
Introduction
Distraction osteogenesis (callotasis) is a well-established 
method for treating limb length discrepancy (LLD), notably in 
conditions such as congenital femoral deficiency, and is used 
primarily in children and adolescents [1,2]. Developed by 
Ilizarov in the mid-20th century, the technique is based on a low-
energ y metaphyseal  osteotomy,  a  latenc y per iod of 
approximately 5–7 days, and a gradual distraction rate of about 1 
mm/day, allowing controlled bone regenerate formation while 
preserving soft-tissue adaptation [3].
In most descriptions, the osteotomy is a simple low-energy 
transverse metaphyseal cut, performed with minimal soft-tissue 

stripping and maximal preservation of periosteal blood supply 
[4]. This biologically respectful technique has been extensively 
validated and consistently provides reliable regenerate formation 
when combined with appropriate distraction protocols [5]. 
Nevertheless, transverse osteotomies have theoretical 
mechanical limitations, including limited rotational stability and 
a relatively small interfragmentary cancellous contact area [6]. 
Consequently, overall mechanical stability depends heavily on 
the chosen fixation device. Despite these limitations, the 
transverse metaphyseal osteotomy remains the standard in 
distraction osteogenesis.
Non-straight osteotomy geometries (including step-cut, 
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Introduction: Distraction osteogenesis is usually performed using a low-energy transverse metaphyseal osteotomy.
Case Report: We report two cases of femoral lengthening in which unintended fracture propagation resulted in non-straight osteotomy 
configurations (step-cut and butterfly-shaped). In both cases, stable fixation was maintained, and gradual distraction proceeded without 
complications, with early regenerate formation observed.
Conclusion: These cases illustrate that, when fundamental biological and mechanical principles are respected, unintended non-straight 
osteotomies may remain compatible with successful distraction osteogenesis.
Keywords: Pediatric orthopedics, distraction osteogenesis, osteotomy, step-cut, butterfly-shaped, follow-up.

Abstract

Learning Point of the Article:
Successful distraction osteogenesis depends more on biological and mechanical principles than on strict osteotomy geometry.

Step-cut and Butterfly Femoral Osteotomies Following Intraoperative 
Fracture Propagation during Distraction Osteogenesis: Report of Two 

Cases
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oblique, Z-shaped, and sigmoid osteotomies) have been 
described in angular correction, subtrochanteric femoral 
shortening during hip arthroplasty, and in acute or limited limb 
lengthening procedures [7]. Studies suggest that these 
alternative configurations may offer greater intrinsic stability 
and increased interfragmentary bone contact compared with a 
simple transverse osteotomy [6]. However, their application in 
gradual distraction osteogenesis is sparsely described, and no 
evidence currently supports their superiority over the classical 
low-energy transverse metaphyseal osteotomy. Their precise 
role in limb lengthening, therefore, remains uncertain.

The aim of this report is not to promote alternative osteotomy 
designs, but to illustrate safe intraoperative management when 
fracture propagation occurs during distraction osteogenesis. 
These cases highlight that the resulting non-straight geometries 
can remain compatible with successful gradual distraction and 
raise the question of whether osteotomy design may influence 
mechanical or biological aspects of distraction osteogenesis.

Case Report
The first case is that of a 17-year-old girl who was followed for a 
type 1 right congenital femoral deficiency associated with a 
clinically significant LLD. The initial discrepancy measured 6.1 
cm in favor of the left side. A left knee epiphysiodesis performed 
in 2019 partially reduced the discrepancy to 4.1 cm.
Her medical history included gastro-oesophageal reflux disease 
treated with esomeprazole. She had no allergies or other 
comorbidities. Standard radiographs and long-leg standing 
films demonstrated right femoral shortening without 
significant angular deformity, and femoral morphology was 
compatible with intramedullary lengthening (Fig. 1).
By 2025, following the closure of all growth plates, the residual 
LLD (4.1 cm) remained symptomatic, and distraction 
osteogenesis was indicated. A low-energy transverse 
metaphyseal osteotomy of the right femur followed by fixation 
with a magnetic intramedullary lengthening nail (PRECICE®, 
NuVasive, San Diego, CA 92121, USA) was planned. The 
previous epiphysiodesis screws were removed during the same 
procedure.
During completion of the osteotomy, unintended fracture 
propagation occurred, likely caused by incomplete bicortical 
drilling before the osteotome cut, resulting into a step-cut 
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Figure 1: Long-leg standing radiograph of Case 1 showing right femoral 
shortening (4.1 cm) and four epiphysiodesis screws in the left knee.

a
b

Figure 2: Magnetic intramedullary lengthening nail (a) with step-cut 
osteotomy (b). (a) Anteroposterior immediate post-operative radiograph 
showing the intramedullary lengthening nail. (b) Close-up radiographic view of 
the femoral step-cut osteotomy. The arrows indicate the step-cut osteotomy 
configuration resulting from intraoperative fracture propagation during a 
planned transverse metaphyseal osteotomy.



61

www.jocr.co.in

configuration, which was deemed sufficiently stable for gradual 
distraction. The step-cut configuration was not intentionally 
planned but resulted from fracture propagation.
The post-operative course was uneventful. Pain was well 
controlled with a continuous femoral nerve block and 
multimodal systemic analgesia. The patient remained non-
weight-bearing during distraction and for 1 month thereafter. 
Physiotherapy focused on early knee mobilization. Distraction 
was well tolerated, with knee flexion discomfort being the only 
functional limitation.
Follow-up radiographs demonstrated an 8-mm distraction gap 
at 1 week (Fig. 2) and 22 mm at 4 weeks, with early regenerate 
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Figure 3: Radiographs of Case 1 during regenerate evolution. (a) Anteroposterior (AP) and lateral radiographs at 1 month postoperatively demonstrating 
early regenerate formation. (b) AP and lateral radiographs at 4-month follow-up, showing consolidation of the regenerate with maintained alignment. (c) AP 
and laterals radiographs at 6-months and the latest follow-up showing further consolidation with maintained alignment.

Figure 4: Long-leg standing radiograph of Case 2 showing acetabulum 
agenesis and left iliac bone hypoplasia associated with left femoral 
congenital hypoplasia and limb length discrepancy.

Figure 5: Anteroposterior and lateral radiographs obtained 3 days 
postoperatively following application of the hexapod external fixator.
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formation clearly visible (Fig. 3a). At the latest follow-up, 
radiographs confirmed consolidation of the regenerate, with 
maintained alignment and no mechanical complications (Fig. 
3b).
In the second case, we present a 5-year-old boy with multiple 
congenital anomalies, including severe femoral 
hypoplasia.
A persistent, clinically significant LLD prompted 
further evaluation. Radiographs confirmed 
femoral hypoplasia without major angular 
deformity (Fig. 4). Intramedullary lengthening 
was contraindicated due to age and abnormal 
femoral morphology [8]. A 5-cm femoral 
lengthening using a 3D hexapod external fixator 
(Orthex® hexapod system, OrthoPediatrics, 
Warsaw, Indiana, USA) was therefore planned.
Intraoperatively, a low-energy metaphyseal 
osteotomy was initiated through a minimally 
invasive approach. During completion, fracture 
propagation resulted in a butterfly-shaped 
osteotomy with a central wedge fragment. Fracture 
propagation was likely related to altered femoral 
morphology and bone quality in congenital 
femoral deficiency. The configuration was assessed 
as sufficiently stable and was accepted for gradual 
distraction. A 3D hexapod external fixator was 
applied (Fig. 5).
The post-operative course was uncomplicated, 

with clean pin sites and early 
mobilization. Distraction was 
initiated after the latency period, 
following standard protocol. 
R a d i o g r a p h s  1  m o n t h 
p o s t o p e r a t i v e l y  s h o w e d 
a p p r o x i m a t e l y  3  c m  o f 
distraction (Fig. 6), with further 
p r o g r e s s i o n  c o n f i r m e d  3 
months postoperatively (Fig. 
7a). The hexapod was removed, 
and a long-leg cast was applied 
for 2 weeks. At the latest follow-
up, the child is walking without 
p r o t e c t i o n .  R a d i o g r a p h s 
demonstrated progress ive 
maturation and consolidation of 
the regenerate, with stable 
alignment and no pin-site or 
mechanical complications (Fig. 
7b).

Discussion
Distraction osteogenesis is widely used to manage congenital or 
acquired lower LLD [2,3,8,9]. Its success is based on a low-
energy metaphyseal osteotomy, preservation of periosteal 
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Figure 6: Four-week post-operative radiographs demonstrating ongoing distraction in Case 2. (a) Anteroposterior 
and lateral radiographs showing distraction progression with the 3D hexapod external fixator. (b) Close-up 
radiographic view of the butterfly-shaped osteotomy. The arrows indicate the butterfly-shaped osteotomy 
configuration resulting from intraoperative fracture propagation during a planned transverse metaphyseal osteotomy.

ba

Figure 7: Radiographs of Case 2 during and after femoral lengthening. (a) Mid-distraction 
Anteroposterior (AP) radiograph showing the butterfly-shaped osteotomy configuration. (b) 
AP and lateral radiographs at 8-months and the last follow-up after frame removal, showing 
progressive regenerate maturation with maintained alignment.
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vascularity, stable fixation, and controlled distraction 
[3,8,9,10]. The low-energy transverse metaphyseal osteotomy 
remains the standard approach due to its biological safety and 
predictable regenerate formation [3,8,9,10], despite its 
theoretical mechanical limitations [6].
Non-straight osteotomy geometries have been described in 
other orthopedic settings, including angular correction and 
subtrochanteric shortening in hip arthroplasty, and may offer 
enhanced rotational stability and increased interfragmentary 
bone contact [6,7,11,12,13]. Their use in gradual distraction 
osteogenesis is only sparsely reported, and no study has shown 
clear superiority over the classical transverse cut [2,3,8].
In the present cases, intraoperative fracture propagation during 
an intended transverse osteotomy required conversion into 
non-straight geometries. In both patients, the modified 
osteotomies (step-cut and butterfly-shaped) offered sufficient 
intrinsic stability and cancellous bone contact to permit safe 
distraction without complications. Early regenerate formation 
occurred at both osteotomy sites.
These observations are limited by the accidental nature of the 
osteotomy patterns and the absence of biomechanical 
comparison. However, they suggest that osteotomy geometry 
may be more flexible than traditionally assumed, provided that 
the fundamental principles of distraction osteogenesis 
(preserved vascularity, stable fixation, and an appropriate 
distraction rate) are respected [2,6]. Nevertheless, these cases 
do not support any claim of superiority of non-straight 
osteotomies over the classical transverse metaphyseal cut, 

which remains the standard technique. Further biomechanical 
and clinical studies are warranted to determine whether 
osteotomy design significantly influences mechanical behavior 
or biological outcomes during distraction osteogenesis.

Conclusion
These two cases illustrate that unintended fracture propagation 
during a planned low-energy transverse metaphyseal 
osteotomy does not necessarily compromise the feasibility of 
distraction osteogenesis. When biological principles are 
preserved and fixation remains stable, controlled non-straight 
osteotomy configurations, such as step-cut or butterfly-shaped 
patterns, may still allow safe and effective limb lengthening.
These observations do not support the routine use of non-
straight osteotomies in distraction osteogenesis, and the 
classical transverse metaphyseal osteotomy should remain the 
standard technique. However, in selected intraoperative 
situations, adapting the osteotomy geometry may represent a 
reasonable salvage strategy without jeopardizing the 
lengthening process.

Clinical Message

In distraction osteogenesis, controlled acceptance of a non-straight 
osteotomy may allow continuation of lengthening when 
intraoperative fracture propagation occurs, provided stability and 
biology are preserved.
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