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Primary hyperparathyroidism i

in an adolescent presenting with genu valgus
progressing to extensive bone disease; a case
report
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Abstract

Background Primary hyperparathyroidism which is rare in adolescents presents commonly with non-specific
symptoms and systemic complaints. Though there are few reported cases of genu valgus, genu valgus progressing to
extensive bone disease despite mildly elevated calcium had not been reported before.

Case presentation A 12-year-old male had been evaluated for bilateral (left > right) genu valgus and short stature.
Serum calcium and phosphate levels had been normal. X-ray of the femora and pelvic bones had not shown addi-
tional abnormalities. Valgus deformity progressed despite left femoral plating, and a left distal femoral medial closed
wedge osteotomy had been performed at 15 years. Plain imaging at that time had shown localised osteopaenia. At
the age of 17 years, he developed multiple fragility fractures of his left hip rendering him wheelchair-bound. Further
evaluation revealed a serum PTH level of 2571 (10-65) pg/mL with calcium of 2.82 (2.2-2.6) mmol/L and inorganic
phosphate of 1.7 (2.2-4.7) mg/dL. The lumbar spine DXA scan showed a Z-score of -5.8. A left parathyroid adenoma
was localised and there was evidence of hyperparathyroid bone disease including brown tumours. He underwent
left parathyroidectomy and left thyroid lobectomy after which his PTH level dropped to 4.03 pg/mL. He developed
hypocalcaemia which was managed successfully with calcium and alfacalcidol replacement.

Conclusions Primary hyperparathyroidism can present with genu valgus in adolescents. Initial normocalcaemia
which could be due to concomitant vitamin D deficiency could mask this leading to delayed diagnosis until severe
irreversible bone disease ensues.
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Background

Primary hyperparathyroidism in adolescents is rare com-
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parts of the world, bone disease including fractures and
deformities as well as renal complications have been
commonly reported even in younger patients [1, 4, 5].

Though bone disease had been described as a present-
ing feature of primary hyperparathyroidism in adoles-
cents, it is extremely uncommon for it to present with
genu valgus. In fact, primary hyperparathyroidism is not
considered in the diagnostic workup of an adolescent
with genu valgus [6]. There are several case reports of
adolescents with primary hyperparathyroidism present-
ing with genu valgus. However, fractures have not been
a common manifestation in them, and they were noted
to have hypercalcaemia at the time of presentation. We
report an adolescent who initially presented with genu
valgus and normocalcaemia progressing to severe bone
disease with multiple fractures despite having mild
hypercalcaemia.

Case presentation

An 18-year-old Sri Lankan male was referred for evalua-
tion of short stature, multiple bone deformities and fra-
gility fractures for six years.

He had been well until the age of 12 years with
uncomplicated birth and childhood. At the age of
12 years, left and subsequently, right genu valgus and
short stature were noted. He did not have any other
problems during the initial presentation. The docu-
mented examination has not revealed any other
abnormalities. Standing X-rays of bilateral tibia/ fem-
ora and pelvic bones (AP view) have shown bilateral
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asymmetric genu valgus, but no reduction of bone den-
sity or abnormalities suggestive of rickets in epiphyseal
plates (Fig. 1 A).

Blood investigations at the initial presentation revealed
an ionized calcium of 1.4 mmol/L (1.2-1.4 mmol/L) and
the inorganic phosphate level was 1.1 mmol/L (0.95—
1.75 mmol/L, age-based for 12-15 years). Serum creati-
nine, haemoglobin, alanine transaminase and aspartate
transaminase were within the normal range. Serum
vitamin D or parathyroid hormone levels had not been
performed.

He underwent left femoral plating, but valgus deform-
ity progressed over time. X-ray of the same projection
done one year later demonstrated corrective left distal
femoral osteotomy with internal fixation screws on the
medial aspect of the distal femoral epiphysis and meta-
physis. However, the deformity was more pronounced
compared to the prior X-ray causing a mild pelvic tilt in
the standing position (Fig. 1B).

Three years later, at the age of 15 years, he sought
advice from another unit for the persistent genu valgus,
where he underwent left distal femoral medial closed
wedge osteotomy. Post-operative x-ray of the bilateral
knee joints revealed evidence of the second osteotomy
with internal fixation screws in situ. Local osteopaenia
was noted around the internal fixation screws. Some cal-
lus formation is seen laterally around the distal femoral
metaphysis/epiphysis (Fig. 2). He was prescribed vitamin
D 1000 IU daily which was continued until the current
presentation.

Fig. 1 Standing X-rays of bilateral tibia/ femora and pelvic bones (AP view) at the presentation showing bilateral asymmetric genu valgus, but
no reduction of bone density or abnormalities suggestive of rickets in epiphyseal plates (A). Follow-up x-ray of the same projection one year
later demonstrating corrective left distal femoral osteotomy with internal fixation screws on the medial aspect of the distal femoral epiphysis and
metaphysis. A more pronounced deformity is evident compared to the prior X-ray causing a mild pelvic tilt in the standing position (B)
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Fig. 2 Post-operative x-ray of bilateral knee joints after the left distal femoral medial closed wedge osteotomy showing evidence of the second
osteotomy with internal fixation screws in situ. Local osteopaenia is observed around the internal fixation screws. Some callus formation is seen

laterally around the distal femoral metaphysis/epiphysis

Two years later, at the age of 17 years, he developed a
left femoral shaft fracture while standing up. Subsequent
evaluation revealed multiple femoral fractures and he
was unable to weight-bear since then. He was mobilised
in a wheelchair since then. He has had normal puberty
and intellectual development. He had been on a balanced
non-vegetarian diet and there were no features of any
other chronic illnesses. He was a product of non-consan-
guineous parents. Family history did not reveal any skel-
etal diseases or tumour syndromes.

His height was 147.5 cm. There was kyphosis and genu
valgus. The examination was otherwise unremarkable.

Generalised osteopenia and bilateral femoral neck
fractures were noted in the x-ray of bilateral hip joints
(Fig. 3A). Left femur x-ray showed marked osteopaenia,
diffuse ground glass density in the medullary cavity of the
femur and pathological fractures with marked deformi-
ties (Fig. 3B). X-rays of the hands showed fully fused epi-
physes, terminal tufting more marked in bilateral 2"¢ and
3" fingers and osteopenia in the middle and distal pha-
langes of all the fingers as well as the distal aspect of the
proximal phalanges bilaterally. There was no definite sub-
periosteal resorption. Early Madelung deformity was seen
but, the length of the metacarpals was normal. There was
no evidence of rickets (Fig. 4). Laboratory investigations
during this presentation are summarised in Table 1.

Laboratory investigations were in favour of primary
hyperparathyroidism. The ultrasound scan of the neck
showed a large well-defined heterogeneous hyperechoic
lesion in the lower and mid portion of L/thyroid measur-
ing 51 x 30 x 16 mm. Contrast-enhanced CT of the neck
confirmed a well-defined rounded soft tissue density with
moderate heterogeneous enhancement along the pos-
terior aspect of the L/lobe of the thyroid. This was sug-
gestive of a parathyroid adenoma. Additionally, diffusely
scattered lytic bone lesions with associated bone expan-
sion were noted in the imaged axial skeleton and upper
humeri suggestive of brown tumours of hyperparathyroid
bone disease (Fig. 5). The PTH level from the aspirate
of guided FNAC was>3000 pg/mL further confirming
localisation.

DXA scan of the lumbar spine suggested very low bone
density with a BMD of 0.122 g/cm?* and a Z-score of -5.8.
There were no calculi or nephrocalcinosis in the ultra-
sound scan kidney-ureter-bladder.

He underwent left parathyroidectomy and left thy-
roid lobectomy since there was a concern about pos-
sible parathyroid malignancy peri-operatively. A
nodular, capsulated and brownish parathyroid measur-
ing 60 x 30 x 24 mm was removed. Histology confirmed
a well-circumscribed parathyroid adenoma with a thin
fibrous capsule. There were no bizarre cells or increased
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Fig. 3 Generalised osteopenia and bilateral femoral neck fractures were noted in the x-ray of bilateral hip joints (A). Left femur x-ray showed
marked osteopaenia, diffuse ground glass density in the medullary cavity of the femur and pathological fractures with marked deformity (B)
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Fig.4 X-rays of the hands showed fully fused epiphyses, terminal tufting more marked in bilateral 2" and 3" fingers and osteopenia in the
middle and distal phalanges of all the fingers as well as the distal aspect of the proximal phalanges bilaterally. There was no definite subperiosteal
resorption. Early Madelung deformity was seen but, the length of the metacarpals was normal. There was no evidence of rickets
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Table 1 Summary of blood investigations at the time of
endocrine evaluation

Measurement Results Reference range
Haemoglobin (g/dL) 15.6 13.2-16.6
Creatinine (mg/dL) 0.74 0.7-13
ALT (IU/L) 27 <36

AST (U/L) 36 <36
Albumin (g/L) 346 35-50
Alkaline phosphatase (1U/L) 4785 98-258
Total calcium (mmol/L) 2.82 22-26
Inorganic phosphate (mg/dL) 1.7 22-47
25-hydroxyvitamin D (ng/mL) 24.96 30-100
Intact PTH (pg/mL) 2571 10-65
Urine calcium creatinine ratio 0.27 <02
TSH (mIU/L) 0.91 04-4

PHILIPS

Fig. 5 Contrast-enhanced CT scan of the neck and upper chest
showing lytic lesions on scapulae suggestive of brown tumours

Table 2 Timeline of events with diagnostic tests and interventions
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mitoses. One week after the surgery, the PTH level
dropped to 4.03 pg/mL. He was discharged home on cal-
cium carbonate containing elemental calcium of 1000 mg
three times daily and alfacalcidol one microgram twice
daily. Two months after the surgery, his alkaline phos-
phatase was 1811 IU/L and calcium and phosphate were
within the normal range. His replacement doses were
gradually decreased to calcium carbonate containing
elemental calcium of 500 mg twice daily and alfacalcidol
0.5 pg twice daily six months after surgery. Currently, he
is feeling well and has been followed up with a plan for
future orthopaedic interventions. To date, he is mobilised
with the help of a wheelchair.
The timeline of events is summarised in Table 2.

Discussion and conclusions

Our patient initially presented with bilateral genu valgus
and short stature with no other obvious abnormalities in
physical examination and biochemistry. Subsequently, it
progressed to severe disease with very low bone density
and multiple fragility fractures. Yet, the calcium level was
only mildly elevated. This course of the illness has not
been reported before.

We performed a systematic literature review to identify
reports of patients with primary hyperparathyroidism
presenting with genu valgus. The search was done in
PubMed on 1% September 2022 with the search strat-
egy as follows; (hyperparathyroidism|[Title/Abstract])
AND (genu valg*[Title/Abstract] OR knock knee[Title/
Abstract]). This provided 21 results. A similar search
in Google Scholar obtained 9 results. After removing
the duplicates, 27 abstracts were reviewed. Nineteen
abstracts were selected to review full-text from which
four were removed (English full-text not available- 3,
duplicate—1) and fifteen were included. With eight addi-
tional records identified through cross-referencing, a
total of 23 reports were included in the literature review
[7-29] (Table 3).

Month/year (age) Events

Diagnostic tests Interventions

February/2017 (12 years, 7 months) Left>right genu valgus

June/ 2018 (13 years, 11 months)
March/2020 (15 years, 8 months)

Worsening deformity

Presenting to a second orthopae-
dic unit with worsening deformity

November/ 2021 (17 years, 4 months)
July/ 2022 (18 years)

Fragility fracture
Endocrine evaluation

X-ray- no changes of rickets or oteopaenia
Normal calcium and phosphate

Left femoral plating

X-ray- progression of the deformity with a pelvic tilt ~ None

Left distal femoral
medial closed
wedge osteotomy

X-ray- localised osteopaenia

X-ray- multiple fractures and severe osteopaenia

High serum PTH
Parathyroid adenoma
Hyperparathyroid bone disease

Left parathyroid-
ectomy and left
thyroid lobectomy
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Thirty patients have been reported (16 females). The
median age at presentation was 13 years (Age at diag-
nosis taken as age at presentation for three patients).
One patient had low serum calcium levels [10], whereas
all the other patients were hypercalcaemic. All patients
with reported histology have had parathyroid adeno-
mas. In addition to genu valgus, 12 had features of rickets
clinically or radiologically. Osteopaenia was commonly
observed in radiological studies. Sixteen patients were
reported to have radiological features characteristic of
hyperparathyroid bone disease including cysts, brown
tumours and subperiosteal resorption. Slipped upper
femoral epiphyses were also noted in some.

Fractures have been observed only in two patients. One
was a 17-year-old boy who initially presented at 14 years
of age with lower limb pain and bilateral genu valgus [11].
At the diagnosis, his corrected calcium was 3.02 mmol/L.
DXA scan showed BMD Z scores of -5 at the hip and -4.9
at the spine. He was found to have previously unrecog-
nised bilateral femur shaft fractures which have partially
healed. The other patient was a 15-year-old male who
presented with bone pains and a right tibial shaft fracture
[29]. However, this boy had been treated for right tibial
osteomyelitis which also might have contributed to this
complication. His calcium was 12 mg/dL at the time of
diagnosis. It was notable both these boys had features of
rickets, but not hyperparathyroid bone disease.

Our patient’s clinical picture is distinct from all the
patients reported above since he initially presented with
bilateral genu valgus and then it progressed to severe
bone disease with very low bone density and fragility
fractures. He was found to have features of hyperpar-
athyroid bone disease, but no definite evidence of rick-
ets. Though his PTH level was grossly elevated, there was
only mild hypercalcaemia. In fact, his calcium at the ini-
tial presentation was normal. Vitamin D deficiency could
have masked hypercalcemia at the initial presentation.
However, his vitamin D level was 24.96 ng/mL at the time
of endocrine evaluation which was only slightly below
the reference range. Calcium: phosphorous ratio could
have been a useful tool at the initial evaluation since his
calcium was at the upper end of the reference range and
phosphate was at the lower half of the reference range for
his age. This index has emerged as a reliable tool for iden-
tifying patients with primary hyperparathyroidism [30].
Age-specific reference ranges are needed in interpret-
ing phosphate levels and calcium: phosphate ratio. The
presence of osteopaenia in subsequent plain radiographs
would have been another clue to an alternative diagnosis.

The mechanism of genu valgus in primary hyper-
parathyroidism is not well established. However, one
plausible mechanism is the direct effect of increased
parathyroid hormone levels on the growth plate during
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puberty [18]. It could be partly due to the concomitant
vitamin D deficiency. Notably, most reported cases are
from South Asian populations where vitamin D defi-
ciency is more prevalent. When undiagnosed primary
hyperparathyroidism continues as in our patient and
the patient reported by Paruk et al., severe bone disease
establishes with reduced bone mineral density and frac-
tures. Severe hyperparathyroid bone disease was also evi-
dent in our patient further confirming the severe skeletal
involvement of the disease.

This case report highlights the importance of close sur-
veillance for underlying metabolic diseases in patients
presenting with genu valgus. Though the initial calcium
was normal, a high index of suspicion is warranted par-
ticularly in the setting of possible concomitant vitamin
D deficiency and progressing disease with osteopaenia in
the plain radiograph.
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