
MEDICAL JOUR TAL 11 October 1969

.J. The EffecT of EIII';rOllmellwl Temperlllllre
ixty mice received 60 pg. of . lI;vea venom subcutaneuu Iy

and were immediately thereafter placed in groups of 20 at 4 C.
20° and 37°C. The time of injection and the time of death
werc accurately recorded in minutc for each mouse and the
mean log. death time for the 3 groups werc 1·809 ± 0·0301.
1·828 ± 0·0212 and '·608 ± 0·0199: thus there was no
difference between the two 'cool' groups, but the mice kept at
37°C, just below their normal body temperature, fared worse
than the others.

5. The EffecT of Alcohol
A volume of 0·2 ml. of 20 0

0 ethanol (corresponding to 2 G
ethanol/kg. or more than half a bottle of brandy for an
adult man) was given lowly intravenou Iy to mice. and 0·2 ml.
of phy iological saline to other which en'ed as controls.
Tested in a parallel line a say, there was no difference in
the toxicity of . lI;vea venom for the mice of the two groups,
nor was there any difference between the mean log. death-time
for mice of the two groups challenged with a larger dose of
this venom.

A similar experiment with puffadder venom showed a
slight but significant increase in the toxicity for the alcohol
treated mice, but this effect could not be demonstrated when
the do e of alcohol was halved.

SUMMARV

Three different anti- nakebite sera are available in South
frica, effective against venom of the boom lang, the mamba,

and vipers, cobras and the ringhals.
These sera should not be used lightly or indiscriminately.

The absorption of elapid neurotoxin and the local effect

of viper venom are rapid, wherea the absorption of ami
venom injected subcutaneously or intramuscularly is slow.
Whenever po sible, the serum should be injected intravenously.
the only truly effective route in systemic poisoning.

The serum dose cannot be tandardized, but it i uggested
that the contents of 2 - 4 ampoules be given when a viper bite
nccessitates intravenous therapy. A suggested scheme for when
and how the tourniquet and serum should be used in the
treatment of nakebite is presented in tabular form.

The general management is briefly discussed. Antihistaminics.
teroids, proteinase inhibitors and chelating agents have no

proven effect clinically on local or systemic snakebite poisoning,
and there is no obviou reason to condemn the use of morphine
if the pain is evere, or to forbid the patient a little alcohol if
he feel it would help him to relax.
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INJURIES TO THE DISTAL TIBIAL EPIPHYSIS*
G. SCHWEITZER, t F.R.A.C.S., Department of Onhopaedics, Baragwanath Hospital and the University of the

Wirwatersrand, Johannesburg

FractL.res and dislocations in the region of the ankle joint
are commonly seen in adults. lnjuries to Ihi region
in children, in particular injuries to the distal tibi:l!
epiphy i, are relativ I uncommon. Some idea of the
frequency of the latter may be obtained from a paper
by Carothers and Cren haw.' These author report that at
the CampbeU Clinic there were 54 cases over a 30-year
period. In one of the fracture clinics at Baragwanath
Hospital, where 60 - 70 patient are seen each week, only 2
cases have been seen over a 12-month period.

Injuries to the distal tibial epiphysis are less common
than injuries to the distal radial epiphysis, to the capitellar
epiphysis of the humerus and to the proximal radial
epiphy is. Injuries to the distal tibial epiphysis are more
common than injuries to the di tal femoral, proximal
humeral and proximal tibial epiphy i and the epiphysis of
the femoral head and phalangeal epiphyse of hand and
foot.

A ATOMY AND PATHOLOGY

The tibia i preformed in cartilage. According to Gray's
Anatomy' the 0 sification centre for the distal end of the
bone appears in the first year of postnatal life. This epiphy
sis fuses with the shaft at about the age of 15 years in the
female and at the age of 17 in the male. Salter and Harris'
claim that thi centre contributes 45 0

0 of the total
bngitudinal growth of the bone. The epiphysis for the
distal end of the fibula contribute 40"0 of the longitudinal
growth of that bone.

• Date received: 19 March 1969.
t Present addres : Department of Sur2ery. Medical hool, Durban.

The epiphysis of a growing bone consists of 4 parts
(Fig. J). These are:

I. The articular cartilage at the end of the bone.
2. The bony epiphyseal centre.
3. The cartilaginou epiphyseal plate.
4. A layer of ossifying cartilage.

O~5L~)",,"j ca.rlJ... se ---<t---....~l.--- Ep.pl.;J.ea.L rkt.e
Arl"' ....L"'r c.art,L"-'jc- £r'pk Se;

Fig. J. The distal tibial epiphysi and the adjacent epi
phy eal plate and articular cartilage.

The epiphyseal pJate consists of 4 layers: Cartilage cells
in the resting phase; cartilage cells undergoing rapid pro
liferation; hypertrophying cartilage cells; and an area where
cartilage cells are being replaced by endochondral ossifica
tIOn. This layer abuts on the metaphysis.

The cartilage cell are embedded in an acellular matrix
which gives strength and resilience to the epiphyseal plate.
The presence of this malrix enable the epiphyseal plate to
re ist hearing stre es. Calcification of the matrix occurs
in the plane between the hypertrophying cartilage cell and
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Fig. 3. Abduction type injury. The associated fibular
fracture is usually greenstick in nature.
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torn.

fracture impo ible. The pre ence of thi triangular meta
physeal fragment on an X-ray film is known a the
Thurston Holland sign.

Usually, when reduced, this fracture is table because
of the intact periosteum on the concave side. Unless gross
damage to the nutrient ve seIs occurs at the time of injury.
or as a result of attempts at reduction, there is no growth
disturbance. Very rarely this type of fracture reduce
spontaneou Iy. In these cases the only clue to injury may

be the history and the pre ence of
swelling and tenderness at the frac
ture site. In this type of injury the
displacement may be lateral, medial
or posterior, depending on the
direction of the force. Figs. 2 and 3
show the displacement which occurs
in an abduction type injury. ]n the
latter type of fracture there is often
an a ociated fracture of the fibula.
This is also the type of fracture
where jamming of the triangular
metaphyseal fragment between the
tibia and the fibula may occur.
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Fig. 2. Abduction type injury. The periosteum
while on the concave surface it is intact.

the area where endochondral ossification is occurring. In
an epiphyseal separation the line of fracture lies between
calcified and non-calcified portions of the matrix. As a
result, following epiphyseal separation, the growing cartil
age cells remain attached to the epiphysis. If the blood
supply to the epiphysis is not damaged by the injuring
force or by attempts at reduction, normal growth of the
epiphysis should continue. The growth of the epiphysis
takes place from the articular cartilage and from the
epiphyseal plate. Damage to this cartilage may occur in
fractures which cross the epiphyseal plate and the articular
cartilage vertically or obliquely. It may also occur in
injuries where the cartilage is crushed.

Pathology
Injury may occur at any time before the epiphysis fuses.

H is more common in boys than in girls. This is probably
due to the greater participation by boys in body-contact
sports. The fracture is usually simple but may be com
pound. In the latter, growth disturbance is more likely be
cause of the greater force involved in it production and
because of the danger of infection. The epiphysis may also
be damaged during surgical procedures such as drainage
of osteomyelitis, excision of bone cysts or tumours, and
insertion of screws and plates.

Following injury to an epiphysis in experimental animals.
healing occurs by an increase in the number of cartilage
cells in the proliferating layer of the epiphyseal plate.
This occurs because there is a temporary delay in endo
chondral ossification following injury. If a fracture crosses
the epiphyseal plate and the articular cartilage, the gap
created tends to fill with bone and premature fusion of the
epiphysis occurs.

TYPES OF h JURY TO THE DISTAL TIBIAL EPIPHYSIS

There are 3 main types: Type I-separation of the
epiphysis through the junction between the calcified and
non-calcified portions of the epiphyseal plate; type IT
vertical and oblique fractures involving the articular car
tilage, the epiphysis, epiphyseal plate and metaphysis; and
type III---erush fractures, which involve the articular car
tilage, the epiphysis and the epiphyseal plate.

Type f
In this type of injury the periosteum is torn on the

convex side. A triangular fragment of the metaphysis is
often avulsed and lies on the concave side (Fig. 2). Thi
triangular fragment may become jammed between the
tibia and fibula and may make closed reduction of the
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Fig. 7. Vertical fracture
with severe displacement.

Fig. 6. Vertical fracture
with minimal displacement.

CASE REPORT

A 4-year-old male child was admitted to the Orthopaedic
Service because its mother had noticed that it had a deformity
of the right foot. Eighteen months previously, while holidaying
with his grandmother in a country area, the child had caught
its right foot in the spokes of a tricycle wheel. He received
treatment in a hospital in the country town but no details were
obtainable from the hospital.

On examination the abnormal findings were confined to the
right ankle region. There was no shortening of the leg as a
whole. Clinically the patient had approximately a 30° valgus
deformity of the ankle. X-ray showed a crush fracture of
the lateral side of the distal tibial epiphysis. On X-ray there
was 12° of valgus deformity at the ankle. The epiphysis had
not fused (Fig. 8).
~lthough .no details ~f the mechanism of injury were

available, It is likely that It resulted from an external rotation
ab:luction force.. Because the valgus deformity, on X-ray, was
only 12 degrees It was proposed to treat the child in an above
knee. plaster cast for 12 months. During this time he was to
be discouraged from bearing weight on the affected side. If at
the end of 12 months the deformity has remained stationary or
has progres ed, a wedge osteotomy on the lateral side of the
tibia and fibula will be performed.

Disc/lssion of Type II and III Fractures
Following a crush, vertical or oblique fracture the

Type 11/
Crush injuries of the distal tibial epiphysis are very un

common. McFarland' first described this injury affecting
the medial portion of the epiphysis in 1931. He attributed
this injury to a forcible internal rotation and adduction at
the ankle. In McFarland's cases the injury occurred when
the patient's foot became caught between two iron railings.
Consequently this injury has become known as the 'railing
fracture'. As a result of injury premature fusion of the
medial portion of the epiphysis occurred. This was fol
lowed by shortening of the affected limb and a varus
deformity at the ankle.

A case recently admitted to Baragwanath Hospital
appears to be unique in that the lateral part of the
epiphysis was crushed and not the medial part as in Mc
Farland's series. A search of the literature has failed to
reveal a similar case reported.

medial rotation force applied to the ankle will result in
injury to the medial part of the epiphysis.

t•:.

A

Fig. 4. Adduction type injury.

Fig. 5. Eversion external rotation type of injury.

Adduction injuries produce the reverse type of deformity,
as seen in Fig. 4.

The commonest form of displacement is posterior. It
is produced by an external rotation eversion type of injury
and is illustrated in Fig. 5. Injuries in the type I group are
u ually sustained in car accidents and in body-contact
port.

Type 11
In vertical or oblique fractures which cross the articular

cartilage, the epiphysis and the epiphyseal plate, the degree
of lateral displacement is variable. The displacement may
be slight, as in Fig. 6, or it may be marked and involve the
metaphysi as in Fig. 7. This type of injury is associated
with a premature fusion of the epiphysis and with a dis
turbance of the vertical growth of the tibia. In fractures
involving the lateral part of the epiphysis a valgus de
formity of tbe ankle results from the growth disturbance.
Fractures involving the medial part of the epiphysis pro
duce a varus deformity.

Kleiger and Mankin' described 8 cases of vertical and
oblique fractures of the lateral portion f the distal tibial
epiphysis. They attributed this type of fracture to a lateral
rotation force applied at the ankle. ]n a similar way a
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J 1
Fig. 8. The crushed lateral portion of the distal tibial
epiphysis is on the right. The normal side. for comparison.
is on the left.

damaged portion of the epiphysis may fuse prematurely
or grow at a slower rate than the undamaged portion.
Sometimes the undamaged portion of the epiphysis may
al 0 fuse. The reason for this is not clear, but the sequelae
of this injury may be a progressive varus or valgus de
formity at the ankle, depending on which side the epiphysis
is damaged, or a progressive shortening of the limb if the
whole epiphysis fuses prematurely.

The varus or valgus deformity at the ankle is due to
the growth of one portion of the epiphysis while the other
has ceased growing. The shortening of the whole limb is
due to a premature fusion of the whole epiphysis. To pre
vent this premature fusion, repeated wedge osteotomies of
the shaft of the tibia, on the damaged side, are performed.
The osteotomy must be designed to overcorrect the de
formity so that the inevitable recurrence is delayed as long
as possible. Growth of the lower end of the fibula will also
contribute to the varus deformity if the medial portion of
the distal tibial epiphysis is damaged. It is not certain what
the role of the fibula in the reported case will be, as there
has not been a similar case reported in the literature. For
this reason it is proposed to observe the child for 12
months. At 3-monthly intervals a clinical and a radio
logical assessment will be made. The findings will be re
ported in a follow-up article.

Clinical Features of Injuries to (he Distal Tibia! Epiphysis
This type of injury must be suspected when a child

presents with a history of injury to the ankle region. Pain.
swelling, limitation of movement and deformity may be
present. A compound fracture is obvious. The diagnosis
must differentiate between acute osteomyelitis and eptic
arthritis.

Anteroposterior, lateral and oblique X-ray views of the
ankle and lower tibia should be taken and as the appear
ance of epiphy es is variable in different individual the
opposite limb must be X-rayed for comparison.

TREATME T

Type I
Reduction should be achieved under general anaesthesia

on the day of injury. This procedure should be performed

gently to avoid further damage to the epiphysi and to its
blood supply. Delay in reduction makes the procedure more
difficult, a healing occur rapidly. The longer the delay.
the greater the force required to achieve reduction. If
force is used, further damage to the epiphysis and its
blood supply may occur. If a fracture of this type which is
several days old cannot be reduced by gentle manipulation.
it should be allowed to mal unite. The effects of thi
malunion are corrected 3 months later by an osteotomy
of the shaft.

Following reduction of a type I fracture, the limb is
immobilized in an above-knee plaster cast for 8 weeks.
During this time weight-bearing on the affected limb is for
bidden. The parents must be warned about the possibility
of a subsequent growth disturbance, although this is un
common in this type of fracture. The involved tibia, ankle
joint and the corresponding structures of the normal limb
are X-rayed 6-monthly for 3 years or until the epiphysis
fuses. whichever comes first.

Type /I
If di placement is present, as shown in Fig. 6, there must

be an intra-articular fracture in addition to an epiphyseal
injury. An open reduction will be essential and the frag
ments must be accurately aligned. This is necessary to re
store an accurate alignment of the ftrticular cartilage and
of the epiphyseal plate. This procedure may prevent the
premature fusion of the damaged portion of the epiphysis.
Reduction is maintained by 2 crossed Kirschner wires. The
wires may be allowed to cross the epiphyseal plate but
must be removed within 8 weeks. Postoperatively, the
limb is immobilized as in type I fracture and the follow
up is the same.

If there is no displacement, as in Fig. 7, the limb is put
into an above-knee plaster cast for 8 weeks. Weight-bear
ing on the affected side is forbidden during tbat time.

With this type of fracture the parents are given a guarded
prognosis and told that subsequent growth disturbance is
highly likely.

Type III
The fracture is treated initially by plaster-cast im

mobilization and non-weight-bearing for 12 months. This
is done in the hope that some recovery may occur. The
subsequent treatment and prognosis have been discussed in
the case report.

SU 1MARY

The various forms of injury to the di tal tibial epiphysis and
their mechanism, prognosis and treatment are discussed. A
unique ca e of cru h fracture of the distal tibial epiphysis is
reported.

I wish to thank Dr 1. Verster-Cohen for her help in the
preparation of this paper; Messrs C. Bathfield and G. Smit.
orthopaedic surgeons, of Baragwanath Hospital, for permis
sion to publish a case report of a patient under their care:
and Dr W. F. Kenny, Medical Superintendent of Baragwanath
Hospital, for permission to publish.
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