segments. All of this required
a osteotomy at the apex of the deformity and internal fixation. A deviation in varus occurred in one
patient, who presented a varus deviation preoperatively and it didn’t improve with the lengthening.
We corrected it with a osteotomy and internal fixation. We observed a fracture post lengthening after
a trauma, it healed with a plaster cast. Limited of knee extension was noted commonly during the
lengthening procedure [10], we had 2 segments with this problem, whom we can remedied with a
long leg cast in extension of the knee. It had resolved completely at the end of the follow-up period.
Equinus contracture appeared in 6 segments, only in 2 cases we needed a new percutaneous
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tenotomy. In the other 4 cases we resolved them with a boot cast. A delay in consolidation was
recorded in 2 occasions; they required a changing of the external fixation device to heal.

When we analysed the differenceaccording the magnitude of lengthening and we found that the
degree of proximal fibular migration was linearly correlated with the amount of tibial lengthening.
(Figure 5). The tibiofibular distraction difference, proximal fibular migration and tibial angulation
were found to increase with the increase in the percentage of lengthening. In reference to the
mechanical axis deviation when we see the graph, it showed a rapid decrease (valgus change) beyond
100 % lengthening. In other words the risk to present a valgus is higher above than 100% of tibial
lengthening. (Figure 6). When we analyzed the radiological parameters comparing the different
groups of percentage of lengthening, only the tibiofibular distraction difference was significantly
different according to percentage lengthening (p<0.05) (Table 1). Then we applied the multiple
comparison correction, and it showed a linearly correlation between the tibiofibular distraction
difference and the percentage of lengthening. (Figure 7).
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Figure 5. (a) Relationship between tibial lengthening and proximal fibular migration is directly proportional; (b)

Relationship between tibial lengthening percentage and proximal fibular lengthening is linearly correlated.
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Figure 6. Relationship between the percentage of lengthening and tibiofibular distraction difference (TFDD),
proximal fibular migration (PFM), tibial angulation and mechanical axis deviation postoperative (MADpost).
Tibial lengthening has a directly proportional relationship with TFDD, PFM and tibial angulation and has a
inversely proportional relationship with MADpost.
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Lengthening Number Tibial Tibiofibular Proximal Tibial MAD!
(%) of Lengthening Distraction fibular angulation
Segments (%) Difference migration (degrees)
(mm) (mm)
40-60 4 50.6 % 21.3+/-12.7 10.8+/-77  3.5+/-19 16.6
+/-7.7
60-80 33 74.8 % 34.5+/-15.1 19.1+/-3.9 72+/-73  6.1+/-
16.4
80-100 42 87.5 % 40.4 +/- 13.6 19.0 +/- 3.9 75+/-62  6.9+-
13.1
>100 7 115.4 % 41.7+/-12.2 203+/-6.3 9.18+/-52  -5.6
+/-
16.9
P value 0.046 0.174 0.402 0.051
MAD: Mechanical Axis Deviation.
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Figure 7. Lineal correlation between the tibiofibular distraction difference (TFDD) and the percentage of

lengthening.

The summary of the comparison according to postoperative MAD is in Table 2. Here we
observed the appearance of postoperative valgus of the knee. Valgus of the knee (valgus change of
MAD) increased with the increased lengthening. The amount of elongation differed significantly
among the groups with different postoperative alignment (p<0.05). The percentage of lengthening
presented statistical significant difference in relation with the postoperative mechanical axial
deviation (p<0.05). However the proximal fibular migration was not associated with the valgus
deformity of the knee (p> 0.05).

At the end, if we reviewed the relation between our parameters and the presence of major
complications we can concluded that the magnitude of fibula resection and the mechanical axis
deviation were associated with the presence of complications (p<0.05) (Table 3). In contrast, the
proximal fibular migration and the magnitude of lengthening were not.
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Table 2. Comparison accordingto postoperative MAD.

Postoperativ.  Number Tibial Tibial Tibiofibula Proximal Tibial
e MAD! of Lengthenin  Lengthenin r Fibular  angulatio
Segment g (cm) g (%) Distraction = Migratio n
S Difference n (mm) (degrees)
(mm)
Valgus 10 155+/-1.6  94.4+/-20.8 34.3+/-153  20.7+/- 11.4+/-8.6
(>10mm) 54
Normal axis 40 15.10+/-2.1  849+/-12.8 38.7+/-129  19.5+/- 71+4/-71
4.8
Varus 34 13.8+/-25  77.7+/-12.6 374+/-164 17+/-49  6.6+/-45
(>10mm)
P value 0,031 0.013 >0.05 >0.05 >0.05

IMAD: Mechanical Axis Deviation.

Table 3. Comparison according to presence of major complications.

Number Tibial Tibiofibular Proximal Tibial MAD?*  Fibula
of Lengthening Distraction fibular  angulation resection
Segments (%) Difference  migration (degrees) (mm)
(mm) (mm)
YES 27 822+/-144 383 +/-11.9 179+/- 10.6+/-89 3.6+-  13.2+/-
47 15.6 44
NO 59 83.7+/-14.8  36.9+/-15.7  18.8+/- 59+/-43 105+ 15.1+/-
5.2 14.7 3.6
P >0.05 >0.05 >0.05 0.057 0.04 0.003

value

IMAD: Mechanical Axis Deviation.

4. Discussion

In the present study, compared to other series in which patients were affected with different
skeletal dysplasias, we have included patients with achondroplasia, whom have a specific patterns
in the lower limbs. [8,9,11,13]We review the clinical and radiological effects when the fibula head is
not fixed to the tibia during the tibial lengthening.

The mediolateral instability and the fibular overgrowth may be presented in patients with
achondroplasia, and they could improve when the peroneal head pulled down during distraction in
order to obtain a normal tibiofibular relationship [11].

According to Hatzokos et al, our study showed that the extent of the proximal fibular migration
was directly related with the amount of tibial lengthening (figure 5 and 6). Like in our study, other
authors observed fibular lengthening appeared to progress more slowly than did tibial lengthening,
and there was less fibular lengthening overall [9,11]. We found that the tibiofibular distance
difference increased proportionally to the increase of lengthening. We observed statistically
differences in relation with the percentage of lengthening (p<0,05) and linearly correlation between
the tibiofibular distraction difference and the percentage of elongation (p<0.05). This can be explained
by the fact that the fibular lengthening was not caused by a rigid external fixator directly attached to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.0558.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 February 2026

the bone but evolved indirectly through the tension exerted by the soft tissues, mainly by the intact
distal portion of the interosseous membrane [9].

An increase of valgus angulation related to the elongation percentage of the tibia has been
reported with a rapid increase of tibial valgus angulation beyond 50% lengthening [11] And it found
that the mechanical axis deviation increased rapidly in the midrange of 25-50% of lengthening and
then slowed down when the lengthening percentage increased more than 50%[13]. In our study the
trends in the magnitude of tibial angulation and the mechanical axis deviation as a function of
percentage tibial lengthening was different. We observed a tibial angulation increased steadily with
the increases of the lengthening. Instead the MAD, only showed a rapidly decrease (change to valgus)
beyond 100% lengthening.

Although the proximal migration of the fibula was associated with a valgus change in the
mechanical axis deviation [13], our study did not. The only relation that we found with the variation
of the mechanical axis deviation during the tibial lengthening was with the amount of elongation.
We observed different amount of lengthening in the patients who presented a valgus deformity of
the knee. Hence, limiting the lengthening to <100% will minimize the number of valgus deformity of
the knee joint.

It is well accepted in the literature that associated problems increase proportionally as the
percentage of lengthening increases [14,15]. Paley mentioned that the soft tissues in patients with
achondroplasia tolerate lengthening with fewer problems, perhaps because the muscle lengths
exceed the bone lengths before lengthening [10]. In our study we didn’t observe difference of amount
of lengthening in the patients who presented complication

The mechanical axis deviation was associated with the presence of major complications. In eight
segments a valgus deviation and in four segments a valgus deviation had associated torsional
deviation. All required a tibial osteotomy at the apex of the deformity. When the valgus was alone,
sometimes is possible to reduce the deformity with the external fixator device. If it’s not possible, an
internal fixation was used. As we have referred before, a good way to control the mechanical axis
deviation, in limiting the elongation to < 100% of the initial length of the tibia.

Premature consolidation of the fibular osteotomy site is a problem that can required a surgical
treatment during the tibial lengthening. This was why we included the premature consolidation of
the fibula inside de major complications. Paley considered it an obstacle [15], nevertheless Aldegheri
assumed it like a complication. [8]. We observed a relation between the fibula resection and the
presence of complications. In all the segments that the premature consolidation appeared was needed
a new osteotomy of the fibula. Kim et al, observed 10 premature consolidation of the fibula among
120 tibial segments. In this series the osteotomy was performed without the excision of the fibula.
Hence, the amount of resection of the fibula is important to prevent the premature consolidation of
the fibula[13].

Some authors have reported the presence of complications associated with the proximal fibular
migration [12,13]. In our series, we didn’t find it. Our patients, didn’t present abnormal mobility of
the fibular head, swelling or tenderness at the proximal tibiofibular joint or subjective sense of
instability at the knee joint during walking or running. In agreement with other authors [8,9],
subluxation of the fibula was a radiographic observation that did not produce clinical symptoms or

signs. In the case of patients with achondroplasia we think that could normalize the relation between
the head of the fibula and the tibia.

5. Conclusions

In summary, we found that the proximal fibular migration is common in patients undergoing
bilateral tibial lengthening using unilateral external fixation. However, no valgus deformity,
angulation of the tibia or presence of major complications was found in relation with the proximal
fibular migration. These findings indicate that the fixation of the proximal tibiofibular joint is not
required in bilateral tibial lengthening with unilateral external fixation in achondroplasic patients.
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Abbreviations

The following abbreviations are used in this manuscript:
MAD Mechanical axis deviation

TFDD Tibiofibular distraction difference

MADpost Postoperative mechanical axis deviation
PFM Proximal fibular migration

Appendix A
Appendix A.1: Achondroplasic Patient Before Undergoing Tibial Lengthening Procedure

Appendix A.2: Achondroplasic Patient Undergoing Tibial Lengthening with the Use of an External Fixation
Device to Perform Distraction Osteogenesis and Growth
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