Orthopaedics & Traumatology: Surgery & Research (2012) 98, 220—226

View metadata, citation and similar papers at core.ac.uk brought to you by .. CORE

provided by Elsevier - Publisher Connector

Available online at Elsevier Masson France

SciVerse ScienceDirect EM it 125 e R
www.sciencedirect.com www.em-consulte.com/en Surgery & Research

ORIGINAL ARTICLE
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KEYWORDS Summary Traumatic bone defects (BD) are rare in children. There are no pediatric series
Open fracture; in the literature on this topic. The aim of this first pediatric series was to determine the
Bone defect; epidemiological characteristics and evaluate the results of different treatments in this entity.
Bone reconstruction; Material and methods: This retrospective multicenter study evaluated diaphyseal bone defects
Induced membrane; in cases in which bone reconstruction was performed. BD was either initial and associated with
Child trauma or secondary, resulting from infected non-union.

Results: The series included 27 patients (17 boys and 10 girls), mean age 11.4 years old (3—16)
(20 traffic accidents). At the outset of all patients’ history was an open fracture (one stage
1, seven stage 2, 11 stage 3A and seven stage 3B, 1 NR). BD involved 13 tibias, 9 femurs,
three humerus, one radius and one ulna. Bone defects were initial in 20 cases and secondary in
seven cases. They were less than 2cm in two cases, between 2 and 5cm in 9 cases, between
5 and 10cm in 10 cases and more than 10cm in six cases. Treatment of BD was immediate in
one case and delayed in 26 cases. Techniques used included: induced membrane in 10 cases,
bone transport in seven cases, bone autograft in eight cases, vascularized fibular transfer in
one case, no bone reconstruction in one case. Union was obtained in 27 patients. Union was
obtained within a mean 12.3 months BD (3—62). Fifteen patients presented with sequellae.

Discussion: Traumatic bone defects have a better prognosis in children than in adults. The
thicker, more active and richly vascularized periosteum in children is an important prognostic
factor. Treatment of BD requires good initial bone stabilization. Reconstruction depends on the
integrity of the periosteum. In case of an intact periosteum, bone reconstruction does not seem
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necessary in young children. If one part of the periosteum is intact, a simple autograft seems
sufficient even with extensive bone defects. In the absence of the periosteum or especially in
case of infection, the induced membrane technique seems preferable, with bone transport or

a vascularized bone transfer.

Level of evidence: IV: retrospective study.
© 2012 Elsevier Masson SAS. All rights reserved.

Introduction

In the general population, traumatic bone defects (BD) are
rare with an estimated frequency of 0.4% for all fractures
[1]. They are more frequent in open fractures: 11.4% in the
series by Keating et al. [1].

This entity is also rare in children. In a series of 92 open
tibial fractures in children, Hope et Cole only found six cases
of BD [2]; Buckley et al. found three cases of BD out of 42
open fractures of the tibia. [3]. There are no specific pedi-
atric series. The only existing publications mention isolated
cases, or involve rare pediatric cases included in adult series
[2-8].

We identified files with children and adolescents for
the symposium of the Société francaise de chirurgie
orthopédique et traumatologique (SoFCOT)? on traumatic
diaphyseal BD. The aim of this study was to deter-
mine the epidemiological characteristics of traumatic
BD in children and evaluate the results of different
treatments.

Materials and methods

This retrospective multicenter study included fractures of
the humerus, the two bones of the forearm, the femur and
the tibia. All other locations were excluded. Only files in
which bone reconstruction was performed were included.
Patients who underwent immediate amputation when bone
defect developed were excluded. BD was either initial at the
moment of the accident or secondary associated with sep-
tic pseudarthrosis. The extent of BD was classified into four
types: type 1: BD of less than 2cm; type 2: BD of between
2—5cm; type 3: BD of between 5—10cm; type 4: BD of more
than 10cm.

Of the 204 files that were consulted for the symposium
(children and adults), we identified patients between 0 and
16 years old for this pediatric series.

Results
Epidemiology

Twenty-seven files were included, provided by 17 different
institutions, between 1985 to 2009. There were 17 boys and

2 Study presented at the symposium: traumatic diaphyseal sub-
stance loss. 85th Annual SoFCOT Meeting, Paris, France, November
2010.

10 girls. The mean age of the patients when the accident
occurred was 11.4 years old (3—16 years old) (Table 1).

The circumstances of the accident were: a road accident
in 20 cases, a firearm accident in three cases, a farming
accident in two cases and an accident during sports activ-
ities in one case. In one case, the cause of the accident
was not noted. The 27 patients initially presented with an
open fracture, which was classified according to Cauchoix
and Duparc: one case of stage 1, seven cases of stage 2, 11
cases of stage 3A and seven cases of stage 3B. The stage was
not identified in one file. In 11 cases, it was impossible to
close the wound. A flap was performed in seven cases: one
emergency, six during secondary surgery (between 6 and 47
days later).

In 13 cases, BD were located in the tibia, in nine cases
in the femur, in three cases in the humerus, in one case in
the radius and in one case in the ulna. There was a growth
cartilage defect in two cases, and an associated epiphyseal
bone defect in two cases.

There were initial BD in 20 cases and BD secondary to
septic pseudarthrosis in seven cases. According to the extent
of bone defect, there were: two type 1, 9 type 2, 10 type 3
and six type 4.

Two patients presented with initial ischemia requiring a
revascularization procedure. Five patients presented with
an associated neurological injury (radial nerve in two cases,
sciatic nerve trunk in one case, fibular nerve in one case,
tibial nerve in one case).

Twelve patients developed infection. Associated lesions
were identified in eight patients including a homolateral
fracture in all eight and three with a concussion. Associ-
ated risk factors included smoking in three and diabetes in
one.

Treatment

Initial treatment included: immediate reconstruction in one
case, placement of an acrylic spacer in four cases, shorten-
ing with joining of the fragments in three cases. In 19 cases,
no interposition was performed. In three cases, internal fix-
ation with pins or nails was performed and in 22 cases, an
external fixator was used. In two patients, no osteosynthesis
was used.

Treatment of BD was immediate in one case and delayed
in 26 cases. Different techniques were used: the induced
membrane technique in 10 cases (one case associated
with an intertibiofibular graft), bone transport in seven
cases (three cases underwent an associated bone graft), a
bone autograft in eight cases, a vasularized fibular trans-
fer in one case. There was no bone reconstruction in one
case.



Table 1  Results.
Case Age (yrs) Gender Accident |Initial BD Opening Bone BD Type Infection Treatment Delay to Sequella
union months

1 3 F Road Yes 3b Humerus 3 No Autograft 3 Functional limitation

2 4 M NI Yes 2 Radius 3 NR None 3

3 6 M Road Yes NI Humerus 4 No Induced membrane 5 Functional limitation

4 6 M Farm Yes 3b Tibia 3 No Bone transport 62 Limited knee
ROM + malalignment + brace + ankle
equinus

5 6 M Road Yes 2 Femur 4 No Induced membrane 5

6 8 M Road No 2 Tibia 2 Yes Induced membrane 4 Ankle equinus

7 8 F Road Yes 3a Tibia 2 No Bone transport 6

8 9 F Road No 3a Femur 4 Yes Autograft 19 Brace

9 9 M Road Yes 3b Tibia 1 No Autograft + ITFG 3 Malalignhment + Brace

10 10 M Firearm  Yes 3b Humerus 2 No Bone transport 6

11 11 F Road Yes 3b Tibia 3 No Autograft 5

12 11 M Firearm  Yes 3a Femur 4 No Autograft 6 Cane and brace

13 12 M Road Yes 2 Femur 4 No Induced membrane 3 Limited knee ROM

14 12 M Sports No 1 Ulna 1 Yes Induced membrane 4 Functional limitation

15 13 F Road No 3a Tibia 3 Yes Bone transport 9 Malalignment + brace + ankle
equinus

16 13 F Farm Yes 3a Tibia 3 No Bone transport + ITFG 10

17 14 M Road Yes 3a Femur 3 No Bone transport 14

18 14 F Road Yes 2 Femur 2 No Bone transport 5

19 14 M Road No 3a Tibia 2 Yes Induced membrane +ITFG 17

20 15 F Road Yes 3a Femur 3 No Vascularized fibula 13 Limited knee
ROM + Malalighment + equinus
deformity

21 15 M Road No 3b Tibia 2 Yes Autograft ITFG 7 Limited knee ROM

22 15 F Road Yes 3a Tibia 4 NR Induced membrane 7 Cane

23 15 F Road Yes 2 Femur 2 Yes Autograft 27

24 16 M Road Yes 3a Femur 3 Yes Induced membrane 57 Limited knee ROM + Claw toes

25 16 M Firearm  Yes 3b Tibia 2 Yes Autograft 20

26 16 M Road No 3a Tibia 3 Yes Induced membrane 5 Malalignment

27 16 M Road Yes 2 Tibia 2 Yes Induced membrane 8

ITFG: intertibiofibular graft; NI: no information; BD: bone defect.
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Figure 1

Case n°2. Four-year-old boy. A. Stage 2: open fracture of the radius, with 8cm diaphyseal bone defects (BD). B.

Diaphyseal BD only involves the bone, the periosteum is intact and continuous. C. Initial treatment included cleaning the wound and
placement of an external fixator. No interposition of the diaphyseal BD was performed. D. At 2 months, complete reconstruction

can be noted, thanks to the periosteum (Coll C Glorion).
Results of treatment

Union was obtained in 27 patients. Union occurred within
a mean 12.3 months (3—62 months). Fifteen patients had
sequellae: five limitations in knee range of motion (ROM),
four cases of ankle equinus, one case of claw toe, five cases
of malalignment. Five patients still have a protective brace;
one patient walks with a cane. Six patients have not resumed
sports activities.

Discussion

This is the largest published series of pediatric cases in the
literature. Nevertheless, there are numerous limitations to

the study due to the retrospective and multicenter design
of the review. Thus, in certain files, in particular the old-
est, certain items could not be obtained. The responses for
certain other items are imprecise, in particular for func-
tional sequelae. ROM measurement of joint stiffness was not
available, for example, and the presence or not of length
discrepancies was not found in half the files. Nevertheless,
this is the first series specifically in children and adolescents
for this entity. Moreover, because of the large number of
cases, we can draw certain conclusions.

This study confirms the rarity of traumatic bone defects
in children. Although this was an extensive multicenter
study, we only identified 27 cases over a period of 20
years (1985—2009). The frequency of this entity could not
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Figure 2

Case n°5. Six-year-old boy. A. Stage 2: open fracture of the femur. Initial treatment included cleaning the wound and

placement of an external fixator and a cement spacer. The periosteum was found to be continuous during surgery. B. Twenty-five
days after the accident, a non-vascularized peroneal graft was performed. During surgery the beginning of periosteal ossification
was noted. C. Sixty days after surgery, reconstruction is nearly complete and has developed from the periphery, thanks to the intact

periosteum (Coll Dr Malek Ait Ouarab).

be determined because this is a non-exhaustive and non-
continuous series. Indeed, a certain number of incomplete
files were eliminated. Finally, patients who were amputated
without an attempt at reconstruction were not included.
Like in the literature, the tibia was the most frequent
location in our series [2,3,5]. This was followed by the
femur, and then the upper limbs which are much more
rare. These data are comparable to adult series with, 68%
in the tibia and 22% in the femur in the series by Keating
et al. [1]. One of the reasons for this is the subcutaneous
location of the tibia which increases the risk of open frac-
tures and the bone breaking through the skin. Indeed, when

epidemiological data of traumatic BD are compared with
those of open fractures of the tibia, the results are compa-
rable. Thus, in our series, as in the literature [2,3] the most
frequent cause of trauma was a road accident. Moreover,
open fractures of the tibia are more frequent in boys, with
502 boys (74%) compared to 173 girls (26%) in the series by
Baldwin et al. [4]. In our series, 63% of our patients were
boys and 37% girls.

The treatment of traumatic BD varies. Numerous tech-
niques can be used [9]: cancellous or corticocancellous
autograft, the induced membrane technique associated with
a cancellous autograft, free vascularized bone transfer, bone
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transport by either shortening, then reconstruction or seg-
mental bone transport. Finally, there are specific techniques
for the tibia: intertibiofibular grafts and the fibula-pro-tibia
technique.

Specific cases of children are rare in the literature and
poorly documented. Autograft and bone transport are the
most frequently used techniques in these cases. Liow and
Montgomery reported six cases of BD between 1 and 6 cm;
two cases of BD of 1 cm were treated by stabilization while
BD of more than 1 cm were treated with bone transport [5].
The series by Hope and Cole of 92 open fractures of the
tibia described six cases of diaphyseal BD: one patient was
treated by vascularized bone transfer, two by bone graft,
three by bone transport [2]. In the series by Buckley, three
cases of BD were treated with an iliac graft [3].

The results in these three series were good. Indeed, union
was obtained in the six cases reported by Liow and Mont-
gomery [5]. Hope and Cole also obtained union in their six
cases, with however, delayed union in three cases [2]. In
these two series, the delay to union was not mentioned.
Finally, union was obtained in the three patients in the series
by Buckley et al. within 14.7 months [3].

In the adult, management depends upon the location and
extent of BD. In the tibia, an autograft can be sufficient
for BD of less than 6cm. In BD less than 2cm, the defect
may resolve and union may occur spontaneously [10]. When
BD are larger than 6 cm, there is an indication for another
technique [7].

Three techniques were most frequent in our series: auto-
graft (eight cases), bone transport (seven cases) and the
induced membrane technique (10 cases). A change in strat-
egy can be noted over the years. Bone transport was used
between 1985 and 2000. The induced membrane technique
[11] was used between 2003 and 2009. On the other hand,
autograft has been used consistently. Whatever the tech-
nique or extent of BD in our series, good results were
obtained, and union was obtained in all cases, while in the
global series of the symposium including adults, union was
only obtained in 93% of patients. Delay to union in the pedi-
atric series was 12.3 months, which is shorter than in the
global symposium series, in which union was obtained in 14.7
months.

It should be emphasized that the periosteum is a good
prognostic factor in children. [12]. It is responsible for bone
growth and thickness by differentiation of mesenchymal
cells directly into osteoblasts. In children, the periosteum
has several specificities: it is thicker, more vascularized and
more active [13]. It is rich in growth factors and osteopro-
genitor cells. The osteogenic potential of the periosteum
can become active in a heterotopic environment as long
as good vascularization is preserved [14]. In children, the
periosteum is less firmly attached to cortical bone [13], so
that BD can be observed in a periosteum which is totally
or partially intact. Thus, thanks to the periosteum, growing
bone has a significant power of reconstruction as long as the
biological or mechanical environmental factors are favor-
able. This osteogenic activity of the periosteum explains the
good results obtained with autograft even in the presence
of extensive, type 3 or 4 BD. Several cases in our study illus-
trate the central role of the periosteum in the process of
bone reconstruction. The presence of an intact or partially
preserved periosteum allows ad integrum reconstruction

without additional bone transfer [6,15,16]. Case n°2 in
our series is a good example of this (Fig. 1). Hinsche [17]
reported cases of spontaneous union of femoral BD between
6cm and 15¢cm in young adults. These patients were only
treated with intramedullary nailing with no bone grafts. This
author feels that there is a genetic predisposition for bone
healing. An essential element for reconstruction is stabiliza-
tion of the fracture with a rigid system, either an external
fixator or a nail. In the child, bone graft sometimes only
plays a mechanical role as reconstruction occurs because
the periosteum continues to surround the BD (Fig. 2).

The analysis of our series allows us to make certain
recommendations on the management of traumatic BD in
children. It is essential to obtain good initial stabilization in
all cases. Reconstruction depends upon the integrity of the
periosteum. If the periosteum is intact, bone reconstruc-
tion is not always necessary in young children. If part of the
periosteum is intact, a simple autograft is enough, even with
extensive BD. If the periosteum is absent or in case of infec-
tion, the induced membrane technique, bone transport or
vascularized bone transfer should be chosen.
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