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ABSTRACT Objective: To compare the prevalence of osteoporosis with DEXA scan and Singh’s Index and try to es-
tablish any existing relation between them.

Method: Females aged 45 yrs and above coming to OPD and IPD with pathological hip fractures or low energy frac-
tures of  hip suggestive of osteoporosis as primary pathology were selected for the study. Then a x-ray of hip joint and 
DEXA of hip was done after taking consent. The results of both were calculated and compared.

Results: Age wise distribution showed that majority were between the age of 50-69 years (56.67%). It was observed 
that using Singh’s Index, osteoporosis was diagnosed in 26.67% women whereas by using DEXA it was found  in 
63.33%. Using kappa statics the agreement between the two was fair (k=0.348).

Conclusion: The Singh’s Index cannot be used for evaluating and diagnosis of osteoporosis, because of its low reliability.
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Introduction	
Osteoporosis is an important health problem characterized 
by low Bone Mineral Density (BMD) and a reduction in 
bone strength1. The definition of osteoporosis by the WHO 
is a BMD that is 2.5 standard deviation (SD) or more below 
the mean of a age specific normal reference population. 

Osteoporosis may not cause any symptom until a fracture 
occurs. Osteoporosis or  low BMD is estimated to occur 
in about 55% of the population aged 50 and over2. If not 
treated, it can progress slowly and without any pain until a 
bone fracture. These fractures occur typically in the  spine, 
hip and wrist. Spine and hip fractures may result in chronic 
pain, deformity, disability and death. About 50% of pa-
tients with hip fractures will never be able to walk without 
assistance and 25% will require long term care. Five years 
after a fracture of hip or vertebral fracture, the mortality 
rate is about 20% greater than expected, with mortality 
rates higher in men than women3.

The Surgeon General4 report on bone health and osteo-
porosis and National Osteoporosis Foundation5 physician’s 
guide to prevention and treatment of osteoporosis, iden-
tify osteoporosis as a major public health concern and em-
phasize the importance of using BMD as a clinical tool to 
diagnose patients at high risk of fracture before the first 
fracture occurs. Bone mass measurement is the single best 
predictor of fracture risk6.

The Singh’s Index, which describes trabecular patterns 
in the proximal femur is been used as a predictor for hip 
fractures and as an indicator of osteopaenia.Singh’s sug-
gested that the index could be used to separate patients 
with spinal osteoporosis from normal individuals, and also 
suggested that the index reflected the bone loss through-
out the skeleton. Many studies have shown that the Singh’s 
Index use in predicting skeletal bone mass has been over-
stated, and that the index is significantly inferior to photon 
absorptiometry methods 7,8. The Singh’s Index is an inex-
pensive simple method of assessing bone density at a site 
where fractures occur. The Singh’s Index has been criticized 
for its low reliability due to the nature of its ill-defined 

grading for osteoporosis.9

Material and Methods:
Thirty women were selected for the study.

Inclusion Criteria: All females aged 45years and above 
coming to OPD and IPD with pathological fractures or low 
energy fractures around hip suggestive of osteoporosis as 
primary pathology.

Exclusion Criteria: Age less than 45years, Patients with 
any congenital hip pathology, Patients with avascular ne-
crosis of femoral head, Patient who had taken any form of 
treatment for osteoporosis.

Methodology: 
A detailed history of these patients with written informed 
consent was taken. Then x-ray of the hip joint and DEXA 
scan for BMD was done in all the study patients. The results 
of both the investigations were calculated and compared.

Singh’s Index was calculated using trabecular pattern 
(Grade I To Grade VI). 

Grade 6: All the normal trabecular groups are visible and 
the upper end of the femur seems completely occupied by 
cancellous bone.

Grade 5: Principal tensile & principal compressive trabecu-
lae is accentuated. Ward’s triangle appears prominent.

Grade 4: Principal tensile trabeculae are markedly reduced 
in number but can still be traced from the lateral cortex to 
the upper part of the femoral neck

Grade 3: There is a break in the continuity of the princi-
pal tensile trabeculae opposite the greater trochanter, this 
grade indicates definite osteoporosis.

Grade 2: Only the principal compressive trabeculae stand 
out prominently, remaining trabeculae have been essen-
tially absorbed.
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Grade 1: Principal compressive trabeculae are markedly 
reduced in number and are no longer prominent.

For DEXA Report, T-score is used. It compares the indi-
vidual’s T-score with the average bone mineral density of 
a thirty year old of the same sex, race and culture. The 
peak age for bone density is estimated to be thirty years. 
A score of zero is similar or equal to that of a thirty years 
old bone mineral density. Scores of -1 or higher are nor-
mal, scores between -1 and -2.5 indicate thinning of bones 
and scores of less than -2.5 indicate osteoporosis.

The proportion of agreement between Singh’s Index and 
DEXA was tested by calculating Kappa values. Landis and 
Koch criteria were used to assess the agreement level. 

Landis And Koch Criteria For Kappa Statistic:

Kappa score Level of agreement
0.00–0.20 Slight
0.21–0.40 Fair
0.41–0.60 Moderate
0.61–0.80 Substantial
0.81–1.00 Excellent

Results:

Age group No. Percentage
<50 3 10.00
50-59 8 26.67
60-69 9 30.00
70-79 5 16.67
80-89 5 16.67
Total 30 100

Table 1:  Age Wise Distribution Of Study Women

In the above Table No.1, age wise distribution of the 
study women showed that majority were between the age 
of 50-69 years (56.67%) followed by age above 70 years 
(33.34%)

Table 2: Prevalence Of Osteoporosis Among Post Meno-
pausal Women With Fracture

No. Percentage

Singh’s Index 8 26.67

DEXA 19 63.33

In the above Table No.2, It was observed that using Sin-
gh’s Index, osteoporosis was diagnosed in 26.67% post 
menopausal women with fractures whereas by using DEXA 
scan it was found in 63.33% women. 

Table 3: Proportion Of Agreement Between Singh’s In-
dex And DEXA

Osteoporosis Present
DEXA Scan

Osteoporosis 
Absent

Singh’s Index Osteoporosis Present 8 0
Osteoporosis Absent 11 11

Number of observed agree

ments: 19 (63.33% of the observations) Number of agree-
ments expected by chance: 13.1 ( 43.78% of the observa-
tions)

Kappa statics = 0.348

S.E. of Kappa = 0.119
95% confidence interval: From 0.115 to 0.580. 

The strength of agreement is considered to be Fair.
When Kappa statics was applied to see the agreement 
between Singh’s Index and DEXA, it was observed that 
strength of agreement was fair.

Chart 1: Prevalence Of Osteoporosis Among Post Men-
opausal Women With Fracture

 Discussion: 
The present study was conducted to study the comparison 
of Singh’s Index and DEXA in the measurement of BMD 
for evaluating osteoporosis in post menopausal women. 

It is now generally accepted that the main factor causing 
osteoporosis is low peak bone mass when reaching adult 
age. After the growth spurt, the bone density keeps on 
increasing gradually until about 30 years of age. It is dur-
ing this time, that an additional 15% is added to the skel-
etal mass. A high peak bone mass in young adult life is 
thought to protect against fractures later in life, as obliga-
tory loss ensues. The relationship between BMD and frac-
ture risk is continuous. Fracture risk must be lowest when 
bone mineral density is highest, between ages 20 and 40 
years in healthy individuals.10

It was observed that the majority of the women in the 
study were between the age of 50-69 years (56.67%) fol-
lowed by age above 70 years (33.34%).

The prevalence of osteoporosis in post menopausal wom-
en with fracture using Singh’s Index was 26.67% whereas 
by using DEXA scan it was 63.33%. Similar findings were 
also reported by Divesh Gulati et al10 and Neelam Aggar-
wal et al11. 

To study the proportion of agreement between Singh’s In-
dex and DEXA, Kappa values were calculated. It was ob-
served that Kappa value in this agreement was 0.348  and 
when Landis and Koch’s criteria were used to assess the 
agreement level, it was observed that the strength of agree-
ment was considered to be ‘Fair’. This means that Singh’s 
Index has fair reliability against DEXA  in detecting osteopo-
rosis in among post menopausal women with fracture.

In a study done by Soontrapa et al. in 2005 in Thailand12, 
it was shown that the Singh’s Index has had poor reliability 
and poor diagnostic value in screening of femoral neck os-
teoporosis.

In this study, after we analyzed the data, it was found that 
there was no significant correlation between the Singh’s In-
dex and Bone Densitometry and we cannot use this index 
for the evaluation and diagnosis of osteoporosis.



INDIAN JOURNAL OF APPLIED RESEARCH  X 445 

Volume : 5 | Issue : 4  | April 2015 | ISSN - 2249-555XResearch Paper

REFERENCE 1. Kanis JA. Diagnosis of osteoporosis. Osteoporosis international : a journal established as result of cooperation between the European 
Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 1997;7 Suppl 3:S108-16. PubMed PMID: 9536315. | 2. 

National Osteoporosis Foundation. America’s bone health: The state of osteoporosis and low bone mass in our nation. Washington (DC): National Osteoporosis 
Foundation; 2002.. | 3. Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA. Mortality after all major types of osteoporotic fracture in men and women: 
an observational study. Lancet. 1999;353(9156):878-82. doi: 10.1016/S0140-6736(98)09075-8. PubMed PMID: 10093980. | 4. Bone Health and Osteoporosis: A 
Report of the Surgeon General. Reports of the Surgeon General. Rockville (MD)2004. | 5. Physician’s Guide to Prevention and Treatment of Osteoporosis. National 
Osteoporosis Foundation; Washington D.C.: 2003. | 6. Cummings SR, Black DM, Nevitt MC, Browner W, Cauley J, Ensrud K, et al. Bone density at various sites for 
prediction of hip fractures. The Study of Osteoporotic Fractures Research Group. Lancet. 1993;341(8837):72-5. PubMed PMID: 8093403. | 7. Hubsch P, Kocanda 
H, Youssefzadeh S, Schneider B, Kainberger F, Seidl G, et al. Comparison of dual energy X-ray absorptiometry of the proximal femur with morphologic data. Acta 
radiologica. 1992;33(5):477-81. PubMed PMID: 1389659. | 8. Masud T, Jawed S, Doyle DV, Spector TD. A population study of the screening potential of assessment of 
trabecular pattern of the femoral neck (Singh index): the Chingford Study. The British journal of radiology. 1995;68(808):389-93. doi: 10.1259/0007-1285-68-808-389. 
PubMed PMID: 7795975. | 9. Koot VC, Kesselaer SM, Clevers GJ, de Hooge P, Weits T, van der Werken C. Evaluation of the Singh index for measuring osteoporosis. 
The Journal of bone and joint surgery British volume. 1996;78(5):831-4. PubMed PMID: 8836082. | 10. Gulati D, Kumar S, Arora A, Aggarwal AN, Bhargava SK. Bone 
mineral density in young Indian adults with traumatic proximal femoral fractures. A case control study. Acta orthopaedica Belgica. 2010;76(3):335-40. PubMed PMID: 
20698454. | 11. Aggarwal N, Raveendran A, Khandelwal N, Sen RK, Thakur JS, Dhaliwal LK, et al. Prevalence and related risk factors of osteoporosis in peri- and 
postmenopausal Indian women. Journal of mid-life health. 2011;2(2):81-5. doi: 10.4103/0976-7800.92537. PubMed PMID: 22408337; PubMed Central PMCID: 
PMC3296391. | 12.  Soontrapa S, Soontrapa S, Srinakarin J, Chowchuen P. Singh index screening for femoral neck osteoporosis. Journal of the Medical Association of 
Thailand = Chotmaihet thangphaet. 2005;88 Suppl 5:S13-6. PubMed PMID: 16869101. | 13. Sartoris DJ. Clinical value of bone densitometry. AJR American journal of 
roentgenology. 1994;163(1):133-5. doi: 10.2214/ajr.163.1.8010199. PubMed PMID: 8010199. | 14. Kanis JA, Melton LJ, 3rd, Christiansen C, Johnston CC, Khaltaev N. 
The diagnosis of osteoporosis. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research. 1994;9(8):1137-41. 
doi: 10.1002/jbmr.5650090802. PubMed PMID: 7976495. | 

Koot et al9 studied the reliability of the Singh’s classifica-
tion of trabecular bone structure in the proximal femur as 
a measure of osteoporosis, using kappa statistics and they 
observed that the Singh’s Index has no value in assessing 
the grade of osteoporosis.

Conventionally plain radiographs have been used for as-
sessment of bone density. These may be inexpensive and 
easily available but have a very low sensitivity, as around 
30% - 40% of demineralization must take place before 
changes appear on a plain radiograph13. DEXA scan is 
the gold standard for measurement of bone mineral den-
sity for clinical use and has been shown to have high short 
term and long term precision as well as low rate of error 
in reproducibility in measurement of BMD14. It can detect 
osteoporosis at a relatively early stage. Use of DEXA for 
mass screening of osteoporosis in low and middle income 
countries may not be feasible as it is expensive and not 
easily accessible. Hence, the relatively cheap and easily 
available methods to assess bone mass such as Singh’s In-
dex, Calcaneal Index, Radial Index and Metacarpal Index 
are in common use but these are relatively insensitive and 
detect osteoporotic changes at a relatively later stage.

The use of Singh’s Index in evaluating bone mineral den-
sity has been controversial8,9. It relies on observation and 
thus has an inherent drawback. The limitations of plain 
radiographs include inability to see the trabeculae clear-

ly due to soft tissue shadow in a fatty patient with bulky 
thighs and buttocks and poor quality of radiographs due 
to technical lag. Digital radiographs of the pelvis with both 
hip joints may improve the precision to determine trabec-
ular pattern and are highly recommended. We found fair 
agreement between Singh’s Index and DEXA for evaluat-
ing BMD in our patients. Therefore measurement of BMD 
by Singh’s Index cannot substitute DEXA scan, which is the 
gold standard for diagnosis and quantification of osteopo-
rosis.

Conclusion: 
The Singh’s Index cannot be used for evaluating and di-
agnosing osteoporosis, because of its low reliability and 
DEXA scan remains the gold standard for diagnosis and 
quantification of osteoporosis.

Abbreviations: DEXA - Dual Energy X-Ray Absorptiometry, 
BMD - Bone Mineral Density, WHO - World Health Organi-
zation


