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Objectives: Since various medications can control the rate of fractures and subsequent complications
of osteoporosis, the early detection of the disease is crucial. This systematic study aimed to compare
the diagnostic accuracy of Singh index (SI) with dual-energy X-ray absorptiometry (DEXA) as a
benchmark standard for diagnosing osteoporosis.

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) were utilized in the
current study. A detailed search was carried out using PubMed and Scopus from inception to 30 May 2022.
Examining quality of the studies was performed by the Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2).

Results: A total of 22 studies were included. In general, 50% of the studies considered Sl a poor screening tool for
detecting osteoporosis due to a negligible inter-observer agreement between Sl and DEXA or a poor correlation of
S| with the bone mineral density (BMD) category or DEXA T-score. A moderate inter-observer agreement was
reported for Sl in 5 (55.6%) studies. Among the studies assessing the sensitivity and specificity of SI compared to
DEXA (n=13), six studies estimated a low sensitivity for SI.

Conclusion: While there is supporting evidence indicating the potential usefulness of Sl for predicting femoral neck
fractures in individuals with suspected osteoporosis, numerous studies challenge its reliability and diagnostic value
as a screening tool for identifying femoral neck osteoporosis. Further primary studies are required to verify the

effectiveness of the Sl index in identifying populations at risk of osteoporosis.

Level of evidence: V
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Introduction
O steoporosis is known as a severe health problem
that decreases the strength of bone and increases
the risk of fractures. It has been estimated that more
than half of the population over 50 years suffer from this
disease.l’ 2 Compared to men, women are more likely to
develop this disease.? However, the risk of osteoporosis is
equal for the two genders in patients with underlying
predisposing conditions related to bone demineralization.*
Often, osteoporosis is asymptomatic; accordingly, patients
do not show any symptoms until the bone breaks. Low bone
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mineral density (BMD) and decreased bone strength are
two main characteristics of this disease. 57 Based on the
World Health Organization (WHO), a BMD of 2.5 standard
deviations < of the mean of BMD in young people is
considered osteoporosis.® the most important problem
related to osteoporosis is its asymptomatic nature; it can
progress painlessly until a bone breaks. Due to chronic pain,
deformity, and disability as a result of hip and spine
fractures, some patients with fractures in these regions
never return to their everyday lives. Mortality more
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significant than expected has been reported five years after
a fracture in osteoporotic patients with hip or clinical
vertebral fractures.® These findings highlight the
importance of the diagnostic value of BMD testing as the
best predictor of fracture risk for detecting patients at high
risk of fracture.10

Since numerous medication treatments can control the
rate of fractures and subsequent complications of
osteoporosis, the early detection of the disease is highly
important. Radiologic imaging techniques are considered
the central part of the early diagnosis of osteoporosis. There
are various approaches to measure bone mass and femoral
neck trabecular morphology, including radiographic single-
energy X-ray absorptiometry, dual-energy X-ray
absorptiometry (DEXA), quantitative computed
tomography, and quantitative ultrasound, which are used
as the main techniques to diagnose osteoporosis. Among
these methods, DEXA with a relatively low radiation dose
has been introduced as an objective approach for
measuring BMD and predicting fracture risk.!! Two various
kilovoltage peaks (i.e.,, 30-50 and >70 keV) are used in the
X-ray approach to evaluate BMD in a definite area of bone,
which can provide standard deviations compared to the
general population. The main limitation of the DEXA scan is
its high cost, which makes it unaffordable, especially in
developing countries.12

A qualitative evaluation of osteoporosis is possible by
plain radiographs, in which reduced bone radiodensity,
trabecular loss, and thickening of residual trabeculae can
be evaluated. Nevertheless, radiograph indicators are
only applicable in cases with advanced bone loss.
Availability and inexpensiveness are the main reasons for
using these indicators as a screening method and
predictor of osteoporosis. The Singh index (SI) is a
conventional approach to assess bone density, especially
osteoporosis, to describe trabecular patterns in the
proximal femur. The SI index is a classical diagnostic
classification for estimating the degree of osteoporosis in
daily practice. Singh et al. introduced a method for
assessing the trabecular bone pattern in the proximal
femur for the first time. In this approach, the degree of
trabecular bone loss from the proximal femur is described
on a scale from grade 1 to 6, indicating osteoporosis
severity. In grade 6, all the major trabecular systems are
visible, while only the primary compressive trabeculae
can be observed in grade 1.13 the accuracy of the SI has
been confirmed by Koot et al. by evaluating the
reproducibility of the index and comparing it with the
BMD. The results showed that the intra-observer
agreement of SI was strong (kappa values between 0.63
and 0.88), while it's inter-observer agreement was
unacceptable (kappa values between 0.15 and 0.54). The
SI has been used in various ways, and different observers
asserted that the intra-observer agreement has been less
effective than the inter-observer agreement in assessing
the accuracy of SI.14

However, some evidence has rejected the role of SI in
diagnosing osteoporosis. The SI lacks the required
diagnostic accuracy in predicting skeletal bone mass and
is remarkably inferior to photon absorptiometry
approaches.'* 15 this systematic study aimed to evaluate
the diagnostic accuracy of SI compared to DEXA as a
benchmark standard for diagnosing osteoporosis.
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Materials and Methods

The Preferred Reporting Items for a Systematic Review
and Meta-analysis of Diagnostic Test Accuracy Studies
(PRISMA-DTA) guideline were applied in this systematic
review.

Inclusion and exclusion criteria

This study included all published studies comparing the
diagnostic accuracy of SI with DEXA in patients with
osteoporosis from inception to 30 May 2022. The
participants-Intervention-Comparison-Outcome model was
used to determine the eligibility criteria.l® all prospective
and retrospective studies with a descriptive nature were
entered into this study.

Inclusion criteria were 1) publication in the English
language, 2) conduction on human samples, and 3) provision
of a clear description of methodological techniques. On the
other hand, exclusion criteria were 1) animal or in vitro
studies, 2) editorial letters, 3) case reports or case series, 4)
qualitative narratives, and systematic review studies.
Furthermore, comparative studies focusing only on DEXA or
SI were removed from the study.

Literature search

To find the related studies, a detailed search was carried
out on the electronic databases, including PubMed and
Scopus. In addition, manual research was conducted to find
the studies that might not have been found in these
databases.

The authors also searched grey literature, such as
conference papers, technical reports, theses, and
dissertations in databases. The search process was
performed using the following terms: "Radiographic Singh
index", "Radiographic methods", "Dual-energy X-ray", and
"DEXA" in combination with "Osteoporosis” and "Bone
mineral density". Two trained researchers performed all
search processes.

Data extraction and study design

Two researchers performed the search process
independently regarding the predetermined keywords.
The titles and abstracts of all studies were reviewed
during the search process, and the unrelated studies were
excluded based on the eligibility criteria. The final
screening was performed in the next step by reviewing
the remained studies.

Data included were extracted by two researchers who
were continuously in contact. Finally, the obtained
results, including the type of study, demographic
information, fracture, number of observers, sensitivity,
specificity, Kappa coefficient between observers, and
outcome were recorded in a researcher-made checklist.

Quality assessment

Two reviewers independently evaluated the quality of all
included studies utilizing the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2). Any discrepancy
in the evaluation was resolved by the third author.

Four domains were reported for the original QUADAS-2 as
follows: patient selection, index test(s), reference standard,
and flow and timing.
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Results
Results of the Literature Search

In the first search of the databases, 1,096 records were
found, of which 794 studies were screened for title and
abstracts after the removal of duplicates. Of the remaining 48
studies, we removed articles published in other languages,
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except for English (n=5), irrelevant articles (n=3), books
(n=5), editorial letters or short communications (n=6),
qualitative and narrative articles, or systematic reviews
(n=7). Finally, 22 studies remained and were entered into
this review [Figure 1].

Figure 1. Study flow diagram of literature search

General characteristics of the included studies

In general, 86.3% (n=19) and 13.6% (n=3) of the entered
studies were retrospective and prospective, respectively. 15
17,18 Characteristics of the included studies are presented in
[Table 1]. The majority of studies were conducted in Asia
(54.5%), among which 4 (18%) studies were performed in
India, 3 (13.6%) in the Middle East (Turkey=1, Iran=1,
Pakistan=1), 2 (9%) in the Far East (South Korea=1,
China=1), and 2 (9%) in Southeast Asian (Thailand=1,
Indonesian=1). Furthermore, 8 (36.3%) studies were
performed in Europa (Germany=2, Austria=1, UK=1,
Sweden=1, Netherlands=1, Israel=1, Romania=1) and 2 (9%)
in the USA.

The entered studies were performed on 2,556 cases. Five
(22.7%) studies were conducted on patients older than 55
years. In the other studies, the mean age was between 52.8
and 78 years ranging between 20 and 84.

The female: male ratio was 9:1; however, it was not
specified in three studies. 14 1920 Ten (45.4%) studies were
conducted only on women. 15 21-29
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Diagnostic accuracy of SI compared to DEXA

In general, 11 (50%) studies considered SI as a poor
screening tool for detecting osteoporosis due to a negligible
inter-observer agreement between SI and DEXA 182330 or
poor correlation between SI and BMD category or DEXA T-
score.1415,17,19,21,22,27,31 On the other hand, 6 (27.2%) studies
showed a relatively good correlation between SI and
BMD/DXA.20. 24 25, 29, 32, 33 The other studies presented
inconclusive results on the prognostic value of SI .26.28,34-36 Of
22 entered studies, intra-observer reproducibility or inter-
observer reproducibility of SThad been assessed in 9 (40.9%)
studies. Among them, a relatively good inter-observer
agreement for SI was reported by 5 (55.6%) studies; 17,1931
32,36 while 3 (33%) studies showed a low inter-observer
agreement.!s 30 35 Additionally, a relatively good intra-
observer agreement was observed in 4 (44.4%) studies 1432
3435 whereas 2 (22.2%) studies showed a low inter-observer
agreement.14 30

Among studies assessing the sensitivity and specificity of SI
compared to DEXA (n=13), six studies estimated a low
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sensitivity for SI, while seven studies indicated a high
sensitivity for the index. The specificity was identified as low,
moderate, and high in four, one, and eight studies,
respectively. Among six studies assessing positive prediction
values, three, one, and two showed low, moderate, and high
positive prediction values, respectively. Negative prediction
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studies, respectively. The sensitivity and specificity of S were
assessed in 13 (59%) studies. Among them, the sensitivity
and specificity of SI were in the ranges of 29-96% and 2-97%,
respectively. Positive prediction values of SI ranged from
25% to 88%, and its prediction values ranged from 50%-
94%.

values were low, moderate, and high in one, two, and three

article in this review

Data extracted from each incl

Author Type of Sample Age mean Female/ Assessed area Fracture Approach Positive Negati Kappa Outcome
(years) study Size (year) male ? g predicti ve coefficient
Reference ratio s =1 on predic between
& 2 3 values tion observers
Country & & values
Hiibsch Prospective 156 58.5 118/38 Right and left No fracture Data were - - - - Good agreement The applicability of
(1992) comparativ (116 proximal femur examined by two between two the SI was rejected
1 e study patients (Femoral neck, observers observers in SI to predict the BMD
and 12 Ward's triangle, and Of the proximal
Austria cadaver the trochanteric femur.
specimens) region)
Masud Retrospecti 659 52.8 45-70 659/0 Trochanteric and No fracture Data were 35.1% 90% - - Intra-observer A correlation was
etal. ve Intertrochanteric examined by two reproducibility: reported between
(1995) regions, femoral neck, observers 0.64 SI with lumbar
[2] Ward'’s region, Inter-observer spine BMD and the
Lumbar spine, and reproducibility femoral neck BMD.
UK total hip 0.61
Karlsson et Retrospecti 125 78 92/33 Hip-axis length, width Consecutiv Single observer - - - - - A good correlation
al. ve of collum femoris, and ehip was found between
(1996) femoral fracture Sl'and BMD/DEXA.
3] shaftand neck-shaft
angle
Sweden
Koot Retrospecti 72 >55 Unspecifi The femoral neck or Fractures Radiographs - - - - Inter-observer: No correlation was
etal. ve ed trochanteric of the were examined 0.15 to 0.54 reported between
(1996) femoral by six observers Intra-observer: Sl and BMD.
4] neck or 0.63 to 0.88
trochanteri
Netherland cregion
Chung Retrospecti 60 - - Proximal femur No fracture Data were - - - - Inter-observer Alow clinical value
etal. ve examined by six agreement: 0.45 was reported for SI.
(1999) observers (moderate)
[5]
South
Korea
Anburajan Retrospecti 45 >65 45/0 Femoral neck, No fracture = 82% 94% 88% 91% - A good correlation
etal. ve trochanter, and was reported
(2001) Ward’s triangle between SI and DXA
6] results, while the
correlation of SI
India with trochanteric
BMD and T-scores
was low.
Soontrapa Prospective 130 72.5 130/0 Left hip joint No fracture - Sl<4: Sl<4: Sl<4: Sl<4: - It was reported that
etal 58% 55% 29% 81% SI was a poor
(2005) SI<3:2 SI<3: SI<3:43 SI<3:7 screening tool for
[71 9% 92% % 8% detecting femoral
neck osteoporosis.
Thailand
Trijoto Retrospecti 64 post- - 64/0 Femoral neck and No fracture - Osteop Oste Osteopor 75% - Due to the high
etal. ve menopausa lumbal orosis: opor osis: sensitivity and
(2006) I women 91.4% osis: 91.4% moderate
8] Osteop 89.6 Osteopen specificity of the
enia:66 % ia:70.6% DEXA test,
7% Oste determining
Indonesian open osteoporosis by SI
ia:89. needs to be
1% confirmed by this
test.
Sah Retrospecti 32 67 (47 to 32/0 Femoral neck, spine, Hip = 85% 79% = = = No correlation was
etal. ve postmenop 90) and greater arthroplast reported between
(2007) ausal trochanter y Sland the DEXA
[9] Caucasian scan.
osteoarthri
USA tic women



https://scholar.google.com/citations?user=8_VcY8AAAAAJ&hl=en&oi=sra

(®)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 12. NUMBER 1. January 2024

LE 1. Continued ‘

RADIOGRAPHIC SINGH INDEX IN DIAGNOSING OSTEOPOROSIS

Memon Retrospecti 98 59 98/0 Femur/pelvis No fracture - Sl<4: Sl<4: - - - Sl had low
etal. ve Post- 44% 97% sensitivity and high
(2007) menopausa SI<3:5 SI<3: specificity.
[10] 1females r 5% 84%
USA
Hauschild Retrospecti 100 69.43 79/21 Femoral neck and Previous Data were 83.3% 24.2 Intra-observer There were
etal. ve trochanteric region fracture of examined five % = = agreement: 0.43 moderate intra-
(2009) left femur independent Inter-observer observer
[11] in 7 cases observers agreement: 0.199 agreements and
poor inter-observer
Germany agreements.
Karabulut Retrospecti 47 63.21 47/0 Without previous hip Previous Data were - - - - A correlation was
etal. ve fractures hip assessed by five observed between
(2010) fractures or observer Sl and BMD.
[12] hip surgery radiologist,
physical
Turkey therapist, and
anatomists
Salamat Inter- observer
etal. Prospective 72 >50 68/4 Femoral neck and Fracture of Three separate 96% 2% 38% 50% agreement A negligible inter-
(2010) trochanteric the femoral sessions by three 1and 2:0.01 observer agreement
[13] neck or experienced 1and 3:0.07 was reported.
trochanteri orthopedists, 2and 3: 0.09
Iran ©
Shankar Retrospecti 50 20-84 50/0 Trabecular No fracture An experienced - - - - - A correlation was
etal. ve Post- microarchitecture of radiologist found between SI
(2011) menopausa the proximal femur grade and BMD.
[14] 1:39
India
Proxim Proxi
Bes Cemal Retrospecti 50 53.3(27- 39/11 T scores of the spine Operation Three observers al mal 50%- 89%- Inter-observer A high specificity
etal. ve 83) and left proximal of the femur femu 80% 94% agreements were was reported for SI
(2012) femur pelvis due (91%) r 0.71 (range, 0.69 in predicting
[15] to Femor (93% t00.72) osteoporosis.
Turkey osteoarthri al neck The results of SI
tis or (90%) Femo were not the same
fracture ral as those obtained
neck with DEXA.
(91%)

Kapishniko Retrospecti 42 57.4 - Right femur No fracture Three - - - - - A correlation was
vetal ve experienced found between SI
(2013) radiologists and BMD.

[16]
Israel
Klatte Retrospecti 128 human 66.7 (24— 35/29 Trochanteric region, No fracture Three 452 % 92.3 = = Inter-rater A poor correlation
etal. ve cadaveric 89) femoral neck, Ward'’s independent % reliability : 0.629 was reported
(2015) femora of region, and total observers CI: 0.439-0.763 between SI and
[17] 64 patients region DXA-BMD.
Germany of each femur

Qadir etal. Prospective 120 post- 62.91 120/0 Proximal femur Prior - - - - - - Asslight agreement

(2016) menopausa fracture was reported
[18] I women after age between Sl and
Pakistan 50 DEXA.
Alexa et al. Retrospecti 129 <65: 70/59 Antero-posterior No fracture Four observers - - - == Inter-observer: There was a slight
(2017) ve 31 plain radiographies of (orthopedists) 0.15. inter-observer
[19] >65: 98 proximal femurs three months Intra- observer: agreement.
Romania reexamined
Liuetal Retrospecti 261 74 261/0 Hip joint with full Hip Single observer 42.5% 88.2 - - - A combination of
(2017) ve length femur in fracture in % OSTA with SI could
[20] anterior posterior and 87 cases be used to screen
Lateral views hip fracture risk in
China osteoporosis.
Mir et al. Retrospecti 100 >50 100/0 Right or left hip joint No fracture Radiographs Not Not - = = SI grade showed no
(2021) ve of proximal femur were assessed by adequa adeq correlation with
[21] an experienced te uate BMD category and
observer DEXA T-score.
India
Burli etal. Retrospecti 80 >50 53/27 Lumbar spine No fracture Single observer 100% >74 58% 100% Intra-observer A moderate level of
(2021) ve followed by Bilateral % reliability: (0.59) agreement was
[22] hip joint reported between
Sland the DEXA
India scan.
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Quality assessment of the studies

Index scores based on the QUADAS-2 are illustrated in
[Table 2]. As indicated, risk of bias and applicability concerns
were assessed as follows: low risk/concern (“+” signs in
green color), high risk/concern (“-” signs in red color), and
unknown risk/concern (“?” signs in yellow color).

It should be noted that studies with inadequate data were
not considered for quality assessment. As shown by the
results, two articles were assessed as low within all domains
of risk of bias and applicability concerns. Moreover, a high
risk of bias and especially high applicability concerns were

found in the domain of patient selection among the included

RADIOGRAPHIC SINGH INDEX IN DIAGNOSING OSTEOPOROSIS

studies. Only one study gained a high risk of bias in the flow
and timing domain.

In total, the majority of the studies (n=13) had an unclear
risk of bias in the domain of reference standards.
Applicability concerns were most predominant in the patient
selection domain, including eight studies with unclear and
four studies with high applicability concerns, implicating the
use of constrained populations (e.g., only included women or
post-menopausal women). Applicability concerns were
recognized as low across the studies for the reference
standard except for one study that was unclear [Table 2 and
Figure 2].

Table 2. Study quality assessment
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=)
-

Karabulut, 2010

Klatte, 2015

Koot, 1996 ?
Liu, 2017

Masud, 1996 + ®
Mir, 2021 . ?
Qadir, 2016 ? ?
Sah, 2007 + ?

Salamat, 2010

-
-~

Shankar, 2011

Soontrapa, 2005

®
-~

Trijoto, 2005

® ©® O ©® 00 00 0060 ®0 0 0
-

~
-

First author, year Risk of bias
Patient Index test Reference
selection standard
Alexa, 2017 + ?
Bes, 2011 + ®
Burli, 2020 + ?
Hauschild, 2019 . ®

Applicability concerns
Flow and Patient Index test Reference
timing selection standard

~ @ @

~

-

® ® O ® 60 ®0 0 00 ® 000
)
e 000

. High Risk of Bias ?

Unclear Risk of Bias

. Low Risk of Bias



(1)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 12. NUMBER 1. January 2024

‘ RADIOGRAPHIC SINGH INDEX IN DIAGNOSING OSTEOPOROSIS

Flow and Timing

BLow ®High OUnclear

Reference Standard

Index Test

QUADAS-2 Domain

1
[

Patient Selection

0% 20% 40% 60%

Proportion of studies with low, high or unclear

Risk of Bias

Figure 2. Quality assessment of the study

Discussion

This systematic review compared the diagnostic accuracy of
SI with the gold standard of BMD assessment (DEXA) in
patients with osteoporosis. Overall, 50% of the studies
considered SI a poor screening tool for detecting
osteoporosis due to a negligible inter-observer agreement
between SI and DEXA or a poor correlation of SI with the
BMD category or DEXA T-score. Although SI has been
confirmed as an appropriate approach for diagnosing
osteoporosis, previous evidence has shown that the SI index
has poor reliability and diagnostic value in screening femoral
neck osteoporosis. 1415 The main problems attributed to the
employment of the SI in diagnosing osteoporosis are the
inability to clearly show the trabeculae by radiographs
because of the soft tissue shadow in overweight patients and
poor quality of radiographs due to technical problems,
including poor positioning of the issues and insufficient
image resolution.’> Evidence has shown that the sensitivity
of plain radiographs is very low; accordingly, about 30-40%
of demineralization occurs before the appearance of changes
on a plain radiograph.3?

Correlation of SI with DEXA

In general, half of the included studies considered SI a poor
screening tool for detecting osteoporosis,41517-19,21-2327,30,31
while 27.2% indicated a good correlation between SI and
DEXA findings.302425293233 This discrepancy between studies
may be due to primary differentiation, including sample
characteristics. For example, the human cadaveric femora
were also assessed in some studies. Several studies were
conducted only on women older than 55. Hip fractures were
reported in some studies, whereas others were carried out
on subjects without fractures. Moreover, the same areas
were not evaluated in different studies.

There were some challenges regarding the reliability of the
predictive value of SI in establishing osteoporosis. Some
evidence has shown an excellent diagnostic value of SI in

80% 100% 0% 20%  40% 60% 80%  100%
Proportion of studies with low, high, or
unclear concerns regarding Applicability

predicting hip fractures in the femoral neck area,
trochanteric region width, and thickness of the femoral
cortex.37 38 The reliability of SI and cortical thickness index
(CTT) were compared with DEXA to diagnose osteoporosis in
a study by Burli et al,, which indicated a strong correlation
between CTI and DEXA scan T-score.3* A good correlation
was also found between SI and BMD/DEXA in a study by
Karlsson et al.33 In addition, Masud et al. reported a
correlation between SI and DEXA in the BMD of the femoral
neck, areas of the proximal femur, and the lumbar spine.32 A
correlation was reported between total hip BMD and SI in
another study conducted by Anburajan et al. in India.?°
Shankar et al. showed that the percentage decrease of femur
neck BMD was statistically similar with both DEXA and SI in
women with osteoporosis. 24 However, inconsistent results in
similar studies could be attributed to the geographical
distinctions and different characteristics of patients,
including mean age or having hip fractures.?7 3°

The applicability of SI to predict the BMD of the proximal
femur has been rejected by Hiibsch et al.l” Mir et al. found
that SI grade did not correlate with BMD category, absolute
DEXA BMD value, and DEXA T-score.?! Based on a study by
Sah et al,, no correlation was found between SI and DEXA
scan,?” while James et al. introduced SI as a reliable tool for
screening osteoporosis.*® Meanwhile, in a study by Gupta et
al, SI was significantly correlated with the DEXA scan.*!
However, these two recent studies were not included in this
review, since the SI results were not compared with that of
DEXA findings in terms of reliability. The differences in the
results of various studies might be due to the various types of
radiography. In some studies, clearer X-ray films were used,
whereas, in conventional radiographs, fat overlap might
musk the trabecular pattern. Furthermore, we should
observe the possibility of observer bias due to a single
observer in the studies, as mentioned earlier.
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Although the predicted value of SI has been confirmed in the
diagnosis of fractured neck femur in subjects suspected of
osteoporosis,!3 there are multiple evidence rejecting the
reliability and diagnostic value of SI in screening femoral
neck osteoporosis.l4 15 42 43 To a large extent, the Singh
categories' accuracy depends on the physician's experience
or the radiologist. Moreover, the index classification is
complicated because of the minimal differences between its
classes. Due to the subjectivity of SI, which can include alarge
number of categories, this approach could not be used as a
valuable tool for the prognosis of osteoporosis except in
combination with other methods of screening.?2 4 Some
evidence has suggested the employment of digital
radiography to decrease the subjectivity of the index.35 In a
study by Liu et al,, a better diagnostic value was reported for
SI combined with the Osteoporosis Self-Assessment Tool for
Asians (OSTA) and BMD of the lumbar spine for screening hip
fracture risk compared to SI alone. These results were valid
for OSTA alone.?2 these study results are valuable since both
SI and OSTA are simple, quick, and inexpensive tools.
Therefore, physicians can use the combination of these tools
in countries and regions where DEXA is highly expensive and
unavailable.

Inter-observer and intra-observer agreement in SI

Most studies assessing inter- and intra-observer agreement
generally showed an acceptable inter-and intra-observer
agreement for SI. Salamat et al. compared SI and BMD
measurements using DEXA. A total of 72 subjects who were
suspected of having osteoporosis were examined, and the
evaluations were performed by three orthopedists. The
study found a negligible inter-observer agreement,
indicating a lack of consensus. They concluded that SI should
not be used for osteoporosis diagnosis due to no correlation
between the SI index and bone densitometry. The study also
highlighted two primary deficiencies of SI, which included
similar SIs in individuals with different BMDs and no inter-
and intra-observer agreements.!8

The reliability of the Singh classification was assessed by
Koot et al, who reported an unacceptable inter-observer
agreement between SI and DEXA (0.15 to 0.54); however, a
remarkable strength was observed in intra-observer
agreement (0.63 to 0.88). On the other hand, because each
observer used the SI differently, the inter-observer
agreement was more important than the intra-observer
agreement. Even when the authors rearranged the SI into
three grades,’* the mentioned results should be assessed
with caution since only patients with underlying
osteoporosis were admitted due to the femoral neck fracture
or trochanteric region. Furthermore, the study exclusively
included participants aged 55 years or older and concluded
that SI is not a reliable tool for identifying osteoporosis due
to the low intra-class correlation (r=0.629) between SI and
DXA-BMD. They observed a weak correlation between these
tools, especially in the neck and trochanteric regions. The
maximum correlation between DXA and SI was 0.582, and
the correlation of inter-rater reliability was poor for SI.31
Another study was conducted by Hauschild et al. on 100
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cases in the absence of the DEXA findings. Among five
observers, only one was able to reach a significantlevel. They
indicated that the correlation between SI and DEXA findings
was not notable, even with the more visibility of trabeculae
of the bone by digital radiography.3> A higher intra-observer
agreement was reported in a study by Koot et al., which
might be explained by its different study design. In a study by
Hauschild et al,, all observers re-evaluated the radiographs.
Moreover, they reported a poor inter-observer agreement,
which was strong among the radiologists and trauma
surgeons. 3 In this regard, it is important to recognize the
significance of comparable clinical backgrounds when
evaluating SI, as well as the subjective nature inherent in this
approach.

Singh index's sensitivity, specificity, and prediction values
compared to DEXA scan

In the current review, conflicting results were found with
regard to the sensitivity, specificity, positive prediction
values, and negative predictive values of SI compared to
DEXA. These contradictory findings hindered us from
favoring one perspective over another and thus prevented us
from making a definitive conclusion.

The broad overlap of bone densities between the grades of
SI was the most critical limitation of this approach. Masud et
al. reported a high specificity (90%) and low sensitivity
(35.1%) for SI to diagnose osteoporosis with a criteria
osteoporosis of < Sl grade 4. An increase in the SI grade led to
a decrease in the ratio of cases under the fracture threshold
from 100% (SI grade 2) to 16.8% (SI grade 6). They claimed
that although the sensitivity of the SI technique would be
decreased (11.3%) by changing osteoporosis criteria to < SI
grade 3, its specificity would be increased (97.2%).32
Histologically, SI grade 4 has been determined as the
borderline between normal and osteoporotic individuals.*®
Similarly, Masud et al. showed that 62.9% of the patients had
a bone density below the fracture threshold in < SI grade 3,
23.6% in Sl grades 5 and 6.32 Likewise, Memon et al. reported
high specificity (44% for <SI grade 4 and 55% for <SI grade
3) and low sensitivity (97% for <SI grade 4 and 84% for <SI
grade 3) for SI in diagnosing osteoporosis. 26

In some studies, the high sensitivity, specificity, and positive
and negative predictive values for SI have introduced Sl as an
inexpensive instrument for detecting post-menopausal
osteoporosis. 2729 similarly, the results of a study by Trijoto
et al. showed high sensitivity and specificity for SI in
diagnosing osteoporosis. Moreover, they found a high
positive predictive value for the SI, which means only 8.6%
of the cases diagnosed with osteoporosis by SI would be
expected by DEXA. However, the sensitivity and specificity of
SI in diagnosing osteopenia were moderate, which seems
that SI results need to be confirmed by a DEXA test. 28
Nevertheless, in a study by Soontrapa et al., poor sensitivity
and positive predictive value were reported for an SI of < 4
or 3. The area under the curve was less than 50%. The angle
was nearly perfect diagonal, which indicated that the SI had
a low value for the diagnosis of osteoporosis, especially for
the femoral neck.!>
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Based on the findings of the study by Salamat et al,, a high
sensitivity (96%) and poor specificity (25%) in screening
were reported for SI. Positive and negative prediction values
were estimated at 38% and 50%, respectively. In the
mentioned study, grade 3 and lower indicated increasing
degrees of osteoporosis. 18

In a study by Hauschild et al, a poor correlation was
reported between BMD and SI (r=0.22), and moderate
sensitivity (82.3%) and low specificity (24.2%) were
observed for SI in detecting osteoporosis.3> However, Masud
et al. found low sensitivity and high specificity.32 As a
limitation, it should be noted that in a study by Masud et al.,
the DXA T-score of <-1.0 was considered a pathological BMD.
In another study conducted by Klatte etal., a T-score of <-2.5
was selected for the definition of osteoporosis; however, they
reported lower values for sensitivity and specificity.3! The
cut-off value should be considered a definition of
osteoporosis to assess the sensitivity and specificity of the SI.
Nonetheless, the results of the study by Klatte et al. might
have been affected by lowering the cut-off level considering
osteoporotic in SI 1 and 2, osteopenia in SI 3 and 4, and
normal bone in SI 5 and 6.31

Bes et al. indicated relatively high sensitivity and specificity
for SI in diagnosing osteopenia and osteoporosis. However,
these findings were not consistent with DXA results.3¢
although they found a high diagnostic value for SI in the
diagnosis of osteoporosis, they still needed the subjects
diagnosed with osteopenia to undergo further evaluation
with DXA. These results were confirmed by Trijoto et al. 28
however, the retrospective nature of the studies and the low
sample size might have affected the spread of the data.

In a study by Liu et al, the Youden index was used; they
considered the balance between sensitivity and specificity
[area under the curve of >0.75). They showed low sensitivity
and reasonable specificity for SI in diagnosing hip fracture;
however, it could not be used as an excellent predictive tool,
mainly if used alone. Similar results were observed for OSTA.
On the other hand, the tool demonstrated a correlation with
the mechanical parameters of the trabecular bone in the
proximal femur. 22

Mir et al. showed that the sensitivity and specificity of SI
were not adequate indicators for diagnosing osteoporotic
patients. 2! In a separate study, Burli et al. compared the
reliability of SI and CTI with DEXA for diagnosis of
osteoporosis. The cut-off value of CTI anteroposterior and
lateral was calculated at 0.43 with a sensitivity of 100% and
specificity of > 74%. Moreover, positive and negative
predictive values of CTI anteroposterior and lateral were
higher than 58% and 100%, respectively. A strong
correlation and moderate level of agreement were reported
between CTI and DEXA scan T-score.3*
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There have been reports suggesting that the distance
between the subject and the X-ray tube, as well as the type of
radiograph films, could potentially impact the quality and
resolution of images in SI. The SI has no diagnostic value
except for high sensitivity for screening. Furthermore, it is
recommended to compare the SI with other diagnostic
techniques in screening osteoporosis, including quantitative
computed tomography and quantitative ultrasonography.

Study limitations

Due to the retrospective nature of most studies, we should
cautiously generalize the results. Our study's main limitation
was differentiation between studies in terms of sample
characteristics and evaluated areas. Therefore, diversity in
populations, methodologies, and study designs were sources
of heterogeneity between different studies, resulting in the
infeasibility of conducting meta-analysis and considerably
constraining data pooling.

Conclusion

While there is evidence to suggest that SI can be useful in
predicting fractures of the femoral neck in individuals
suspected of having osteoporosis, numerous studies
contradict its reliability and diagnostic value as a screening
tool for femoral neck osteoporosis. Therefore, conducting
additional primary studies that address the limitations of
previous research could be beneficial in validating the use
of the SI index for identifying populations at risk of
osteoporosis.
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