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Abstract
Purpose: The purpose of the study was to screen the presence of hypocalcemia and clinical signs specific to hypocalcemia in dualemission X-ray absorptiometry proven osteoporotic patients and also to analyze variations of T scores at specific anatomical
regions in lumbar spine and hip.
Type: Prospective cohort.
Materials and Methods: One hundred patients who had T score of <−2.5 at any of the lumbar levels or in total lumbar T score were
selected. Ionic calcium levels (normal – 1.1–1.135 mmol/L) of each patient were calculated. Trousseau’s sign and Chvostek’s sign
were checked. Analysis of T scores was done for each patient.
Results: Twelve out of 100 patients had hypocalcemia. Out of whom, only one patient had positive Trousseau’s sign and none had
Chvostek’s sign present. In normocalcemic patients (n = 88), seven patients had positive Trousseau’s sign and three had Chvostek’s
sign present. Average total lumbar T score of 100 patients was −3.0 (±1.1 SD). After calculating the averages, the L3 had least T score
of −3.3 (±0.9 SD) and L1 had highest T score of −2.5 (±1.3 SD), respectively. Twenty-seven patients had total hip T scores <−2.5
and 72 patients had T scores <−2.5 at Ward’s triangle. Similarly, average total hip T score of 100 patients was −2.0 (±1.6 SD); average
T score at Ward’s angle was much lower at −2.9 (±1.4SD).
Conclusion: L3 vertebra and Ward’s triangle are most sensitive indicators of osteoporosis. Although theoretically unlikely,
hypocalcemia can be present in osteoporotic patients. Trousseau’s sign and Chvostek’s sign may be present in patients with
established hypocalcemia; however, their absence does not rule out the diagnosis.
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Introduction
Even after decades of research, osteoporosis still continues to
gather attention of researchers all over the world. It has attained
epidemic proportions because of increased life expectancy and
other lifestyle factors [1]. Osteoporosis in 2001 was defined as
“a skeletal disorder characterized by compromised bone
strength, predisposing a person to an increased risk of fracture.
Bone strength primarily reflects the integration of bone density
and bone quality” [2]. The World Health Organization
branded osteoporosis as a bone mineral density (BMD) Tscore <−2.5 as measured by dual- emi ssion X-ray
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absorptiometry (DXA) [3]. DXA is considered to be a gold
standard technique for the estimation of BMD due to its
minimal radiation exposure, reproducibility, large normative
data, and non-invasive nature [4]. Elucidation of DXA reports
by a clinician is valuable as it dictates the further line of
management. Interpretation of variety of T score patterns such
as total hip score, total spine score, T scores of individual
vertebrae, Ward’s triangle, and trochanter can be confusing for
diagnosis and management of osteoporosis. To add to the
confusion, a practicing clinician comes across patients with
established osteoporosis who have hypocalcemia in blood
investigations and clinical signs such as Trousseau’s sign and
Chvostek’s sign present. Even though it is an established fact
that in calcium homeostasis, primary focus is on maintaining
the serum ionic calcium levels, which in osteoporosis is
achieved by parathyroid hormone-induced bone breakdown,
very little literature is available that reports the coexistence of
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Table 1: Clinical symptoms of
osteoporosis
Symptoms
Back pain
Rib pain
Shin pain
Calf pain

Number of
patients
98
46
31
65

Table 2: Number of cases with Tscore <−2.5 at each individual
vertebral level
Vertebral level
L1
L2
L3
L4

osteoporosis and hypocalcemia [5]. In this study, the presence
of hypocalcemia in patients who have been diagnosed with
osteoporosis by DXA was explored and correlated with the
presence of clinical signs specific to hypocalcemia. We also
analyzed variations of T scores at specific anatomical regions in
lumbar spine and hip to stress the importance of various
anatomical considerations of T-score.
Materials and Methods
This was a prospective, observational study carried out at a
single center. The study was not funded by any financial
institution or company. The study was approved by the
Institutional Ethical Committee and was registered with
C l i n i c a l Tr i a l R e g i s t r y I n d i a ( C T R I w i d e
CTRI/2017/10/010195).
Inclusion criteria: Patients with age of more than 50 years,
patients in whom DXA scan of hip and lumbar spine were
performed and had T-score of <−2.5 at any of the lumbar levels,
or in total lumbar T-score were selected till the planned cohort
of 100 consecutive patients was completed. Patients on
medical treatment for osteoporosis or hypocalcemia and those
with a history of surgery in lumbar spine or with abnormal
thyroid function tests or serum parathyroid tests were
excluded from the study. Symptoms which were noted in every
patient were in form of back pain, rib pain, shin pain, and calf
pain (for osteoporosis). Trousseau’s sign and Chvostek’s sign
(for hypocalcemia) were also checked in each of the patients.
Ionic calcium levels (normal – 1.1–1.135 mmol/L) of each of
the 100 selected patients were calculated by “Arsenzo III”
method.
Statistical analysis
Patient demographics and characteristic categorical variables
were analyzed, and the mean + standard deviation (minimummaximum) for all applicable variables were calculated.
Table 4: Total number and average at of T-scores of
hip and Ward’s triangle
Number of cases Average score (for
with T score <−2.5
100 patients)
Total hip score
27
−2.0 (±1.6 SD)
Ward’s triangle
72
−2.9 (±1.4 SD)

Type of T score

Number of cases
with T score<−2.5
55
73
82
79

Table 3: Average T score at
each individual vertebral level
Vertebral level
L1
L2
L3
L4

Average T-score
−2.5 (±1.3 SD)
−2.9 (±0.7 SD)
−3.3 (±0.9 SD)
−3.1 (±1.0 SD)

Results
Findings were analyzed in all 100 patients. Ninety-four patients
in our study were female and six were male. Average age of the
patients was 61.2 8 years (range, 50–86 years) years.
Conventional symptoms correlating with osteoporosis were
+- patients (Table 1). Shin pain was
screened in all 100
encountered the least and back pain was seen most commonly.
After scanning the results of the ionic calcium levels, 12 (12%)
were noted to have hypocalcemia, with ionic calcium levels
<1.1 mmol/L. Out of these 12 patients, only 1 (8%) had
positive Trousseau’s sign and none had Chvostek’s sign present.
In the remaining 88 patients with normal calcium levels, 7
(8%) patients had positive Trousseau’s sign and 3 (3%) had
positive Chvostek’s sign.
T-score was calculated at each vertebral level from L1 to L4
(Table 2). L3 was found to have maximum numbers of cases
with T-score of −2.5 or below (n = 82) and L1 with least
numbers of cases with T-score below −2.5 (n = 55).
Twenty patients had total lumbar T-score more than −2.5,
however, it was <−2.5 at some vertebral level. Thirteen out of
those were found at L3 vertebral level. Average total lumbar Tscore of 100 patients was found to be −3.0 (±1.1 SD). After
calculating the averages, L3 was one with least T score of −3.3
(±0.9 SD) and L1 had highest T score of −2.5 (±1.3 SD) (Table
3).
T-scores of hip were also taken into consideration (Table 4).
When total hip T-scores were taken into consideration, 27
patients had T-scores <−2.5. On the contrary, when T score of
Ward’s triangle was taken into consideration, 72 patients had
<−2.5. Similarly, average total hip T-score of 100 patients was
found to be −2.0 (±1.6 SD). Average T-score at Ward’s triangle
was found to be at −2.9 (±1.4 SD). Furthermore, out of 27
patients who had total hip T-score of <−2.5, 21 patients had
total lumbar T-score <−2.5.
Discussion
Calcium balance refers to the state of the body stores of calcium
at equipoise over some extended time. The cumulative effect of
intestinal absorption, renal, intestinal, and sweat gland
excretion on bone calcium governs the calcium pool resulting
in maintenance of calcium balance. The rate of bone
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absorption and resorption keeps on changing throughout the
lifetime, and therefore, it does to the calcium balance.
Children, in whom the formation is more than resorption, are
in positive bone balance. Healthy young adults who have
achieved peak bone mass have formation equal to resorption
and are in neutral bone balance. However, in osteoporosis, a
negative bone balance with resorption more than formation is
characteristically noted, in elderly population [6]. Since the
resorption of bone is mediated by parathyroid hormone that
maintains serum calcium level; hypocalcemia may not be seen
in patients with osteoporosis. However, no study has been
conducted, as per our knowledge, to screen the incidence of
hypocalcemia in osteoporosis till date [7]. While measuring
the calcium levels, serum ionic (free) calcium levels are
considered to be more sensitive than total calcium levels [8]. In
our study, we measured serum ionic calcium levels to screen
patients with hypocalcemia and found that 12 out of 100
patients had ionic calcium levels less than the lower threshold
(1.1 mmol/L). This indicates although theoretically it is
unlikely, hypocalcemia may present in osteoporotic patients.
The neuromuscular instability caused by hypocalcemia can be
exhibited through the elicitation of Chvostek’s sign and
Trousseau’s sign. Both of these signs are time honored physical
predictors which are frequently associated with hypocalcemia
[9]. Trousseau sign is elicited in hypocalcemia when the
ionized calcium level is 1.75–2.25 mmol/L. The hand adopts a
characteristic posture when the sphygmomanometer cuff is
inflated above the systolic blood pressure within 3 min. The
metacarpophalangeal joints are flexed, the interphalangeal
joints of the fingers and thumb are extended, and the thumb
adopts a posture of opposition [10]. Trousseau sign is more
specific than Chvostek’s sign for latent tetany, which can be
caused by hypocalcemia, hypomagnesemia, and metabolic
alkalosis.
In our study, we found that 7% of normocalcemic patients
(n=88) had a positive Trousseau’s sign. Although 12 is a small
number of patients for a concrete conclusion, only 1
hypercalcemic patient out of 12 (8%) had a positive
Trousseau’s sign and none had a positive Chvostek’s sign. In
their study, Schaaf et al. found that 94% of patients with
confirmed hypocalcemia had a positive Trousseau’s sign,
whereas only 9% of normocalcemic demonstrated a positive
Trousseau’s sign [11]. This shows that Trousseau’s sign and
Chvostek’s sign may be present in patients with established
hypocalcemia but may as well be present in normocalcemic
patients. However, mere absence of these signs does not rule
out the diagnosis.
Patients with osteoporosis may present with a variety of
symptoms. Most common symptom seen in our group of
osteoporotic patients was back pain, which was present in 98
patients. Shin pain was the least encountered symptom, seen

only in 31 patients. All these symptoms may or may not be
attributed to osteoporosis since no symptoms have been
established in literature which is specific to osteoporosis except
for pain following a fracture [12].
Specificity of various T scores has been a debate for long in
literature. Positioning, presence of previous fractures, presence
of osteophytes, overlapping aortic calcific plaques, etc., can
change the stipulated results at any vertebral level [13].
Furthermore, only referring to the total T scores at in lumbar
spine can be deceptive and may give false-negative results [14].
Blake and Fogelman mentioned the possibility of precision
error which may lead to suboptimal treatment by a clinician,
labeling him without osteoporosis [15]. However, in our study,
we observed that 20 patients had total T-score more than −2.5
that were labeled as osteopenic. In contrast, they had T-score
<−2.5 in at least one vertebra from L1 to L4. Duboeuf et al.
stated that L3 shows the most precise T-scores when compared
to other lumbar levels. For these various possibilities are
postulated such as no overlapping of ribs for L1-2 or
overlapping by iliac crest of L4 on lateral radiograph or L3
being the apex of lumbar lordosis, therefore being exactly
parallel to X-ray beams etc. [16]. In our study, 82 patients had a
T-score lower than −2.5 at L3 as compared to L1 (55 patients)
that was the lowest. Similarly, average T score at L3 of all 100
patients was −3.3 (±0.9 SD) as compared to −2.5 (±1.3 SD) at
L1. Furthermore, average total lumbar spine T score was −3.0 ±
1.1 SD. This indirectly shows that L3 is a better predictor of
osteoporosis than total T-score and is the level that should be
interpreted with caution by a clinician while interpreting the Tscores of lumbar spine.
T scores of hip have also been scrutinized in the past. We
observed that total hip T score was <−2.5 in only 27 patients. In
a stark contrast to this finding, 72 patients had T-score <−2.5
when results from Ward’s triangle were taken into
consideration. There was a large difference between average
scores of total hip and Ward’s triangle. Average total hip T score
was −2.0 (±1.6 SD) and Ward’s triangle −2.9 (±1.4 SD). This
finding shows how deceptive it would be to take the total hip
score only into consideration for management. Yoshihashi et al.
also stated that DXA of Ward’s triangle is a sensitive indicator of
osteoporosis and should be used to identify patients at
increased risk for osteoporosis-related fractures and their
management [17]. Out of 27 patients who had total hip Tscore <−2.5, 21 had total lumbar T-score <−2.5. This indicates
that there was 59 patients who had total T score <−2.5 at
lumbar spine, not at hip. Hence, spine may be an accurate
indicator of osteoporosis than hip when total scores are taken
into consideration. Similar results were found by Liu et al. and
Ma et al., in their respective studies [18, 19].
As per our knowledge, this is the first study that has screened
the presence of hypocalcemia in osteoporotic patients. The
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limitation of our study is that we did not take other causes of
hypocalcemia such as acute and chronic renal failure, Vitamin
D deficiency, hypoalbuminemia, magnesium deficiency, and
pancreatitis into consideration while screening the patients for
our study. Furthermore, Z score interpretation has not been
taken into consideration in our study. However, we feel that our
initial results are encouraging and will focus more information
in future studies.
Conclusion
L3 vertebra and Ward’s triangle are most sensitive indicators of
osteoporosis when DXA of hip and lumbar spine is carried out
and analysis should not be done looking only at total hip or
lumbar spine scores which could be illusive. Average T score
should not be used as a management guide; instead, we should
be using the least value to guide the treatment protocol.
Although theoretically unlikely, hypocalcemia can be present

in osteoporotic patients. Trousseau’s sign and Chvostek’s sign
may be present in patients with established hypocalcemia or
normocalcemic. However, its absence does not rule out the
diagnosis.
Summary
We screened presence of hypocalcemia its clinical signs in
osteoporotic patients and analyzed variations of T scores. We
observed that L3 and Ward’s triangle are most sensitive
indicators of osteoporosis. Hypocalcemia can be present in
osteoporotic patients. Trousseau’s sign and Chvostek’s sign
may or may not be present in hypocalcemic patients.
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