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1952; Herring et al., 1986; Hootnick et al., 1977,
Westin et al., 1976). Although rare, the fibula is
the most commonly congenitally absent long
bone (Coventry and Johnson, 1952).

Classification

From a clinical standpoint the most
important issues are the stability and function
of the ankle and foot and the overall length of
the limb. To better characterise the variability,
a number of classifications have evolved.
Coventry and Johnson (1952) subdivided the
condition into three types based on severity. In
Type 1 only one limb is affected and the degree
of deficiency ranges from a shortened fibula to
partial absence of its upper portion. In Type II,
the involvement is unilateral but absence of the
fibula is complete. In Type III, the involvement
may be bilateral, and the deformity may occur
in association with other malformations such as
proximal femoral focal deficiency. Recently
Achterman and Kalamchi (1979) refined Type I
into Type I-A and Type I-B. In Type I-A, the
entire fibula is present, but is shortened with
the proximal fibular epiphysis distal to the
upper physis of the tibia and the distal fibular
physis proximal to the dome of the talus. In
Type I-B there is partial absence of the upper
fibula, and distally the lower fibular epiphysis is
elevated above the talar dome and thus not
buttressing the ankle. Generally, in Type I
deformities the foot remains plantigrade but
may be associated with a ball and socket ankle
joint; equinovalgus or equinovarus may also be
present. While some surgeons have commented
that the degree of ankle instability is related to
the absence of rays (e.g., a four toed foot can
be salvaged, but a three toed foot should be
sacrificed), the author has found that ankle
stability can be directly assessed and that a
three toed foot can often be quite serviceable.
Thus, most Type I feet will not be converted to
amputations. In Type II, however, the entire
fibula is absent, the incidence of tibial bowing
frequent, and ankle instability is the rule. In
classifying these anomalies, the degree of tibial
shortening increases with advancing staging,
though associated femoral shortening is
maximal in the Type I category (Achterman
and Kalamchi, 1979).

In Type II deformities due to the lack of
lateral malleolar buttress and lateral
ligamentous support of the ankle joint, the foot

very often tends to become subluxed into a
valgus and equinus position. This can be
accentuated by a fibrous anlage of bone that
extends from the upper end of the tibia to the
calcaneus, exerting a tethering force on the
tibia. It is in these cases that surgical salvage of
the limb is most difficult. In areas where
cultural concerns do not allow amputation, or
in lesser developed areas where surgery may
not be readily available, it is both possible and
permissible to fit a prosthesis around the foot.
Surgically, from the turn of the century until the
1950’s  attention was directed toward
stabilisation of the ankle followed by leg length
equalisation. Stabilisation of the ankle was first
described by Braun (1886). Since then a
number of different methods have come and
gone, many of which are now recognised as
counter-productive. For example, stabilisation
by arthrodesis was complicated by delayed
ossification of the epiphyses, as well as by
inadvertent injury to the distal tibial physis.
The Bardenhauer procedure (Rincheval, 1895)
involved inserting the talus into a sagittal split
in the tibia, clearly breaching the growth plate.
The Albee (1921) procedure involved the
substitution of autogenous bone grafted into
the tibial metaphysis in an effort to replace the
fibular malleolus. With growth of the tibia, the
buttress so created rose above the level of the
ankle. More recent attempts at ankle
stabilisation have centred on the Gruca
procedure (Gruca, 1959; Serafin, 1967). In a
review of this technique by Thomas and
Williams (1987) at the Royal Children’s
Hospital in Melbourne patients were
considered for the procedure only if they
exhibited minimal shortening of the tibia, and a
foot that comfortably reached the ground with
no gross deformity. The operative technique
consisted of an oblique sectioning in the sagittal
plane at a point between the lateral and middle
thirds of the lower articular surface of the distal
tibial epiphysis and extending obliquely and
medially for about 7 cm. The medial tibial
fragment was then displaced upward and
medially 1.5 cm, and the gap between the
fragments above the physis packed with cortical
bone. The space at the site of the growth plate
was filled with adipose tissue to prevent physeal
bridging and allow further growth. The tibial
fragments were transfixed by two screws to
maintain positioning during consolidation. A
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1972; Thomas and Williams, 1987). The author
now makes his decision more based on the
ankle situation than the leg length discrepancy,
provided the discrepancy at growth is not
projected to exceed a 15 cm combined femoral
and tibial discrepancy.

The  procedure of Syme’s ankle
disarticulation begins by marking out the
anterior and posterior skin flaps and carrying
the dissection down through the subcutaneous
tissue to the level of the medial and lateral
collateral ligaments of the ankle. These
ligaments are identified and divided so that the
talar dome can then be pulled forward away
from the distal tibia. In the interval between the
talus and tibia the extensor hallucis longus
tendon is identified as a key to the location of
the neurovascular bundle posteromedially. By
protecting this tendon and drawing it medially
with a retractor, the dissection can be continued
with the neurovascular bundle well-protected.
The calcaneus is excised from the heel pad in a
subperiosteal fashion so that the periosteum
remains thus maintaining the hydraulic
structural function of the fat pad. The entire
calcaneal apophysis is excised so that it will not
persist as an ossicle later in growth. Two
centimeters of the Achilles tendon is resected
so that there will be no tendency to reattach and
pull the heel pad posteriorly. Once the talus
and calcaneus and the remainder of the foot
have been excised, the distal end of the tibia is
then shaved with the use of a knife creating a
broad base for weightbearing with or without a
prosthesis but taking special care not to injure
the distal tibial physis. This is done only in older
children since smoothing and remodelling occur
spontaneously in the younger child once the
talus no longer occupies the mortise. The heel
pad is then stabilised underneath the tibia
utilising a K-wire and the skin is closed over a
Penrose drain with interrupted nylon stitches
for the skin. In approximating the heel pad to
the tibia care is taken to maintain the
neurovascular bundle all the way to the tip of
the flap and to avoid crimping. After skin repair
a spica cast is applied for short stumps (as when
the amputation is combined with a knee fusion
for PFFD) and a long leg cast applied when the
knee can be effectively bent to prevent the cast
from coming off. The drain is removed at two
days, and six weeks is allowed for soft tissue
healing. By eight weeks the stump is generally
ready for prosthetic fitting.

Some authors have reported problems with
stabilisation of the heel pad and have preferred
the Boyd amputation in which the calcaneus is
trimmed and displaced anteriorly in an effort to
fuse it into the distal tibia or at least to stabilise
it under the tibial plafond (Blum and Kalamchi,
1982; Boyd, 1939). The author has some
experience with this procedure, and feels it is a
reasonable alternative. There is danger to the
distal tibial physis in attempting to expose the
epiphyseal ossification centre, especially in this
group of children in which the ossification can
be delayed and the nucleus, at the time of
surgery, quite small.

Alternate approaches

In cases of Kalamchi Type I hypoplasia in
which ankle stability is not a problem, or in
which the ankle can be made stable and
plantigrade either by fibula lengthening or
supramalleolar osteotomy, the secondary
problem of equalising leg lengths becomes
paramount. For mild discrepancies no
treatment, a lift, or contralateral epiphysiodesis
will suffice. Several authors have documented
that growth inhibition was constant throughout
childhood and that the relative difference in leg
lengths remains constant (Hootnick et al., 1977
Moseky, 1977; Ring, 1959; Westin et al., 1976).
Thus a 10% discrepancy at birth will translate
to 10% discrepancy at growth, but the absolute
amount of shortening will of course increase.
For an average 37 cm tibia, this would translate
to 3.7 cm. It is important to remember that the
femur is also short, and that the total amount of
shortening in the limb is the sum of all of the
regions of shortening. The foot itself may also
be short and this should be taken into account
as well in planning future treatment. In general,
total discrepancies predicted to be over 5 cm at
growth are usually addressed by leg lengthening
as opposed to shortening techniques. Although
the newer methods of lengthening — Wagner,
Ilizarov, DeBastiani — are reporting extended
lengthenings in areas previously thought to
represent contraindications (Bjerkreim and
Hellum, 1983; Dal Monte and Donzelli, 1987;
DeBastiani et al., 1986; Paley, 1988), a word of
warning is in order. In congenital conditions, as
opposed to acquired conditions, the limb is
programmed to be short. Bringing such a limb
out to the length of the opposite member
amounts to over-lengthening not only the bone
but the soft tissues as well. Under these
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