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Abstract

Background. Multiple cartilaginous exostoses cause various
deformities of the epiphysis. In exostoses of the ulna, the ulna
is shortened and the radius acquires varus deformity, which
may lead to dislocation of the radial head. In this study, we
present the results of exostoses resection, with correction and
lengthening with external fixators for functional and cosmetic
improvement, and prevention of radial head dislocation.
Methods. We retrospectively reviewed seven forearms of
seven patients who had deformities of the forearm associated
with multiple cartilaginous exostoses. One patient had dislo-
cation of the radial head. Operative technique was excision of
osteochondromas from the distal ulna, correction of the ra-
dius, and ulnar lengthening with external fixation up to Smm
plus variance. We evaluated radiographs and the range of
pronation and supination. Furthermore, we conducted a fol-
low-up of ulnar length after the operation.

Results. Dislocation of the radial head of one patient was
naturally reduced without any operative intervention. At
the most recent follow-up, six of the seven patients showed
full improvement in pronation—-supination. Ulnar shortening
recurred with skeletal growth of four skeletally immature
patients; however, it did not recur in one skeletally mature
patient. Overlength of 5mm was negated by the recurrence of
ulnar shortening about 1.5 years after the operation.
Conclusions. We treated seven forearms of seven patients by
excision of osteochondromas, correction of radii, and gradual
lengthening of ulnas with external fixators. The results of the
procedure were satisfactory, especially for function of the el-
bow and wrist. However, we must consider the possible recur-
rence of ulnar shortening within about 1.5 years during
skeletal growth periods in immature patients.
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Introduction

Multiple cartilaginous exostoses are a hereditary condi-
tion in which exostoses are formed around the joints
and cause various deformities of the epiphysis. Exos-
toses of the forearm are mostly formed in the distal
ulna, which leads to growth disturbance. While growing,
the ulna is shortened and the radius acquires varus de-
formity, and sometimes this leads to dislocation of the
radial head. Some cases undergo malignant transforma-
tion and become secondary chondrosarcomas.!

Although various treatment alternatives have been
proposed to manage such deformities and shortening of
the forearm, lengthening of the ulna with correction
only or with lengthening of the radius is considered to
be the most appropriate treatment. However, most re-
ports show only short-term results, and little is known
about the postoperative course. In this study, we
present the results of resection of exostoses, with cor-
rection and lengthening with external fixators for the
purpose of functional and cosmetic improvement and
prevention of radial head dislocation.

Patients

We retrospectively reviewed seven forearms of seven
patients who had deformities of the forearm associated
with multiple cartilaginous exostoses (Table 1). The
patients were treated in our hospital between 1991 and
2002. There were three boys and four girls, ranging in
age from 6.8 to 14 years (average, 10.8 years). The fol-
low-up period ranged from 2.7 to 14.1 years (average,
7.1 years). Deformation was present in three right and
four left forearms, dislocation of radial head was found
in one patient, and two patients had a restriction of
pronation before surgery. An Ilizarov fixator was used
alone in one patient, monotube fixation in three pa-
tients, both in one patient, and an Orthofix (M-100;


Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.3 785.2 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


460

Table 1. Demography of the patients

H. Matsubara et al.: Correction of forearm exostoses

Follow- Length  Correction

Age up period External gain angle of EFT EFI DI
Case Sex  (years) (years) Side fixator (mm) radius (°)  (days) (days/cm) (days/cm)
1 M 8.2 12.0 Left Orthofix 30 25 139 46.3 22
2 M 14.0 141 Left Orthofix 22 17 141 64.1 13.6
3 F 10.1 9.2 Left Ilizarov 16 11 80 50 18.1
4 F 6.8 6.0 Left Ilizarov + 30 25 128 42.7 13.7

Monotube

5 F 11.3 2.7 Right  Monotube 36 16 115 31.9 11.9
6 F 11.2 3.7 Right  Monotube 41 19 155 37.8 10
7 M 11.4 31 Right  Monotube 15 0 126 97.3 22.7
Average 10.4 7.3 27 16.1 126 52.9 16.0

EFT, external fixation time; EFI (external fixation index) = EFT (days)/length gain (cm); DI (distraction index), periods of lengthening procedure

(days)/length gain (cm)

Orthofix, Verona, Italy) in two patients. A unilateral
fixator was selected when angulation of the radius could
be safely corrected in an acute manner, followed by
gradual lengthening of the ulna. Monotube (Stryker,
Kalamazoo, MI, USA) or Orthofix (M-100) fixators
were selected for their fit of the size of the ulna. The
Ilizarov external fixator was used in cases that required
gradual multifocal or oblique plane corrections or
lengthening of the radius.

Surgical indications included radial head subluxation-
dislocation, disturbance of activities of daily living be-
cause of limited or painful forearm rotation, progressive
deformity, and undesirable cosmetic appearance.

Operative technique

The operative technique was as follows (Fig. 1): (1)
excision of osteochondromas of the distal ulna, (2) cor-
rective osteotomy and internal fixation of the radius
(five patients), or osteotomy and gradual correction of
the radius with an external fixator (two patients), and
(3) gradual lengthening of the ulna using an external
fixator up to Smm plus variance, with the expectation of
subsequent recurrence of ulnar shortening.

Evaluation

Radiographic review compared preoperative and most
recent follow-up radiographs. We measured the radial
articular angle (RAA; Fig. 2A), bowing of the radius,
carpal slip (CS; Fig. 2B), and relative ulnar shortening
(Fig. 2C).2 We also evaluated the amount of ulnar
lengthening, correction angle of the radius, external

Fig. 1. Operative technique. A Excision of osteochondromas
of distal ulna. Blacked area, osteochondroma. B Osteotomy. C
Correction of the radius, with gradual lengthening of the ulna.
Blacked area, callus

fixation time (EFT), external fixation index (EFI), and
the distraction index (DI). EFI was obtained by dividing
the total duration of external fixation by the length
gained; DI was obtained by dividing the total duration
of distraction by the length gained. We evaluated the
range of pronation and supination clinically. Further-
more, we conducted a follow-up of ulnar length after
the operation.

Results

Before the operation, the ulna was shortened by an
average of 12.3mm (range, 10-15mm), resulting in a
bowing of the radius by an average of 21.9° (range, 18°—
27°). RAA before surgery was an average of 38.6°
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Table 1. Continued
Relative ulnar
Radial articular angle (°) Carpal slip (%) shortening (mm) Bowing of radius (°)
Final Final Final Final
Preoperation follow-up Preoperation follow-up Preoperation follow-up Preoperation follow-up
47 30 100 50 15 0 19 19
33 15 66 37.5 12 -1 27 11
30 15 50 60 10 5 21 10 Relengthening,
13mm
49 35 30 31 13 8 27 13
32 24 66 30 15 3 18 0
41 25 38 42 10 -5 25 0 Radial head
subluxation
38 36 47 33 11 16 14
38.6 25.7 56.7 40.5 123 1.7 21.9 9.6

A B c

Fig. 2. Evaluation on radiographs. A Radial articular angle
(RAA) is the angle between two constructed lines: one along
the articular surface of the radius and the other perpendicular
to a line that bisects the head of the radius and passes through
the radial edge of the distal radial epiphysis (dashed line). B
Carpal slip (CS) is measured as the percentage of contact of
the lunate with the radius, determined by an axial line drawn
from the center of the olecranon through the ulnar edge of the
radius. C Ulnar shortening (a) is measured with a perpendicu-
lar drawn from the distal end of the ulna to the linear axis of
the forearm

(range, 30°-49°), and CS before surgery was an average
of 56.7% (range, 29%-100%).

At the most recent follow-up, RAA was an average
of 25.7° (range, 15°-36°), improved compared with the
normal side. The ulna was gradually lengthened by an
average of 27mm (range, 16-41 mm), resulting in 1.7-
mm ulnar length minus variance at the most recent
follow-up. However, in four patients shortening of the

ulna recurred, and in one patient a 13-mm releng-
thening of the ulna was performed. CS was improved by
about 16%. Correction angle of the radius was an aver-
age of 16° (range, 0°-25°) (Table 1).

EFT was an average of 126 days, EFI was an average
of 52.9 days/cm, and DI was an average of 16.0 days/cm.
Dislocation of the radial head of one patient was
naturally reduced without any operative intervention.
Before surgery two patients had a restriction of prona-
tion; however, five patients had a restriction of prona-
tion—supination just after completing the lengthening,
which occurs because of the ulnocarpal impaction
syndrome. At the most recent follow-up, six patients
showed full improvement in pronation—supination; the
remaining patient had a slight restriction of supination.
All the tumors resected were pathologically confirmed
as exostoses, and none was malignant. No tumor recur-
rence was found during the follow-up period. Super-
ficial infection occurred in one patient and was treated
with antibiotics, but there was no deep infection or
breakage of wires or pins.

Ulnar shortening recurred with growth of four imma-
ture patients; however, it did not recur in one skeletally
mature patient. The overlength of Smm was negated
by the recurrence of ulnar shortening within about
1.5 years after the operation (Fig. 3).

Case presentations

Case 2 (Fig. 4)

A 14-year-old boy complained of deformity of the left
forearm and limitation of pronation because of a giant
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—8— Case 2(14year—old)
—o— Case 3(10year—old)
—&— Case 4( 6year—old)
—%— Case 5(11year—old)
—%— Case 6(11year—old)
—8— Case 7(11year—old)

ulnar shortening (cm)

year

Fig. 3. Sequence of ulnar shortening

exotosis. Range of pronation was 30°. On X-ray, RAA
was 33°, CS was 66%, and ulnar shortening was 12mm
(Fig. 4A,B). During the operation, the range of prona-
tion improved to its full extent after resecting an exosto-
sis of the distal ulna. The radius was corrected acutely
and fixed with a plate, an Orthofix (M-100) external
fixator was applied to the ulna, and osteotomy was per-
formed (Fig. 4C). The ulna was lengthened 22 mm after
a waiting period of 10 days (Fig. 4D). External fixation
time was 141 days (Fig. 4E). At the most recent follow-
up, he had no pain, unlimited range of pronation, and
no recurrence of ulna shortening (Fig. 4F,G).

Case 6 (Fig. 5)

An 11-year-old girl complained of deformity of the right
forearm and limitation of pronation. Range of prona-
tion was 30°. X-ray radiography demonstrated that
RAA was 33°, CS was 66%, ulnar shortening was
12mm, and lateral dislocation of the radial head had
occurred (Fig. SA-C). The radius was corrected acutely
and fixed with a plate, a monotube external fixator ap-
plied to the ulna, and osteotomy performed (Fig. 5D).
The ulna was lengthened 45 mm after a waiting period
of 7 days. The radial head was reduced without any
open reduction for the dislocated radial head (Fig. SE).
External fixation time was 155 days (Fig. 5SF). At 3 years
8 months after the operation, she had no pain and un-
limited range of pronation. There was no hindrance to
her activities of daily living. Furthermore, on X-ray ra-
diographs, no recurrence of ulnar shortening or disloca-
tion of the radial head could be seen (Fig. 5G,H).

Discussion

Multiple cartilaginous exostoses are a benign autosomal
dominant skeletal dysplasia affecting bones formed
by endochondral ossification. About 40% of the pa-
tients are sporadic. Estimations of its prevalence have
ranged from between 0.9 and 1.4 in 100,000° in
two European populations. There has been a wide
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variation in the reported rates of malignant degenera-
tion of a benign exostosis to chondrosarcoma or to
some other sarcoma in patients who have hereditary
multiple cartilaginous exostoses. Reports have docu-
mented the risk to be 2%-5%.* Multiple cartilaginous
exostoses often cause an obvious deformity of the
forearm. The incidence of forearm lesion in multiple
exostosis patients was reported to be between 39% and
59% .33

Prichett reported that the characteristic relative ulnar
shortening is related to three factors.!

1. The ulnar physis had a cross-sectional area that is
only one-quarter of that of the distal radius.

2. The distal ulna is more commonly involved in the
condition than the distal radius.

3. The distal ulnar physis contributes more to total
ulnar length than the distal radial physis contributes
to radial length.

Osteochondroma in the distal ulna can result in a
relative shortening of the ulna called candy-stick
deformity, increased inclination of the distal radial
articular surface with ulnar migration of the carpus,
and sometimes proximal radial head subluxation or
dislocation.®

For these deformities, several surgical interventions
have been reported.”!! Fogel et al. reported three dif-
ferent procedures’: excision of osteochondromas only,
ulnar lengthening with excision of osteochondroma,
and ulnar lengthening with radial hemiepiphyseal sta-
pling and excision of osteochondromas. Excision of
distal osteochondromas did not improve the deformity,
but it did reduce the preoperative rate of progression of
ulnar shortening. Ulnar lengthening with excision of
osteochondroma did not result in a significant improve-
ment in forearm rotation, radial articular angle, or
carpal slip. On the other hand, acute ulnar lengthening
(0.3-1.6cm) with radial hemiepiphyseal stapling and
excision of osteochondromas led to good results. How-
ever, this procedure made the final length discrepancy
unpredictable because the final length of the forearm
could not be predicted.

Wood et al. reported other procedures: closing wedge
osteotomy of the radius and fixing with a compression
plate and screws, excision of the osteochondroma of the
distal ulna, and ulnar lengthening using a long step-cut
osteotomy and securing the bone in its lengthened
position. Although appearance was markedly improved
using this method, functional improvement was only
minimal.!

Prichett reported that lengthening of the ulna and
correction of the radius, particularly with the use of an
external fixator, has given predictable results and is a
useful method of treating forearm deformity in patients
with hereditary multiple exostoses.!
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Fig. 4. Case 2: 14-year-old boy. A Restriction of pronation
before the operation. B Radiographs before the operation
(front and lateral view). C Radiographs after the operation
(front and lateral view). D Radiographs after ulnar lengthen-
ing (front and lateral view). E Radiographs after the removal

of external fixator (front and lateral view). F Full range of
pronation and supination at 1.8 years after the operation. G
Radiographs at 1.8 years after the operation (front and lateral
view)

G
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Fig. 5. Case 6: 11-year-old girl. A Restriction of pronation  reduced naturally (arrow). F Radiographs after the removal of
before the operation. B Deformity and shortening of her right  the external fixator (front and lateral view): radial head was

forearm. C Radiographs before the operation (front and lat- reduced (arrow). G Full range of pronation and supination at
eral view). Arrow, dislocation of radial head. D Radiograph 3.7 years after the operation. H Radiographs at 3.7 years after
during ulnar lengthening: radial head was not reduced (ar-  the operation (front and lateral view)

row). E Radiograph after ulnar lengthening: radial head was
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It appears that we have reached a consensus on
the need for lengthening and normalization of the rela-
tionship of the radius and ulna, but controversy in the
literature now exists regarding whether forearm length-
ening is best achieved immediately or gradually.
Some authors have reported that immediate lengthen-
ing of the ulna should be limited to 20mm because
greater lengthening can cause neurovascular prob-
lems.*2 On the other hand, Waters et al. reported that it
was safe to lengthen acutely up to 25mm or 20% of total
length.!

To prevent possible recurrence, however, it would be
better to overlengthen the shorter ulna. Most patients
required lengthening from about 20 to 40 mm, consider-
ing the recurrence.'* By lengthening gradually, patients
can avoid neurovascular system problems and the
shorter radius can be lengthened as well. Stapling or
hemiepiphysiodesis of the distal radial physis, or short-
ening of the radius to prevent recurrence, was reported
by Siffert and Levy'; this procedure is not acceptable
because the affected limbs will be shorter. Furthermore,
a dislocation of the radial head can be reduced using
gradual lengthening with an external fixator.! There-
fore, we believe that our method is a good way to treat
forearm deformity caused by osteochondroma.

The timing of the surgery is extremely important, and
there are many reports regarding this issue. Some rec-
ommend early intervention, because earlier interven-
tion has more potential for remodeling and leads to
better surgical results.!#1617 Others recommend inter-
vention at a later age, because a recurrent operation can
be avoided by postponing the procedure and good func-
tion can be acquired despite significant deformity after
skeletal maturity.'*!® We perform the operation if the
patients have the indication without considering their
age, because some patients lose function that cannot be
regained by postponing the operation, especially with a
dislocation of the radial head.

There are some reports of follow-up of lower leg
lengthening,'?! and there is a smaller body of literature
regarding middle- to long-term follow-up of ulnar
lengthening. In this study, our results showed that an
overlength of Smm was negated by the recurrence of
ulnar shortening about 1.5 years after the operation.
Dalmonte et al. reported that the tendency for
recurrence of ulnar shortening was inversely propor-
tional to the age at operation; it varied from 5.3 mm per
year in patients aged 5 years to 2.7mm per year in
patients aged 11 years.® This finding is similar to ours
and provides surgeons with useful information to ex-
plain the operation to the patients and their parents.
However, our results demonstrated no relationship be-
tween the amount of recurrent ulnar shortening and
patient age at operation. We hypothesize that the
amount of recurrent ulnar shortening depends on the
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extent of damage of the distal ulnar growth plate caused
by the osteochondroma.

Conclusions

We treated seven forearms of seven patients by excision
of osteochondromas, correction of the radius, and
gradual lengthening of the ulna with an external fixator.
The results of the procedure were satisfactory, espe-
cially for the function of the elbow and wrist. However,
we must consider the possible recurrence of ulnar
shortening within about 1.5 years during skeletal growth
periods in immature patients.

The patients and their families were informed that
data from their cases would be submitted for publica-
tion and gave their consent.
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