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INTRODUCTION
Osteoporosis is a kind of systemic bone disease with bone 

mass reduction and bone microstructure destruction, which 
increases the bone fragility and risk of fracture.1,2 It has been 
recognized as one of the problems that seriously affect public 
health.3,4 For the diagnosis of osteoporosis, WHO recommends 
the detection of lumbar spine bone mineral density (BMD) by 
Dual-energy X-ray absorptiometry (DXA) as the gold standard.5,6

DXA is the preferred technique for evaluating BMD, which 
has the characteristics of fast, good accuracy, repeatability, and 
flexibility, and it is carried out at low radiation doses.5 However, 
DXA equipment is not portable, expensive, and involves ionizing 
radiation exposure, so in many geographic regions, it is usually 
limited to tertiary health care hospitals because of the need for 
specialized and trained personnel.7,8 

Quantitative ultrasound (QUS), which developed in 
recent years, has gradually become one of the preferred tools 
for many doctors and researchers to diagnose and screen 
osteoporosis with its advantages of non-radiation, non-
invasive, portable, low examination cost, and providing 
information on bone quality and strength.9-11 

Considering the considerable health problems caused by 
osteoporosis in postmenopausal women, it was necessary to 
choose a low-cost screening method to identify the disease.12,13 
In recent years, there have been a lot of clinical controlled 
studies on QUS and DXA in the diagnosis of osteoporosis 
around the world.14-16 However, the sensitivity and specificity 
of each research institution were quite different, and there 
was less systematic evaluation of such data.17-20 

Our study aimed to comprehensively evaluate the clinical 
value of QUS in the diagnosis of osteoporosis in elder women 
by using the method of evidence-based medicine. 

ABSTRACT
Objective • To assess the reliability of quantitative 
ultrasound (QUS) in diagnosing and screening 
osteoporosis in elder women. 
Methods • We conducted a systematic search of the online 
databases, including PubMed, Embase, Web of Science, 
and China National Knowledge, and screened the studies 
according to the inclusion criteria. We directly extract or 
calculate the value of true positive (TP), false positive 
(FP), false negative (FN), and true negative (TN) from 
eligible studies. We sought to evaluate the diagnostic 
parameters of QUS, containing the pooled sensitivity, 
specificity, positive likelihood ratio (PLR), negative 
likelihood ratio (NLR), diagnostic odds ratio (DOR), and 
area under the curve (AUC). 

Results • Twelve studies were included in this study with 
a total of 2260 women. QUS showed a pooled diagnostic 
odds ratio of 5.07 (95% CI 3.28-7.84), sensitivity of 0.69 
(95% CI 0.65-0.72), specificity of 0.67 (95% CI 0.64-0.69), 
and an AUC of 0.7523 (Q*=0.6953). There was no obvious 
heterogeneity and threshold effect according to the 
Spearman correlation coefficient (P = 0.059). No significant 
publication bias was found through the Deek’s funnel.
Conclusion • Our study suggested that the diagnostic value 
of QUS for osteoporosis in elder women was acceptable, but 
the accuracy still needed to be improved, QUS can be 
recommended as a pre-screening tool for osteoporosis to 
determine whether DXA measurement was needed. (Altern 
Ther Health Med. 2024;30(1):226-231).
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Forest plots were conducted to evaluate pooled estimates, 
sensitivity analysis was conducted by eliminating individual 
studies one by one, and Deeks’ funnel plots were used to 
identify the publication bias.

RESULTS
Search Process

Altogether 734 potentially relevant articles were 
identified through a primary literature search using the 
described search strategy and inclusion/exclusion criteria. By 
carefully reading the titles and abstracts, 570 studies were 
excluded because they did not meet the inclusion criteria. 
From these, 80 articles were further excluded due to various 
reasons including different study designs or insufficient data 
available. Ultimately, 12 studies that met the selection criteria 
were included in the present meta-analysis.21-31 Figure 1 
illustrates the search process, with the associated inclusion 
and exclusion criteria.

Characteristics of Included Studies
Table 1 shows the principal characteristics of the 12 

included studies. The published year was between 2001 and 
2018. These studies were from nine countries and contained 
a total of 2260 women. In all studies, the test location of 
quantitative ultrasound was calcaneus, and the gold standard 
was DXA (cut-off value: T ≤ -2.5 or T < -2.5). 

Results of Quality Assessment
As shown in Figure 2, the QUADAS-2 tool was used to 

assess the quality of included studies. The risks of clinical 
applicability were low in all studies, and so was the risk of the 
reference standard. Two studies showed a high risk of patient 
selection, and the other two articles showed a high risk of 
index test and flow and timing. Figure 3 presented a summary 
of bias risk and applicability concerns for each included study. 

Results of Diagnostic accuracy
The random effect model was used to evaluate the 

heterogeneity due to the significant heterogeneity in all 
outcomes. The overall pooled sensitivity and specificity of 

METHODS
Literature Search Strategy

We systematically searched online databases, including 
PubMed, Embase, Web of Science (WOS), and China 
National Knowledge Infrastructure, to identify correlative 
studies published before August 2022. We used the following 
keywords: (1) quantitative ultrasound (QUS); (2) 
osteoporosis; (3) diagnostic, search words were combined 
using Boolean operators “and”. No restrictions regarding the 
year of publication, language, or publication status were 
applied and no gray literature search was conducted. Hand 
searches of the reference lists of the relevant reports were 
carried out to identify any relevant studies that were missed 
with the search strategy.

Study Selection
Articles were included in our review if they met the 

following inclusion criteria: (1) Focus on the value of 
quantitative ultrasound in the diagnosis of osteoporosis in 
elder women; (2) Directly or indirectly provided the following 
data: true positive (TP), false positive (FP), false negative 
(FN) and true negative (TN); (3) Diagnosed osteoporosis 
based on widely recognized gold standards, such as DXA; (4) 
Full-text articles were available. Studies would be excluded 
for the reasons as follows: (1) Researches not meet the 
inclusion criteria; (2) The outcomes of interest were not 
reported or impossible to use; (3) Review, abstract, or 
duplicate publication.

Data extraction
Two review authors independently screened the titles and 

abstracts of search results for relevance, acquired and screened 
the full texts of potentially eligible articles, and extracted data 
from included studies as follows: first author’s name, year of 
publication, country of origin, sample size, patient’s age and 
BMI, test location, gold standard and corresponding cut-off 
value, primary outcome (TP, FP, FN, TN). 

Quality assessment
The methodological quality of the included publications 

was assessed using the Quality Assessment of Diagnostic 
Accuracy Studies-2 (QUADAS-2) tool in the Revman 
software (version 5.4), which contained four domains, 
including “patient selection”, “index test”, “reference standard”, 
and “flow and timing”. Two review authors independently 
appraised the quality of the included studies, and a third 
reviewer assisted in the event of a discrepancy. 

Statistical Analysis
Meta-analysis was performed by using Meta-DiSc 

(Version 1.4, Madrid, 2006), Stata software (Version 14.0, 
Stata Corporation), and Review Manager (Version 5.4, 
Cochrane Collaboration, 2020). The I2 was used to assess the 
heterogeneity among the studies. If P < .05 or I2 > 50%, a 
random effect model would be used for analysis; if P ≥ .05 
and I2 ≤ 50%, a fixed effect model would be used for analysis. 

Figure 1. Flow diagram of study selection
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Table 1. Characteristics of eligible studies

Study Country No. of participants Age BMI (kg/m2) Test location Gold standard Cut-off value TP FP FN TN
Dubois 2001 Netherlands 137 63±8 25±4 Calcaneus DXA T ≤ -2.5 30 20 13 74
Pearson 2003 UK 99 69±8 25.6±5.4 Calcaneus DXA T < -2.5 33 15 20 31
Pérez 2003 Spain 265 72.6±5.3 27.2±4.14 Calcaneus DXA T ≤ -2.5 65 55 42 103
Panichkul 2004 Thailand 300 57.91±8.16 23.9±3.39 Calcaneus DXA T ≤ -2.5 83 78 24 115
Boonen 2005 Belgium 221 50~75 24.2±4.1 Calcaneus DXA T < -2.5 27 53 41 127
Cook 2005 UK 208 59.7(20,87) 25.4±5.2 Calcaneus DXA T < -2.5 41 80 4 83
Pongchaiyakul 2007 Thailand 300 57.9±8.7 23.3±3.2 Calcaneus DXA T ≤ -2.5 23 36 15 226
Dane 2008 Turkey 186 59.5±4.8 27.5±6.2 Calcaneus DXA T ≤ -2.5 55 63 18 50
Jin 2010 China 106 50.2±10.9 24.82±3.86 Calcaneus DXA T < -2.5 32 4 13 57
Schafer 2011 Germany 43 62~87 27.2±4.5 Calcaneus DXA T ≤ -2.5 8 12 0 23
Vallipakorn 2016 Thailand 161 70(65,94) 23.24±5.8 Calcaneus DXA T ≤ -2.5 39 61 9 52
Steiner 2018 Austria 234 58.7±8.7 24.9±4.4 Calcaneus DXA T ≤ -2.5 22 63 10 139

Abbreviations: BMI, body mass index; TP, true positive; FP, false positive; FN, false negative; TN, true negative; DXA, dual-energy X-ray absorptiometry.

Figure 2. Proportion of studies with low (green), high (red), 
or unclear (yellow) risk of bias

Figure 3. Summary of QUADAS-2 assessments of included 
studies

Figure 4. Forest plot: sensitivity of QUS for osteoporosis

Figure 5. Forest plot: specificity of QUS for osteoporosis

Figure 6. Forest plot: positive likelihood ratio of QUS for 
osteoporosis

Figure 7. Forest plot: negative likelihood ratio of QUS for 
osteoporosis
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QUS for osteoporosis diagnosis were 0.69 (95%CI[0.65, 0.72], 
I2 = 81.1%, P < .00001, Figure 4) and 0.67 (95%CI[0.64, 0.69], 
I2 = 92.8%, P < .00001, Figure 5). The pooled PLR, NLR and 
DOR were 2.11 (95%CI[1.73, 2.58], I2 = 81.1%, P < .00001, 
Figure 6), 0.46 (95%CI[0.36, 0.59], I2 = 74.7%, P < .00001, 
Figure 7), and 5.07 (95%CI[3.28, 7.84], I2 = 73.3%, P < .00001, 
Figure 8), respectively. The area under the curve was 0.7523 
(Q* = 0.6953) (Figure 9). 

Results of Heterogeneity analysis
We conducted the threshold analysis through Meta-DiSc 

to explore the threshold effect, the Spearman correlation 
coefficient was 0.559 (P = .059), indicating that there was no 
obvious heterogeneity and threshold effect. Meanwhile, the 
forest plot of DOR showed that Cochran Q was 41.17 (P < 
.00001), suggesting there may be some threshold effect, and 
the random effect model should be used to analyze. 

Sensitivity analysis
For the heterogeneity of the above analysis, to observe 

the stability level of the synthesis results, we performed a 
sensitivity analysis and the results showed that there was no 
obvious change. Therefore, it can be judged that the 
conclusion was reliable.

Publication Bias
A Deeks’ funnel plot was performed to qualitatively 

evaluate the publication bias, and the P value was 0.06, which 
indicated no significant publication bias existed in this meta-
analysis (Figure 10).  

DISCUSSION
Osteoporosis has become a very serious public health 

problem, with the increase of life expectancy and the change 
of lifestyle. Early detection of high-risk groups of osteoporosis 
is the key to preventing and reducing the occurrence of 
osteoporosis fractures.19,32,33 Therefore, efforts should be 
made to find more effective methods to prevent and detect 
osteoporosis in the early stage.34,35 

DXA screening was most commonly used in patients 
who have had brittle fractures or who have begun osteoporosis 
treatment. However, prevention of the first brittle fracture 
should be the primary goal to reduce the disability burden, 
increased costs, and increased risk of death caused by brittle 
fractures.36,37 Therefore, it was neither recommended nor 
feasible to use DXA widely in the whole population to screen 
osteoporosis.7,38 

Quantitative ultrasound (QUS) has been widely used in 
bone health assessment in primary medical and health 
institutions due to its advantages of good repeatability, non-
radiation injury, and non-invasive.39,40 However, there were 
potential sources of error in the measurement of QUS in 
vivo, including soft tissue thickness, temperature, and 
anthropometric parameters, which may lead to the 
misclassification of individuals.41,42 Therefore, QUS had not 
been used as the gold standard for the diagnosis of 

Figure 10. Deeks’ funnel plot for evaluating potential 
publication bias

Figure 8. Forest plot: diagnostic odds ratio of QUS for 
osteoporosis

Figure 9. Summary receiver operating characteristic (SROC) 
curve of QUS for osteoporosis
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osteoporosis.19,37 However, QUS could be used as an 
alternative screening tool for osteoporosis, and some studies 
have shown that QUS can predict measurements of BMD 
and fracture risk.43-46 

Our study showed that the combined sensitivity of QUS 
in the diagnosis of osteoporosis was 69%, indicating that 
there was a certain under-diagnosis rate (31%). The specificity 
was 67%, indicating that the misdiagnosis rate was relatively 
high (33%). Likelihood ratio (LR) was a composite index that 
can reflect sensitivity and specificity at the same time, which 
was not affected by the prevalence of the disease and can 
reflect the diagnostic value of detection technology. 

Jaeschke suggested that when PLR >10 and NLR < 0.1, it 
had a convincing diagnostic efficiency; when 5 < PLR ≤ 10 
and 0.1 ≤ NLR < 0.2, it had a moderate diagnostic efficiency; 
when 2 < PLR ≤ 5 and 0.2 ≤ NLR < 0.5, the diagnostic 
efficiency was small, but it was important in some cases; 
when 1 < PLR ≤ 2 and 0.5 ≤ NLR < 1, the diagnostic efficiency 
was very small and it was not important.48 The results of our 
study were 2.11 in PLR and 0.46 in NLR, so it was not 
considered that QUS has a strong diagnostic efficiency. In 
addition, another index to evaluate the value of the diagnostic 
test was the area under the SROC curve and its curve. In this 
study, AUC was 0.7523 and Q* was 0.6953, which were close 
to 1, indicating that the diagnostic ability was still acceptable, 
but it cannot be considered to be of high accuracy.

Our research had some limitations. First of all, the 
location of gold standard DXA in different studies was not 
consistent, spin, femoral neck, or total hip or their combination 
were selected as the detection sites respectively, which may 
cause some differences in the diagnostic accuracy of QUS in 
different studies. Secondly, the population included in this 
meta-analysis were all high-age or postmenopausal women, so 
the results may not apply to men or young women. 

In conclusion, this study provided some information on a 
specific calcaneal QUS device as a screening tool for 
osteoporosis in elderly or postmenopausal women. Considering 
that the diagnostic ability was acceptable, but the accuracy 
needed to be improved, QUS can be recommended as a pre-
screening tool for osteoporosis to determine whether DXA 
measurement was needed. To further support these findings, 
studies should be conducted in a larger female population.
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