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Abstract 

The purpose of this study was to investigate the correlation between femoral mor-

phological indices from anteroposterior hip radiographs and dual-energy X-ray 

absorptiometry-assessed bone mineral density in postmenopausal female patients 

undergoing primary total hip arthroplasty for hip osteoarthritis. We also evaluated 

the impact of hip deformity on these correlations and the diagnostic cut-off values 

for osteoporosis. This retrospective study, conducted at a single institute (February 

2018 to July 2024), reviewed the data of postmenopausal patients (>50 years old) 

with hip osteoarthritis who underwent total hip arthroplasty. Patients with a history of 

hip surgical procedures, infection, metabolic bone disease, or inadequate imaging 

findings were excluded. Dual-energy X-ray absorptiometry was used to assess bone 

mineral density at the femoral neck, total hip, lumbar spine, and distal radius. Five 

femoral indices were measured: the canal-to-calcar ratio, canal flare index, cortical 

thickness index, canal diaphysis ratio, and canal bone area ratio. Analyses included 

Pearson’s correlation and receiver operating characteristic curve analysis. Moder-

ate correlations were observed between total hip bone mineral density and indices 

in 95 hip osteoarthritic joints (all Tönnis grade 3) and 86 normal joints. The canal 

bone area ratio had the strongest correlation (hip osteoarthritis: r = −0.61; normal: 

r = −0.62; p < 0.01). Receiver operating characteristic analysis produced area under 

the curve values of 0.75 (cutoff: 0.47; p < 0.01) for hip osteoarthritis and 0.74 (cutoff: 

0.49; p < 0.01) for normal hips. Femoral indices, particularly the canal bone area ratio, 

cortical thickness index and canal diaphysis ratio, moderately correlated with total 

hip bone mineral density even in patients with hip osteoarthritis and served as simple 

and effective screening tools for osteoporosis when pre-operative dual-energy X-ray 

absorptiometry was unavailable.
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Introduction

Osteoporosis is more common in postmenopausal women, and the gold standard for 
bone mineral density (BMD) assessment is dual-energy X-ray absorptiometry (DXA), 
which evaluates the bone density of the hip and lumbar spine [1]. The prevalence of 
osteoporosis in patients undergoing total hip arthroplasty (THA) is reportedly between 
8% to 33% [2–5]. Additionally, a significant number of patients remain untreated 
pre-operatively owing to the lack of BMD evaluation [4,5]. Recently, with the exten-
sion of the average life expectancy and advancements in surgical techniques, THA 
is increasingly performed in older patients who are likely to have osteoporosis [6]. 
Osteoporosis in patients undergoing THA may influence the incidence of intraopera-
tive periprosthetic fractures, stem subsidence, aseptic loosening, revision rates, and 
patient satisfaction with the procedure [4,7]. Therefore, it is crucial for surgeons to 
evaluate BMD pre-operatively as the osteoporotic condition influences the choice of 
implants, which contributes to the successful operative outcome. However, perform-
ing pre-operative BMD assessments for all patients undergoing THA may be chal-
lenging owing to cost considerations, and access to such evaluations may be limited 
in developing countries [8].

Different femoral morphological indices using anteroposterior (AP) radiographs of 
the proximal femur have been proposed to assess femoral bone density. The Singh 
index and Dorr classification are well-established and widely used indices [9,10]. 
Other indices such as the cortical thickness index (CTI), canal flair index (CFI), and 
canal-to-calcar ratio (CCR) have also been reported [8,11–13].

Bone sclerosis and osteophyte formation in patients with hip osteoarthritis (HOA) 
can make measuring BMD difficult [14,15]. Although some studies have investi-
gated the relationship between pre-operative BMD and femoral indices in patients 
with HOA, no detailed examination of the relationship with DXA measurement sites 
or of the difference between patients with and without degenerative changes has 
been performed [8]. Thus, we hypothesized that even in patients with HOA, femoral 
morphological indices could be utilized for osteoporosis screening. We investigated 
whether the correlation between BMD at each measurement site and femoral indi-
ces on AP hip radiographs had an impact on degenerative changes in the hip joints. 
Furthermore, we pre-operatively identified patients with osteoporosis to establish 
suitable cutoff values for these measurements using receiver operating characteristic 
(ROC) curve analyses. The overall aim of this work was to investigate correlations 
between femoral morphological indices from AP hip radiographs and DEXA-assessed 
BMD in postmenopausal female patients undergoing primary THA for HOA.

Materials and methods

Patients

This retrospective study was approved by the Ethics Committee of Showa Medical 
University (No 2024–278-B) and has been performed in accordance with the ethi-
cal standards laid down in the 1964 Declaration of Helsinki. Informed consent was 
obtained using an opt-out method approved by the Ethics Committee of Showa 
Medical University (No 2024–278-B). Study details were made publicly available via 

Medical University at m-rinri@ofc.showa-u.ac.jp, 
which serves as an independent point of contact.
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the hospital website or public notice, and participants had the opportunity to decline participation. Written or verbal individ-
ual consent was not obtained, as permitted by the ethics committee. The medical records were accessed in March 2025 
for research purposes. The authors had access to identifiable information during data collection, but all data were ano-
nymized prior to analysis. This study included patients who underwent primary THA for HOA at Showa Medical University 
Hospital between February 2018 and July 2024. We diagnosed HOA based on radiographic evidence (progressive artic-
ular cartilage degradation, osteophyte formation, subchondral sclerosis, and joint space narrowing) and clinical manifes-
tations (hip discomfort and limited range of motion). The exclusion criteria were male patients; patients aged <50 years; 
patients presenting HOA after fractures (femur, acetabulum, and pelvic ring); patients who underwent previous hip opera-
tions; patients who developed post-surgical infection, rapidly destructive coxarthrosis, or subchondral insufficiency fracture 
of the femoral head; patients with metabolic bone diseases; patients who did not have an appropriate AP radiograph of the 
hip joint; and patients who did not undergo DXA within three months prior to the operation.

BMD measurement

At our institution, all patients scheduled for THA routinely undergo DXA for bone strength assessment, except in cases in 
which pre-operative DXA cannot be performed because of the rapid deterioration of symptoms. DXA was performed using 
Lunar Prodigy (GE Healthcare, Madison, WI, USA) or Hologic QDR Discovery (Hologic, Waltham, MA, USA). Among the 
total study population, 130 cases were measured using the Hologic QDR Discovery device. Conversion equations pub-
lished by Xu et al. [16] were applied to harmonize BMD values across devices. Separate regression models were used for 
lumbar spine, femoral neck (FN), and total hip (TH) regions to convert measurements from one device to another. Subse-
quent calculation of T-scores was based on device-specific reference means and standard deviations, using a Japanese 
reference database [17]. Our institute’s DXA measurement protocol involves imaging the left femur. For this study, if the 
left side already presented an implant, the right femur was imaged. Cases in which DXA was performed on the non-
surgical side with existing deformities or post-osteotomy conditions were excluded. DXA was performed using the femur 
measured at the TH and FN, the lumbar spine (as the average at L2-4), and the distal third of the radius. Based on the 
World Health Organization criteria, osteoporosis was defined as a T-score of ≤ −2.5, osteopenia as −2.5 < T-score <−1.0, 
and normal as ≥ −1.0, using measurements from either the lumbar spine or proximal femur. All evaluations were con-
ducted within 6 weeks before the surgical procedure.

Radiograph measurement

AP hip radiographs were obtained with the patients in the supine position and the lower limbs (hips) rotated internally by 
15°. All radiographic images were acquired within 6 weeks prior to surgery. Proximal femoral morphological indices were 
evaluated using DICOM for the following parameters: CCR, CFI, CTI, canal diaphysis ratio (CDR), and canal bone area 
ratio (CBAR) (Fig 1). These parameters were measured on the side in which the BMD was assessed. The measurements 
were performed by an orthopedic surgeon. Previous studies have shown good intra- and interobserver reliabilities of the 
femoral morphological indices [8,12,18].

Statistical analysis

Statistical analyses were performed using the JMP Pro v.17 for Mac (SAS Institute, USA). Patient characteristics are 
described using frequencies and percentages for categorical variables, and means with standard deviations, or medi-
ans for continuous variables, as appropriate. Normality was confirmed using the Shapiro-Wilk test. Correlations between 
the femoral indices and T-scores were assessed using Pearson’s correlation coefficients as follows: ± 1.0–0.9: very 
high, ± 0.9–0.7: high, ± 0.7–0.5: moderate, ± 0.5–0.3: low, ± 0.3–0.0: negligible correlation [18]. ROC curve analysis was 
used to evaluate the diagnostic value of the femoral indices for osteoporosis, and the area under the curve (AUC) was 
calculated to assess reliability. The cut-off values were determined when the Youden index was at its maximum [19]. Sta-
tistical significance was defined as p < 0.05.
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Results

The patient selection process and background information are shown in Fig 2 and Table 1. A total of 181 joints in 176 
cases were analyzed. BMD of the hip was assessed in 95 joints of 90 cases on the surgical side, and all patients were 
diagnosed with Tönnis grade 3 HOA; 86 joints of 86 cases on the non-surgical side, where osteoarthritis changes were 
not observed, were also assessed (Fig 2) [20]. The T-scores for each measurement site and the results of the bone 
turnover markers are shown in Table 1. Results of each femoral morphological indices and the correlation between the 
T-scores at each measurement site and the femoral indices are shown in Table 2. The highest correlation coefficient was 
observed between the TH and CBAR, indicating a moderate correlation (surgical side: r = −0.61, 95% confidence interval 
[CI]: −0.72, −0.46, p < 0.01; nonsurgical side: r = −0.62, 95% CI: −0.74, −0.47, p < 0.01). The results of the ROC analysis for 

Fig 1.  Proximal femoral morphological indices. Radiographic femoral indices included canal-to-calcar ratio (CCR): f/b; canal diaphysis ratio (CDR): 
d/e; canal flair index (CFI): a/f; cortical thickness index (CTI): f/g; canal bone area ratio (CBAR): (d + f)/ (e + g); Line A: femoral axis; Line B: perpendicular 
to femoral axis at lesser trochanter midpoint.

https://doi.org/10.1371/journal.pone.0341658.g001

https://doi.org/10.1371/journal.pone.0341658.g001
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osteoporosis diagnosis are depicted in Fig 3. The results of the femoral indices analysis including the AUC and cutoff val-
ues are shown in Table 3. All AUC values were ≥0.7, indicating that the femoral indices served as a good screening tool.

Discussion

In this study, proximal femoral morphological indices were identified as useful screening tools for osteoporosis in patients 
with HOA undergoing THA, particularly for postmenopausal females at a high risk for osteoporosis. We found moderate 
correlations between the femoral indices and T-scores at the TH site on both the arthritic and non-arthritic hip sides. These 

Fig 2.  Patient selection flowchart. RDC, rapidly destructive coxarthropathy; SIF; subchondral insufficiency fracture; DXA, dual-energy X-ray 
absorptiometry.

https://doi.org/10.1371/journal.pone.0341658.g002

https://doi.org/10.1371/journal.pone.0341658.g002
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findings suggest that morphological parameters may serve as practical indicators of BMD, potentially enabling clinicians 
to identify patients with compromised BMD before performing THA. Importantly, our cohort consisted of patients with 
advanced HOA (Tönnis grade 3). Severe deformity often limits the applicability of conventional morphological evaluation; 

Table 1.  Patient Demographics.

Number of joints (patients) Total
n = 181 (176)

Surgical site
n = 95 (90)

Non-surgical site  
n = 86 (86)

Age [years] median (range)

BMI [kg/m²] median (range) 23.7 (16.8, 37.5) 24.0 (16.8, 34.0) 23.6 (16.8, 37.5)

  Smoking, n (%) 11(6) 7 (8) 4 (4)

  Diabetes, n (%) 26 (14) 14 (16) 12 (13)

T- scores, median (range)

  Total hip −1.2 (−4.0, 2.9) −1.4 (−3.3, 1.2) −1.1 (−4.0, 2.9)

  Femoral neck −1.2 (−3.9, 4.6) −1.9 (−3.9, 0.6) −0.6 (−2.8, 4.6)

  Lumbar −0.6 (−3.9, 3.4) −0.8 (−3.9, 3.4) −0.6 (−3.2, 3.0)

  Distal radius −1.4 (−5.4, 3.2) −1.9 (−5.4, 2.1) −1.0 (−4.4, 3.2)

WHO criteria N(%)

  Osteoporosis 29 (16) 20 (23) 9 (9)

  Osteopenia 102 (56) 55 (64) 47 (49)

BMI, body mass index; SD, standard deviation; WHO, World Health Organization.

https://doi.org/10.1371/journal.pone.0341658.t001

Table 2.  Results of each femoral morphological indices and Correlation Coefficients Between Bone Mineral Density Measurement Sites and 
Femoral Indices.

CCR CDR CFI CTI CBAR

Non-surgical side
median (range)

0.42 (0.30-0.60) 0.48 (0.34-0.58) 0.28 (0.19-0.39) 0.46 (0.31-0.59) 0.47 (0.32-0.57)

Surgical site
median (range)

0.45 (0.31-0.69) 0.48 (0.31-0.76) 0.27 (0.15-0.44) 0.46 (0.30-0.77) 0.48 (0.31-0.76)

Correlation Coefficients (r)

Total hip,
 median (95% CI)
Non-surgical side

−0.30 (−0.48, −0.10)
p < 0.01

−0.59 (−0.72, −0.44)
p < 0.01

−0.45 (−0.61, −0.26)
p < 0.01

−0.62 (−0.73, −0.47)
p < 0.01

−0.62 (−0.74, −0.47)
p < 0.01

Total hip,
 median (95% CI)
Surgical site

−0.13 (−0.32, 0.08)
p = 0.04

−0.61 (−0.72, −0.47)
p < 0.01

−0.26 (−0.44, −0.06)
p = 0.01

−0.57 (−0.69, −0.42)
p < 0.01

−0.61 (−0.72, −0.46)
p < 0.01

Femoral neck,
 median (95% CI)
Non-surgical side

−0.29 (−0.47, −0.09)
p < 0.01

−0.59 (−0.43, −0.24)
p < 0.01

−0.37 (−0.54, −0.17)
p < 0.01

−0.44 (−0.60, −0.25)
p < 0.01

−0.45 (−0.60, −0.26)
p < 0.01

Femoral neck,
 median (95% CI)
Surgical site

−0.21 (−0.40, −0.01)
p = 0.23

−0.35 (−0.51, −0.16)
p < 0.01

−0.08 (−0.28, 0.12)
p = 0.42

−0.31 (−0.48, −0.12)
p < 0.01

−0.34 (−0.51, −0.15)
p < 0.01

Lumber,
 median (95% CI)

−0.22 (−0.36, −0.07)
p < 0.01

−0.40 (−0.51, −0.26)
p < 0.01

−0.20 (−0.33, −0.05)
p < 0.01

−0.38 (−0.50, −0.25)
p < 0.01

−0.40 (−0.51, −0.27)
p < 0.01

Distal radius,
 median (95% CI)

−0.29 (−0.42, −0.15)
p < 0.01

−0.45 (−0.56, −0.32)
p < 0.01

−0.30 (−0.43, −0.16)
p < 0.01

−0.42 (−0.53, −0.29)
p < 0.01

−0.44 (−0.55, −0.32)
p < 0.01

CCR, canal-to-calcar ratio; CDR, canal diaphysis ratio; CFI, canal flap index; CTI, cortical thickness index; CBAR, canal bone area ratio; CI, confidence 
interval.

https://doi.org/10.1371/journal.pone.0341658.t002

https://doi.org/10.1371/journal.pone.0341658.t001
https://doi.org/10.1371/journal.pone.0341658.t002
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however, our results demonstrated that these femoral indices remained useful even in such advanced-stage HOA. This 
represents a meaningful clinical strength of the present study.

Previous research has revealed the association between femoral morphological parameters and osteoporosis in 
patients with HOA [8,13]. Sah et al. [21] investigated 32 Caucasian postmenopausal women and found a moderate 
correlation (r = −0.58) between the CTI and the femoral neck T-score. Additionally, Rohe et al. analyzed 216 Caucasian 
patients (107 men and 109 women) and reported that CBR-7 and CBR-10 showed strong correlations with the femoral 
neck T-score in both men (r = −0.60, r = −0.55, respectively) and women (r = −0.74, r = −0.77, respectively) [13]. Liu et 
al. [8] investigated 81 Asian patients (mean age 57.8 years, range: 29–82) and demonstrated a correlation (r = −0.63) 
between CBR-10 and the proximal femur T-score. The correlation coefficients in our study are generally consistent with 
those found in previous reports. Furthermore, the indices that showed relatively strong correlations were similar to those 
reported in previous studies, thus providing further evidence supporting the utility of CBAR, CDR, and CTI. These other 

Fig 3.  Receiver operating characteristic (ROC) curve of femoral indices (CBAR, CDR, CTI) for osteoporosis diagnosis. (a) surgical side, (b) 
non-surgical side. CBAR, canal bone area ratio; CDR, canal diaphysis ratio; CTI, cortical thickness index.

https://doi.org/10.1371/journal.pone.0341658.g003

Table 3.  Area Under the Curve and Cut-off Values of Femoral Indices (CBAR, CDR, CTI) on the Surgical and Non-surgical Sides.

Femoral indices AUC 95% CI
LCL-UCL

sensitivity specificity Positive
predictive value

Negative
predictive value

Cut-off value p value

Surgical side CBAR 0.75 0.56-0.88 0.51 0.90 0.98 0.16 0.47 < 0.01

CDR 0.74 0.53-0.88 0.81 0.68 0.96 0.67 0.53 < 0.01

CTI 0.74 0.56-0.87 0.71 0.68 0.95 0.19 0.48 < 0.01

Non-surgical side CBAR 0.74 0.59-0.85 0.82 0.60 0.87 0.50 0.49 < 0.01

CDR 0.70 0.56-0.82 0.79 0.55 0.85 0.44 0.51 < 0.01

CTI 0.77 0.63-0.87 0.73 0.75 0.91 0.45 0.47 < 0.01

AUC, area under the curve; CI, confidence interval; LCL-UCL, lower and upper bounds 95% confidence interval; CBAR, canal bone area ratio; CDR, 
canal diaphysis ratio; CTI, cortical thickness index.

https://doi.org/10.1371/journal.pone.0341658.t003

https://doi.org/10.1371/journal.pone.0341658.g003
https://doi.org/10.1371/journal.pone.0341658.t003
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reports did not consider the HOA grade; however, our results revealed that even in patients presenting advanced HOA 
(Tönnis grade 3), the femoral indices retained a moderate correlation with the T-scores, indicating that these measure-
ments can capture key aspects of bone health despite degenerative changes in the hip joint.

Additionally, our results revealed that the TH site had a stronger correlation than the FN site. Glowacki et al. [14] 
compared bilateral hip BMD in patients with unilateral HOA and found that BMD at the FN site was predominantly higher 
on HOA side, whereas no significant bilateral differences were observed for the TH site. Their findings may influence and 
support the interpretation of the results of the present study. Accurate assessment of BMD can be challenging in patients 
with HOA owing to the influence of osteophytes and bone cysts. Our results also showed a slightly higher correlation 
coefficient in the non-arthritic hip. Although the non-arthritic hip side showed a better correlation coefficient than that of the 
surgical side, the difference was not significant. Based on our findings, in patients presenting bilateral hip involvement, 
morphological indices of the femur on the surgical side may be helpful, whereas in patients with unilateral involvement, 
using indices from the non-arthritic hip side may allow for more accurate screening for osteoporosis. However, correlations 
with the lumbar spine and radius were slightly inferior to those involving the femur. Limited research has been conducted 
examining the correlation between the femoral indices and T-scores at the distal radius [22]. Despite the lack of previous 
reports evaluating the radius, the BMD in the radius tends to vary more than that observed in the femur and lumbar spine, 
and its usefulness in THA patients remains unclear. However, reports have suggested that the radius may be useful as a 
screening site and that it may be associated with prosthetic hip subsidence, indicating the need for further research [3,23].

In addition to AUC values, we evaluated sensitivity, specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) to determine the overall clinical utility of each index. On the surgical side, CBAR and CTI showed very 
similar discriminatory performance for osteoporosis (AUC: 0.75 vs. 0.74), with a negligible difference of 0.01. Their validity 
metrics also showed complementary strengths: CBAR demonstrated a markedly higher specificity (0.90) and PPV (0.98), 
whereas CTI showed a higher sensitivity (0.71). On the non-surgical side, CTI showed the highest AUC (0.77), and its 
sensitivity and specificity (0.73 and 0.75) were well balanced compared with the other indices. These results indicate that 
no single index clearly outperformed the others, and the small differences in AUC among CBAR, CDR, and CTI did not 
translate into substantial differences in their overall validity profiles. Furthermore, because CTI requires measurement at 
only one level and is technically simpler than CBAR, its practicality may be advantageous in routine clinical settings.

Regarding other osteoporosis screening tools, several studies have demonstrated that the Osteoporosis Self-
Assessment Tool for Asians (OSTA), a simple screening tool requiring only age and body weight, achieves good diagnos-
tic performance for osteoporosis and is practical in various clinical settings [24]. In hip surgery populations, Higuchi et al. 
[25] reported that OSTA alone showed favorable discrimination (AUC: 0.817), and that combining OSTA with subjective 
visual assessment of hip radiographs by orthopedic surgeons further improved the AUC to 0.821–0.915. It should be 
noted that their cohort included patients with varying degrees of hip pathology and did not consist exclusively of indi-
viduals with advanced-stage HOA. In contrast, all patients in the present study had advanced HOA, where substantial 
changes in proximal femoral morphology may affect radiographic measurements. Similarly, Liu et al. [26] reported that 
combining the Singh index with OSTA improved the AUC (0.795) compared with either method alone (OSTA 0.534; Singh 
0.636). Further studies are warranted to determine the optimal combination of radiographic parameters and simple clinical 
tools in orthopedic practice.

Reports on BMD evaluation using artificial intelligence (AI) are becoming increasingly common [27]. The advantage of 
our method is that it is a simple screening tool that relies only on AP radiographs of the hip. However, with future tech-
nological advancements, screening will likely become simpler and more accurate even in patients with HOA. Although 
the use of AI may yield excellent results, such technology is not yet readily available in clinical practice. Our study aimed 
to perform a preliminary diagnostic screening of osteoporosis using simple tests based on the findings from plain radio-
graphs, which are frequently used in daily practice and are widely available in healthcare facilities. We showed a concor-
dance between hip T-scores and osteoporosis findings obtained from direct radiographs.
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This study had some limitations. First, this was a retrospective study that included only postmenopausal women. In 
addition, our sample size was small. Further large-scale studies are required. Second, the study population was limited 
to East Asian individuals. Given that BMD is influenced by race, the results of this study may not apply to other ethnici-
ties. Third, the effect of lower limb rotation during radiography cannot be completely excluded. While all radiographs were 
obtained using a standardized protocol of 15° internal hip rotation and conducted by trained radiologic technologists, 
minor variations in positioning may have occurred. As hip rotation has been shown to influence BMD measurements [28], 
the potential impact of inconsistent positioning cannot be fully disregarded. Utilizing dedicated positioning jigs and foot-
rests could potentially minimize this source of variability in future studies [29]. The calibration equations used in this study 
were derived from Xu et al. [16], which involved BMD measurements from GE Lunar iDXA and Hologic Discovery devices. 
Systematic errors may remain when applying these equations to populations with different demographic characteristics or 
extreme bone density values. Additionally, our lumbar spine measurements included only vertebral levels L2–L4, whereas 
the original equations were based on L1–L4, which may affect the accuracy of the conversion. These factors should be 
considered as limitations when interpreting the converted BMD and corresponding T-scores. Finally, we did not mea-
sure the intra- and interobserver reliability. However, previous studies have reported intraclass correlation coefficients of 
approximately 0.9, indicating that these indices had minimal measurement errors [8,12].

Although DXA is undoubtedly the gold standard for assessing BMD, our findings suggest that when pre-operative 
measurements are challenging, AP hip radiographs, which are always obtained prior to THA, can be used for evaluation. 
Specifically, femoral indices (CBAR, CTI, and CDR) may be useful screening tools for osteoporosis.

Conclusion

In this study, we hypothesize that proximal femoral morphological indices could be used to screen for osteoporosis in 
patients with HOA undergoing THA, particularly in postmenopausal females at high risk for osteoporosis. Our findings sup-
port this hypothesis, as demonstrated by the moderate correlations observed between the femoral indices and T-scores at 
the TH site on both the surgical and non-surgical sides. These results suggest that morphological parameters may serve 
as practical indicators of BMD, potentially enabling clinicians to identify patients with compromised BMD before THA is 
performed. Moderate correlations are observed between the BMD of the TH site and femoral indices, even in advanced-
stage HOA. Thus, when pre-operative DXA measurements are difficult to obtain, femoral morphological indices (CBAR, 
CTI, and CDR) may be useful and simple screening tools.
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