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IMATOJIOMYECKUE MNEPEJIOMbI NOCJIE YOJTUHEHNS KOCTU

PATHOLOGICAL FRACTURES FOLLOWING BONE LENGTHENING
Jean PREVOT, Wilko FOCKENS

Children's Hospital F 54511 Vandoeuvre-NANCY-Cedex

C nexabpst 1985 roza B HaleM OTIeJIeHUH ObUIO NpoBeeHo 197 yanuHeHnit KOHeYHOCTEH.

Benpo: 87 cinyuaes - cpefHee yAIMHEHHE COCTaBUIIO 8,5 cM (B mpenenax ot 4 1o 15 cm).

BounbiebeprioBast kocts: 92 ciydas - cpeiHee yUIMHEHHE cocTaBuio 7,3 ¢M (B mpenenax ot 3 o 15 cm).

IIneyeBast kocTh: 18 cirydaeB - cpejHee yIUIMHEHHE COCTABIIIO 9 cM (B mpezenax ot 8 1o 10 cm).

Ilocne onepauuu Habmonamy 14 nepenomos, T.e. 7% ciydyaes.

Tloxa3aHMAMH K yUTHHEHHIO SIBISUINCE CIIETYIOIIHE:

HUDICHASL KOHeunocmyb: BpoxaeHHbie (17 remumenuit Maao6epuoBoil KocTH, 5 GpokoMenuii 1 BpOXKAEHHOI coxa vara, 26
ClIyJaeB HU3KOPOCJIOCTH, BKIo4ast 12 axoHaporuiasuii), noctuHpekuonnsle (10) mim mocrrpaBMaTHueckue snudu3eone3
U HenpaBuibHOE cpauienue (14);

8epxHas Koneunocmy: 18 IIIEUEBBIX KOCTeH, BpOXKACHHBIE, BapycHas nedopmarus mwieda (2), axoaporiasus (12), moct-
uHdexuronHsle (3) u koctHas kucra (1).

TloBpexnenue Genpa ormedanock B 9/87 ciydasx (10%); moBpexaenue 6onpliedepiioBoii koctu - B 3/92 (3,2%) cinyuasx;
mieda - B 2/18 (11%). IlepenoMbl nmesn MecTo, IIIaBHBIM 00pa3oM, pu GOJIbIINX YUIMHEHUsX (6osee 7 cm). OHu mpouc-
XOIVWJIM B paHHHE CPOKH (B TeUEHHE 3 MecsIeB) Iocie CHATHUS anmapara: 35% wiu nosnHee (B CPOKH OT 3 110 6 MecsIeB):
56%. OauH nepenoM Mpou3olIe] B O4eHb HO3IHUI cpok - uepe3 15 mecsues: 5%. OHH IPOUCXOMUIN B PaBHOH CTeleHU
P BPOXKICHHON M JPYTUX THONOTUIX. OHAKO, B MEHBIIEH CTEIICHN OHU OTMEYaIHCh P aXOHPOILIAa3uH (2 cirydas).
AHaToMHYeCKHU ObLIO BBISBICHO 3 KaTEropHu:

1) Ilonepeunslii mepenoM ¢ yriaoBoi nedopmaryeii, Ho 6e3 cMeneHns OTIOMKOB 110 JuHHe (8 cirydaes, BKodas 7 B 00-
nactu Oeqpa) oTMevalcs B paHHHE CPOKHM (B TeueHHe 3 MecsleB nocie onepauuu). [Ipy TakoM HeCTaOMIBHOM THUIIE Iepe-
noma nokasana ESIN (meroauka Nancy).

2) [nactuueckoe crudanue: 2 ciayyas co crubaHreM HeOONBIION CTENEeHH, KOTOPOe CTaOMIIN30BAJIU THIICOBOM MOBSI3KOM, a
B 3-X cIlydasx co CruOaHMEM 3HAUMTENBHOM CTENEeH! OTPeOOBaIOCh HAIOKEHIE HOBOT'O amapaTa HapyKHOH (ukcarmm.
3) CMenieHue OTIOMKOB 1O JHHE (2 ciyyast): TaKHe HMepeoMbl HEMOAAI0TCS BIIPABICHHIO (PETPaKIUs MATKUX TKaHEH),
TI03TOMY HaJI0 HaKJIaabIBaTh HOBBIH ammiapar HapyKHOW (pUKcaIuu.

Tocne 0630pa MUTEpaTyphl U BHISBICHUS IPHYUHBI IIEPEIOMOB, BOSHUKAOIINX [OCIE YAJINHCHHS, HA OCHOBAHHHU HAIIETO
OITBITA MBI ITPUIIUTH K BBIBOJY, UTO IJIS IIPEAYHPEKICHHS CMEIICHHUS U 3aX0KACHUS OTJIOMKOB IIPH TIEPesIoMax ¢ YIJIOBBIMU
nedopmarsiMu okaszaHo npumenenne ESIN.

KiroueBble c0Ba: MaToIOrMIECKre NEPeIOMEL, YUIMHEHHE KOCTH, JIETH.

197 limb lengthenings were performed in our Department since 1985.

Femur: 87 cases - average gain 8,5 cm (ranging from 4 to 15 cm)

Tibia: 92 cases - average gain 7,3 cm (ranging from 3 to 15 cm)

Humerus: 18 cases - average gain 9 cm (ranging from 8 to 10 cm) 14 fractures were observed after surgery, i.e. 7 % of cas-
es. Indications for lengthening were : lower Umb : congenital (17 fibular hemimelias, 5 phocomelias and congenital coxa-
vara, 26 short statures among then 12 achondroplasias), post-infectious (10) or post-trauma epiphysiodesis and malunion
(14).

upper limb: 18 humerus : congenital : humerus varus (2), achondroplasia (12), post-infectious (3) and bone cyst (1).

The femur was involved in 9/87 cases (10 %) ; tibia in 3/92 (3,2 %) and humerus in 2/18 (11%). Fractures occurred prefe-
rentially for large gains (over 7 cm). They were observed early (within 3 months) after apparatus removal : 35 %, or later
(between 3 to 6 months) : 56 % . One very late fracture occured at 15 months : 5 %. They occured at equivalent rates in
congenital and other etiologies. However, they occur less in achondroplasia (2 cases).

Anatomically 3 categories were individualized:

1°) Transverse fracture with angulation but without overlapping (8 cases, among then 7 femoral) observed early (3 post-op.
months). This fracture type is instable and justifies an ESIN (Technique from Nancy).

2°) Plastic inflexion: 2 cases of moderate inflexion, stabilized with a cast and 3 cases of large inflexion, needing a new ex-
ternal fixator.

3°) Overlapping (2 cases) : these fractures are irreducible (soft tissues retraction) and must be treated with setting of a new
external fixator.

After a review of the literature, and the etiology fractures occurring after lengthening, we conclude, based on our expe-
rience, that an angulated fracture needs an ESIN to prevent displacement and overlapping.

Key words: pathological fractures, bone lengthening, children.
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INTRODUCTION

Fractures of the newly formed bone is a feared
complication after skeletal lengthening not only
because of the prolongation of infirmity and the
disturbance to the therapeutic regime, but also and
above all, because of the risk of secondary dis-
placement with overriding with can lead to a consi-
derable loss of length. Once displaced, these frac-

tures of the regenerate bone are irreducible by
closed reduction techniques because of the tension
in the soft tissues resulting from the distraction. In a
certain number of cases we are confronted which
minimally displaced fractures diagnosed early and
the therapeutic goal is then to avoid the develop-
ment of overriding.

MATERIAL AND METHODS

Our series comprised a total of 197 segmental
lengthening procedures in 76 children from 7 to 17
years of age. All were performed using the
ILIZAROV device.

197 lengthening procedures. 76 Patients

FEMUR 87 Average 8,5 cm.
cases lengthening:  (range 4 to
15cm.)
TIBIA 92 Average 7,3 cm.
cases lengthening  (range 3 to
15cm.)
HUMERUS 18 Average 9cm.
cases lengthening  (range 8 to
10 cm.)

Indications for bone lengthening were:

LOWER EXTREMITY

(179 procedures - 72 patients)

Congenital causes

- Fibular hemimelia: 17 patients

- Hypoplastic femur: 5 patients

- Achondroplasia: 12 patients

- Congenital short stature < 145 cm: 14 pa-
tients.

Congenital causes

- Post-traumatic leg length discrepancy (epi-
physiodesis, malunion etc) : 14 patients

- Post-infectious discrepancy : 10 cases

UPPER EXTREMITY

18 procedures -12 patients

Congenital causes

- Humerus varus: 2 procedures

- Achondroplasia: 12 procedures

Congenital causes

- Post-infectious (neonatal) : 3 procedures

- Bone cyst: 1 procedure

Among these 197 lengthening procedures we
observed 14 fractures (7%):

Femur:9 fractures (87 procedures) (10%)

Tibia:3 fractures (92 procedures) (3,2 %)

Humerus: 2 fractures (18 procedures) (11%)

With special attention to chronological occur-
rence of the fractures we noted:

Concerning the femur: 3 fractures that occurred
immediately after removal of the Ilizarov device
(early fractures) and 6 fractures that occurred 3 to 6
months after the fixator removal, (late fractures).

Concerning the tibia: there were 3 late fractures
between 3 to 6 months and | very late fracture that
occurred after 15 months during a rather violent
rehabilitation session.

Concerning the humerus: 2 cases of moderate
bowing immediately after removal of the llizarov
device without any significant clinical consequence.

COMMENTS

I - ANATOMICAL CLASSIFICATION
Fractures secondary to bone lengthening can be
classified in three different and specific categories:
1°) Transversal fissure-fracture with slight angu-
larion but without any overriding.
2°) Plastic bowing of the lengthened bone; two
types of bowing should be distinguished:
a) moderate bowing that is stable without con-
sequence on function.
b) severe bowing, progressing, with extreme
bone deformation.
3°) Complete fracture always with pronounced
overriding at the fracture site.
1°) TRANSVERSAL FISSURE-FRACTURE
We observed this type of partial fracture 8 times

and essentially in femur (7 cases) and only once in
tibia. This type of fissure-fracture is unstable and in
spite of conservative treatment by cast immobilisa-
tion, there is high risk for secondary displacement
with irreducible overriding.

Therefore we treat these fractures by elastic sta-
ble intramedullary Nailing (E.S.I.N.) with good
results.

2°) PLASTIC BOWING

We noted 2 cases of moderate diaphyseal
bowing in humerus after major lengthening proce-
dures. We think moderate bowing can be stabilized
by simple splinting or cast immobilization. Indeed
there is no tendency to secondary displacement and
prognosis is good. On the contrary, severe bowing,
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which is often seen in cases of congenital malforma-
tions is much more serious. Pronounced bowing can
only be stabilized an redressed with reapplication of
the llizarov fixator (3 cases : 2 fibular hemimelia, 1
hypoplastic femur).

3°) OVERRIDING FRACTURES

Overriding fractures after bone lengthening are
completely irreducible because of soft tissue ten-
sion. Therefore, reapplication of the external fixa-
tion is the only solution to restore length (2 cases of
femur lengthening in obese achondroplatic pa-
tients).

Il - REVIEW OF LITERATURE

Review of literature in search of statistic data
about fracture complications after bone lengthening
is rather disappointing. The major complication is
mentioned only briefly by the majority of the au-
thors. TIERNSTROM & al. (3) reported 4 fractures
in 53 lengthening procedures, that are approximate-
ly 9 %, which is slightly superior to our study (14
fractures/197 procedures). ATAR & al. (1) expe-
rienced 3 fractures in 36 procedures (8,3 %). Aver-
age lengthening was 10 cm in femur, 7,5 cm in tibia

and Il cm in humerus. This percentage is similar to
the report of Tjemstrom. For comparison,
CHANDLER (2) had also a 10 % fracture rate after
Wagner's procedure with in addition, 20 % of infec-
tion and 20 % of non-union.

Il - ETIOLOGY

Even in case of a bone lengthening of only a few
centimeters in a normal femur, secondary fracture
may occur. Independently from surgical technique,
there obviously are some risk factors for secondary
fracture after bone lengthening. These are:

1°) bone lengthening superior to 10 cm;

2°) anticipated removal of the external fixator
because of intolerance, pin track infection, delay...

3°) structural malformation of the specific bone.

In our series, two cases of severe bowing oc-
curred in patients with fibular hemimelia after leng-
thening of tibia superior to 10 cm.

On the contrary, in achondroplasia with average
lengthening of about 12 to 15 cm, we observed only
2 fractures. Indeed we noted that in achondroplasia
the bone regenerate is voluminous and has early
solidity.

CONCLUSION

Early and late fractures after bone lengthening
have a 10 % incidence in femur and humerus and a
3% incidence in tibia. Treatment depends on the
anatomical type of the fracture. Partial fracture
without overriding can be successfully stabilized by
Elastic Stable Intramedullary Nailing, thus avoiding
secondary displacement with the necessity of reap-
plication of the Ilizarov fixator. Nailing through the
bone regenerate is not always easy but is mostly

possible because the bended nail can be directed by
turning the handle under fluoroscopy. We have a
great experience in Elastic Stable Intramedullary
Nailing as a routine treatment in limb fractures in
children. We were very satisfied when we used this
technique in fractures secondary to bone lengthen-
ing, without any failure. Therefore we can recom-
mend this special technique.

Fig. 1. Photo showing the tibial curvature of a child with
peroneal ectromelia and a 8 cm lengthening, after external

fixator removal.
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Fig. 2. X-rays of a spontaneous fracture after a 4 cm leng-
thening, 4 weeks after the removal of the llizarov device
femoral.



I'enuii Opronennu Ne 1, 1998 r.

Fig. 3. X-rays of a spontaneous fracture treated with ESIN. Fig. 4. Irreducible fracture femoral of an achondroplastic
patient after a 10 cm lengthening needing the reapplication
of an Ilizarov fixator.
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