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Separation of the proximal humeral epiphysis
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A 42-month-old girl presented with a history of sudden onset swelling of the left shoulder of 4-5
days duration with no preceding history of significant trauma or fall. The child was irritable and
mildly febrile on examination. A tense globular swelling measuring 6 x 5 x 5 cm was present in
the left shoulder region which was tender and fluctuant on palpation (figure 1). There was an
increase in the local temperature and the skin overlying the swelling was stretched and glossy.
Shoulder movements were painful and restricted. There was no regional lymphadenopathy nor
any distal neurovascular compromise. Other joints were normal and no abnormality was detected
in other systems. The child had chronic non-pitting oedema of both legs and was reluctant to
walk. There was no history of a bleeding disorder nor was any such family history elicitable. An
X-ray of the left shoulder revealed a complete separation of the proximal humeral epiphysis with
osteopenia and surrounding soft tissue swelling (figure 2).
Haemogram revealed anaemia (haemoglobin 5.3 g/dl) but a normal leucocyte count of 7.2 x

109/l (polymorphs 44%, lymphocytes 48%, and eosinophils 8%). Reticulocyte count was 1%,
platelet count was adequate, and the erythrocyte sedimentation rate was 10 mm at one hour.
Bleeding time, clotting time and other tests for bleeding profile were within normal limits. Serum
calcium and phosphorus levels were normal but alkaline phosphatase level was elevated to 306
IU/l (normal range 80-180 IU/l).
Needle biopsy of the swelling resulted in the evacuation of approximately 20 ml of altered blood

and a few soft tissue and bony fragments which on microscopic examination revealed the presence
of proliferating fibroblasts, spicules of necrotic bone and abundant vascular proliferation. A sin-
gle X-ray of the knee (figure 3), however, showed typical changes which aided in the diagnosis of
this condition.

.........e

Figure I Clinical photograph Figure 2 X-Ray of left shoulder
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Figure 3 X-Ray of knee and leg

Questions

1 What is the most probable diagnosis?
2 What characteristic findings are seen in figure 3?
3 What is the underlying pathological process ?
4 What is the management of the proximal humeral epiphyseal separation in this condition ?
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Answers

QUESTION 1
The clinical and radiographic features are con-
sistent with the diagnosis of scurvy or vitamin
C deficiency, causing spontaneous epiphyseal
separation and subperiosteal haemorrhage.
Other differential diagnosis to be considered in
view of the pain, local tenderness and pseudo-
paralytic state are listed in the box.

Scurvy: differendal diagnosis

* acute osteomyelitis
* septic arthritis
* bleeding disorders
* Henoch-Schonlein purpura
* thrombocytopenic purpura
* leukaemia
* syphilis
* acute rheumatic fever

QUESTION 2
Radiographic changes typical of scurvy' 2 are
best visualised at the knees, wrists and
costochondral junctions, all sites of rapid bone
growth. The initial picture is that ofgeneralised
osteoporosis of the spongiosa and a decrease in
the cortical thickness. There is an increase in
the width and opacity ofthe zone ofprovisional
calcification at the ends of the metaphysis
(Fraenkel's white line) and around the margins
of the epiphyseal centres of ossification (Wim-
berger's ringing of epiphysis). Outward projec-
tion of the zone of provisional calcification
beyond the limits of the shaft, produces lateral
spur formation at the ends of the metaphysis
(Pelkan's spur).' The 'scurvy line' or scorbutic
zone is seen as a transverse band of decreased
density adjacent to the dense zone of provi-
sional calcification. Subperiosteal haemorrhage
is another distinctive sign; the lower ends of the
femur and tibia and the upper ends of the
humerus being frequent sites. Spontaneous
epiphyseal separations may occasionally
occur.4 5

QUESTION 3
Skeletal changes in scurvy have been studied in
the bones of both animals and humans.6
Ascorbic acid deficiency causes a dysfunction
of the osteoblasts; this has been ascribed to a
loss of ribonucleic acid and the disappearance
ofcytochrome oxidase activity in the cytoplasm
of the osteoblasts.7 The result is a failure to
produce osteoid tissue and form new bone.
The chondroblasts, however, continue to
proliferate normally, align in columns and form
chondroid tissue. There is no disturbance in
mineralisation; the degenerating cartilage col-
umns calcify normally but are not converted
into bone.3 The plump osteoblasts become
flattened and resemble connective tissue
fibroblasts.6

The bone trabeculae and cortices of long
bones are thin and the zone of provisional cal-
cification, through which epiphyseal separation
may occur, is fragile. Collagen synthesis is also
interfered with and instead ofnormal collagen-
ised fibrous tissue, a primitive type of connec-
tive tissue is formed. In experimental studies in
guinea pigs, a suppression of the entire growth
zone, eventually leading to complete cessation
of endochondral ossification, has been
demonstrated.6

QUESTION 4
Rapid recovery occurs following daily oral or
parenteral administration of ascorbic acid
(vitamin C) at a dose of 100-200 mg per day.
Pain and tenderness disappear, subperiosteal
haemorrhages calcify and body growth soon
resumes.

Separation of the epiphysis in scurvy is best
treated conservatively by splintage and obser-
vation and a closed or open reduction of the
displaced epiphysis is rarely required. Com-
plete recovery by remodelling is the rule and
residual deformity or disturbance in longitudi-
nal bone growth are seldom seen.8

Discussion

The clinical manifestations of scurvy have been
well chronicled in the literature since 1757,
when James Lind published A Treatise on the
Scurvy and recommended the inclusion of
lemon juice in naval diets. Scurvy develops fol-
lowing 6-12 months of dietary vitamin C defi-
ciency. Early manifestations consist of loss of
appetite, irritability and a slow gain in weight.
With the progression of scurvy, the typical
scorbutic signs appear. Haemorrhage of the
gums, especially around the upper incisors is
common. Subperiosteal haemorrhage is yet
another distinctive sign, the lower ends of the
femur, tibia and humerus being frequent sites.
The child is very apprehensive and prefers to
lie supine in a frog-leg position - a pseu-
doparalytic posture in response to pain. The
legs are swollen and oedematous. Spontaneous
epiphyseal separation may take place. Beading
of the ribs at costochondral junctions may
develop. Haemorrhages may occur in sub-
cutaneous tissue, in and around muscles in the
urinary or gastrointestinal tract or in the
subchondral space. Anaemia and delayed
wound healing are common.'

Fractures of the calcified cartilage of the epi-
physeal plate and epiphyseal separations are
known to occur in scurvy, but have rarely been
reported in literature.4 5 8 The management of
epiphyseal separation in scurvy is controversial,
although there appears to be a general consen-
sus that permanent or residual deformity or
disturbance of longitudinal bone growth is
rare.6 8 Notwithstanding the often extensive
skeletal involvement, the lesions heal promptly
following adequate dietary treatment. This can
be explained by the fact that the periosteum
has its strongest attachment at the growth
plate, which is detached together with the epi-
physis. The epiphysis therefore, remains lined
up to the denuded shaft by a periosteal
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envelope containing blood (subperiosteal
haemorrhage). Upon administration of ascor-
bic acid, the subperiosteal haemorrhage rapidly
calcifies and remodels within a few months
leaving no residual deformity or growth distur-
bance. Furthermore, epiphyseal separation in
scurvy occurs through the relatively avascular
zone ofprovisional calcification causing little or
no damage to the epiphyseal or metaphyseal
blood vessels supplying the growth plate.8
A one-year follow-up of our case (figure 4)

amply demonstrates the intense remodelling
potential following vitamin C supplementation
and dietary advice, and confirms the fact that
an open or closed reduction of the displaced
epiphysis is rarely required.

Final diagnosis

Scurvy causing proximal humeral epiphyseal
separation.

-.......-.

..<.........

Figure 4 Complete remodelling of the proximal
humerus following vitamin C therapy for 12 months
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