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ABSTRACT

Background. Primary hyperparathyroidism (PHPT) leads
to increased bone turnover, low bone mineral density, and
increased fracture risk. These effects are, however, prefer-
entially seen in the distal forearm, which is rich in cortical
bone. This study aimed to determine how frequently the
distal forearm T score was the worst T score and if this T
score alone led to higher rate of diagnosis of osteopenia or
osteoporosis.

Materials and Methods. We retrospectively reviewed a
prospective database of 300 patients undergoing para-
thyroidectomy at our institution between November
2000 and January 2009. The bone mineral density of the
lumbar spine, total proximal femurs, and distal third of
the nondominant radius was measured by dual x-ray ab-

sorptiometry. Data on bone density are reported as T
scores.

Results. The mean T scores were �1.30 � 0.2 in the distal
forearm, �1.0 � 0.1 in the total proximal femurs, and
�0.9 � 0.1 in the spine. The distal forearm T score was the
worst bone mineral density T score in 39% of patients. This
T score alone led to an upstaging in diagnosis to osteopenia
or osteoporosis in 9.4% of patients.

Conclusion. In patients with PHPT, the worst T score is
commonly found in the distal forearm. This T score can
identify additional patients with a diagnosis of osteopenia
or osteoporosis. Distal forearm bone mineral density
should, therefore, be assessed in all patients who have a di-
agnosis of PHPT. The Oncologist 2012;17:322–325

INTRODUCTION
Primary hyperparathyroidism (PHPT) is a common endocrine
disorder with a population prevalence of 2.1% in healthy post-
menopausal women [1]. It is caused by a single adenoma in
�80% of cases and by parathyroid hyperplasia in 15% of cases.
Parathyroid cancer is rare and accounts for 1%–2% of cases.

Chronic parathyroid hormone (PTH) excess occurs in PHPT
patients and causes increased bone resorption through stimulation
of osteoclast-activating factors such as interleukin-6 from osteo-
blasts [2]. The catabolic effects of PTH are also mediated by in-
creased production of osteoclast differentiating factor (receptor
activator of nuclear factor �B ligand [RANKL]) and decreased
production of osteoprotegerin (OPG) by osteoblasts and stromal
cells. This increased ratio of RANKL to OPG enhances osteoclast
differentiation and activation [3].

The resultant high bone turnover in PHPT patients is asso-
ciated with a reduction in bone mineral density. This reduction
varies among skeletal sites, with both densitometry and histo-
morphometric analysis showing preferential involvement of
cortical bone (forearm and hip) as opposed to cancellous bone
(spine). Bone mineral density in the spine may be well pre-
served or even slightly increased [4]. After surgical cure of
PHPT, the bone mineral density increases at all three sites;
however, this occurs more so in the spine than in the hip or
forearm [5]. Other long-term studies have found a permanent
decrease in bone mineral density in the forearm even in pa-
tients who have surgery, suggesting that cortical bone loss in
patients with PHPT is not easily reversible [6].

Decreased bone mineral density increases the risk for frac-
ture. A high prevalence of fractures in patients with PHPT at
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the time of diagnosis has been reported. The sites at which the
risk for fracture is greater are the forearm, spine, and femoral
neck [7, 8]. Parathyroidectomy also influences fracture risk.
One study showed that the risk for fracture decreased and re-
turned to normal after parathyroidectomy. However, a small
increase in the risk for fracture of the distal forearm emerged
�10 years after surgery [9].

Because data show that parathyroidectomy leads to an in-
crease in bone mineral density and a reduction in fracture risk,
surgery is recommended for asymptomatic patients if the T
score (standard deviation from the mean bone mineral density
of the young adult population) at any of the three sites (fore-
arm, hip, and spine) is ��2.5 [10].

Based on the preferential involvement of the forearm in
PHPT, this study aimed to determine how frequently the bone
mineral density T score was the worst at the distal forearm and if
this T score alone led to a diagnosis of osteopenia or osteoporosis.

MATERIALS AND METHODS
We retrospectively reviewed a prospective database of patients
undergoing parathyroidectomy at our institution between No-
vember 2000 and January 2009. Nine hundred eighty-six pa-
tients had surgery for PHPT. This diagnosis was based on the
finding of an elevated serum calcium concentration, an ele-
vated or inappropriately normal PTH level, and an absence of
other causes of hypercalcemia. The study cohort was identified
by examining those patients who had a baseline dual x-ray ab-
sorptiometry (DXA) scan as part of their preoperative surgical
assessment.

Clinical data collected included age, sex, fracture occur-
rence, and baseline laboratory values of calcium and PTH. The
bone mineral density of the lumbar spine, total proximal fe-
mur, and distal third of the nondominant radius was measured
using DXA (Lunar Radiation, Madison, WI). Data on bone
density are reported as T scores. We also assessed if these pa-
tients were seen by an endocrinologist or another provider. Sta-
tistical analysis among these groups was performed using
Student’s t-test.

RESULTS
Three hundred patients had DXA scan results documented as
part of their preoperative surgical assessment. There were 257
women and 43 men, with a mean age of 64 � 12 years. The
mean preoperative calcium concentration was 11.0 � 0.73
mg/dL and the mean PTH level was 115 � 96 pg/mL. The
mean T scores were �1.30 � 0.2 in the distal forearm, �1.0 �
0.1 in the total proximal femurs, and �0.9 � 0.1 in the spine
(Table 1). Twenty-seven percent of patients had a normal bone
mineral density, 36% had osteopenia, and 37% had osteoporo-
sis according to World Health Organization (WHO) criteria.
Eighteen percent of patients had a fragility fracture preopera-
tively and 39% of these occurred in patients whose lowest T
score was in their forearm. This was defined as a fracture that
occurs following relatively low trauma, such as a fall from
standing height or less [11]. The distal forearm T score was the
worst bone mineral density T score in 55 (39%) patients who
had a forearm DXA scan performed in addition to the tradi-

tional spine and/or femur views. When we looked at only the
97 patients who had all three sites examined and interpretable
results reported (i.e., they did not have degenerative disease,
hardware, or scoliosis that made the results uninterpretable),
the T score was worst in the spine in 34%, in the proximal fe-
murs in 34%, and in the distal forearm in 32% of patients (Ta-
ble 2). The forearm T score alone led to an upgrade in diagnosis
from normal bone mass to osteopenia in 3% of patients and
from osteopenia to osteoporosis in 6.4% of patients. Overall,
the inclusion of forearm bone mineral density upstaged 9.4%
of patients.

The distal forearm was assessed in only 45% of patients
who had a preoperative DXA scan. Endocrinologists ordered a
distal forearm assessment in 54% of their patients. However,
this occurred in only 17% of patients seen by nonendocrinolo-
gists (Fig. 1).

DISCUSSION
Seventy-three percent of patients in our series had osteopenia
or osteoporosis according to the WHO criteria. These findings
were similar to those from a study that showed that 79% of pa-
tients with primary hyperparathyroidism had osteopenia or os-
teoporosis [12]. The chronic hypersecretion of PTH that occurs
with mild PHPT has been associated with anabolic effects on
cancellous bone sites, such as the lumbar spine, but catabolic
effects on cortical bone–rich sites, such as the distal one third
of the radius. Changes in cortical bone consist of increased re-

Table 1. Baseline characteristics of patients with primary
hyperparathyroidism (PHPT)

Characteristic

Value in PHPT
patients
(n � 300)

Age (yrs) 64 � 12

Sex (male/female) 43/257

Serum calcium (mg/dL)
(normal, 8.5–10.2)

11.0 � 0.73

Serum parathyroid hormone (pg/mL) 115 � 96

Fragility fracture (n of patients) 54 (18%)

Lumbar spine T score �0.9 � 0.1

Total femur T score �1.0 � 0.1

Forearm T score �1.3 � 0.2

Table 2. Patients with dual x-ray absorptiometry results
from all three sites
Measure
(n � 97) Forearm Femur Spine

Mean T score �2.26 � 0.36 �1.47 � 0.14 �1.70 � 0.21

% with lowest T
score at this site

32% 34% 34%
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sorption of the endosteal envelope, increased cortical porosity,
and thinning. In cancellous bone, a different response is seen.
Although both bone resorption and bone formation are in-
creased, resorption is decreased in the bone multicellular units
(BMUs), so that the resorption bays are lower. Bone balance at
individual BMUs is preserved or may even increase [13].

The classic pattern of reduced bone mineral density in
PHPT patients is, therefore, maximal in the distal radius, which
is predominantly cortical bone, minimal in the lumbar spine,
which is enriched with cancellous bone, and intermediate in
the hip region, which contains an equal content of both cortical
and cancellous bone [14]. In one study, the mean Z score in
patients with PHPT was �0.24 � 0.20 in the lumbar spine,
�0.76 � 0.13 in the femoral neck, and �1.34 � 0.15 in the
distal radius [15]. Our study confirmed this, because the mean
T score was worst in the distal forearm, at �1.3 � 1.0.2, versus
�1.0 � 0.1 in the total proximal femurs and �0.9 � 0.1 in the
spine. In addition to this, the distal forearm T score was the
worst bone mineral density T score in 39% of patients who had
their forearm assessed and in 32% of those who had all three
sites assessed and reported.

Because of the differing skeletal effects of PHPT, a 2002
workshop by the National Institutes of Health recom-
mended that routine measurement of bone mineral density
at three skeletal sites—the lumbar spine, hip, and fore-
arm— be performed for assessment of PHPT [16]. Despite
this, we found that the distal forearm was assessed in under
half of our patients. Although endocrinologists ordered a

forearm assessment more frequently than nonendocrinolo-
gists, this still occurred in just �50% of patients. This could
result in the underestimation of the severity of skeletal ef-
fects of PHPT, because the forearm T score alone led to a
change in diagnosis to osteopenia or osteoporosis in 9.4% of
patients. At our institution, forearm DXA assessment exists
as a separate order from an axial DXA scan, and this may be
one of the reasons for its underuse.

Parathyroidectomy remains the only cure for PHPT and
results in a significant gain in bone mineral density. The
gain is maximal in the hip and the spine but only modest in
the distal forearm, except in a group of patients with the
lowest preoperative bone density, for whom the increase
was also marked [15]. Surgery also significantly reduces the
risk for osteoporotic fractures. One study showed that this
reduction was maximal at the spine, followed by the distal
one third of the radius [7]. Current guidelines recommend
parathyroidectomy in patients with a T score ��2.5 at any
of the three sites [10]. If forearm assessment is not per-
formed, there may be a proportion of patients with osteopo-
rosis based on the forearm T score alone who may not be
appropriately referred for surgery.

SUMMARY
Primary hyperparathyroidism leads to low bone mineral den-
sity that is predominantly seen in the distal forearm, which is
rich in cortical bone. Our study confirmed this because the dis-
tal forearm T score was the worst T score in 39% of patients.
Mean T scores were also the lowest at this site. Despite this
involvement, preoperative forearm DXA assessments are un-
derused. This underestimates the extent of skeletal involve-
ment and the proportion of patients who meet the requirements
for surgery based on bone density alone. Because a distal fore-
arm DXA scan may not be part of the standard order, it is es-
sential that providers caring for patients with PHPT recognize
the importance of obtaining it. Forearm assessment should
therefore be included if a preoperative DXA scan is performed
in patients with PHPT.
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