
Introduction
Osteoporosis is a systemic skeletal disease characterized by low 
bone mass and microarchitectural deterioration of bone tissue, 
leading to increased fragility and fracture risk [1]. It is a major 
public health problem worldwide, affecting both developed and 

developing nations [2]. The disease contributes significantly to 
morbidity, mortality,  and healthcare costs.  Globally, 
osteoporosis affects approximately 200 million individuals, with 
prevalence rising sharply after menopause in women and later in 
men [3]. In the United States alone, an estimated 44 million 
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Introduction: Osteoporosis is a major global health problem characterized by reduced bone mass and increased fracture risk. Dual-energy X-ray 
absorptiometry is the gold standard for bone mineral density (BMD) measurement; however, its cost and limited accessibility restrict its use in 
low- and middle-income countries. Singh’s Index and Calcaneal Index, based on trabecular bone patterns on radiographs, have been proposed as 
inexpensive alternatives.
Materials and Methods: A prospective study was conducted during an orthopedic camp in October 2014. A total of 120 skeletally mature 
patients underwent hip and calcaneal radiographs, which were independently graded by four orthopedic surgeons using Singh’s and Calcaneal 
indices. BMD was measured using quantitative ultrasound (QUS) at the femoral neck and calcaneus. Agreement was assessed using weighted 
Cohen’s kappa statistics, and the correlation between indices and BMD was analyzed.
Results: Intraobserver agreement for Singh’s Index was substantial (κ = 0.63–0.88), whereas interobserver agreement was poor to moderate (κ = 
0.15–0.54). The Calcaneal Index showed similar variability. Correlation between the indices and QUS-derived BMD was weak, indicating 
limited diagnostic accuracy.
Conclusion: Singh’s Index and Calcaneal Index demonstrate poor reproducibility and weak correlation with quantitative BMD. While 
inexpensive, their subjectivity limits clinical utility. QUS offers a more reliable, affordable alternative for osteoporosis screening in resource-
limited settings.
Keywords: Osteoporosis, bone mineral density, dual-energy X-ray absorptiometry, Singh’s Index

Abstract

Learning Point of the Article:
Singh’s Index and Calcaneal Index, though inexpensive and easy to use, suffer from poor reproducibility and weak correlation with 

quantitative BMD, limiting their clinical utility. Quantitative ultrasound (QUS) emerges as a more reliable, affordable, and practical 
alternative for osteoporosis screening, especially in low- and middle-income countries where access to DEXA is restricted.

Reliability of Singh’s Index and Calcaneal Index in Assessing 
Osteoporosis Compared with Quantitative Ultrasound Bone Mineral 

Density
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people aged 50 and older have low bone mass or osteoporosis, 
accounting for 55% of this population [4]. Hip and vertebral 
fractures are particularly devastating, often resulting in chronic 
pain, disability, and increased mortality [5]. Bone mineral 
density (BMD) measurement is the single best predictor of 
fracture risk [5]. Techniques for assessing BMD include dual-
energy X-ray absorptiometry (DEXA), quantitative computed 
tomography, quantitative ultrasound (QUS), and radiographic 
methods such as Singh’s Index and Calcaneal Index [6]. While 
DEXA remains the reference standard, its limited availability in 
low-resource settings necessitates the exploration of alternative 
methods [6]. Singh’s Index, introduced in 1970, grades 
trabecular bone patterns in the proximal femur on plain 
radiographs [1]. Similarly, the Calcaneal Index evaluates 
trabecular patterns in the calcaneus [7]. Both are inexpensive 
and widely used, but concerns exist regarding their reliability 
and correlation with true bone mass [8]. This study aims to 
evaluate the reproducibility and diagnostic accuracy of Singh’s 
Index and Calcaneal Index compared with QUS-derived BMD, 
focusing on intraobserver and interobserver variability.

Material and Methods

Study design and setting
A prospective observational study was conducted at our 
institute with a study duration of 3 months. Ethical permission 
was taken from the IEC before the onset of the study 
(GMC/105/INST/2025). Informed consent was obtained 
from all participants before their inclusion in the study. The 
confidentiality of patient data was maintained at all stages of the 
study, and only aggregate data were reported.

Participants
• Inclusion criteria: Patients aged ≥18 years, skeletally mature.
• Exclusion criteria: Lower limb amputees, skeletally immature 
individuals, patients with liver, thyroid, or parathyroid diseases, 
chronic corticosteroid or anticonvulsant use, prolonged alcohol 

intake, or drug abuse.

Sample size
A total of 139 patients were initially enrolled; after applying 
exclusion criteria, 120 patients were included. Mean age was 
46.2 years (range 23–59).

Radiographic evaluation
• Hip radiographs: Anteroposterior view of right hip
• Calcaneal radiographs: Lateral view of right calcaneus.
• Indices applied:
o Singh’s Index (Grades I–VI): Based on trabecular patterns in 
the proximal femur
o Calcaneal Index (Grades I–V): Based on trabecular patterns in 
the calcaneus.
Four orthopedic surgeons, each with ≥2 years of post-graduate 
experience, independently graded radiographs using reference 
charts.

BMD measurement
QUS was performed at the right femoral neck and calcaneus. 
BMD was expressed as T-scores.

Observer variability
• Intraobserver agreement: Each surgeon regraded radiographs 
at 1, 2, and 3 months.
• Interobserver agreement: Comparison across surgeons at each 
time point.
• Statistical analysis: Weighted Cohen’s kappa statistics.

Interpretation of Kappa values
• Poor: 0.00–0.20
• Fair: 0.21–0.40
• Moderate: 0.41–0.60
• Substantial: 0.61–0.80
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Grade
Singh’s Index (proximal 

femur) (%)

Calcaneal Index 

(calcaneus) (%)

Grade VI (normal 

trabecular pattern)
22 patients (18.3) –

Grade V 28 patients (23.3) 26 patients (21.7)

Grade IV 30 patients (25) 34 patients (28.3)

Grade III 20 patients (16.7) 32 patients (26.7)

Grade II 12 patients (10) 18 patients (15)

Grade I (severe 

trabecular loss)
8 patients (6.7) 10 patients (8.3)

Table 1: Distribution of Singh’s Index and Calcaneal Index grading

Index
Intraobserver 

agreement (κ)

Interobserver 

agreement (κ)

Singh’s Index
0.63–0.88 

(substantial)

0.15–0.54 (poor to 

moderate)

Calcaneal Index
0.58–0.82 (moderate 

to substantial)

0.18–0.52 (poor to 

moderate)

Table 2: Intraobserver and interobserver agreement 

(Kappa values)
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• Almost perfect: 0.81–1.00.

Correlation analysis
Correlation between Singh’s Index, Calcaneal Index, and QUS-
derived BMD was calculated using Pearson and Spearman 
coefficients.

Results and Discussion

Demographic characteristics
Out of 139 patients initially enrolled, 120 met the inclusion 
criteria and were analyzed. The mean age was 46.2 years (range 
23–59 years). The majority of participants were female, and 
postmenopausal women formed a significant proportion of the 
study population. This demographic distribution reflects the 
higher prevalence of osteoporosis among women, particularly 
after menopause.

BMD (QUS findings)
QUS measurements revealed a wide distribution of T-scores 
across the study population:
• Normal bone density (T-score ≥−1): 38 patients (31.7%)
• Osteopenia (T-score between −1 and −2.5): 52 patients 
(43.3%)
• Osteoporosis (T-score ≤−2.5): 30 patients (25%).
This distribution highlights the significant burden of low bone 
mass in the study population, with nearly 70% of patients 
demonstrating osteopenia or osteoporosis.
Both indices show clustering in intermediate grades (III–V), 
reflecting moderate trabecular loss consistent with osteopenia. 
Severe trabecular loss (Grade I–II) was less common but 
present in 17% of Singh’s Index cases and 23% of Calcaneal 
Index cases. Normal trabecular patterns were observed in 18% 
(Singh) and 22% (Calcaneal), highlighting variability between 
sites as shown in Table 1.
Intraobserver agreement was consistently higher, indicating 
that individual observers were relatively reliable when grading 
radiographs over time. Interobserver agreement was weaker, 
reflecting significant variability between different observers in 
applying grading criteria. Both indices demonstrated 
subjectivity, with Singh’s Index showing slightly better 
intraobserver consistency but poor reproducibility across 
observers, as shown in Table 2.

Correlation between indices and QUS-derived BMD
Correlation analysis revealed weak associations:
• Singh’s Index versus QUS BMD: Pearson r = 0.28 (P > 0.05)

• Calcaneal Index versus QUS BMD: Pearson r = 0.32 (P > 
0.05).
Neither index demonstrated a statistically significant 
correlation with quantitative BMD. Patients with similar Singh 
or Calcaneal grades often had markedly different QUS T-scores, 
highlighting the limited diagnostic accuracy of these indices.

Discussion
Osteoporosis is a silent disease until fractures occur, making 
early detection critical. While DEXA is the gold standard for 
BMD measurement, its limited availability in low- and middle-
income countries has prompted interest in inexpensive 
radiographic indices such as Singh’s Index and Calcaneal Index. 
Previous studies have reported that Singh’s Index and Calcaneal 
Index are viable alternatives for assessing bone health, 
particularly in settings lacking access to DEXA or QUS scans 
[9]. Our study found poor interobserver agreement and weak 
correlation with QUS-derived BMD, consistent with much of 
the literature. In our study, intraobserver agreement was 
substantial (κ = 0.63–0.88), but interobserver agreement was 
poor to moderate (κ = 0.15–0.54). This reflects the subjective 
nature of trabecular grading. As per the study done by 
Cockshott and Park, the interobserver agreement was lower for 
Singh’s Index than for the Calcaneal Index, possibly because of 
the influence of femoral rotation in radiographs [10]. The 
Calcaneal Index evaluates trabecular patterns in the calcaneus, 
another site rich in cancellous bone. Govindharaaju et al. 
(2023) found a weak correlation between Singh’s and Calcaneal 
indices in patients with fragility fractures, reinforcing concerns 
about their diagnostic accuracy [11]. Our study demonstrated 
weak correlations between both indices and QUS-derived 
BMD (Pearson r = 0.28–0.32, P > 0.05). This aligns with 
findings by Soontrapa and Soontrapa (2005), who reported 
poor reliability and diagnostic value of Singh’s Index in 
screening femoral neck osteoporosis [12]. The primary 
advantage of Singh’s and Calcaneal indices is cost-effectiveness 
and accessibility. In resource-limited settings, where DEXA is 
unavailable, these indices may provide a rough qualitative 
estimate of bone loss. However, their limitations are significant 
as grading depends heavily on observer interpretation. Patients 
with similar grades often have different densitometry results. 
Positioning, film type, and exposure parameters affect. QUS 
offers a promising alternative. It is portable, inexpensive, 
radiation-free, and provides objective BMD values. Studies 
have shown QUS to correlate reasonably well with DEXA, 
particularly at the calcaneus. In our study, QUS provided 
reproducible results, underscoring its potential as a screening 
tool in resource-limited settings. Given the poor reproducibility 
and weak correlation of Singh’s and Calcaneal indices with 
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quantitative BMD, reliance on these methods alone is not 
advisable. However, in settings where DEXA is unavailable, 
they may serve as preliminary screening tools, provided their 
limitations are acknowledged. Integration of QUS into 
screening programs could significantly improve diagnostic 
accuracy and reduce fracture risk through earlier intervention. 
Further research should focus on large-scale validation of QUS 
against DEXA in diverse populations and development of 
standardized radiographic grading protocols to reduce 
subjectivity.

Conclusion
Our study reinforces the limited reliability of Singh’s and 

Calcaneal indices in assessing osteoporosis. While inexpensive, 
their subjectivity and poor correlation with quantitative BMD 
undermine clinical utility. QUS emerges as a more reliable, 
affordable alternative, particularly in resource-limited settings.

Jain R, et al

Clinical Message

Quantitative Ultrasound (QUS) of the calcaneus provides a 
significantly more reliable, objective, and accurate evaluation for 
osteoporosis pre-screening than the radiographic Singh’s Index and 
Calcaneal Index. While both radiographic indices offer a cost-
effective alternative for structural screening in extreme resource-
poor settings, they suffer from high observer subjectivity and poor 
correlation with true bone mineral density.
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