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Bposxnernslii iceBnoaptpo3s 6onbiedeprosoii koctu (CPT) — oxHa U3 TpyHEHIIHX TpoOIeM B JETCKOH OpTONeJHIeCKOH
XHUPYPTrUU. DTO PEIKO BCTPEYAOIIEECs] COCTOSIHHUE, KOTOPOE B OONBIIMHCTBE CBOEM COYETAeTCsl ¢ HEHpO(puOpoMaTo3oM.
Bapuantel neyeHust upe3BblYaliHO pazHooOpasHbl. C momouipto Meroza MiusapoBa MOXHO YCHEUIHO IPOBOJHUTH
ONepaTHBHOE JICYCHHE MCEBI0apTpo3a OobineOeprioBoi KocTu. [larmeHtsl U Metonsl: 7 mampeHToB ¢ CPT, koTopbix
neunau no meropy Mimzaposa B mepuon ¢ 1998 mo 2008 r. Pe3ynbraThl: KOCTHOE 32)KMBJICHUE NPOM3OLLIO BO BCEX
ciyuastx kpome omnoro. (ITokasatens cpamenns — 85,7 %). 3akmodyenne: Meron Viu3apoBa 00ecieunBaeT BCECTOPOHHHIA
nojxof ko BceM acriekram CPT. Ilpu ero npuMeHEeHUH MOXHO MOJIy4aTh OUY€Hb XOPOILINE PE3YyIbTaThl.

Kirouesble cioBa: roneHb, BpO>KACHHBIH IICeBR0apTpo3, MeTos Mimaposa.

Background: Congenital pseudoarthrosis of the tibia (CPT) is one of the most difficult problems in paediatric orthopaedic
surgery. This is a rare condition, which is mostly associated with neurofibromatosis. Treatment options have varied greatly.
Successful surgical treatment of tibial pseudoarthrosis is possible by the Ilizarov method. Patients and methods: 7 patients
with CPT treated using the llizarov technique within the period from 1998 to 2008. RESULTS: Bone healing was achieved
in all cases except one. (Union rate — 85,7 %). Conclsion: The llizarov technique is a comprehensive approach to all CPT
aspects. Its use can end with very good results

Keywords: tibia, congenital pseudoarthrosis, the llizarov technique.

INTRODUCTION

Congenital Pseudoarthrosis of the Tibia (CPT)
is a specific type of nonunion; one of the most dif-
ficult problems in paediatric orthopaedic surgery;
rare condition with incidence 1-200 000, occurring
equally in girls and boys. It is characterized by an-

terolateral bowing of the tibia (first physical sign);
its cause is unknown (biologic problem and not a
mechanical); in 40 % — 80 % of patients it is asso-
ciated with neurofibromatosis; 10 % of patients
with neurofibromatosis have CPT.
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Fig. 1 Patient L., 8 y.0.: a, b — before treatment; c, d — X-ray before treatment
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Classification

Several classification systems have been proposed,
none provides specific guidelines for management.

Boyd and Andersen are quite similar

Andersen: With 5 types:

1. Dysplastic;

2. Cystic;

3. Sclerotic;

4. Fibular;

5. Clubfoot or congenital band type.

Boyd H.B. (1982) six types:

Type |: Pseudoarthrosis occurs with anterior
bowing and a defect in the tibia present at birth.

Type Il: with anterior bowing and an hourglass
constriction of the tibia present at birth. Spontaneous
fracture, or that following minor trauma, occurs be-
fore 2 years of age. This type is the most common, it
is often associated with neurofibromatosis, and has
the poorest prognosis.

Type I11: Pseudoarthrosis develops in a congenit-
al cyst, usually near the junction of the middle and
distal thirds of the tibia.

Type 1V: Pseudoarthrosis originates in a sclerotic
segment of bone, “stress” fracture develops in the
cortex of the tibia and gradually extends through the
sclerotic bone. With completion of the fracture, heal-
ing fails to occur and the fracture widens and pseu-
doarthrosis develops. The prognosis for this type is
generally good.

Type V: Pseudoarthrosis of the tibia occurs with a
dysplastic fibula. Pseudoarthrosis of the fibula or
tibia or both may develop.

Type VI: Pseudoarthrosis occurs as an intraos-
seous neurofibroma or schwannoma that results in
pseudoarthrosis. This is extremely rare.

Crawford A.H. (1986):

(Radiographic) classification of congenital tibial
pseudoarthrosis.

Patients with all types are presented with antero-
lateral bowing of tibia.

In type I, the medullary canal is preserved. Cor-
tical thickening might be observed.

Type 1l is defined by the presence of thinned me-
dullary canal, cortical thickening, and tabulation defect.

Type Il is a cystic lesion, which may be fractured.

Type IV, pseudoarthrosis is present with tibial
and possibly fibular nonunion.
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Type lll

Type | Type ll Type IV

Fig. 3. Classification of congenital pseudoarthroses of
the tibia by Crowford A.H.

El-Rosasy-Paley Classification

The patient's condition is considered at the time
of treatment and is based on three parameters:

(i) Did the patient have any surgical treatment for
the pseudoarthrosis or not?

(ii) 1s pseudoarthrosis mobile or stiff?

(i) Plain x-ray examination of the leg affected for
CPT radiological typing: atrophic type with narrow
bone ends or hypertrophic one with wide bone ends.

The differential diagnosis of congenital pseu-
doarthrosis of the tibia.

There are at least four dysplastic lesions of the
congenitally bowed tibia (with or without cysts)
which are still being confused in the literature:

1 — congenital pseudoarthrosis

2 — monostotic fibrous dysplasia

3 — osteofibrous dysplasia of long bones

4 — congenital angulation of long bones

Treatment

Treatment options have varied greatly, including
both operative and non-operative approaches. Alhough
no single method has proven to be ideal, the highest
rates of union have been reported with surgery.

The aim of successful treatment is to achieve:
length, union and normal axis of the leg involved.

The main cause of treatment failure is possibly
the abnormal periosteum at the pseudoarthrosis site
which has a destruction effect and interferes with
bone union achievement (Paley).

Non Operative Treatment:

— patellar tendon bearing — total contact orthosis,
which is used to try preventing fractures or control-



ling development.

The use of a stable knee-ankle-foot orthosis with an
anterior shield in the pre-pseudoarthrotic stage might
delay fracture and pseudoarthrosis development, allow-
ing the patient to reach an older age before undergoing
surgical treatment. This is of importance as a better
healing rate has been shown in most of the procedures
in children older than three years of age.

Surgical Treatment Options

The superiority of any specific procedure is dif-
ficult to determine.

Bone graft methods:

1 — Autologous iliac bone graft

2 —Vascularized fibular grafting

Several authors have reported success in obtaining
initial tibial union. However, problems persist. Refrac-
ture, non-union. A secondary bone grafting procedure
is frequently necessary. Persistent angular deformity of
the tibia. In addition, many cases are complicated by
severe valgus ankle deformities on the donor sides with
proximal migration of the distal parts of the fibula fol-
lowing vascularized fibular graft in children.

Intramedullary stabilization

Recent years the technique of intramedullary
rodding described by Anderson is the most common.

Although union was achieved, many problems
were observed, including stiffness of the ankle and
subtalar joints caused by insertion of the nail through
the calcaneus, talus and tibia, transfixing the ankle and
subtalar joints and the distal tibial physis. Refractures
in the unprotected region of the tibia may occur with
growth of the leg as the rod end migrates. Finally, the
distal tibial growth plate, which already had stunted
rate of growth, may be further injured by transfixion,
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resulting in limb-length discrepancy.

Symes amputation

— indicated for congential pseudoarthrosis with
limb length inequality greater than 5 cm and/or se-
vere foot deformity;

— when treatment fails, Symes amputation and
prosthetic fitting can result in a very functional limb;

— the presence of pseudoarthrosis by itself is not
an indication for amputation;

— note that amputation thru pseudoarthrosis may
leave scars over amputation stumps, and over growth
phenomena may end up requiring additional revision
amputations;

— in some cases, spontaneous union of pseu-
doarthrosis will occur (due to total contact of pros-
thesis and beneficial effects of wt bearing).

Ilizarov circular external fixator

The llizarov technique is a comprehensive ap-
proach to all aspects of CPT. It attends to various
aspects of the condition, including:

Resection of the pseudoarthrosis, deformity correc-
tion, shortening defect, infections, articular function,
weight-bearing and the valgus ankle.

To achieve success, a number of basic principles
need to be followed.

These principles are:

1. Correction of the axis of the limb.

2. Debridement of the pseudoarthrosis and
opening of the intramedullary canal with insertion of
one of the ends of the tibia into the other.

3. Lengthening of the tibia with proximal osteoto-
my and concurrent compression of the fracture site.

4. Absolute correction of the tibial axis.

OUR EXPERIENCE

Patients and methods

This is a review of the results of 7 patients (4 —
boys; 3 — girls) with congenital pseudoarthrosis of the
tibia, managed with the Ilizarov technique between
1998 and 2008 in Jordan, in three different institu-
tions: Zarga governmental hospital (Ministry of
health — MOH); King Hussein Medical Center (Royal
medical services); and Ibn-Al Haytham Hospital (pri-
vate hospital).

Patients aged from 3 to 16 years.

75

The tibia with pseudoarthrosis involved: the
right side in 4 cases; left side in 3 cases.

6 patients have been treated several times surgi-
cally with failure.

1 patient presented without any previous surgic-
al intervention.

1 case was treated previously twice by the Iliza-
rov apparatus unsuccessfully.

Fig. 4. Patient Y.: leg x-ray (a) and view (b),
14 y.0., before treatment
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Fig. 6. X-rays for congenital pseudoarthroses of tibia: a — cystic; b — dysplastic: ¢ — sclerotic
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SURGICAL TECHNIQUES

The pseudoarthrosis was approached through a
standard anterior approach. The fibrous tissue was
dissected and excised, then a small segment of bone
and periosteum were excised.

A K-wire was passed and then drilled into the
tibia.

The circular Ilizarov ring fixator was then ap-
plied.

Osteotomy was performed at the level of the
proximal tibial metaphysis.

Then distraction and compression was per-
formed by the rate of 1 mm every day.

The frame was removed at 6-9 months when solid
bone union was evident at the pseudoarthrosis site.

An above-knee cast was applied for 2-4 months.

Fig. 7. Case 2

RESULTS

Follow-up ranged from 4 to 11 years.

Bone healing was obtained in all 7 patients, one
case was complicated by refracture at pseudoarthrosis
site after removal of the llizarov apparatus by 3
months, and not treated more by this technique (they
refused re-application of llizarov).

Superficial pin tract infection occurred in most cases
(6-7), and they were managed simply and conservative-

ly.
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Transient decreased motion of the joint also oc-
curred in most cases.

As noted, one complication can be considered
as major which necessitated an additional operative
procedure (case of refracture).

Others are minor complications that responded
to non-operative treatment and did not cause lasting
sequelae.
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DISCUSSION AND REVIEW OF THE LITERATURE

Congenital pseudoarthrosis of the tibia is a rare
disease with variable history, that is difficult to treat
successfully.

Conventional treatment, such as bone grafting and
plating, has the reported failure rate approaching
100 %.

New treatment modalities, such as free fibular
grafting and the llizarov technique, are able to
achieve union in most cases.

Although the refracture rate continues to be

high, in our experience it is 1 of 7 (14 %).

The union rate using the llizarov method is very

high.

The potential advantages of this technique include:
Full weight-bearing during treatment.

The ability to resect abnormal bone and periosteum.
Equalization of limb lengths.

Elimination of bone deformity.

REVIEW OF THE LITERATURE

Study Date Number Final result and conclusions
of cases
1 2 3 4

Journal of the Formosan Medical Association = Taiwan yi . L

- 1 . Union at the pseudoarthrosis site was
zhi 1997;96(5):359-65. ) - - >

. . S 1997 8 achieved in 7of 8 patients (union rate,

Treatment of congenital pseudoarthrosis of the tibia with the

: 87.5 %)
Ilizarov method.
Journal of Pediatric Orthopaedics: September/October 1997 - Successful in 9 of 11 patients with an
Volume 17 Ilizarov Treatment of Congenital Pseudarthroses 1997 11 P

. average of 322 days

of the Tibia
Journal of Children's Orthopaedics VVolume 2, Number 6 / Tibial union was achieved and main-
December, 2008 2008 10 tained by combining the Ilizarov tech-

Association of Ilizarov’s technique and intramedullary rodding

nique and intramedullary nailing in 9 of

78




Fewot Opmonedin Ne 4, 2010 .

1 2 3 4

in the treatment of congenital pseudoarthrosis of the tibia 10 patients at final follow-up
Plawecki S, Carpentier E, Lascombes P, Prevot J, Robb JE Consolidation was obtained by 3.5
Department of Orthopaedic Surgery, Hopital A. Michallon, - - yo.

- - 1990 3 months in three patients who had under-
Grenoble, France. Treatment of congenital pseudoarthrosis of one several brevious suraical procedures
the tibia by the Ilizarov method 9 P gicalp
Paley D, Catagni M, Argnani F, Prevot J, Bell D, Armstrong
P. University of Maryland Hospital, Baltimore. 1993 16 The union rate was 94 % with one treat-
Treatment of congenital pseudoarthrosis of the tibia using the ment and 100 % with two treatments
Ilizarov technique.
Journal of Bone and Joint Surgery - British Vol, 84-B, Issue
SUPPL. 11, 307-308. All patients had eventual successful out-

. . . 2003 10
The surgical management of congenital pseudoarthrosis of the come
tibia Y. Odeski
Ashraf A .Khanfour, MD 9 cases were treated by the Ilizarov me-
Pan Arabic J. Orth. Trauma- vol.12, no (2) | july 2008 L Y L
. . . 2008 9 thod, consolidation was obtained in all of
Rule of the Ilizarov method in treatment of congenital pseu-
- L them

doarthrosis of the tibia
J Pediatr Orthop B 2000; 9(1):1-2
European pediatric orthopedic society multicenter study of 2000 340 Ilizarov Tx, + ICBG, 75 % healing;
congenital pseudoarthrosis. (members from 13 countries) Vascularized fibula, 61 % healing
Treatment approaches for congenital pseudoarthrosis of tibia

As noted in the table, many authors have reported
good to excellent results in treating congenital pseu-
doarthrosis of the tibia by the Ilizarov technique, and

many agree that it is the method of choice.
We recommend this type of treatment for this
difficult and challenging problem.

REFERENCE

1. llizarov G. A. The influence of stability of fixation and soft-tissue preservation: The tension stress effect on the genesis and growth of

tissues. Part 1 // Clin. Orthop. 1989. No 238. P. 249-281.

2. llizarov G. A. The influence of the rate and frequency of distraction: The tension stress effect on the genesis and growth of tissues. Part 2

/I Clin. Orthop. 1989. No 239. P. 263-285.

3. Congenital pseudoarthrosis of the tibia / K. L. Vander Have [et al.] // J. Am. Acad. Orthop. Surg. 2008. Vol. 16, No 4. P. 228-236.

4. Treatment of congenital pseudoarthrosis of the tibia with recombinant human bone morphogenetic protein-7 (thBMP-7). A report of five
cases/ F. Y. Lee [etal.] // J. Bone Jt. Surg. 2006. VVol. 88-A, No 3. P. 627-633.

5. Campanacci M., Nicoll E. A., Pagella P. The differential diagnosis of congenital pseudoarthrosis of the tibia // Int. Orthop. 1981. Vol. 4,

No 4. P. 283-288.

6. Odeski Y. The surgical management of congenital pseudoarthrosis of the tibia // J. Bone Jt. Surg. 2003. Vol. 84-B, Suppl. Ill. P. 307-

308.

7. Congenital : the differential diagnosis of congenital pseudoarthrosis of the tibia // J. Pediatr. Orthop. 1981. Vol. 1, No 4. P. 455.
8. Khanfour A. A. Rule of the llizarov method in treatment of congenital pseudoarthrosis of the tibia // Pan Arab. J. Orthop. Trauma. 2008.

Vol. 12, No 2.

9. Rose R. E, Wright D. E. Treatment of congenital pseudoarthrosis of the tibia with the Ilizarov technique. Case report and review of the

literature // West Indian Med. J. 2007. Vol. 56, No 3. P. 294-299.

10. Delgado-Martinez A. D., Rodriguez-Merchan E. C., Olsen B. Congenital pseudoarthrosis of the tibia // Int. Orthop. 1996. Vol. 20, No 3.
P. 192-199.

11. Congenital pseudoarthrosis of the tibia in pediatric patients : MR imaging / A. H. Mahnken [et al.] // AJR Am. J. Roentgenol. 2001. Vol.
177, No 5. P. 1025-1029.

12. Congenital pseudoarthrosis of fibula and tibia // Campbell's Operative Orthopaedics, 10th ed. / ed. by S. Terry Canale. St. Louis :
Mosby, 2003. Ch. 25. P. 957-961.

13. Tibial pseudoarthrosis. Treatment using the llizarov technique / L. R. Andersen [et al.] // Ugeskr. Laeger. 1996. Vol. 158, No 16. P.
2237-2240.

14. Oztiirkmen Y., Dogrul C., Karli M. Results of the llizarov method in the treatment of pseudoarthrosis of the lower extremities // Acta
Orthop. Traumatol. Turk. 2003. Vol. 37, No 1. P. 9-18.

15. llizarov treatment of congenital pseudoarthroses of the tibia / K. J. Guidera [et al.] // J. Pediatr. Orthop. 1997. Vol. 17, No 5. P. 668-674.

16. Treatment of congenital pseudoarthrosis of the tibia with native bovine BMP : a case report / S. Kujala [et al.] // Acta Orthop. Belg.
2008. Vol. 74, No 1. P. 132-136.

17. Crawford A. H. Neurofibromatosis in children // Acta Orthop. Scand. Suppl. 1986. Vol. 218. P. 1-60.

18. Andersen K. S. Radiological pseudoarthrosis of tibia // Acta Orthop. Scand. 1973. Vol. 44. P. 719-727.

19. Boyd H. B. Pathology and natural history of congenital pseudoarthrosis of the tibia // Clin. Orthop. 1982. No. 166. P. 5-13.

Pykorics moctyrmna 16.04.10.

CaejieHus1 06 aBTOpax:

1. Hamdy Al-Negresh — Dr., Ibn-Al Haytham Hospital, Jordan;
2. Assia Ozbi — Dr. Ibn-Al Haytham Hospital, Jordan.

79




