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Abstract

Objectives As many patients with osteoporosis remain undiagnosed, we aimed to develop a simple method to efficiently
screen for osteoporosis using a combination of anteroposterior hip X-ray assessment and the Osteoporosis Self-Assessment
Tool for Asians (OSTA), which is calculated as (body weight — age) x 0.2.

Methods One hundred Japanese women (age: 73 + 11 years, body weight: 54.4 + 11.1 kg) who underwent hip surgery,
anteroposterior hip X-ray, and DXA were included. Based on the DXA results of the total proximal femur, 35 cases were
diagnosed with osteoporosis. Fifteen orthopaedic surgeons visually inspected the hip X-ray images and scored the suspicion
of osteoporosis on a scale of 1-4 (1: very unlikely, 4: very suspicious), which is referred to as “pred-score.” In addition,
OSTA was calculated as a continuous variable (OSTA score). Osteoporosis was screened using the pred-score and OSTA
score, and both scores were analyzed using the receiver operating characteristic curves.

Results The area under the curves (AUCS) of the pred-score and OSTA score were 0.626—0.875 and 0.817 across surgeons,
respectively. When both scores were used, the AUC for screening osteoporosis ranged from 0.821 to 0.915 across surgeons.
Significant improvement from AUCs calculated with the pred-score or OSTA score was found in 11 surgeons (73.3%).
Conclusion The combination of X-ray assessment and OSTA can be used to screen for osteoporosis and has the potential to
be used as a new simple screening tool in daily clinical practice.

Keywords Bone mineral density - Hip arthroplasty - Osteoporosis - Proximal femoral fracture - Screening

Introduction

The bone mineral density (BMD) of the proximal femur
plays an important role in the selection of hip implants (e.g.,
cement or cementless stem) and initial fixation of implants
for hip arthroplasty [1, 2]. A low BMD is reported to be
a risk factor for intraoperative periprosthetic fractures [3].
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Thus, the maintenance of BMD after surgery is important to
prevent stem subsidence and periprosthetic fractures, which
drastically decrease the activity level and quality of life of
patients [1]. Moreover, adequate diagnosis and subsequent
treatment for osteoporosis are essential in patients undergo-
ing hip surgery to maintain good clinical outcomes.
Osteoporosis is usually diagnosed based on the measure-
ment of BMD of the lumbar spine and/or proximal femur
using dual-energy X-ray absorptiometry (DXA), which is
considered as the gold standard [4, 5]. However, because of
its cost and limited availability, preoperative DXA assess-
ment cannot always be performed for patients undergoing
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hip surgery or during their annual follow-up, particularly
in large hospitals where DXA examination time slots are
limited compared with the number of outpatient patients.
Hence, patients with a high risk of osteoporosis need to be
effectively selected for further examination using DXA.

The findings of hip X-rays can be used to aid in efficiently
selecting patients with a high risk of osteoporosis. Surgeons
have widely used parameters, including the Singh index [6],
cortical thickness index [7], canal flare index [8], canal-to-
calcar ratio [7], and Dorr classification [7], to estimate the
BMD of the proximal femur. In fact, some studies have
reported the potential use of these parameters for osteopo-
rosis screening [9-12].

Other tools that may be used for osteoporosis screening
include self-screening tools, such as the Simple Calculated
Osteoporosis Risk Estimation (SCORE) [13]; Osteoporosis
Risk Assessment Instrument (ORAI) [14]; Age, Bulk, One
or Never Estrogens (ABONE) [15]; and Osteoporosis Self-
Assessment Tool for Asians (OSTA) [16]. Among them,
OSTA is the simplest tool. Originally developed for Asian
postmenopausal women, this tool only uses two variables
and is calculated using the following equation: (body weight
— age) X 0.2. The cut-off value of —1 indicates a threshold
for low risk of osteoporosis, whereas —4 indicates a high
risk. While there is a need to modify the cut-off value, the
usefulness of OSTA has been verified in several Asian coun-
tries [16-22], including Japan [23].

Studies have shown the efficacy of each tool in osteo-
porosis screening. Thus, we hypothesized that osteoporo-
sis could be more efficiently screened using a combination
of X-ray findings and self-screening tools, allowing DXA
examinations to be performed on patients more likely to
have osteoporosis. Therefore, the present study aimed to (1)
develop and verify a simple screening method by combining
surgeon’s hip X-ray assessment and OSTA and to (2) analyze
whether surgeons’ experience affects its predictive value in
order to confirm the generalizability and facilitate the use of
this combined method in daily clinical practice.

Materials and methods
Participants

Ethical approval was obtained from the institutional review
boards of all institutions participating in this retrospective
study. Informed consent was obtained from all patients in
the form of opt-out. One hundred women aged over 40 years
who underwent hip surgery at two institutions (A and B,
with 50 cases each) were included in this study (Table 1).
The age, height, weight, and body mass index of participants
(presented as mean =+ standard deviation [SD]) were as fol-
lows: 73.2 + 10.2 years, 152.0 + 5.6 cm, 54.1 + 10.6 kg,
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Table 1 Demographic and clinical characteristics of patients from
institutions A and B

Factors A B Overall
Number of cases 50 50 100
Disease (oper- OA: 45 OA: 28 OA: 73

ated side) RDC: 3 PFF: 20 PFF: 20

ONFH: 2 ONFH: 1 RDC: 3
Stem revision: 1 ONFH: 3
Stem revision: 1

Age (years) 68.2+9.5 782 +8.4 732 +10.2
Height (cm) 152.6 +5.3 1514 +£59 152.0+5.6
Weight (kg) 55.8+9.8 523 +11.1 54.1 +10.6
BMI (kg/m?) 24.0 +4.2 22.7+4.0 233 +4.1
DXA-BMD (g/  0.722 +£0.137 0.657 £0.167  0.689 + 0.155

cm?)
Osteoporosis 11 24 35 (35%)

BMI body mass index, OA osteoarthritis, RDC rapidly destructive
coxopathy, ONFH osteonecrosis of the femoral head, PFF proximal
femoral fracture, DXA dual-energy X-ray absorptiometry, BMD bone
mineral density

and 23.3 + 4.1 kg/m?, respectively. Eighty patients under-
went elective surgery (i.e., total hip arthroplasty), whereas
20 patients underwent surgery for proximal femoral fracture
(Table 1). Among them, the non-operated side with no obvi-
ous osteoarthritis or deformity was used for analysis.

DXA acquisition and diagnosis of osteoporosis

All patients underwent BMD measurement of the proxi-
mal femur of the contralateral side (i.e., nonsurgical side)
before or after surgery using DXA to select the appropriate
surgical implant and initiate osteoporosis treatment when
diagnosed. Hologic’s DXA was used in both institutions (A:
Horizon A, B: Horizon Wi). DXA calibration was performed
at each institution each day using a phantom provided by the
manufacturer. Osteoporosis was diagnosed on the basis of
a T-score of —2.5 at the proximal femoral region (i.e., total
region), which was calculated on the basis of the guidelines
of the International Society for Clinical Densitometry [24]
with modifications for Japanese subjects [4].

Relationship between surgeons’ X-ray assessment
and BMD of the total proximal femur region
measured by DXA (DXA-BMD) and osteoporosis

Fifteen orthopedic surgeons, including five board-certified
surgeons (staff surgeons) and 10 residents (less than four
years of experience in orthopaedics), participated in this
study. First, a surgeon who did not participate in the X-ray
assessment selected the anteroposterior hip X-ray and cre-
ated the material for assessment. The surgeon was blinded
with regard to the operated side and patient demographics
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(e.g., age and hip disease) in order to avoid bias (Fig. 1a—d).
Then, each surgeon visually inspected the hip X-rays and
scored the suspicion of osteoporosis on a scale of 1-4 (1:
very unlikely (Fig. 1a), 2: unlikely (Fig. 1b), 3: suspicious
(Fig. 1c), and 4: very suspicious (Fig. 1d)) for each case
(pred-score). The average pred-score of all surgeons for each
case was also calculated (ave.pred-score). Interobserver and
intraobserver agreement was assessed because visual inspec-
tion is subjective. Specifically, eight surgeons (four staff sur-
geons and four residents) visually reassessed the hip X-rays
of 100 patients with an interval of more than two weeks.

The relationship between the ave.pred-score and DXA-
BMD was analyzed. Moreover, the relationships between
pred-score and osteoporosis were analyzed for each surgeon
and for all surgeons (15 surgeons). Furthermore, the rela-
tionships were calculated for staff surgeons and residents
and compared to assess whether the surgeon’s experience
affected the predictive accuracy.

Relationship between OSTA score and DXA-BMD
and osteoporosis

OSTA was calculated as follows: (body weight — age) x 0.2.
It was evaluated as a continuous variable and referred to as
the “OSTA score.” The relationship between OSTA score
and DXA-BMD and osteoporosis was analyzed.

Data analyses

The Pearson correlation coefficient was used to assess
the correlation between DXA-BMD and surgeons’ X-ray
assessment (ave.pred-score) and OSTA score. The relation-
ship between the pred-score and OSTA score in diagnosing
osteoporosis was assessed using receiver operating charac-
teristic (ROC) curve analysis. A combined ROC curve anal-
ysis was performed using the pred-score and OSTA score
to predict osteoporosis. The area under the curve (AUC),
specificity, sensitivity, and cut-off value were quantified for
each ROC curve analysis. AUCs of 0.61-0.80, 0.81-0.90,
and >0.90 were considered moderate, good, and excellent,

Fig. 1 Examples of four X-rays
used to classify osteoporosis
likelihood. The ave.pred-score
of 15 surgeons for these cases
werea 1.1,b 2.0,¢2.9, and d
39

respectively [25]. Interobserver and intraobserver agree-
ment in X-ray assessment was evaluated using the quadratic
weighted kappa coefficient. Kappa values of 0.81-1.00 were
considered almost perfect [26]. All statistical analyses were
performed using JMP Pro 17 (SAS Institute Japan, Tokyo,
Japan) and MATLAB v9.10 (MathWorks, Natick, MA,
USA). Statistical significance was considered at p < 0.05.

Results
Results of ave.pred-score, DXA-BMD, and OSTA score

The mean (+ SD) ave.pred-score, DXA-BMD, and OSTA
score were 2.3 + 0.8, 0.689 + 0.155 g/cm2, and —3.8 +
3.4, respectively. Osteoporosis was diagnosed in 35 patients
based on a T-score < —2.5 (Table 1).

Relationship between surgeons’ X-ray assessment
and DXA-BMD and osteoporosis

The correlation between the ave.pred-score and DXA-BMD
was r = —0.74 (p < 0.01) (Fig. 2a). In the ROC curve analy-
sis to predict osteoporosis based on the ave.pred-score, an
optimal ave.pred-score cut-off value of 2.4 showed 80.0%
sensitivity and 83.1% specificity (AUC: 0.890) (Fig. 2b).
When compared across surgeons, the AUCs ranged from
0.626 to 0.875, which were significantly different across
surgeons (p < 0.01) (Table 2). The AUC using the staff
surgeons’ pred-score was 0.908, which was not statistically
different from that of residents (0.871, p = 0.07) (Table 2).

Relationship between OSTA score and DXA-BMD
and osteoporosis

The correlation between the OSTA score and DXA-BMD
was r = 0.58 (p < 0.01) (Fig. 2¢). In the ROC curve analysis
to predict osteoporosis based on the OSTA score, an optimal
OSTA score cut-oft value of —4.3 showed 80.0% sensitivity
and 72.3% specificity (AUC: 0.817) (Fig. 2d).
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Fig.2 Correlation of each
score between DXA-BMD and
the ROC curve for diagnosing
osteoporosis by each score. Cor-
relation between pred-score and
DXA-BMD (a) and ROC curve
for diagnosing osteoporosis
using the pred-score (b). Cor-
relation between OSTA score
and DXA-BMD (c¢) and ROC
curve for diagnosing osteopo-
rosis using the OSTA score

(d). The red dotted line in (a)
and (c) indicates the regression
line, and red letters indicate the
regression equation, coefficient
of determination, and p-value.
The blue circle in (b) and (d)
indicates the optimal cut-off
point

Table 2 Results of ROC curve
analysis to predict osteoporosis
using the pred-score across
surgeons and surgeon groups
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Cut-off value AUC Sensitivity (%) Specificity (%)
Staff surgeons
A 2 0.764 60.0 92.3
B 3 0.873 68.6 92.3
C 2 0.875 97.1 60.0
D 3 0.844 68.6 84.6
E 3 0.820 74.3 77.0
Residents
F 3 0.868 85.7 76.9
G 3 0.626 514 72.3
H 3 0.784 85.7 62.5
I 3 0.774 65.7 80.0
J 3 0.811 71.4 73.8
K 3 0.666 77.1 52.3
L 4 0.758 45.7 95.4
M 3 0.781 62.9 78.5
N 3 0.821 82.9 66.2
o 3 0.793 74.3 69.2
Staff surgeons overall 22 0.908 80.0 89.2
Residents overall 2.5 0.871 85.7 75.4
Overall 2.4 0.890 80.0 83.1

AUC area under the curve
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Fig.3 ROC curve for diagnosing osteoporosis using the pred-score
and OSTA score. The blue circle indicates the optimal cut-off point

Combined analysis of the relationship
between surgeons’ X-ray assessment and OSTA score
and osteoporosis

In the ROC curve analysis to predict osteoporosis based on
the ave.pred-score and OSTA score, the AUC was 0.912
with a sensitivity of 71.4% and specificity of 95.4% (Fig. 3).
When compared across surgeons, the AUCs ranged from
0.821 to 0.915, which were significantly different across sur-
geons (p < 0.01) (Table 3). The sensitivity ranged between
66.2 and 85.7%, whereas the specificity ranged between 74.6
and 92.3% (Table 3). The AUCs significantly improved from
that calculated using only the pred-score for eight surgeons
(53.3%) or that using only the OSTA score for seven sur-
geons (46.7%), resulting in an increase of 73.3% in 11 sur-
geons when only one parameter (pred-score or OSTA score)
was used (Table 3). The AUC using the staff surgeons’ pred-
score was 0.925, which was not statistically different from
that of residents (0.896, p = 0.09).

Interobserver and intraobserver agreement
in surgeons’ X-ray assessment

The kappa coefficient of the pred-score across surgeons (i.e.,
interobserver agreement) ranged between 0.868 and 0.967,
whereas that within surgeons (i.e., intraobserver agreement)
ranged between 0.762 and 0.963 (Table 4).

Table 3 Results of ROC curve analysis to predict osteoporosis using
the pred-score and OSTA score across surgeons and surgeon groups

AUC Sensitivity (%)  Specificity (%)
Staff surgeons
A 0.879*  80.0 74.6
B 0.906*  85.7 81.5
C 0.909*  80.0 86.2
D 0.903**  71.4 92.3
E 0.878% 829 75.4
Residents
F 0915+  77.1 90.7
0.821* 743 80.0
H 0.847 66.2 91.4
I 0.833 71.4 83.1
J 0.865 74.3 87.7
K 0.832%  77.1 80.0
L 0.857* 743 84.6
M 0.894*% 743 84.6
N 0.882+*  80.0 74.6
0 0.850 77.1 80.0
Staff surgeons overall ~ 0.925% 88.6 84.6
Residents overall 0.896" 71.4 93.8
Overall 0912 714 95.4

OSTA Osteoporosis Self-Assessment Tool for Asians, AUC area
under the curve

“Statistically higher than the AUC calculated using the pred-score
#Statistically higher than the AUC calculated using the OSTA score

Discussion

We used a combination of surgeon’s X-ray assessment and
OSTA to predict osteoporosis in Japanese women who
underwent hip surgery. In the analysis, the surgeons’ assess-
ment had “moderate” to “good” predictive ability, whereas
the OSTA score had “good” predictive ability. When both
scores were combined, the AUCs were “good” in 11 sur-
geons and “excellent” in four surgeons. Collectively, our
results indicate that combining surgeons’ assessment and
OSTA can be used as a simple convenient screening tool for
osteoporosis that can help identify patients who may need
further BMD assessment using DXA.

Comparison of our results with those of previous
reports

The effectiveness of using hip X-ray findings in screening for
osteoporosis has been reported. For example, the usefulness
of parameters, including the Singh index, cortical thickness
index, canal flare index, canal-to-calcar ratio, and Dorr clas-
sification, has been analyzed. Among them, several studies
have reported the usefulness and superiority of the cortical

@ Springer
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Table 4 Intraobserver

Staff surgeons Residents
agreement of the pred-score for
eight surgeons A C D F G I J
Kappa coefficient 0.901 0.967 0.959 0.949 0.930 0.923 0.938 0.868

thickness index with an AUC of 0.82-0.84 for diagnosing
osteoporosis [12, 27, 28]. In the present study, the AUC
from X-ray assessment ranged from 0.626 to 0.875 across
surgeons, and the AUC using the ave.pred-score was 0.890,
indicating that surgeons’ assessment had high predictive
ability to detect osteoporosis from hip X-rays. Conversely,
the causality of each surgeon in selecting the pred-score
remains unknown and is subjective. However, surgeons
likely define their pred-score based on X-ray findings (e.g.,
cortical thickness and bone structure of the cancellous
bone). Although subjective, the intraobserver agreement
of the pred-score was “almost perfect,” and no significant
difference was found between staff surgeons and residents.
Thus, the results support the application of the pred-score
in clinical practice regardless of the surgeon’s experience.

With regard to OSTA, previous studies have demonstrated
its effectiveness as a screening tool for osteoporosis. Specifi-
cally, previous studies have reported that the OSTA has an
AUC value ranging between 0.62 and 0.87 [18-22]. In the
present study, the AUC of the OSTA score was 0.817, which
was included in the range reported previously.

Some studies have reported the usefulness of combin-
ing X-ray findings and OSTA. For example, Liu et al. [29]
reported that combining the Singh index and OSTA sig-
nificantly improved the AUC for diagnosing osteoporosis
(0.795) compared with using the OSTA (0.534) or Singh
index (0.636) alone. While a direct comparison with our
study could not be made, the results of our study were likely
superior to those of Liu et al’s study, as previous studies have
shown the difficulty of using the Singh index in predicting
the BMD of the proximal femur.

Application of the results to clinical practice

In this study, the AUC (0.912) combining the ave.pred-score
and OSTA score was significantly improved compared with
that of the OSTA score (AUC: 0.817) when analyzed in all
surgeons. Alternatively, no significant improvement of AUC
was found from the ave.pred-score. When analyzed for each
surgeon, the AUC was the highest when the pred-score and
OSTA score were combined, with significant improvement
from AUCs calculated with the pred-score or OSTA score
in 11 surgeons (73.3%). Because X-ray assessment is usu-
ally performed by surgeons in their clinical practice (e.g.,
outpatient clinic), our results support its clinical application
regardless of the surgeon’s skill in predicting osteoporosis
from hip X-rays. As the method proposed in the present
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study is not applicable for assessing BMD changes over
time, our next step is to clarify factors that enable longitu-
dinal BMD assessment.

There may be other methods to further improve the pre-
diction of osteoporosis screening, including adding other
metrics calculated from X-rays (e.g., Singh index, cortical
thickness index). However, the addition of several param-
eters requires time and increases the complexity in meas-
urement and analysis, limiting its use in clinical practice.
As “good” or “excellent” AUCs (>0.82) were maintained
among all surgeons, we believe that the method developed
in this study is clinically useful for osteoporosis screening
in patients with hip diseases.

The recent application of artificial intelligence (AI)
technology for screening osteoporosis from hip X-rays has
considerable attention. In fact, some studies have shown
an AUC of >0.9 in detecting osteoporosis from hip X-rays
[30-32]. While the “black-box” aspect of Al is a matter of
concern, our results may explain why adding patient demo-
graphics to the Al model improved the predictive accuracy
of osteoporosis [30]. As our study has shown that combin-
ing the ave.pre-score and OSTA score maintained an AUC
of >0.9, we believe that it would be necessary for future
studies to compare the results derived from Al and those
derived from other conventional methods in order to clarify
the novelty and usefulness of a new Al system.

Application of the results to patients from other
countries and males

Although the OSTA was originally developed for postmeno-
pausal Asian women, studies have confirmed its potential
use in osteoporosis screening for men and other ethnicities,
including Caucasians and African-Americans [33]. For
example, previous studies have reported an AUC of 0.71 for
men (94% Caucasians) [34], an AUC of 0.813 for Cauca-
sian women [35], and a sensitivity of 75.4% and specificity
of 75.0% with a cut-off value of 2 for African-American
women [36]. Thus, while further studies are necessary, we
believe that there is a potential for the findings of this study
to be tested and validated in different cohorts.

Limitations
This study has some limitations. First, as information regard-

ing menopause was not available, the patients included in
this study were women aged over 40 years. The results may
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vary if only postmenopausal women were included. Second,
the results may not be directly applied to the general popula-
tion, as the patients analyzed in this study were scheduled for
hip surgery due to hip disorders. Although a study acquiring
hip X-rays in a healthy population could be conducted, the
radiation dose cannot be ignored. As hip X-rays are routinely
acquired preoperatively and postoperatively for patients
with hip diseases, we believe that the lack of analysis in the
general population does not diminish this study’s clinical
importance. Third, while hip X-rays were acquired follow-
ing routine protocol with the lower limb internally rotated,
the femur was not always in the neutral position because of
its anatomy or disease in the contralateral hip. Our next step
may be to clarify the effect of hip rotation on the pred-score
of each surgeon because hip rotation may alter the surgeon’s
assessment of the femur.

Conclusions

Surgeon’s X-ray assessment and OSTA had the potential to
be used for osteoporosis screening. When the ave.pred-score
and OSTA score were combined, the AUC to detect osteopo-
rosis was 0.912. When analyzed for each surgeon, an AUC
> (.82 was maintained across surgeons regardless of their
experience when the pred-score and OSTA score were com-
bined. Collectively, our results confirmed that combining the
surgeon’s hip X-ray assessment and OSTA is a potentially
useful tool to easily screen for osteoporosis and help identify
patients who require DXA examination.

Acknowledgment We thank Drs. Yoshinori Imura, Hiroki Kondo,
Shizune Hara, Shuma Kinoshita, Tomoki Asano, Tomomi Atsui, Yuki
Noshi, Mizuki Kinomoto, Yoshiki Yamada, and Kenta Imoto for their
help in acquiring data and in assessing the hip X-rays.

Author contributions Ryo Higuchi: Writing- Original draft prepara-
tion, investigation, Keisuke Uemura: Conceptualization, Investigation,
Formal analysis, Methodology, Project administration, Writing- Origi-
nal draft preparation, Funding acquisition, Kazuma Takashima: Writ-
ing—review and editing, Sotaro Kono: Writing—review and editing,
Hirokazu Mae: Writing—review and editing, Hirohito Abe: Writing
review and editing, Resources, Takashi Imagama: Writing—review
and editing, Resources, Takashi Sakai: Writing—review and editing,
Resources, Seiji Okada: Supervision, Hidetoshi Hamada: Writing—
review and editing, Supervision

Funding Open Access funding provided by Osaka University. This
study was supported by the Japanese Orthopaedic Association (JOA-
Subsidized Science Project Research: 2023-2), Grant-in-Aid for Sci-
ence Research from the Japanese Society for Replacement Arthroplasty
Foundation (2023-RP05), and the Japan Society for the Promotion of
Science Grants-in-Aid for Scientific Research (KAKENHI) Number
21K16655.

Declarations

Conflict of interest All authors have no conflicts of interest.

Ethics approval This study was approved by the Institutional Review
Board of each participating institution (Osaka University IRB number:
21115-4). All study procedures were performed according to the ethical
principles laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Informed consent was
acquired in the form of opt-out from all patients.

Informed consent Informed consent was obtained from all participants.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Aro HT, Engelke K, Mattila K, Loyttyniemi E (2021) Volumet-
ric bone mineral density in cementless total hip arthroplasty in
postmenopausal women: effects on primary femoral stem stabil-
ity and clinical recovery. J Bone Joint Surg Am 103:1072-1082.
https://doi.org/10.2106/JBJS.20.01614

2. Delsmann MM, Strahl A, Miihlenfeld M, Jandl NM, Beil FT,
Ries C, Rolvien R (2021) High prevalence and undertreatment
of osteoporosis in elderly patients undergoing total hip arthro-
plasty. Osteoporos Int 32:1661-1668. https://doi.org/10.1007/
s00198-021-05881-y

3. Liu B, Ma W, Li H, Wu T, Huo J, Han Y (2019) Incidence,
classification, and risk factors for intraoperative periprosthetic
femoral fractures in patients undergoing total hip arthro-
plasty with a single stem: a retrospective study. J Arthroplasty
34:1400-1411. https://doi.org/10.1016/j.arth.2019.03.031

4. Soen S, Fukunaga M, Sugimoto T, Sone T, Fujiwara S, Endo
N, Gorai I, Shiraki M, Hagino H, Hosoi T, Ohta H, Yoneda T,
Tomomitsu T (2013) Diagnostic criteria for primary osteopo-
rosis: year 2012 revision. J Bone Miner Metab 31:247-357.
https://doi.org/10.1007/s00774-013-0447-8

5. Kanis JA, Cooper C, Rizzoli R, Reginster J-Y, Scientific Advi-
sory Board of the European Society for Clinical and Economic
Aspects of Osteoporosis (ESCEO) and the Committees of Sci-
entific Advisors and National Societies of the International
Osteoporosis Foundation (IOF) (2019) European guidance for
the diagnosis and management of osteoporosis in postmeno-
pausal women. Osteoporos Int 30:3—44. https://doi.org/10.1007/
s00198-018-4704-5

6. Singh M, Nagrath AR, Maini PS (1970) Changes in trabecular
pattern of the upper end of the femur as an index of osteoporo-
sis. J Bone Joint Surg Am 52:457-467

7. Dorr LD, Faugere M-C, Mackel AM, Gruen TA, Bognar B,
Malluche HH (1993) Structural and cellular assessment of bone
quality of proximal femur. Bone 14:231-242. https://doi.org/10.
1016/8756-3282(93)90146-2

8. Noble PC, Box GG, Kamaric E, Fink MJ, Alexander JW, Tul-
los HS (1995) The effect of aging on the shape of the proximal
femur. Clin Orthop Relat Res 316:31-44.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2106/JBJS.20.01614
https://doi.org/10.1007/s00198-021-05881-y
https://doi.org/10.1007/s00198-021-05881-y
https://doi.org/10.1016/j.arth.2019.03.031
https://doi.org/10.1007/s00774-013-0447-8
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1016/8756-3282(93)90146-2
https://doi.org/10.1016/8756-3282(93)90146-2

Journal of Bone and Mineral Metabolism

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Im G-I, Park P-G, Moon S-W (2012) The relationship between
radiological parameters from plain hip radiographs and bone
mineral density in a Korean population. J Bone Miner Metab
30:504-508. https://doi.org/10.1007/s00774-012-0348-2
Baumgirtner R, Heeren N, Quast D, Babst R, Brunner A (2015)
Is the cortical thickness index a valid parameter to assess bone
mineral density in geriatric patients with hip fractures? Arch
Orthop Trauma Surg 135:805-810. https://doi.org/10.1007/
s00402-015-2202-1

Sah AP, Thornhill TS, LeBoff MS, Glowacki J (2007) Correla-
tion of plain radiographic indices of the hip with quantitative
bone mineral density. Osteoporos Int 18:1119-1126. https://doi.
org/10.1007/s00198-007-0348-6

Liu Y, Ma W-J, Huang K, Yang J, Zeng Y, Shen B (2022)
Radiographic indexes in AP hip radiographs prior to total hip
arthroplasty reveal candidates with low BMD. Osteoporos Int
33:871-879. https://doi.org/10.1007/s00198-021-06231-8
Cadarette SM, Jaglal SB, Murray TM (1999) Validation of the
simple calculated osteoporosis risk estimation (SCORE) for
patient selection for bone densitometry. Osteoporos Int 10:85—
90. https://doi.org/10.1007/s001980050199

Cadarette SM, Jaglal SB, Kreiger N, McIsaac W], Darlington
GA, Tu JV (2000) Development and validation of the Osteo-
porosis Risk Assessment Instrument to facilitate selection of
women for bone densitometry. CMAJ 162:1289-1294.
Weinstein L, Ullery B (2000) Identification of at-risk women
for osteoporosis screening. Am J Obstet Gynecol 183:547-579.
https://doi.org/10.1067/mob.2000.106594

Koh LKH, Ben Sedrine W, Torralba TP, Kung A, Fujiwara S,
Chan SP, Huang QR, Rajatanavin R, Tsai KS, Park HM, Reginster
JY (2001) A simple tool to identify Asian women at increased risk
of osteoporosis. Osteoporos Int 12:699-705. https://doi.org/10.
1007/s001980170070

Subramaniam S, Ima-Nirwana S, Chin K-Y (2018) Performance
of Osteoporosis Self-Assessment Tool (OST) in predicting osteo-
porosis-a review. Int J Environ Res Public Health 15:1445. https://
doi.org/10.3390/ijerph 15071445

Agarwal K, Cherian KE, Kapoor N, Paul TV (2022) OSTA as a
screening tool to predict osteoporosis in Indian postmenopausal
women - a nationwide study. Arch Osteoporos 17:121. https://doi.
org/10.1007/s11657-022-01159-w

Bui MH, Dao PT, Khuong QL, Le P-A, Nguyen T-TT, Hoang GD,
Le TU, Pham HT, Hoang H-XT, Le QC, Dao XT (2022) Evalua-
tion of community-based screening tools for the early screening
of osteoporosis in postmenopausal Vietnamese women. PloS One
17:0266452. https://doi.org/10.1371/journal.pone.0266452
Huang J-Y, Song W-Z, Zeng H-R, Huang M, Wen Q-F (2015)
Performance of the Osteoporosis Self-Assessment Tool for Asians
(OSTA) in screening osteoporosis among middle-aged and old
women in the Chengdu region of China. J Clin Densitom 18:539—
545. https://doi.org/10.1016/j.jocd.2015.01.001

Oh SM, Nam B-H, Rhee Y, Moon S-H, Kim DY, Kang DR,
Kim HC (2013) Development and validation of osteoporosis
risk-assessment model for Korean postmenopausal women.
J Bone Miner Metab 31:423-432. https://doi.org/10.1007/
s00774-013-0426-0

Park HM, Sedrine WB, Reginster J-Y, Ross PD (2003) Korean
experience with the OSTA risk index for osteoporosis. J Clin Den-
sitom 6:247-250. https://doi.org/10.1385/JCD:6:3:247

Fujiwara S, Masunari N, Suzuki G, Ross PD (2001) Performance
of osteoporosis risk indices in a Japanese population. Curr
Ther Res Clin Exp 62:586-594. https://doi.org/10.1016/S0011-
393X(01)80065-5

Lewiecki EM, Binkley N, Morgan SL, Shuhart CR, Camargos
BM, Carey JJ, Gordon CM, Jankowski LG, Lee J-K, Leslie WD

Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

(2016) Best practices for dual-energy X-ray absorptiometry meas-
urement and reporting: international society for clinical densitom-
etry guidance. J Clin Densitom 19:127-140. https://doi.org/10.
1016/j.jocd.2016.03.003

de Hond AAH, Steyerberg EW, van Calster B (2022) Interpret-
ing area under the receiver operating characteristic curve. Lan-
cet Digit Health 4:e853—-e855. https://doi.org/10.1016/S2589-
7500(22)00188-1

Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33:159-174

Yeung Y, Chiu KY, Yau WP, Tang WM, Cheung WY, Ng TP
(2006) Assessment of the proximal femoral morphology using
plain radiograph-can it predict the bone quality? J Arthroplasty
21:508-513. https://doi.org/10.1016/j.arth.2005.04.037

Rohe S (2023) Plain radiographic indices are reliable indicators
for quantitative bone mineral density in male and female patients
before total hip arthroplasty. Sci Rep 13:19886. https://doi.org/10.
1038/s41598-023-47247-w

LiuZ, Gao H, Bai X, Zhao L, Li Y, Wang B (2017) Evaluation of
Singh Index and Osteoporosis Self-Assessment Tool for Asians
as risk assessment tools of hip fracture in patients with type 2
diabetes mellitus. J Orthop Surg Res 12:37. https://doi.org/10.
1186/513018-017-0539-6

Yamamoto N, Sukegawa S, Kitamura A, Goto R, Noda T, Nakano
K, Takabatake K, Kawai H, Nagatsuka H, Kawasaki K, Furuki
Y, Ozaki T (2020) Deep learning for osteoporosis classification
using hip radiographs and patient clinical covariates. Biomol-
ecules 10:1534. https://doi.org/10.3390/biom10111534

Hsieh C-1, Zheng K, Lin C, Mei L, Lu L, Li W, Chen F-P, Wang
Y, Zhou X, Wang F, Xie G, Xiao J, Miao S, Kuo C-F (2021) Auto-
mated bone mineral density prediction and fracture risk assess-
ment using plain radiographs via deep learning. Nat Commun
12:5472. https://doi.org/10.1038/s41467-021-25779-x

Gu Y, Otake Y, Uemura K, Soufi M, Takao M, Talbot H, Okada
S, Sugan N, Sato Y (2023) Bone mineral density estimation from
a plain X-ray image by learning decomposition into projections
of bone-segmented computed tomography. Med Image Anal
90:102970. https://doi.org/10.1016/j.media.2023.102970

Rud B, Hilden J, Hyldstrup L, Hrébjartsson A (2007) Perfor-
mance of the Osteoporosis Self-Assessment Tool in ruling out
low bone mineral density in postmenopausal women: a systematic
review. Osteoporos Int 18:1177-1187. https://doi.org/10.1007/
s00198-006-0319-3

Williams ST, Lawrence PT, Miller KL, Crook JL, LaFleur J, Can-
non GW, Nelson RE (2017) A comparison of electronic and man-
ual fracture risk assessment tools in screening elderly male US
veterans at risk for osteoporosis. Osteoporos Int 28:3107-3111.
https://doi.org/10.1007/s00198-017-4172-3

Richy F, Gourlay M, Ross PD, Sen SS, Radican L, De CF, Ben
SW, Ethgen O, Bruyere O, Reginster JY (2004) Validation and
comparative evaluation of the osteoporosis self-assessment tool
(OST) in a Caucasian population from Belgium. QJM 97:39-46.
https://doi.org/10.1093/qjmed/hch002

Wallace LS, Ballard JE, Holiday D, Turner LW, Keenum AlJ, Pear-
man CM (2004) Evaluation of decision rules for identifying low
bone density in postmenopausal African-American women. J Natl
Med Assoc 96:290-296

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00774-012-0348-2
https://doi.org/10.1007/s00402-015-2202-1
https://doi.org/10.1007/s00402-015-2202-1
https://doi.org/10.1007/s00198-007-0348-6
https://doi.org/10.1007/s00198-007-0348-6
https://doi.org/10.1007/s00198-021-06231-8
https://doi.org/10.1007/s001980050199
https://doi.org/10.1067/mob.2000.106594
https://doi.org/10.1007/s001980170070
https://doi.org/10.1007/s001980170070
https://doi.org/10.3390/ijerph15071445
https://doi.org/10.3390/ijerph15071445
https://doi.org/10.1007/s11657-022-01159-w
https://doi.org/10.1007/s11657-022-01159-w
https://doi.org/10.1371/journal.pone.0266452
https://doi.org/10.1016/j.jocd.2015.01.001
https://doi.org/10.1007/s00774-013-0426-0
https://doi.org/10.1007/s00774-013-0426-0
https://doi.org/10.1385/JCD:6:3:247
https://doi.org/10.1016/S0011-393X(01)80065-5
https://doi.org/10.1016/S0011-393X(01)80065-5
https://doi.org/10.1016/j.jocd.2016.03.003
https://doi.org/10.1016/j.jocd.2016.03.003
https://doi.org/10.1016/S2589-7500(22)00188-1
https://doi.org/10.1016/S2589-7500(22)00188-1
https://doi.org/10.1016/j.arth.2005.04.037
https://doi.org/10.1038/s41598-023-47247-w
https://doi.org/10.1038/s41598-023-47247-w
https://doi.org/10.1186/s13018-017-0539-6
https://doi.org/10.1186/s13018-017-0539-6
https://doi.org/10.3390/biom10111534
https://doi.org/10.1038/s41467-021-25779-x
https://doi.org/10.1016/j.media.2023.102970
https://doi.org/10.1007/s00198-006-0319-3
https://doi.org/10.1007/s00198-006-0319-3
https://doi.org/10.1007/s00198-017-4172-3
https://doi.org/10.1093/qjmed/hch002

	Osteoporosis screening using X-ray assessment and osteoporosis self-assessment tool for Asians in hip surgery patients
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Participants
	DXA acquisition and diagnosis of osteoporosis
	Relationship between surgeons’ X-ray assessment and BMD of the total proximal femur region measured by DXA (DXA-BMD) and osteoporosis
	Relationship between OSTA score and DXA-BMD and osteoporosis
	Data analyses

	Results
	Results of ave.pred-score, DXA-BMD, and OSTA score
	Relationship between surgeons’ X-ray assessment and DXA-BMD and osteoporosis
	Relationship between OSTA score and DXA-BMD and osteoporosis
	Combined analysis of the relationship between surgeons’ X-ray assessment and OSTA score and osteoporosis
	Interobserver and intraobserver agreement in surgeons’ X-ray assessment

	Discussion
	Comparison of our results with those of previous reports
	Application of the results to clinical practice
	Application of the results to patients from other countries and males
	Limitations
	Conclusions

	Acknowledgment 
	References


