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A B S T R A C T

Background: Motorized lengthening nails are the treatment standard for bone lengthening of the lower 
limbs. However, bony changes namely osteolysis and periosteal hypertrophy have been described after cer-
tain type of magnetically driven lengthening nails. The aim of this study was to estimate the proportion rate 
of radiological bone abnormalities of Fitbone TAA femoral or tibial lengthening nails with a minimum fol-
low-up time of 1 year.
Hypothesis: The bone surrounding the telescopic junction of Fitbone lengthening nails does not exhibit osteolysis 
or periosteal reactions. The bone surrounding the locking screws exhibits cortical hypertrophy.
Patients and methods: Single-centre retrospective case series of patients treated with a Fitbone nails with a min-
imum follow-up of 1 year after implantation. Standard orthogonal radiographs were obtained postoperatively, 
weekly during the distraction phase, and then monthly for 6 months, and before removal of the equipment. 
We looked for bone abnormalities at the telescoping junction of the nail and at the locking screws before re-
moval.
Results: In total, 101 patients (58 males, 43 females) with a mean age of 21 years (range: 11.8–53.5) had 128 
(101 femoral and 27 tibial) limb lengthening nails implanted between 2010 and 2021. The mean follow-up pe-
riod was 925 days (range: 371–3587). The mean lengthening was 4.7 cm (range: 1.5–8.0). No bones exhibited 
focal osteolysis or periosteal reactions at the telescopic junction of the lengthening nail. Cortical hypertrophy at 
the locking screws was observed in significantly more Fitbone nails than previously reported, i.e., 101/128 
(79%).
Discussion: Neither focal osteolysis, nor periosteal reactions were observed at the bone surrounding the tele-
scopic junction of 128 Fitbone lengthening nails. Cortical hypertrophy around the single diaphyseal locking 
screw was observed in 101/128 (79%) of the cases. These absences of osteolytic changes after long term ob-
servation are reassuring for both surgeons and patients alike.
Level of evidence: IV.

© 20XX

1. Introduction

Intramedullary lengthening devices are the gold standard of lower limb
lengthening in patients with closed growth plates. Motorized lengthen-
ing nails include Fitbone® (Orthofix, Lewisville, TX, USA), Precice®
and Stryde® (Nuvasive, Aliso Viejo, CA, USA) limb lengthening nails.
Motorized lengthening nails produce excellent short-term results with
controlled lengthening and patient comfort, but do have potential com-
plications [1–3].

Disassembly of the inner mechanism and limited weight bearing has
been a problem for the first generations of the Precice nail [1,4]. The
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weight-bearing Stryde nail was launched in 2018 and retracted in 2020
due to reports of pain, osteolysis, periosteal reaction and swelling due
to corrosion at the junction of the lengthening nail [5–7]. These adverse
events caused a market recall to conduct biological safety analysis [8].
The Stryde is manufactured from Biodur 108, which is similar to stain-
less steel. In contrast, the stainless steel Fitbone lengthening nail was
first introduced in 1997 and has been on the marked ever since. The Fit-
bone mechatronic implant can be used either retrograde or anterograde
on the femur or the tibia. It is available in diaphyseal diameters of 9, 11
and 13 mm with a lengthening capacity of up to 8 cm. Even though
clinical application for more than two decades has proven the safety of
the nail, a call has been put forward to analyse all lengthening nails, re-
port the findings and monitor adverse events more closely [5]. More-
over, Jones and co-workers described osteolysis, periosteal reaction
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and cortical hypertrophy in association with a modular stainless-steel
intramedullary trauma nail [9]. Consequently, the stainless-steel Fit-
bone lengthening nail may also be susceptible to these changes.

The aim of this study was to estimate the proportion of radiological
bone abnormalities of Fitbone femoral or tibial lengthening nails with a
minimum follow-up time of 1 year.

2. Hypothesis

The bone surrounding the telescopic junction of Fitbone lengthen-
ing nails does not exhibit osteolysis or periosteal reaction.

The bone surrounding the locking screws/bolts exhibits signs of cor-
tical hypertrophy before nail extraction.

3. Patients and methods

3.1. Patients

This is a single-centre, single-surgeon, retrospective case series. In-
clusion criteria were patients with lower limb length discrepancy
greater than or equal to 20 mm or short stature patients treated with
the Fitbone lengthening nail with a follow-up period of at least one
year. Exclusion criteria were: bone transport procedures, missing clini-
cal or radiological data, loss to follow-up before 1 year of observation
time.

Patient records were reviewed to analyse the demographic informa-
tion of the cohort.

The aetiology of the limb length discrepancy was classified as being
congenital, developmental, neurological, infectious, tumoral, post-
traumatic or small stature. We recorded the bone segment (femur,
tibia), anterograde or retrograde approach, blocking screws, and con-
comittant correction of angular or rotational deformity.

4. Methods

The patient was positioned on a standard table on a plexiglass plate
with a metal grid to assess the mechanical axis of the operated limb dur-
ing surgery. Intramedullary reaming was performed through a metal
working tube. A multiple-drill hole osteotomy was performed percuta-
neously with a 4 mm drill and completed with an osteotome. The nail
was implanted and connected to its subcutaneous receiver via a cable.
Patients were mobilised immediately after surgery. Physiotherapy was
started the day after surgery with partial weight bearing of 20 kg and
focus of range of motion exercises. Patients achieved lengthening using
an external transcutaneous control unit with 3–4 daily sessions corre-
sponding to approximately 1 mm of distraction. Weight bearing was
limited to 20 kg from day 1 and during the course of distraction phase.
It was then increased monthly in 20 kg increments until 3 cortices were
healed and full weight bearing was allowed. This rehabilitation pro-
gram was applied to all patients.

Regarding short stature patients: these were operated on the left and
right side 3 to 4 days apart, never on the same day. Rehabilitation regi-
men and weight bearing restrictions were the same as LLD patients.
Weight bearing was restricted to 20 kg from day 1. Thus, the patients
were only allowed to bear weight in the swimming pool and when
walking between two parallel bars.

4.1. Methods of assessment

Standard orthogonal radiographs were taken postoperatively, at
weekly intervals during the distraction phase, and monthly during the
consolidation phase, and before removal of the implant. All radi-
ographs were assessed by the first author of this study. The immediate
postoperative radiographs were used as reference to distinguish be-

tween intramedullary and cortical changes due to the perioperative
reaming and bony changes that occurred afterwards.

We specifically looked for bony changes at the junction of the nail
and in the area of the single diaphyseal locking screw. Bony changes
were rated according to the biological reaction classification system by
Sax et al. [10]. In brief, class I describes periosteal reaction, while the
site is given as subtypes, i.e., class Ia: male-sided screw(s), class Ib: tele-
scopic junction, and class Ic: both of these sites. Class II and III describe
osteolysis without and with cortical penetration, respectively. In the
current paper, we clearly state if there is evidence of periosteal reac-
tion, i.e., onion skin layered as seen around the telescopic junction of
Stryde nails or cortical hypertrophy.

4.2. Statistical analysis

Demographic data were described in absolute number (percentage)
or means (range). The prevalence ratio of bony abnormalities at the
telescopic junction was estimated, i.e., number of bony changes at the
given location divided by the total number of evaluated nails [11]. The
prevalence of the bony changes reported in the present study was com-
pared with the prevalence reported by Iobst et al. [12] applying Fisher's
exact test (Prism 9.4.1 for MacOs, GraphPad Software, USA). The signif-
icance level was set at 0.05.

5. Results

5.1. Patients

In total, 144 lengthening nails were implanted at our centre be-
tween November 2010 and March 2021. Of these 144 nails, 128 Fit-
bone lengthening nails implanted in 101 patients for a mean implanta-
tion time of 529 days (88–1101) fulfilled the inclusion criteria with an
observation time of more than 1 year (Fig. 1). The cohort included 58
males and 43 females, with a mean age of 21 years at the time of
surgery (11.8–53.5). Further demographic details and the underlying
aetiologies of the treated limb length discrepancy (LLD) are given in
Table 1. Details regarding the implanted FITBONE nails are given in
Table 2. The vast majority were retrograde femoral nails, and a mean
lengthening of 4.7 cm (1.5–8.0). The mean follow-up period was 925
days (371–3587).

5.2. Radiological analysis

No bones exhibited focal osteolysis, periosteal reaction, or cortical
hypertrophy at the junctional area of the FITBONE (class Ib, Ic, II, III;
Figs. 2–6). The prevalence of 0/128 was not statistical significantly dif-
ferent from the historical prevalence of 4/242 (Fisher's exact test,
p = 0.3). However, 101 of 128 nails (79%) exhibited cortical hypertro-
phy located around the single diaphyseal locking screw (class Ia) (Figs.
2, 3 and 6). This prevalence was significantly higher than reported pre-
viously, i.e., 106/242 (Fisher's exact test, p < 0.001).

Fig. 1. Flowchart of eligible and analyzed Fitbone nails/patients.
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Table 1
Patient demographics.
Patients 101

Sex
Male 58
Female 43
Mean age 21 (11.8–53.5)

Aetiology
Traumatic 41
Small stature 36
Congenital 30
Tumor 11
Developmental (Perthes, SCFE) 4
Neurological 3
Infection 3

Table 2
Overview about Fitbone-lengthened bone segments. Mean (range).
Fitbone nails 128 (101 patients)

Femur
Antegrade 8
Retrograde 93

Tibia
Antegrade 27
Retrograde 0

Right/left 65/63
Lengthening (cm) 4.7 (1.5–8.0)
Implantation period (days) 529 (88–1101)
Follow-up period (days) 925 (371–3587)
Blocking screws
Femur 25
Tibia 8

Associated deformation correction: 36/128 (28%)
Varus 15
Valgus 12
Procurvatum 2
Recurvatum 2
Rotation 5

6. Discussion

The main findings of the present study are that we did not observe
any osteolysis or periosteal reactions at the telescopic interface of 128
Fitbone in 101 patients. However, the proportion ratio of class Ia bony

changes, i.e., cortical hypertrophy at the locking screws of 101/128
(79%) was significantly higher than previously reported.

The Fitbone lengthening nail has a long clinical track record in
adults and adolescents [13,14]. According to its instructions for use, the
Fitbone is indicated for intramedullary lengthening of the femur and
tibia of patients > 12 years of age. In the present study, one patient
who had sustained a physeal injury was treated at the age of 11.8 years
with permanent epiphysiodesis and subsequent Fitbone lengthening.
Initially, the Fitbone was only available to a small group of surgeons,
but is now commercially available for all surgeons [15]. Even though,
intramedullary devices have become the mainstay of limb lengthening
because of the improved complication profile and patient comfort com-
pared with external fixation, the device-related complication rates of
internal lengthening are still considerable [2,3,13,16–19].

A retrospective analysis of 366 removed lengthening nails (Fitbone,
Precice, Stryde) highlighted a statistically significant difference be-
tween three limb lengthening nails with regard to the presence of radio-
logical bone abnormalities in the junctional area [12]. The prevalence
of bony abnormalities found was 77% for the Stryde nail compared to
1% for Precice nails, and 1 case of osteolysis and 3 cases of cortical hy-
pertrophy in 242 Fitbone nails. Iobst et al. did not report any periosteal
reactions nor combinations of osteolysis, periosteal reaction, and corti-
cal hypertrophy for Fitbone as was seen in the majority of Stryde nails.
Several authors also report clinical symptoms, i.e., localized oedema
and pain at night or during weight-bearing, associated with these bony
changes in Stryde cases [5,7,20]. Corrosion of the Biodur alloy leading
to the release of metal particle debris was noted in Stryde nails, which
was correlated with the radiological and clinical findings [21].

In the present study, we found no cases of osteolysis in the junc-
tional area of 128 Fitbone nails with a mean implantation time of 529
days (88–1101) and an observation time of more than 1 year. Combin-
ing our findings with the results by Iobst et al., in 128 + 242 = 370
Fitbone only 4 bony changes were noted at the junctional area (1.1%).
Apart from these two series, no other studies have systematically exam-
ined the bony changes around the junctional area and locking screws of
Fitbone.

In our study, cortical hypertrophy was located around the diaphy-
seal locking screw in 101/128 Fitbone (class Ia). This finding appears to
be more frequently than in the retrospective analysis by Iobst (79% ver-
sus 44%) [12]. The high prevalence of this radiological finding in this
region suggests that it could be related to the high mechanical strains
during the distraction and consolidation phase. If mechanical strain is

Fig. 2. Retrograde Fitbone lengthening the right femur of a 14-year-old boy with 4 cm LLD due to physeal injury. Radiographs depict postoperative overview (A)
and close up of the diaphyseal locking screw (B) after 10 days and 8 months postoperatively (C and D).
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Fig. 3. Antegrade Fitbone lengthening of the left femur of a 17-year-old male with 4 cm LLD due to osteosarcoma resection. Radiographs depict postoperative
overview (A) and close up of the diaphyseal locking screw (B) after 10 days and 8 months postoperatively (C and D).

Fig. 4. Antegrade Fitbone lengthening of the left tibia of a 13-year-old female with 3 cm LLD due to physeal injury to the distal tibia and failed Langenskiöld proce-
dure. Radiographs depict postoperative overview (A) and close up of the diaphyseal locking screw (B) after 10 days and 23 months postoperatively (C and D).

the cause of this observation, differences in weight bearing protocols
may explain the disparity between our results and the results by Iobst
and co-workers. Other studies have not regarded these bony changes as
a “complication” [2,22–24], and to the best of our knowledge, cortical
hypertrophy around the locking screw(s) is not accompanied by any
clinical symptoms. Importantly, periosteal reactions observed around
Stryde nails were onion skin layered, etc. We did only observe cortical
hypertrophy in the present study.

Recently, Zak et al. suggested that the biological response to distrac-
tion osteogenesis, i.e., new bone formation is not age dependent [25]. It
remains to be elucidated if early weight bearing or other factors such as
chronological age are associated with the prevalence of hypertrophy
around the locking screws.

The difference in production material as well as the differences in
weight bearing may explain why we did not observe bony changes at
the telescopic junction of Fitbone in the present study. First, Fitbone
and Precice are made out of stainless steel (316L) and titanium (Ti-6Al-
4V), respectively. Stryde is manufactured of BIODUR 108. Secondly,
the changes in Stryde are coined mechanically assisted crevice corro-

sion and thus aggravated by the full weight bearing protocol during
lengthening and consolidation [8]. In contrast, a maximum of 20 kg
weight bearing is allowed during lengthening and consolidation with
Fitbone and Precice [26].

Limitations of the present study include its retrospective nature,
however all available radiographs of all 101 patients and 128 bone seg-
ments were examined for bony changes. Furthermore, the observation
time was minimum 1 year, which seems appropriate according to the
onset of bony changes during the consolidation period in Stryde nails
[12,20]. In the present study, we did not evaluate radiographs after nail
explantation and we are thus unable to report how the cortical hyper-
trophy around the locking screws evolved after nail removal [27]. Like-
wise, the evaluation of callus formation was outside the scope of the
present study [28]. Strengths of the present study include the size of the
cohort considering it is a single centre and a single surgeon's consecu-
tive series and the meticulous examination of all available radiographs.

The Fitbone lengthening nail does not seem to bear a significant risk
of osteolysis at the junctional area, i.e., 1/370 (0.3%) even after signifi-
cant implantation times. However, clinical and radiological observation
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Fig. 5. Antegrade Fitbone lengthening of the right tibia of a 15-year-old male with 4.5 cm LLD due to fibular hemimelia. Radiographs depict postoperative close up
of the diaphyseal locking screw. Radiolucency due to intramedullary reaming (A), which decreases over until 11 months postoperative (B). No osteolysis is evident.

Fig. 6. Retrograde Fitbone lengthening of a 13-year-old female with 4.5 cm
LLD due to congenital short femur. Radiographs depict close up of the dia-
physeal locking screw 10 days (A) and cortical hypertrophy 11 months post-
operatively (B).

and eventually implant explantation remain mandatory and should be
performed as soon as full bone consolidation has been achieved. In gen-
eral, we do not remove locking screws or the receiver before the nail
can be extracted in order to limit the number of surgeries. However, the
mid-diaphyseal screw in Fig. 5 bothered the patient and was therefore
removed after consolidation of the regenerate in local anaesthesia. The
remaining implant was extracted at a later session, when the patient
was able to take a short sick-leave.

Based on our clinical experience and the results of the present and
Iobst et al. study, we are confident to retain Fitbone as long as necessary
to obtain complete bone healing, while the manufacturer's instructions
for use recommend removal of the nail 1–1.5 years after implantation
[26].

7. Conclusion

No osteolysis, no focal periosteal reaction, and no cortical hypertro-
phy was observed at the junctional area of 128 Fitbone after a mean im-

plantation time of 529 days (88–1101) and a mean follow-up time 925
days (range: 371–3587). Cortical hypertrophy at the diaphyseal locking
screw (Sax class Ia bony changes) was observed in 79% of Fitbone nails.
These findings are reassuring and in line with our clinical experience
with the Fitbone, which has been implanted at our centre for 12 years.
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