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Msl coolIaeM o pe3ysbraTaXx H OCJIOKHEHUSX Y BOCBMH MALIEHTOB, KOTOPBIM ITPOM3BOAMIN YIJIHMHEHNE 00EHX TONeHeH
[0 TMOBOAY HHM3KOrO pocta mpu cuuapome Turner. [lpuMeHsuics MeTO IUCTPAKIMOHHOIO —OCTEOCHHTE3a
MOHOJIATePaJIbHBIM HapyXKHBIM (PUKCATOpOM. ['0JIeHb yJUTHSUIIM B cpeqHeM Ha 9,2 cM min Ha 33% OT ee UCXOHOU JJIMHBI.
OO1Hii TIepro.T JICYCHHST B CPEAHEM COCTaBILLT 268 IHEil; 0CIOKHEHHsT OTMedanich B 169%, 4To moTpe6oBaio B cpeHeM
no 1,7 JOMOJNHHUTENBHBIX BMENIATENLCTB HAa KaXIOM cermeHTe. B cemu ciydasx (44%) motpeOoBanoch yAJIMHEHUE
aXMIIOBA CYXOXKMINS, a B 9-TH ciydasx (56%) pasBuiach yriosas aeopMaLus 0 MM Mocie CHATUS (UKcaTopa; 1uIs 6-
TH U3 3THX CErMEHTOB MOTpeOOBaJIaCh KOPPUTHPYIOLIAs OCTEOTOMHUSI M3-3a 0CeBOi nedopmarmu. B 1Byx ciyqasx (12,5%)
OTMEYaJoCch HeCpalieHHe B 30HE IHMCTPAKIHH, B PE3yIbTaTe 4Yero morpeboBaiach (GUKcAlms IUTACTHHKOW M KOCTHAs
TpaHCIUIaHTauus. [Ipu JIeueHWU JaHHOW CepHM MAlMEHTOB Mbl HPHUIUIA K BBIBOLY, YTO YIUIMHEHHE TOJCHH METOIOM
ECTPAKLHOHHOTO OCTEOCHHTE3a MOXKHO HCIIOIb30BaTh MPH HEMPOIMOPLHOHAIBPHO HHU3KOM pOCTE y MAIUCHTOB C
cuHapoMoM Turner. OnHaKo, MPEUMYLIECTBa KOCMETHYECKOTO YBEIMYCHHS POCTAa HE KOMIIGHCUPYIOT BBICOKHM MPOICHT
OCIIO)KHEHHH 110 CPaBHEHHIO C paHee OMyOIMKOBAHHBIMH PE3YNIbTATAMU IHUCTPAKIMOHHOTO OCTEOreHe3a Y MAIMEHTOB C
pasHHUIEH B JUIMHE HYYKHUX KOHEYHOCTEW MIIM AUCILIA3HCH.

KiroueBble ciioBa: rojieHb, HU3KUN POCT, CUHAPOM TUrNEr, AMCTPaKIMOHHbIH OCTEOCHHTES.

INTRODUCTION

Limb lengthening via distraction osteogenesis
can be utilized for the treatment of limb length
discrepancy for differences in length that are greater
than five centimeters at maturity. In addition, limb
lengthening can be useful for patients with short
stature due to skeletal dysplasias, endocrine abnor-
malities and short stature. In the later cases, leng-
thening for short stature can provide a functional
improvement for patients. Greater functional benefit
may be received by those patients who live in socie-
ties that do not compensate for the short statured
person. Increased stature in affected individuals will
facilitate the use of many conveniences such as
public restroom's, telephones and automobiles. In
addition, limb lengthening may potentially provide
a cosmetic benefit in patients with short stature due
to disproportionate shortening.

Turner syndrome represents a spectrum of phys-
ical findings in those female patients with one X
chromosome. The incidence of this condition is 1 in
5000 live births [20]. Phenotypic characteristics in a
female include web neck often with a low hairline,
coarctation of the aorta, primary ammenorhea, and

short stature. A study of Turner dwarfism in ten
patients documented a decrease in height of 15.5
per cent when compared with normal women [3].
The documented shortening in stature was not pro-
portional as two thirds occurred in the extremities
as opposed to the trunk. Shortening was also greater
in the tibia as compared to the femur [3].

For the last seventeen years, the Clinica Univer-
sitaria of Navarra (C.U.N.) in Pamplona, Spain has
accumulated an extensive experience in limb leng-
thening via distraction osteogenesis. At this institu-
tion, limb lengthening has been utilized for Euro-
pean and South American patients with limb length
discrepancies as well as for those patients with short
stature. At the C.U.N. several patients have under-
gone tibial distraction osteogenesis for dispropor-
tionate short stature due to Turner syndrome. The
purpose of this study is to review the results and
complications of tibial lengthening in patients with
disproportionate short stature due to Turner syn-
drome. Comparison of these results and complica-
tions with the available literature for tibial distrac-
tion osteogenesis for other conditions will be made.

MATERIALS AND METHODS

Retrospective analysis was performed on eight
patients that underwent sixteen tibial lengthenings
at the C.U.N. from November 1987 until September
1991. For each patient we recorded preoperative
and lengthening parameters including age at sur-
gery, diagnosis, waiting period, number of days of
distraction, the amount of time needed for callus
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maturation, total time of fixator use and total treat-
ment time (fixator use and subsequent immobiliza-
tion). We recorded the occurrence of complications
including neurovascular injury, premature tibial or
fibular consolidation, severe pin tract infection
requiring intravenous antibiotics or removal, and
nonunion of the distraction site. Additionally we
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noted the prevalence of secondary operative proce-
dures including osteoclasis for premature tibial or
fibular consolidation, segment manipulation for
angulation or fixator exchange, pin removal for
infection, operative stabilization for fracture of the
lengthened bone, operative stabilization and bone
grafting for distraction site nonunion , achilles leng-
thening for equinus contracture, knee manipulation
or arthrotorny for contracture or subluxation, and
delayed corrective osteotorny for unacceptable
residual malalignment.

All radiographs used in this study were taken
with similar radiographic technique from the same
distance with the same X-ray machine. The initial
bone length was measured from the preoperative
radiograph. The final amount of length gained was
measured from the first radiograph taken during the
maturation period. All radiographs were serially
examined for coronal axial malalignment greater
than 10 degrees produced before fixator removal,
saggital malalignment was not assessed due to the
overlapping projection of the fixator on lateral
radiographs. Radiographs were also reviewed to
detect the presence of fracture or deformation of the
lengthened bone after fixator removal. Fractures
were distinguished from deformation on the pres-
ence of a visible fracture line.

For each patient, we determined the percentage
of tibia lengthened from the distance gained divided
by the initial tibial length. The rate of distraction in
millimeters per day was calculated by dividing the
distance gained by the number of days of distrac-
tion. The healing index [8] was calculated by divid-
ing the total days of treatment (fixator use and sub-
sequent immobilization) by the total distance gained
in centimeters. Indices were only calculated and
analyzed for lengthened tibias that consolidated
without internal stabilization and bone grafting for
distraction site nonunion.

Surgical Procedure and Lengthening Protocol

All cases were managed by members of the De-
partment of Orthopaedics and Traumatology of
C.U.N. with the same general protocol. No in-
stances of bifocal lengthening were performed. In
each procedure, the fixator was placed prior to
osteotomy on the anteromedial aspect of the tibia.
In the first twelve cases the Wagner external fixator
was used, and in the later four cases the Monotube
external fixator (Howmedica, Rutherford, New
Jersey) was used. In all instances, two pins were
placed proximally and distally. Percutaneous tibial
osteotomy was performed as previously described
[4]. All osteotomies were performed in the proximal
metaphyseal region, no osteotomies were performed
in the distal 3/4’s of the tibia. The distal fibula was
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always stabilized either from the tibial side with an
external fixator pin or with a screw placed from the
lateral aspect of the leg. A portion of fibula was
routinely resected for one to three centimeters at the
junction of the distal and middle one third of the
fibular diaphysis.

The lengthening protocol closely followed that
as previously described [8]. After three to five days
of hospitalization, patients were discharged and
encouraged to ambulate with partial weight bearing
when possible. Following the waiting period, dis-
traction was initiated at the rate of one millimeter
per day in two 0.5 millimeter increments. Daily pin
care was performed with soap and water. Occasio-
nally inflamed and painful pins that were resistant
to local care required short courses of oral antibio-
tics. In some cases, pin infection necessitated intra-
venous antibiotics or surgical removal and replace-
ment. During the distraction period, patients re-
turned to the clinic every two to three weeks for
routine physical and radiographic examination. All
patients were directed to keep their knee extended
as much as possible; in addition, patients were un-
iformly prescribed an ankle foot orthosis to be worn
at night. These measures were recommended to
decrease the risk of knee subluxation or flexion
contracture and achilles contracture. No attempts
were made to promote knee flexion or aggressive
ankle range of motion during the distraction period.

Lengthening continued until the desired distance
was obtained or an additional procedure was re-
quired secondary to complications. When the final
length was obtained, the fixators were locked and
patients were encouraged to increase their activities
and weight bearing. At this point, patients were
prescribed range of motion exercises to begin re-
gaining knee and ankle motion that was lost during
the distraction stage. To additionally improve bone
maturation, external fixators were dynamized in
those segments treated with Monotube devices.
Fixators were removed when good cortical continui-
ty was seen in three out of four cortices on antero-
posterior and lateral radiographs. The devices were
routinely removed under anesthesia and twelve
segments had further immobilization in a cast or
splint. The later segments were immobilized for an
average of sixty-two days (range, thirty to eighty
days). Following the lengthening protocol and com-
plete healing of the distraction site; all patients were
followed for secondary problems such as residual
joint stiffness, malalignment or continued inequali-
ty.

A representative case example is presented in
Figure 1.
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Figure 1. Tibia lengthening in Turner syndrome: a) left side, 3 weeks post-op, b) right side, 3 weeks post-op, c) left side, end
of lengthening, d) right side, end of the lengthening phase.
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Figure 1 (continue). Tibia lengthening in Turner syndrome:
e) 1 year after the external fixation removal.

RESULTS

Sixteen tibias from eight female patients were
simultaneously lengthened (symmetric lengthening).
The mean age of the patient at surgery for each
segment was 16.1 years (range, thirteen to twenty
years). The average waiting period before onset of
distraction was 11 days (range, eight to fifteen
days). Distraction was performed at an average rate
of 1.0 millimeters per day (range, 0.4 to 1.4 milli-
meters per day) for an average duration of the dis-
traction period lasting ninety-four days (range, sixty
to 146 days). The average total time of fixator use
was 215 days (range, 170 to 261 days); and the
mean total treatment time was 268 days (range, 227
to 300 days). All patients were followed for an
average of 4.3 years (range, 2.7 to 5.8 years). The
mean distance gained was 9.2 centimeters (range,
6.5 to 12.0 centimeters) and the average percentage
of length gained was 33 per cent of the original
tibial length (range, 19.7 to 72.7 per cent). The
mean healing index was thirty-one days of total
treatment time per centimeter of length gained
(range, twenty- three to forty days of total treatment
time per centimeter of length gained).

Complications
Three segments (18.8 per cent) had completion of
the lengthening protocol without any complications
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[Coronal malalignment before fixator removal;
deformity of the lengthened bone without fracture
after fixator removal; fracture of the lengthened
bone; severe pin tract infection; nonunion of the
distraction site; severe knee joint contracture or
subluxation; and equinus contracture]. Two seg-
ments (12.5 per cent) had one complication, eight
segments (50 per cent) had two complications, and
three segments (18.8 per cent) had three complica-
tions. The overall rate of complications was 169 per

Table 1
Total Complications

Frequency Percentage
Axial Malalignment * 7 43.8
before Fixator Removal
Fracture of Lengthened 2 125
Bone
Callus Deformation 2 125
without Fracture after
Fixator Removal
Severe Pin Site Infec- 7 43.8
tion
Nonunion of Distrac- 2 125
tion Site
Equinus Contracture 7 43.8
Total Complications 27 169

*All cases of malalignment consisted of valgus angula-
tion. no cases of varus angulation were noted



cent for each tibia lengthened via distraction osteo-
genesis. The specific frequency for each complica-
tion is presented in Table 1. All cases of coronal
tibial malalignment produced prior to fixator re-
moval were due to valgus deviation, no cases of
varus malalignment were noted. No cases of fibular
consolidation or tibial premature consolidation were
noted. No cases of neurovascular injury were rec-
orded in these eight patients. All fractures of the
lengthened bone and the two cases of callus defor-
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dures was 169 per cent for each segment leng-
thened. The rates of each surgical intervention is
additionally presented in Table 2. All seven cases
which had had achilles lengthening required this
during or after the distraction period, no prophylac-
tic lengthenings were performed.

Table 2
Total Associated Procedures

Frequency Percentage

mity without fracture after fixator removal were Pin Removal for Infection 7 43.8
treated with cast immobilization. No significant Manipulation for Axial 5 313
knee joint contractures were noted after the normal Malalignment
rehabilitative period. (Fior_rdectilv'(\e/lolstle_otomy Ior 6 3.5
H esidual alalignmen
of the trestment protocol witnout any assbcaed | Achiles Lengtrring T s
L . . . Internal Fixation and 2 125
operative intervention (excluding fixator removal). Bone Graft for Nonunion
Two segments (12.5 per cent) required one addi- Total Associated Proce- 27 169
tional operative procedure, eight cases (50 per cent) dures
required two additional procedures, and three seg-
ments (18.8 per cent) required three additional
procedures. The overall rate of associated proce-
DISCUSSION

In the current study: we review the results, com-
plications and additional procedures from a consec-
utive series of sixteen tibias from eight patients with
Turner syndrome lengthened via distraction osteo-
genesis. The indications for surgery in these pa-
tients reflect cultural and societal differences at
odds with the peoples of North America. In Euro-
pean and South American countries, life for the
short stature patient is more difficult as society does
little to accommodate to their needs [15, 19]. Pre-
viously, Trivella et al reported the results of leng-
thening in patients with Turner dwarfism and con-
cluded that lengthening in these patients corrected
the disproportionate length discrepancies and im-
proved appearance and self-esteem [22]. In the
current study we did not attempt to document any
changes in psychosocial development or health,
however we did record a predictable increase in
tibial length. In this series, tibias were lengthened
an average of 9.2 centimeters or 33 per cent of the
original bone length. The average increase in length
is similar to previous reviews of tibial lengthenings
in patients with short stature due to achondroplasia
which report increases in length of 14.5 to 58 per
cent [1, 8, 16]. Although gains in length are impres-
sive, these results must be balanced by the extended
time required for bone consolidation (average
treatment time of 268 days) and the presence of
complications and associated procedures.

In the current investigation of sixteen tibial leng-
thenings we noted twenty-seven complications
consisting of malalignment before fixator removal;
deformity of the lengthened bone without fracture
after flxator removal; fracture of the lengthened
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bone; severe pin tract infection; nonunion of the
distraction site; and equinus contracture. On aver-
age, each tibia had a complication 169 per cent of
the time. Previously published complications rates
from papers that include tibial distraction osteoge-
nesis report prevalence of complications of 10.5 to
250 per cent [2, 5-7, 9, 10, 12-14, 17, 18, 21, 22].
Variations between the current and previous publi-
cations are most likely due to differences in classifi-
cation of complications, patient diagnosis, asso-
ciated limb deformities and the distance that tibias
were lengthened. Additional procedures for the
treatment of complications or delayed corrective
osteotomies for any residual malalignment were
documented in twenty-seven instances. On average,
each tibia lengthened required 1.7 additional opera-
tions to optimize the outcome of the limb.

Published papers have also recorded the preva-
lence of ankle or knee contractures requiring opera-
tive intervention in 8.5 to 69 per cent of cases [5-7,
9, 10, 12-14, 17, 18, 21, 22]. In this series, we doc-
ument a high rate of achilles contracture; approx-
imately 44 per cent of tibias lengthened required an
achilles lengthening. Although the previously re-
ported range for these problems is quite large; the
current rate is somewhat higher than most reports
and is likely due to the relatively larger distances
gained. Differences in these rates may also reflect
different treatment philosophies. At the C.U.N.,
achilles lengthening is considered a relatively minor
procedure that permits greater tibial lengthenings
and allowing plantigrade foot positioning.

Previously, Trivelli et al reported the results of
femoral and tibial lengthenings in sixteen patients
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with Turner dwarfism due to Turner syndrome,
mixed gonadal dysgenesis and Noonan syndrome.
In the prior study, they found longer healing times
possibly due to an intrinsic hormonal imbalance. In
the current study the healing index was thirty-one
days of total treatment time for each centimeter of
length gained. On the surface, this value may seem
equal to rates of thirty-four to forty-two days per
centimeter gained in other studies of tibial distrac-
tion osteogenesis [10, 13, 17, 18, 21]. However we
noted problems of bony development with fracture,
callus deformation or nonunion of the distraction
site in 37.5 per cent of patients. These findings
confirm the conclusions reached by Trivella et al
who found a high complication rate in patients with
Turner Dwarfism that underwent distraction osteo-

genesis [22].

In conclusion, tibial distraction osteogenesis in
patients with dwarfism due to Turner Syndrome can
be used to improve the disproportionate discrepan-
cy. In the current report we lengthened tibias 33 per
cent of the original length at the expense of high
rates of complications and associated procedures.
Further work needs to be done to reduce the rates of
these problems in all patients who undergo limb
lengthening. In particular efforts should be made to
determine the psychosocial and functional benefits
of limb lengthening in patients with short stature.
The later will allow a more critical analysis of the
benefit of these procedures in light of the cost asso-
ciated with concurrent complications.
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