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Ab s t r Ac t
Introduction: Limb lengthening is increasingly accomplished by internal lengthening nails. Previous versions of the magnetic lengthening 
nails made from titanium alloy allowed limited weight-bearing. In contrast, the newer nails made of stainless steel allow increased weight-
bearing. An objective comparison of the rate of healing of the regenerate bone based on the weight-bearing capabilities of these two types of 
lengthening nails has not been evaluated. The hypothesis for the study is that earlier commencement of full weight-bearing in patients treated 
with the stainless steel STRYDE® nail will lead to faster healing of the regenerate bone during intramedullary limb lengthening compared with 
those treated with the titanium PRECICE® nail. 
Materials and methods: Thirty patients, divided into two groups of 15 each, underwent antegrade intramedullary lengthening of the femur 
using a magnetic lengthening nail between May 2017 and November 2020. The pixel value ratio (PVR) obtained from serial digital radiographs 
was used to quantitatively determine the regenerate bone’s mineralisation rate. We compared the rate of healing of the regenerate bone in 
both groups of patients using the PVR. 
Results: Patients treated with the STRYDE® nail achieved unassisted full weight-bearing significantly earlier than patients treated with the 
PRECICE® nail (12 weeks vs 17 weeks for STRYDE® and PRECICE® nail-lengthened patients, respectively, p = 0.003). There was no difference in the 
PVR between both groups of patients at the time of full weight-bearing (p = 0.0857). However, patients treated with the STRYDE® nail attained 
a PVR of 1 significantly earlier than those treated with the PRECICE® nail (0.0317). 
Conclusion: The STRYDE® nail provides an earlier return of function and full weight-bearing compared with the PRECICE® lengthening nail. 
Earlier commencement of weight-bearing ambulation leads to more rapid mineralisation of the regenerate bone in patients undergoing 
intramedullary limb lengthening. 
Keywords: Intramedullary limb lengthening, Pixel value ratio, Magnetic lengthening nail, Weight-bearing.
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In t r o d u c t I o n 
Limb lengthening surgery is increasingly being accomplished with 
internal lengthening nails. Not only have these nails demonstrated 
remarkable accuracy in lengthening, but they have also gained 
popularity due to their lower complication rates in comparison 
to external fixator-assisted lengthening procedures.1,2 Magnetic 
lengthening nails are one of the common current internal 
lengthening nails available. These nails consist of a telescoping 
assembly, where lengthening (or compression) is achieved by a 
system of internal gears driven by magnets contained in the nail 
and in an external remote controller (ERC) device. First used in 2011, 
the PRECICE® magnetic lengthening nail (NuVasive Specialized 
Orthopedics, San Diego, California) requires limited weight-bearing 
following surgery.3 Only 50–75 lbs of weight is permitted, creating 
prolonged periods of assisted weight-bearing recovery and slowing 
functional return. The STRYDE® nail, a 3rd-generation magnetic 
lengthening nail, was cleared for use in the USA by the FDA in 2018. 
It is composed of Biodur 108 alloy stainless steel and is designed to 
accommodate greater loads (150–250 lbs of weight). The increased 
strength of the design allowed patients to start, immediately after 
surgery, with partial to full weight-bearing (depending on their 

body weight). This accommodation was beneficial to patients 
undergoing simultaneous bilateral lengthening.4 

Some studies suggest that early weight-bearing stimulates 
faster healing during distraction osteogenesis.5–7 The potential to 
perform earlier weight-bearing with the STRYDE® nail is an attractive 
option since it could allow an accelerated rehabilitation and return 
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of function. Although the STRYDE® nail has been shown to achieve 
the same functional results as the PRECICE® nail,8 to the best of our 
knowledge, an objective comparison of the rate of mineralisation 
of the regenerate has not been evaluated. 

There are several objective measures for evaluating bone 
healing following distraction osteogenesis, and these range 
from computerised tomography scans to bone mineral density 
measurements.9–12 One of the significant limitations of these 
techniques is their cost. The PVR is an inexpensive alternative 
measurement that can be obtained from plain radiographs. It 
has been proven to correlate well with quantitative measures of 
regenerate bone mineralisation.13,14 The PVR has also been utilised 
as an objective determinant of regenerate bone healing following 
external and internal bone lengthening procedures.14–18 

This study hypothesises that the earlier weight-bearing in 
patients treated with the STRYDE® nail will lead to faster healing 
of the regenerate bone during intramedullary limb lengthening 
compared with patients treated with the PRECICE® nail. Using the 
PVR as a measure of bone remineralisation, the healing rate will be 
compared between femoral lengthening using the STRYDE® nail 
and lengthening using the PRECICE® lengthening nail. 

MAt e r I A l s A n d Me t h o d s 
This was a retrospective chart review conducted following 
Institutional Review Board Approval. The aim was to compare 
two different Post-operative weight-bearing protocols (early full 
weight-bearing vs delayed full weight-bearing) in patients who 
had antegrade intramedullary femoral lengthening. 

Thirty subjects who had undergone intramedullary lengthe-
ning with a magnetic lengthening nail between May 2017 and 
November 2020 were included in this review. They were divided 
into two groups of 15 subjects each, based on the type of magnetic 
lengthening nail used. Patients in group A had lengthening with 
the STRYDE® magnetic lengthening nails, while those in group B 
had lengthening with the PRECICE® magnetic lengthening nail. 
The aetiologies were congenital in 6 cases (3 in either group), post-
traumatic in 2 cases (1 in each group), developmental in 15 cases 
(8 in the STRYDE® nail and 7 in the PRECICE® nail group), neurologic 
in 3 cases (all lengthened with the STRYDE® nail), metabolic in 1 
case (lengthened with a STRYDE® nail) and neoplastic in 3 cases 
(all lengthened with the PRECICE® nail). 

All patients had antegrade nail insertion for the lengthening 
procedure carried out by a single surgeon (the senior author). 
Patient demographics are as shown in Table 1. Following a latency 
period of 6–7 days, all patients were distracted at a rate of 0.75 
mm/day. Outpatient follow-up was done weekly during the 
lengthening phase of treatment and then every 3–4 weeks during 

the consolidation phase of treatment. Digital orthogonal X-rays 
of the thigh showing the entire femur were carried out at every 
Post-operative follow-up visit until removal of the lengthening nails 
(including X-rays taken immediately following removal of the nails). 

The STRYDE® nail can accommodate 150–250 lbs of load per 
the manufacturer’s recommendations, so patients lengthened 
with the STRYDE® nail had partial weight-bearing from day 1 and 
were gradually advanced to full weight-bearing with assistance at 
the end of distraction. They were allowed unassisted full weight-
bearing upon radiologic confirmation of bridging callus on 3 
out of 4 cortices on review of digital X-rays. In contrast, patients 
lengthened with the PRECICE® nail, which, per manufacturer’s 
recommendations, can only carry loads limited to 50–75 lbs, started 
with touch-down weight-bearing only during distraction and the 
first month of consolidation. They were advanced monthly from 
partial to full weight-bearing with assistance and then finally to full 
unassisted weight-bearing if they had no pain on partial weight-
bearing ambulation and bridging callus was visible on 3 out of 4 
cortices on digital X-rays. 

The ‘region of interest’ feature in GE centricity Picture Archiving 
and Communication Systems (PACS) version 4.0.11E software was 
used to assess the PVR for the regenerate bone on the lateral, medial, 
anterior and posterior regions of all radiographs taken during the 
Post-operative period (Fig. 1). The anterior and posterior PVRs were 
assessed from lateral view X-ray images, while the medial and lateral 
PVRs were assessed from anteroposterior view X-ray images. 

In calculating the PVR, the formula, 

Table 1: Summary statistics for both groups of patients 

STRYDE® PRECICE® p-value 

Age at time of surgery (years) 16.9 ± 4.5 15 ± 2.6 0.2877

M:F 11:4 8:7

LLD (cm) 3.2 ± 1.4 4.4 ± 2.4 0.0843

Duration of distraction (days) 39.7 ± 19 43.9 ± 19 0.5729

Length gained (cm) 3 ± 1.6 3.6 ± 1.2 0.1072

Duration of hardware (days) 334 ± 124.7 396.5 ± 211.8 0.1198

Time to FWB (days) 85.7 ± 26 120.7 ± 37.1 0.003
LLD, limb length discrepancy, FWB, full weight-bearing, cm, centimetres 

Figs 1A and B: Radiographs showing the determination of pixel values 
using the ‘region of interest’ feature in PACS. (A) Anteroposterior view, 
(B) Lateral view images of the proximal femur of a patient treated with 
a STRYDE® nail

0.5 ( ) +
 
 

proximal segment pixel value distal segment pixel value
regeneratebone segment pixel value



Early Weight-bearing Accelerates Regenerate Bone Healing

Strategies in Trauma and Limb Reconstruction, Volume 17 Issue 3 (September–December 2022)150

was used.14 To represent increasing radio-opacity as healing 
progresses, the inverse ratio was utilised to express the results.17,18 
All PVR measurements were carried out by two authors (AB and MD). 
In obtaining PVR measurements, care was taken to avoid including 
areas of soft tissue overlap or hardware. 

Statistical analysis was carried out using GraphPad Prism version 
9.0.0 (121) (Software Inc., San Diego, California, USA). Measures 
of central tendency and variance were expressed as mean and 
standard deviation, respectively. Where indicated, the t-test was 
used to compare means for continuous variables. Mann–Whitney 
U test was used for post-hoc analysis. Results were considered 
significant at p values < 0.05. 

re s u lts 
There was no statistically significant difference between the two 
groups of patients in terms of age at the time of surgery, amount 
of length discrepancy present, duration of distraction, and amount 
of length gained (Table 1). Patients who had lengthening with the 
STRYDE® nail had a significantly shorter time to full unassisted 
weight-bearing compared with patients lengthened with the 
PRECICE® nail using the same visualisation criteria of bridging callus 
on 3 out of 4 cortices (12 weeks vs 17 weeks, p = 0.003). 

The mean PVR at the time of full unassisted weight-bearing 
was 0.90 and 0.93 for STRYDE® and PRECICE® nail lengthened 
patients, respectively (Table 2). We found no statistically significant 
difference between the mean PVR for the two groups at the time of 
full unassisted weight-bearing (p = 0.0857) or at 12 and 17 weeks 
(p = 0.6571 and >0.9999, respectively). 

The medial cortex showed the fastest healing in both groups of 
patients, while the lateral cortex was the slowest to heal. Patients 
treated with the STRYDE® nail were found to achieve a PVR of 1 
significantly earlier than patients treated with a PRECICE® nail  
(Fig. 2 and Table 3). 

Patients were followed-up for an average of 15 months. There 
was no incidence of failure of the lengthening nail in either group 
of patients. At the time of this review, the lengthening nails had 
been removed in all but one patient in the STRYDE® nail group at 
a mean time of 47.7 weeks and 56.6 weeks following surgery for 
STRYDE® and PRECICE® nail patients, respectively.

dI s c u s s I o n 
This retrospective study compared the rate of the mineralisation 
of the regenerate bone following two different weight-bearing 
protocols in patients who had antegrade intramedullary 
lengthening of the femur. We utilised the PVR as an objective 
measure of healing to compare the effects of early versus delayed 
unassisted full weight-bearing on the rate of mineralisation of 

the regenerate bone in these patients. Our data demonstrate 
that during the initial 20 weeks following surgery, patients who 
commenced unassisted full weight-bearing early (those treated 
with the STRYDE® nail) and those who had delayed unassisted 
full weight-bearing (those treated with the PRECICE® nail) had 
similar rates of regenerate mineralisation as measured by the PVR. 
However, beyond 20 weeks following surgery, patients treated with 
the STRYDE® nail undergo more rapid mineralisation compared with 
those treated with the PRECICE® lengthening nail.

In distraction osteogenesis, new bone is formed under 
conditions of tension stress.19 This represents an interplay of 
mechanical and biological stimuli. As the bone ends are gradually 
separated, new bone is formed adjacent to the cut ends of the 
bone by intramembranous ossification and arranged in columns 
parallel to the distraction axis. The interzone is filled with fibrous 
tissue in the early stages, but this gradually undergoes ossification 
as healing progresses.

The biological response of the regenerate following mechanical 
stimulation has been the subject of previous scientific research.20–22 
Physiologic loading has been shown to stimulate bone healing and 
maturation during distraction osteogenesis. The quantitative 
and qualitative changes, represented by an increase in callus 
volume, bone mineral content and strength of the regenerate, 
are triggered by micro-motion during the consolidation phase of 
healing.5,23 Micro-tomography also suggests that weight-bearing 
stimulates angiogenesis during distraction osteogenesis.24 This 
manifests clinically as an increase in the radiographic density of 
the regenerate.25 These features of increased osteoblastic activity 
are mediated by ALP, TGFβ1, osteocalcin, BMP 2 and 4, as well as 
type I collagen, whose expression is increased by early weight-
bearing.5,26 

The biology of internal bone lengthening has not been studied. 
However, studies in rats have shown that during the distraction 
phase of lengthening with an external fixator, the regenerate is 
histologically similar between weight-bearing and non-weight-
bearing subjects, suggesting a delay in the morphological 
manifestations of the effects weight-bearing.26 Furthermore, the 
microstrain created across the distraction gap is believed to prime 
the regenerate bone to respond to compressive forces created 
during weight-bearing, thereby enhancing the rate of bone 
formation in conditions of weight-bearing.5 This is perhaps why 
in this study, the difference between the PVR for both groups was 
statistically insignificant in the early stages of healing. Most animal 
studies have looked at radiological, histological and histochemical 
changes in the early and intermediate stages of regenerate 
healing. There are no long-term follow-up studies with these 
models. Most studies also do not document a time relationship 
between weight-bearing and the appearance of the radiological 

Table 2: Comparison of mean PVR for the various cortical regions of the regenerate at 12 and 17 weeks for both groups of patients (STRYDE® and 
PRECICE® nail-lengthened patients were full weight-bearing at 12 and 17 weeks, respectively)

Cortical region

Mean PVR at 12 weeks

p-value 

Mean PVR at 17 weeks

p-value STRYDE® PRECICE® STRYDE® PRECICE®

Lateral 0.88 0.90 0.91 0.92

Medial 0.92 0.92 0.95 0.95

Anterior 0.90 0.90 0.93 0.92

Posterior 0.90 0.91 0.93 0.93

All cortices 0.90 0.91 0.6571 0.93 0.93 >0.9999
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effects of weight-bearing. Maffulli et al. showed that bone mineral 
content continues to increase after clinical and radiological 
healing during distraction osteogenesis.27 We believe that the 
earlier commencement of weight-bearing in patients treated 
with the STRYDE® nail contributed to the more rapid increase in 
bone mineralisation noticed radiologically from the 20th week 
onwards in this study. The ‘time-lag phenomenon’ described by 
Frost lends support to this theory.28 In this phenomenon, adaptive 
bone remodelling lags behind mechanical stimuli. Constitutive 
models of bone remodelling have also demonstrated the time 

delay in the process of bone remodelling following mechanical 
stimulation.29 This time delay represents the sequence of events 
and the relationship between the mechanical and biological 
processes involved in the remodelling of bone. The process 
begins with mechanoreceptors like integrins, ion channels and 
ATP channels which undergo structural deformation induced by 
mechanical loading. Once triggered, these receptors activate a 
cascade of signalling pathways and biological processes that lead 
to osteogenesis.

This study had several limitations. The retrospective nature of 
this study and the relatively small sample size means that we were 
unable to achieve precise age and sex-matched pairs. However, our 
comparison of the two groups revealed statistically insignificant 
differences, which validates our results and encourages us to plan 
for a prospectively designed study with a larger sample size in 
the future. A lack of histological analysis of the regenerate bone 
formed under both conditions and assays of biochemical markers 
of bone formation are further limitations of this study. Histology and 
histochemistry would provide information on the structural effects 
of early weight-bearing while correlating levels of biomarkers with 
radiological and clinical findings would be helpful in monitoring 
the healing process. Biochemical markers of bone formation like 

Table 3: Comparison of the mean duration required to achieve a PVR 
of 1 for all cortices for STRYDE® and PRECICE® nail-lengthened patients

Cortical region

Time taken to achieve PVR of 1 (weeks)

p-value STRYDE® nail PRECICE® nail

Lateral 46.0 60.8

Medial 28.1 38.7

Anterior 37.7 49.7

Posterior 33.1 45.1

All cortices 36.2 48.6 0.0317

Figs 2A to D: Graphical comparisons between rate of change of PVR for the various regenerate cortices between STRYDE® and PRECICE® nail 
lengthening patients
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osteocalcin and bone-specific alkaline phosphatase, which are 
expressed during the mineralisation phase of osteoblastic activity, 
have been found useful in monitoring bone healing.30,31

The STRYDE® nail provides an earlier return of function and full 
weight-bearing compared with the PRECICE® lengthening nail. This 
study documents the beneficial effect of earlier weight-bearing 
on the rate of regenerate bone mineralisation as measured by  
the PVR. 
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