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Pseudarthresis and en Grewth ef the Limb—
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Abstract The study wasundertaken te determine whether the results of surgical treatment
for pseudarthresis of the tibia in ysung children is se peer as te recemmend that surgery be
deferred till after three years of age. Radiegraphs and recerds were reviewed of twenty six
censecutive surgical patients with Crawferd Type IV cengenital pseudarthresis of the tibia.
Grewth abnermalities in the tibia, fibula and in the femur of the affected limb at the time of
presentatien were identified. The eutceme frem treatment, in terms of achieved unien in
pseudarthresis, refracture rate and limb length, in thirteen children treated befere the age of
three years was cempared with these treated later.

Unien in pseudarthresis was achieved in 12(92%) of the 13 children treated befere three years
of age by excisien of the pseudarthrests, intramedullary red insertien and dual enlay certical
bene grafting. Unien was achieved in enly 5 of 7 children whe underwent the same precedure
between 3 and 12 years of age. The extent of shertemng in the limb at the time of surgery was
least in these belew three years of age. The imb length discrepancy remained unchanged in 11
children whe had transarticular Rush red insertien hefere the age of three years. Grewth
abnermalities in the fibula, tibia and in the femur were less prensunced and the rate of a re
fracture were net frequent in these treated early.

The study suggests that there is ne need te defer surgery fer pseudarthresis of the tibza till the
child is elder than three years of age.

A recent review of 348 patients counducted by

Introduction
the EP®S from has found that union ceuld be
Contrary te earlier reperts, the problem of achieved in over 75% of instances’’s®. The
achieving union in congenital pseudarthrosis of results of this multiceuter study also suggested
the tibia does not appear to be insurmountable. that the chances of achieving union i pseudar-
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thresis were lewest m children under the age of
three years. Censequently, there has been cen-
sensus ameng the participants ef that study
that surgery sheuld be aveided until after three
years of age'®. Sharrard® and Hardinge!® have
recemmended deferring surgery till feur years
of age.

Hewever, ever the last 13 years we have
treated 26 patients with established pseudarth-
resis of the tibia and perfermed surgery eu
these children as seen as they presented te us.
In 13 cases, we underteek surgery in children
less than three years of age since we assumed
that the seeuner unien was achieved, the less
preneunced weuld be any grewth abuermalities
m the hmb. In the light ef the reservatiens fer
such early surgery expressed by the members
of the EP@®S study greup, we felt we sught te
evaluate the results of surgery in eur children
whe were under three years of age, more clese-
ly

The specific aims eof the present study were
te :

1. Betermine the unien rate i cengenital
pseudarthresis i children treated under
the age of three years.

2. Identify varieus grewth abunermalities m
the affected lumb in children with cengeni-
tal pseudarthresis ef the tibia, and deter-
mine whether these grewth preblems, in-
cluding shertening, were less in children
whe were treated befere the age eof three

years.
Material and methods

Case recerds and radiegraphs were reviewed
of 38 censecutive patients with cengenital
anterelateral bewing ef the tibia treated at this
center, during the last 13 years . The patients

ncluded 21 niales and 9 females. The right side
was invelved in 13 patients, and the left was
invelred in 17. Cutaneeus features of neurefi-
brematesis were evident i 26 patients. Twe
patients had radielegical changes eof fibreus
dysplasia that were cenfirmed subsequently by
biepsy.

Twe patients were treated by bracing and did
net develep pseudarthresis. @f the remaining 28
patients whe develeped established pseudarth-
resis of the tibia, twe were lest te fellew up.
The eutceme of the remaining 26 patients with
established Crawferd Type IV pseudarthresis®
was analyzed in detail.

Twenty patients were skeletally nmmature
when they presented fer treatment, and thirteen
of these children were less than threa years eld
at the time eof surgery.

The skeletally immature children underwent
excisien of the pseudarthresis, internal fixatien
with an intramedullary red and eulay certical
bene grafting. Bene graft was harvested frem
the subcutanesus surface of the eppesite tibia
i 19 children. At least twe struts ef certical
bene were placed alengside the pseudarthresis
site and ne attempt was made te auncher the
grafts te the tibia. Sheffield telesceping reds
were unplanted with the T pieces 11 the prex-
imal and distal tibial epiphyses in twe patients.
All the ether skeletally immature children had
an mtramedullary Rush red passed frem the
calcaneum acress the subtalar and ankle jeints
inte the tibia. In ene child simultaneeus limb
lengthening was alse undertaken.

The six skeletally mature patients were
treated by cempressien at the pseudarthresis
site. Preximal metaphyseal lengthening ef the
tibia with the help of a menelateral external

fixater was performed in feur ef these six
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Takle 1. Frequency of Primary Unien in Pseudarth
resis of the Tibia after the Index @peratien
in 26 Patients treated at Bifferent Ages

Unien after

Age at swrgery | 1 Mean age at index eperatien
surgery (years) ;
n %

<3 13 1.9340.65 12 92.3

312 7 6.82+2.14 71.4

>12 6 | 18.50+3.21 4 | 66.6

patients.

The clildren whe were under three years at
the tune of surgery have bheen fellewed up fer a
mean peried of 6.27 years{range 2 te 11.4
years). Children whe at the time of surgery
were between 3 and 12 years have been fell-
ewed up fer a mean peried of 5.44 years(range
2 te 8.1 years). The sequential radiegraphs ef
each patient were studied te identify changes in
length ef the femur, tibia and fibula. Tial,
femeral and fibular length measurements were
made with the help of grid films and expressed
as percentage difference as cempared te the
nermal side. The initial tibial length measure-
ment was made frem the immediate pesteper-
ative film and net frem the pre-eperative film
in view of the bewing and angulatien at the
pseudarthresis site befere surgery.

Grewth abuermalities were neted in the tibia
such as abuermal clinatien i1 the preximal
tibial physis, bewing 1 the shaft of the tibia,
alteratiens in the shape, and aligument i the
distal tibial epiphysis. The length ef the fibula,
the pesitien of the lateral malleslus based en
Malhetra’s grading and the presence eof a
fibular pseudarthresis were neted.

The frequencies of these grewth abuermal-
ities were cempared ameng the three greups of
patients based eu the tuming ef surgery wiz.
children under the age of three years, children
between three and twelve years, and patients
whe were ever twelve years of age, at the tume

of surgery.

198

The eutceme of treatment in terms of achiev-
ing unien in the pseudarthresis, cerrectien ef
defermities and equalizatien ef limb length was
cempared ameng the greups. Eleven children
whe had a fellew-up ef mere than five years
were studied i greater detail te identify the
alteratieus in grewth, the frequency ef any re-
fracture, and any need fer any secendary surgi-

cal precedure.
Results

Union rates

When the pseudarthresis was united after the
index eperatien, witheut the help of any supple-
mentary precedure, it was referred te as “pri-
mary” unien. If unien eccurred after seme
additienal precedure then it was referred te as
“secendary” unien. The frequency ef primary
unien was highest ameng children whe were
less than three years of age at the time eof
surgery(Table 1). The average time fer unien
was 3.91+2.31(S®)menths in children under 3
years, and 3.90+1.24(SP)menths i children
between 3 and 12 years. @ue supplementary
bene grafting precedure was sufficient te
ebtain secendary unien 1 the ene child under
three and in the twe children between three and
twelve years of age in whem prumary wien was
net achieved The pseudarthresis remained un-
united 1 twe skeletally mature patients.

Re-fracture

A re-fracture at the site of the eriginal
pseudarthresis eccurred 11 twe patients whe
were treated hefere the age of three years. @ne
fracture eccurred at three years after the pri-
mary surgery. In the ether child, the re-fracture
eccurred at twe years after the first Rush red
had been replaced with a lenger red. In beth

these instances of re-fracture, the implants alse



Takle 2. Extent of Sherteming in the tibia in the immediate
Besteperative Peried and at Final Fellew up

Mean initial

Age at

n shertening
surgery 0
<3 years | 11* 5.26
3 12 years 7 17.58
>12 years 6 43.53

*

o

"Mean final
Range(%) shertening | Range (%)
(%)
1.2 18.5 5.71 9115
0.935.8 18 34** 53837
19 95+#* | 4.2 252

 Initial shertening ceuld net he measuwred in twe cases since the
radiegraphs ef the nermal tihia were net available

I Limb lengthening perfermed en ene limh

. Limbh lengthening perfermed en feur limls

Takle 3. Frequency of Grewth Ahnermalities in the Tihia, Fibula and
Femur in Skeletally Immature Children with Cengenital
Pseudarthresis of the Tibia

failed. A repeat Rush red implant with certical
beue grafting lead te unieu within feur menths
m heth these patients.

Beth the children whe had telesceping reds
implanted, develeped new pseudarthresis at a
mere distal site. @ne of these children required
three further eperatisus te achieve unien while
m the ether patient, a single bhene grafting
eperatien with the eriginal red in situ was
sufficient te facilitate unien.

Re-operation for rod exchange

The rush red recedes inte the distal half ef
the tibia as the child grews. At this stage the

<3 years(n 13) 3 12 yearsin=7)
Grewth - A
ahnermality t ! At fellew up ¢ At fellaw up
presentatien presentatien

Prcxlmalv tibial o/13 o/13 977 27
physeal tilt
Pesterier hewing in
the preximal third ef 1/13 1/13 3/7 3/7
the tihia
Ankle valgus 4/13 8/13 6/7 /7
Preximal migratien
in the distal fibular 7/13 11/13 6/7 7/7
physis
Fibul

ihular ’ 213 6/7
pseudarthresis
Fibular hypeplasia 6/13 1/7
Femeral lengthening 5/13 6/17
Femeral shertening 3/13 07

shert red was remeved and a lenger red was
mserted in eight children whe were under three
at the time of initial surgery and in twe children
nitially treated between three and twelve years
of age. In twe instances, red exchange was
pessible witheut having te esteetemise the
tibia. Hewever, in eight patients the tibia had
hegun te hew just preximal te the red, and an
esteetemy was required te facilitate red
exchange. Autegeneus certical heue graft re-
harvested frem the centralateral tibia was
placed areund the estestemy site inthese cases.

Uuien of the fresh esteetemy eccurred within a
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mean peried of 3.8 menths. The mean numhber
of eperatiens(including the index eperatien)
perfermed per patient was 2.15 in cluldren whe
were under three years and 1.7 in these whe
were hetween three and twelve years at the
time of the index eperatien.

Limb length inequality

The degree of shertening in the affected tibia
was least in children whe were treated hefere
the age eof three years, and the shertemng
remained virtually unchanged till the fal fel-
lew-up{Table 2). In 4 of the 13 children whe
were less than three years of age, the extent ef
timal shertening gradually became reduced
ever time. In ene child, the shertening remained
virtually unchanged fer mere than three years.
Tibial shertening increased in the remaining
patients. Ameng children whe were between 3
and 12 years of age at the time eof the mdex
eperatien, a spentaneeus reductien in tibial
shertening was netecd in enly ene patient. In five
children the shertening increased medestly. In
ene child, imb lengthening was dene at the time
of initial grafting and red unplantatien. Theugh
almest cemplete equalizatien of himb lengths
had been achieved at the time, the residual
sherteming in the tibia at skeletal maturity was
26%.

Since the fellew-up perieds varied frem
patient te patient, the alteratien in limb length
was calculated as the alteratien in length per
yvear. The mean alteratien m length ef the tibia,
per year was a 9.4% reductien in limb length
discrepancy per annum in children treated
under three years of age, and a §.6%% increase
m lhimb length discrepancy per amnum was
neted in children treated bhetween three and

twelve years eof age.
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Growth abnormalities of the limb :

Grewth abnermalities in the tibia, fibula and
femur were mere frequently seen in children
treated later (Table 3).

Piscussion

The results of the present study challenge the
view expressed by the members of the EP@S
study greup that it is difficult te achieve unien
of pseudarthresis in children under the age of
three years. Net enly was unien achieved in
mest children under three years of age, but the
primary unien rate of 92% was ene of the
highest reperted in the literaturen-#10-1719-20)
What was even mere mteresting was that i the
present study, the unien rate m children under
the age eof three years was higher than that
ebtained in elder children. @n the ether hand,
Beere et al” had abysmally peer results in
children less than five years of age, with a unien
rate of 14%, while they had 8% success in
elder children. Ghanem et al. alse reperted very
peer results i1 yeung children'®. What ceuld be
the reasen fer such cenflicting results? The
methed ef treatment adepted by these authers
was the Ilizarev technique. In centrast, eur
eperative appreach entailed excisien eof the
pseudarthresis, intramedullary nailing and
autegeneus certical bene grafting. Grill et al.'»
highlighted the preblems of applying the Ilizar-
ev apparatus te yeung children and suggested
that these facters may have centributed te their
peer results. With the technique we empleyed,
ne such preblems were enceuntered. The ratie
nale of the use eof certical graft rather than
cancelleus graft'”, and the benefit of the inser-
tien of an intramedullary red, has been neted in
previeus studies2®?e1219 - The high rate eof

unien achieved in the present study and in ether



earlier reperts?¥91217 de net suppert the view
expressed by the EP@®S study greup that hene
grafting and internal fixatien metheds were eof
little value fer this cenditien'®.

The present study shews that unien can he
achieved in yeung children by bene grafting and
mtramedullary red fixatien. Hewever, as
Weintreub and Grill®® emphasized, “viewing
the healing ef the pseudarthresis alene as a
surgical issue underestimates many ether preh-
lems that affect the sutceme” We enderse this
view and feel that it 1s nmperative that ether
preblems such as grewth abnermalities in the
tibia and fibula, which are asseciated with the
cenditien, are alse addressed.

Limb length inequality enceuntered in
pseudarthresis ef the tibia may be due te mher-
ent grewth abnermalities seen i1 this cenditien
or due te the ill effects of treatment.

Cemparisen eof the length ef the limb at
cemmencement ef treatment, shews that the
lenger the pseudarthresis had untreated
remained un-united, the greater the extent ef
shertening i1 the tibia. This ehservatien jus-
tifies eur appreach te early mterventien. Hew-
ever, dees early surgery in any way hamper the
subsequent grewth ef the limb? The treatment
adepted for managing skeletally immature chil-
dren in this study entailed transfixing the distal
grewth plate of the tibia with an intramedullar-
y red. Bamage te the grewth plate either while
passing the reamer or the red at the time eof
surgery, and the retentien of the red for several
years pest-eperatively might adversely affect
the grewth plate resulting in pregressive
grewth retardatien. Hewever, the present study
shewed that in children whe were fellewed up
for ever five years, a smeeth Rush red inserted

frem the calcaneum acress the distal tibial

grewth plate did net result in any pregressive
shertening i1 the limb. The percentage sherten-
mg n the limb remained virtually unchanged in
seimie of these patients, while in ethers there
was an actual reductien in the limb length
inequality. @n the ether hand, the twe children
whe underwent Sheffield telesceping red im-
plantatien did shew pregressive shertening in-
dicating that the grewth plate was damaged.
Beth these patients had the telesceping red
mserted frem the ankle jeint.

Yet anether impertant preblem in the man-
agement ef cengenital pseudarthresis in the
tibia 1s the tendency fer a refracture after
unien. The frequency of a refracture fellewing
red implantatien was net unduly high in these
children whe were treated hefere the age eof
three years.

The need fer a re-eperatien agam was net
appreciably greater m children treated befere
three years of age. The main reasen te re-
eperate was fer red exchange. We believe that
it is prudent te retain an intramedullary red till
skeletal maturity as an internal splint te mini-
mize the risk te a re-fracture. The fact that a
sizeable prepertien ef children shewed a ten-
dency fer hewing in the tibia as they eutgrew
the imitial intramedullary red indicated that the
risk te a refracture was very real If red
exchange ceuld be perfermed hefere hewing in
the tibia eccurred, then the need fer esteetemy
of the bene might he aveided. This weuld
reduce the merbidity ef the re eperatien. We
epted te perferm autegeneus bhene grafting at
the time eof red exchange whenever an
esteetemny was needed as we felt that unien
might net be achieved witheut the hene graft.

The higher frequency ef ether grewth abner-

malities such as abnermal physeal mclinatien,
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pesterier howing in the proximal tibia, and
abnermalities in the distal fibular physis neted
in older children suggested that all these asnor-
malities developed over a period of time in
children with pseudarthrosis. It would follow
that the soouner the union was achieved, then the
less weuld be the chance of these growth abuor-
malities developing.

i ceunclusion, the frequency ef wnien was
higher, the shortening in the limb was less aud
asseciated grewth ahnormalities were less fre-
quent in children with cougenital pseudarth-
resis of the tibia who were treated hefere the
age of three years. In the light of these results
we see ne justification in deferring surgery fer
pseudarthresis of the tibia till feur years of age.
Hewever, in these young children we recem-
mend that the procedure to adept is excisien of
the pseudarthrosis, cortical heue grafting and
intramedullary rod implantation in preference
to the Ilizarov technigue since the latter proce-
dure has been reported to have poor results in
yeung children? 939
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