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INTRODUCTION

Congetiital pseudarthresis of the tibia (CPT) refers to nonunion of a tibial fracture that devel-
ops spontaneously or after trivial trauma in a dysplastic bone segment of the tibial diaphysis.
The pseudarthrosis usually develops during the first two years of life; however, there are
reports of cases itt which fractures developed before birth and reports of late-onset pseudar-
thfosis. The etiological nature of this condition is unclear; however, there is a strong associ-
ation between CPT and neurofibromatosis Type | (NF-1). CPT develops |n about 5.7% ‘of
patients with- NF-1. On the other hand, 40% of patients with CPT were found to have NF-I.
Electron microscopy and histopathological studies showed that the maln pathology of CPT
is hyperplasia of fibroblasts with the formation of dense fibrous tlssue This mvasnve fibroma-
tosis is located itt the periosteum - and between broken bone ends and surrounds the t|b|a caus-
ig compression, osteolysis, and persistence of pseudarthrosis (1-3).

Classification of CPT has been attempted based on time of onset, mobility, and radio-
logical appearance. It is well known that CPT may be preceded by cystic arid hourglass
constriction of the bone or by fatigue-like fracture of the tibia. Difficulties have arisen because
the condition itteludes several different clinical and pathologlcal ent|t|es each havmg a differ-
ent history and prognosis. The use of a classification system that is based on the radlologlcal
appearance of the tibia can become confusing in that the pattern can change from one variety
to another during treatment.- Thus, what may first appear as a cystic lesion with an apparently
Igood prognasis may, after one or two attempts at grafting, appear as a dysplastlc lesion with a

ess-favorable prognosis (4,5

To date, there is still no €lear, universally accepted classification system based on both
radiological and elinical appearance. This indicates that none of the proposed cla55|f|cat|on
SYS tetms are based on a totally accurate concept of the cause, natural history and treatment

CPT remains one of the most perplexing and challengmg orthopedic proplems. This is
because of difficulty of obtairiag umion and, in cases that achieve union, difficulty of maintain-
iig tinfion. Frequently, the end result of this scenario is afrustrated child who has undérgoné
several failed operations and has a limb that is short, deformed, and almost functlonless This
experience led some authors to adwse amputation if the third operatlon falled to achleve bone
tmion and a functlomng limb (5,6

The difficulty ift treating this condition occurs because of two factors. The first is bio-
logic: poor healitig ability of the dysplastic segment of bone. The second factor is mechanical:
techtiic&@l difficulty to fix small and. osteopenic bone fragments in children wrthout damaglng
the distal tibial physis or ankle joipt.

A multitutle of treatment protocols have been described and have varying degrees of
success (7). Most of these treatments focused on stipulating the healing process by using
different bone grafting techniques. The graft materiaJs most commonly used includéd
osteoperiosteal graft, massive onlay graft, autogenous iliac crest bone graft (ICBG) andVascu-
larized bone graft (1,8-10). The fixation methods also varied widely between cortical fixation
usifig bone or metal plates, intramedullary (IM) rods of different types external skeletal
fixation, and lastly external skeletal fixation augmented by IM rod (1,11-15). :
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Whatever the treatment method used, the natural history of CPT is that the affected bone
segment remains atrophic and poorly consolidated with a tendency to refracture until skeletal
maturity. At skeletal, maturity, the bone quality, for unclear: reasons, becomes almost normal,
hypertrophy of the tibia occurs, and then the bone ceases to refracture (1,5).

CPT contittues to pose a difficult therapeutic challenge in both achievement of bone
healing and maintenance of this healing.

Paley (15)theorized that the pathology of congenijtal pseudarthrgsis isnot bony but rather
periosteal it ofigir. Aratomically and physiologically, this theory is supported by the follOWing
observations: thickering with hamartomatous transformation of the periosteum, appearance “bf
strangulatron of the bone with- atrophic changes followed by avascylar. changes (the anterolat-
erél bowing of the bone is due to the dominant muscular forces on the leg from the eccentrlcally
located posterolateral muscle masses), and failure of remodeling of pin holes Ieadlng to stréss
fracture (remodeling is a periosteal function), This theory was considered by Codavilla a ¢en-
ttiry ago. It 1975, Cambras from Cuba used the periosteum and bone from the mother to treat
CPT: Cambras considered the periosteum to be the source of the pathology (personal comru-
Hication). Most recently: pathologic analysis by Hermarms-Sachweb et al. conflrmed “that
pathologic periosteum is the cause of CPT (16). Their most striking finding was that neural cells
formed a tight sheath around the periosteal arteries reminiscent of the way Schwarm cells in the
periosteum cause narrowing or obliteration of the periosteal vessels. The periosteum ~l.mder-
goes hypoxemic degeneration resulting in the formatjon of a thick fibrous cuff. This leads to
itfipaired oxygen and nutrient supply to the subperiosteal bone and the atrophlc bone changes
that are observed. As will be described below, Paley has used perlosteal grafts successfully in
the treatment of CPT. Paley's method has been independently corroborated by Grill frorit
Austria and Kocaoglu from Turkey, -t

CLINICAL EVALUATION

The management of a case of CPT starts with. general clinical evaluation for presence of NF-I
and its consequences that might affect the quality of the patient's I|fe and may temper the
enthusiasm to achieve bone healing. In some cases, the treating surgeon would resort to other
treatment methods such as amputation and prosthetic replacement (2,5).

The patient's history of the onset of fracture and previous surglcal treatment has |mpor—
tant prognostic and therapeutic implications. .

The affected limb of the patient is examined for mobility or stiffpess of the pseudarthr05|s
presence of deformity. nearby joint stiffness, previous operative scars, quallty of soft tlssues and
neurovascular ' abnormalities:

Radiologic#l examimation of the affected leg in the anteroposterior and lateral views is
used to determirte the level of CPT, quality of bone, presence of retained hardware, and con-
dition of nearby joints. Full-length- standing radiographs of both lower limbs are obtained to
determirié leg-length- discrepancy, mechanical axis deviation, and presence “of defOI‘II]I'[IeS ).

CLASSIFICATION

A comprehensive elassification system should serve therapeutic guidelings, provide prognos-
tic itidicators for the condition under. study. and consider all the factors that mfluence treat-
ment options. Meanwhite, the classification should be easy to recall and apply Recognlzmg
these facts, we developed our classification based on the clipical observatlons and results “of
the treatment of 17 patients with CPT and our review of literature.

Our tlassification (Table 1) considers the patient's condltlon at the time of treatment and
is based on thfee parameters: (i) Did the patient have any surglcal treatment for the ‘pseudar-
thfosis or not? Previously failed surgical treatment negatively affects the' prognosns ‘due to less
favorable soft tissue condition and bone quality and possibly retalned hardware. (ii) Is the
pseudarthrdsis  of the mobile or stiff type? Mobile pseudarthrgsis means presence of mterven—
g abundant fibrous tissue, which requires operative excision and |mpI|es a poorer prognosis
than the stiff type. (iii) Plain X-ray examination of the affected Ieg for the radlologlcal typing of
CPT: attophic with narrow bone ends or hypertrophic with wide bone ends. Based on these
findings, three types of CPT were recognr;e (Fig. 1).
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Pseudarthrosis of the Tibia

Congenital

Table § El-Rosasy-Paley Classification  for CPT

Type | ' A — __
Atrophic  bone ends (based on radiographic —examination)
Mobile pseudarthrosis

T No previous surgical intervention

ype Il ) . . Lo
Atrophic  bone ends (based on radiographic examination)
Mobile pseudarthrosis

Type IIf Previous surgical intervention with or without retained hardware
Brbad bone ends (based on radiographic examination)
Stiff pseudarthrosis

intervention

With or without previous surgical

Paiil3lJls 14" );;p,'//;~a:/;;'ﬁj‘p!li;/lYI!i-;b;!I/fd(}J;~&:101'_C rwo years of age/ and have a
good pro~osis .with tre~tment.- Type Il pseudarthrosis presents usually ip:older children ~~er

experiencmg failed surgical treatment/ refracruie/ or an osteotomy to correct a ~owe~ ~b~~

T e ll.cases have a relatively poorer prognosis. TypQ 11l cases are usually of lice. late olo;(:c.
t\)’Beéwrucn aevelol{Sas o -"Iveidipami)e \Lia SHV-E'~~~": )""\>~~~woB Witz nS alcd tibia
iD'~Bbiie gr2zflz,g erid_ iie« t;le best prognosns e . )

TREATMENT OPTIONS

Whatever the method used to treat CPT/ certain requirements should be fulfilled to ensure

good, results (i) Complete exeision of the soft tissue fibromatosis at the site 6fpseudarthrosis

with minimal bone resection, (i) Stimulation of bone healing by msertron of autogenous -1GBG.
(iv)

(iii) Proper fixation of the bone fragments tmtiJ bone he,Q};"5 is ou:ierved radiOlogically.
(llgom IETE bone consolidation and hypertrophy at-the age

‘Maintenance  of bo>:,p-b~"2Ji.;r$".~.:
o{s~e[efaL maturity ﬁ 9,12-14,18) able 2
- Qur preferred method of fixation is to use llizarov externa| fixator augmented by IM rod.

The llizarov extern&l fixator facilitates fixation of small bone fragments and simultaneous
compressmn of pseudarthrésis, gradual correction of deformltles leg lengthening;*and bone
transport.” The use of an IM red augments the fixation of osteoporotlc bone and ‘prevents axial
deV|at|on of bone fragments during compression-distraction. The 1M rod remains in the bone

tg%@wﬁggy after fiXator removal- to act as internal splint and to protect tfe’ tlb‘l‘a‘ against

Table 2 Review of Literature
Reference  Number ;

Title Number of Patients Results .
(15) Conclusions

Treatment of CPT usin
the llizarov ’ 15 (16 cases) 94% united, 31% ReFX, correct angular
Technique No IM rod deformities,
m maximize cross
(1) CPT associated with 21 ) section of bone
neurofibromatosis-1  : 66.7% united, 23.5% CPT resection, +
treatm ent with ReFX'.Q’?"S% llizarov device, +
@ llizarov device nonunion, 2 IMrods  oqraperative
CPT: Part |: European compression
pediatric orthopEzdic 340 lizarov TX, ,+ ICBG, IIizarovp Tx and ICBG or
society, multicenter 5% heallng;l vascularized ffbula, +
study of congenital Zaiculﬁnz?d fibUla, prophylactic 1M rod
(14) pseUdarthrosis 1% healing
CPT: results of
technical variations 2 87% good, 13% Pseudarthrosis,
in the Charnley- unsafisfactory excision +
Williams  procedure autogenous  graft, +
fibular surgery, +
(12) o g %M rod
Use of an IMtod for the 21 76% good, 57% ReFx, Pseudart rosis,
treatment of CPT. A 23.8% amputations excision Y+
long-term  follow-up autogenous  graft, +
1M rod -

Abbreviations: CPT, congenital pseudarthrosis of the tibia; ReFx, refracture; 1M,intramedullary; ICBG, iliac Cres
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Table 3 Clinical Management

Classification

o™ Clinical Evaluation Surgical Approach Pearls Complications/Pitfalls
Type | i i
yP S'?Esl()f .NF 1’. Fibromatosis resection, Maximize bone contact, Tenuous union
bular integrity ICBG, dual 1M rod, Dual rodding
Type Il llizarov device
Soft tissue condition, bone  Acute bone contact
' ' Adequate gra
loss, retained hardware ICBG, 1M rod, pgstope?ati\];té Refracture
”iZarOV, + Limb Compression
Type I . ] lengthening
D?_fgrrlmy. ?nal.);sm, Préconstructed frame,  No residual deformity,  Peroneal nerve palsy
loufar integrity distraction- delayed 1M rod

compression

ﬁ?a?rqy deacrlbed by El-Rosasyet al. (13). Abbreviations: NF_rmbTOTﬂHKTSIS‘l‘

liac crest bone grait; 1Mr

Pseudadrthrosis classification followed the sys
(E? !ft \g %trame

SURGICAL TECHNIQUES

Based on the eIaSS|f|cat|on of CPT, treatment strategies are described for each type of
pseudarthresis (Table3

Treatment of Type | CPT

Surgery is performed soon after the tibia fractures to avoid complications that result from
delayed treatment (e.g., deformity, joint contracture, and limb shortening) (Figs. 2 and" 3).
The pseudarthresis is approached through a standard anterior approach to the tibia. The
fibrous tissue hamartoma is carefully dissected from surrounding muscles and excised subper-
ioste&lly from the bone ends back to the limits of apparently healthy periosteum. Minimal
trithiing of the tapered bone ends is done to allow identification of the medullary cavity
(aggressive bone resection should be avoided to mipimjize bone loss). The proximal bone
end is drilted it the coronal plane using a thin Kirschper wite (KW.) starting from dlstal to
proximal for a distance of 2 to 3ern. Using a thin osteotome, the tip of the prOX|maI end is Care-
filly sptit along the drill holes. A small drill bit is used to open the medullary “canal of the
distdt fragment.. The thickest possible KW. is then ipnserted into the medullary “canal ~ of
the distal fragment. ¥ the ankle joint is to be transfixed, the foot should be held by an assistant
it the neutral position and its position is monitored by image |nten5|f|er control. One of the
authors (Dror Paley) has modified this method so that the wige is inserted disto- prOX|maIIy
from the medial malleolus to spare the ankle joint. The tip of the dlstal fragment is carefully
wedged itito the split end of the proximal one. This bone mvagmgtlon increases bone contact,
triples the cross sectional diameter of the tibia, stabilizes the pseudarthr05|s and realigns the
tibia. The KW. is advanced through the medullary - canal of the proximal segment until just

(A) (B)

Figure 1 (A) Schematic representation and (8) radiographic examples of the EI-Rosasy-Paley classification of
congenital pseudarthrosis  of the tibia. Type I: atrophic, mobile pseUdarthrosis, and virgin type. Type II: atrophic,
sucr)gljc% | Ppeu r%rép]{osts and previous surgical treatment.. Type Ill: wide bone ends, stiff pseudarthrosts, and:t previous



Congenital Pseudarthrosis of the Tibia
489

Qo

O

Figure 2 Type | treatment-steps in
treatment.. (1) Longitudinal splitting of the
proximal tibial and distal fibular fragments.
(2) Invagination of bone ends and insertion
of intramedullary  rods into the fibula and
tibia through the medial malleolus to allow
free ankle motion. (3) Insertion of iliac crest
bone graft around the pseUdarthrosis. (4)
Application of the llizarov external fixator.,

before reachiny the proximal tibial physis. The KW. should span the whole tibia and should
be followed under image intensifier to avoid penetration into the kpee joint ‘or, falsé passage
outside the bone medullary cavity. Autogenous ICBG is harvested and packed all around
the pseudarthrosis. Periosteum - harvested from the undersurface of the iliacus muscle at the
same time and from the same site as the cancellous bone harvest and is wrapped™ around
the pseudarthrosis . site. This periosteal graft is meshed usipng a skin graft mesher to allow it
to-expand. The periosteal graft should be placed with its camblum layer toward the bone.
The 'wound is closed in layeérs.

The fibular pseudarthresis is dealt with in a way similar to the tibia. The" fibrous tissue
at the pseudarthrdsis is excised. A suitably sized KW. is ipserted retrograde into the distal
segment.” The narrow tip of the proximal.bone is wedged into the distal fragment’) which is short
and broad. The K:W. is advanced into the medullary canal of the fibula till reachmg the upper

)(g,)l/serébtutogenous ICBG s packed around the fibular pseudarthrgsis, and the wound is closed

A tWo-ring pediatric Hizarov external fixator is applied with a foot piece attached to
control the foot position. No lengthening osteotomy is done for. these patients due to minimal
shortening (1- 2em) which will be compensated for during growth The pseudarthr03|s “is
compressed for a few millimeter during the following postoperative days. The flxator remains
on until complete healing is noted radiographically (average duration, four to Tive months).
The 1Mrod is left as irternal splint; however, it should be foII_owed up regularly so that when

Q) ®) ©)

Figure 3 (A-C) Type | pseudarthrosis treatment.. (A) Anteroposterior and lateral view radiographs of Type |
congenital pseudarthrosis of the tibia in a six-month-old child. (8) Immediate postoperative radiographs showing dual
rodding of tibia and fibula, bone grafting, and llizarov frame application. (C) Follow-up radiographs, two years
postoperative showing consolidation of the pseudarthrosfs and distal migration of the rod due to tibial growth.
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Figure 4 Type Il treatment.
(Top row) Resection of dead
bone ends, proximal lengthen-
ing osteotomy, bone transport
for large bone defect, insertion
of intramedullary  (IM) rod and
iliac crest bone graft. (ICBG)
at the completion of bone
transport,” (bottom row) resec-
tion of dead bone ends, proxi-
mal lengthening  osteotomy,
acute shortening for small bone
defect, and insertion of 1M rod
and ICBG.

it is out

Is oL groa/vn by the tibia, it can be replaced by alonger rod to avoid tibial fracture at the t|p of
as

Treatment of Type 1/CPT

The surgical approach to the pseudarthr@sis depends on the preoperatively estimated amount
of acute shortening of the tibia after debridement of the pseudarthrgsis (Figs. 4 and 5). If the
restiting bone defect is less than- 3em, then a transversely placed skip incision is used that is
centered on the pseudarthrosis. If the estimated acute shortening is more than 3 em, the pre-
ferred approach utilizes a Z-shaped skin incision. After acute tibial shortenmg the Ilmbs of
the Z-ittcision can be transposed to increase the width of the ipgcision at the expense of
the length. This ineision also allows exposure of the tibia and fibula from the same skln incision
and good skitt elosure at the end of operation (19). All retained hardware is extracted Fibrous
tissue at the site of CPT is excised to leave a healthy soft tissue bed. Debridement, rather than
excision, of dead bone is performed till bleeding end is reached. Apn 1Mrod of sultable S|ze is
ittserted. The choice of the type of the 1Mrod depends on the size of the tlbla

Q)

1

1,

oy
‘:A

(A) Anteroposterior  (AP) and lateral view radiographs of Type Il
pseudarthrosis in a 14-year-old girl after resection of bone ends. (B) Acute shortening and proximal osteotomy for

lengthening. of 10 em. (C) AP and lateral views 11.5 years postoperatively show consolidation of CPT, good alignment,
and equal’leg lengths. © years postop y g g

Figure 5 (A-C) Type Il pseudarthrosis treatment..
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Itithiediate bone contact is obtained by acutely shortenjng the leg. This depends on the
size of the bone defect after debridement and distal blood flow after acute leg shortening,
which is monitored by Doppler ultrasound throughout the operation and postoperatively.™*
the bone defect is so great that it would kink the blood vessels and cause lack of blood flow
to the foot, then partial acute shortening is done within, the tolerance of the circulation, fol-
lowed b?/ gradual shortening in the following postoperative days at a rate of 5to 3rnm/
day until adequate bone contact is achieved.

Autogenous ICBG is harvested and packed around the bone ends. A three- rlng llizarov
external fiXator is_then applied with the limb aligned. Proximal metaphyseaf osteotomy for
limb lengthening is done percutaneously.

Postoperative compression of the pseudarthresis is performed at a rate of one millimeter,
twice weekly till complete bone contact and early bone healing is achieved. Afteér consoli-
dation of the pseudarthresis is confirmed radiologically, the fixator is removed. The 1M rod
is left itt place and eventually replaced by a longer one when the tibia outgrows the red.

Treatment of Type 1/1CPT

This type of CPT is amenable to closed distraction-compression without open surgery (Figs. 6
and 7). Preoperative analysis of the deformity is necessary so that a preconstructed llizarov
externdl fikator is prepared the day before operation and sterilized. H the flbula iS intact, then
a percutaneous’ fibtilar osteotomy is done before fixator application; the pseudarthr05|s Ttself is
not disttitbed. The preconstrueted fixator is applied under image |ntenS|f|er control for accuratg
hnge placement: The hirge is placed at the level of the apex of deformlty on the convex side,
with the hitige axis perpendicular- to the plane of maximum deformlty Gradual deformity
correction is started postoperatively at a rate calculated accarding to the ‘method described by
Herzenberg and Waanders (20). After complete deformlty correction, the hlnges and the
distractor are replaced by straight rods and axial compression of the CPT is done until bone
consolidation is aehieved. The fixator is removed and a well-fitting “above- knee cast is applied.
A3 a secondary procedure, an 1Mrod is inserted percutaneously to protect aggipgt ref[actureé.

After Treatment

Thefitthb is fitted iftto knee-ankle-foot orthosis with a drop lock at the knee and solid ankle and
gradually changed iftto pateHar tendon-bearing orthosis near skeletal maturlty when “the tibia
is well developed and thick enough to resist refracture. The patient is seen at three months; ‘six
months, and then yearly. Plain X rays are obtained to determjne bone quallty, evidence of
reftacture, gradually developing deformity, and length of the 1M rod relative” to the length
of the tibia. Regular foHow-up of the anent is necessary until skeletal maturlty when the t|b|a
attains normal size and good bone qua_ty (12,13).

Results of Treatment

I our series of 17 cases of CPT, 36 operations were performed (17 procedures for the original
pseudarthrosis® and 19 for refractures). It was possible to obtain unjon of the pseudarthrpsis with

Figure 6 Type Il treatment.. Application

of a preconstructed llizarov external fixator
(the hinge is placed at the level of the
deformity apex on the convex side with
its axis perpendicular to the plane of
maximum deformity). Gradual distraction
of the pseudarthrosis for deformity correc-
tion is followed by axial compression until
bone consolidation is achieved.
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and lateral view radiographs of Type Il
(B) Postoperative radiographs after
(e) Follow-up

Figure 7 (A-C) Type Il pseudarthrosis treatment.. (A) Anteroposterior
pseudarthrosis with intramedullary rod previously applied and stress fracture.
application of llizarov external fixator for distraction of the pseudarthrosis and deformity correction.
radiographs show consolidation of the pseudarthrosis and good alignment.

every treatment. The refracture rate was 68% when only the llizarov deyice was, used; however,
this rate was reduced to 29% when the 1Mrod was combiped with the llizarov devrce Patients,
who were followed until skeletal maturity; have had their tibiae hegled with normal Cross sec-
tiongl area and have experienced no refracture afterwards (Fig.5). The best results were obtained
itt Type ill and Type | cases; less-favorable results were obtained ip patients wrth Type I “who
had experrenced several prevrously failed operations,

COMPLICATIONS

The most dreaded complication in the treatment of CPT is refractyre of the tibia after it is
healed. Refracture can occur at the site of previous pseudarthrgsis, regenerate bone, or pin site
hole. Predisposing factors to refracture are residual deform;ty, tenuous healing of pseudarthro—
sis with hourglass tibial constriction, pin. site hole in the bone; stress riser at the tip of a short M
rod, and premature removal of external. fixator before consolidation of regenerate bone
&%r?hlngs%?) Treatment of refracture follows the same protocol as treatment of the original pseu-

Other complications, such as peroneal nerve palsy during lengthening and deformity cor-
rection, may necessitate nerve decompression at the level of head of the fibula. Valgus deform—
ity of the artkle is correeted by supramalleolar osteotomy and acute deformlty correction,
Equinus contracture of the ankle is corrected by combined soft tissue release and distraction
of the joint; supramalleolar osteotomy is used to correct equinus deformity. if the ankle is
dttkylosed and not amenable to arthrodiastasis. Leg-length discrepancy is corrected by leg
lengthening if the discrepancy was of clinical. significance; a proximal metaphysea(! osteotomy
is utilized to equalize leg length during treatment of the CPT or afterwards (13).

FUTURE DIRECTIONS

The itttroduction of distraction histogenesis, based on the pringiple of tension stress effect,
has revolutionized the treatment of several challeng/rng orthopedic problems mcludlng CPT.
However, the shortcoming of this techmique is that the natural history of CPT is not modified
and the affected tibia will remain. dysplastic and prone to fractures until skeletal maturrty
Realizing that the primary problem in the treatment of CPT is a brologrcal one, where trTe
osteogenic power at the pseudarthresis site is lacking, future ipvestigations should focus on
fittding out treatment modalities that locally stimulate osteogenesis and bone repair. Of great
promise is the application of local gene therapy in which mesenchymal stem cells are geneti-
cally modified to both produce and respond to osteoipductive growth factors with the goal of
developing a tissue engineering strategy for new bone formation and fracture healmg Should
a successful chinical program- of local gene therapy be established, this treatment modallty
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would modify the natural history of CPT, reduce the tendency to refracture, and may obviate
the need for open bone grafting procedure (22).
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