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Reliability of the Radiologic M easurement Methods for
Assessment of Osteoporosis Using the Digital Hip Radiograph

Ho Hyun Yun, MD, Ju-Won Yi, MD*, Deuk-Soo Lim, MD, Sung Chul Park, MD, Seong Rok Oh, MD

Department of Orthopedic Surgery, Seoul Veterans Hospital, Seoul, Korea
Department of Orthopedic Surgery, College of Medicine, Ewha Womans University, Seoul, Korea*

Purpose: We evaluated the usefulness of radiographic parameters for osteoporosis by analyzing the results of
radiographic parameters determined by digital hip radiographs and bone mineral density T-scores, as assessed by

Dual Energy X-ray Absorptiometry (DEXA).

Materials and Methods: The authors reviewed 100 subjects in the hip fracture group and 50 in the non-fracture
control group. Digital hip radiographs were assessed to determine the values of Singh index, Canal-to-Calcar Ratio,
and Cortical Thickness Index (CTl). Bone mineral density was assessed by DEXA.

Results: Intraclass Correlation Coefficient (ICC) results of the CTI were above 0.8 in the fracture group. Compared
to the control group, the fracture group showed higher ICCs. Interobserver ICCs were especially lower in the control
group. There were statistically significant correlations between CT1 and DEXA (r=0.50~0.58, p<0.05). In the analysis
of ROC curves, a mean threshold for CTI set a value of 0.54 (0.53~0.55), and mean sensitivity and specificity were

75.5% (69~79%) and 67.8% (65~78%), respectively.

Conclusion: CTI showed reasonable reliability and correlation with DEXA results. CTI was a useful radiographic
parameter to alert the surgeon to recommend referral for osteoporosis evaluation in elderly hip fracture patients.
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Fig. 1. Measurement of calcar-to-canal ratio by FW/CW on
anteroposterior radiograph of the hip.
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Fig. 2. Cortical thickness index measurement on anteroposterior
radiograph of the hip. Cortical thicknessindex is equal to
femoral diaphysis with minus intramedullary width
divided by diaphysis width.
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(Table 4). CTI & A= 9] t3t ROC Curve 541 o] 4]
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Table 1. Intra- and Interobserver Reliability Evaluated by |CC with 95% CI

Fracture Group ICC™ (95% ClI)

Control Group ICC (95% CI°)

Intrachserver Reliability

CCR* (Observer A)
CCR (Observer B)

CTI" (Observer A)

CTI (Observer B)
Interobserver Reliability
CCR (Observer A/B-1)
CCR (Observer A/B-2)
CTI (Observer A/B-1)
CTI (Observer A/B-2)

0.99 (0.98~0.99)
0.78 (0.69~0.84)
0.91 (0.87~0.94)
0.91 (0.87~0.94)

0.71 (0.58~0.79)
0.70 (0.58~0.79)
0.83 (0.63~0.91)
0.81 (0.71~0.87)

0.96 (0.94~0.97)
0.71 (0.59~0.79)
0.68 (0.53~0.78)
0.80 (0.62~0.88)

0.56 (0.41~0.68)
0.60 (0.46~0.71)
0.63 (0.40~0.77)
0.46 (0.29~0.60)

* CCR,; Canal-to-Calcar Ratio, * CTI; Cortical Thickness Index,

* ICC; Intraclass Correlation Coefficient, ¥ Cl; Confidence Interval

Table 2. Intra- and Interobserver Reliability Evaluated by Kappa with 95% CI

Fracture Group Kappa (95% CI°)

Control Group Kappa (95% CI)

Intraobserver Reliability

SI* (Observer A)
Sl (Observer B)
OP" (Observer A)
OP (Observer B)

Dorr™ (Observer A)

Dorr (Observer B)

0.93 (0.88~0.97)
0.46 (0.34~0.58)
0.96 (0.91~1.00)
0.50 (0.33~0.68)
0.95 (0.89~1.00)
0.68 (0.53~0.83)

0.89 (0.80~0.98)
0.27 (0.13~0.41)
0.68 (0.53~0.78)
0.80 (0.62~0.88)
0.94 (0.86~1.00)
0.73 (0.55~0.91)

Interobserver Reliability
Sl (Observer A/B-1)

Sl (Observer A/B-2)
OP (Observer A/B-1)
OP (Observer A/B-2)
Dorr (Observer A/B-1)
Dorr (Observer A/B-2)

0.38 (0.25~0.50)
0.37 (0.26~0.48)
0.38 (0.20~0.55)
0.39 (0.21~0.57)
0.61 (0.46~0.77)
0.69 (0.54~0.84)

0.39 (0.24~0.49)
0.27 (0.13~0.41)
1.00 (1.00~1.00)
1.00 (1.00~1.00)
0.85 (0.72~0.98)
0.84 (0.69~0.98)

* Sl; Singh Index, ' OP; Osteoporosis based on Singh Index,

* Dorr; Dorr Classification of Femoral Geometry according to Canal-to-Calcar Ratio, * Cl; Confidence Interval
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Eol& 66%), 0.54(RZH= 75%, So]% 65%) % 0.53(F
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o] AT} (Fig. 3).
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o FATNeIA oE A% 24 BAE v AR

YARL 2N 4, 89 7 04 4%) 5ol o s, 55 34 AEs) DEXA FUE 4 25hE 9 AL
G 5 T AZE O Z2 PG o] Foto] Tt B AFEESI, CCR, CT) &4 AAEL TAXHLE {3
4 ALE(F S L 2, W 24, F D) R Folvk glol] BrhES Aolnths W FAIY 914, 7}
oAd 34 Hx =75 olgo] st Felel de Sl A, AT, A% 22 A 5o dFog TA Re
Table 3. Correlation of CTI and CCR Evaluated by Spearman Correlation Test with P value
CCR* A-1 CCRA-2 CCRB-1 CCRB-2

CTl" A-1 -0.63 (<0.05) -0.61 (<0.05) -0.46 (<0.05) -0.50 (<0.05)

CTI A-2 -0.79 (<0.05) -0.80 (<0.05) -0.65 (<0.05) -0.65 (<0.05)

CTI B-1 -0.47 (<0.05) -0.45 (<0.05) -0.58 (<0.05) -0.51 (<0.05)

CTI B-2 -0.50 (<0.05) -0.47 (<0.05) -0.49 (<0.05) -0.60 (<0.05)
* CCR; Cand-to-Calcar Ratio, * CTI; Cortical Thickness Index
Table 4. Correlation of Radiologic Parameters with DEXA Result

Pearson’s Correlation Kappa (95% Cl ") Pvaue

CCR* (Observer A-1) -0.32 <0.05

CCR (Observer A-2) -0.29 <0.05

CCR (Observer B-1) -0.37 <0.05

CCR (Observer B-2) -0.29 <0.05

CTI' (Observer A-1) 054 <0.05

CTI (Observer A-2) 0.50 <0.05

CTI (Observer B-1) 0.58 <0.05

CTI (Observer B-2) 0.55 <0.05

OP' (Observer A-1) 0.56 (0.43~0.68) <0.05

OP (Observer A-2) 0.56 (0.44~0.68) <0.05

OP (Observer B-1) 0.69 (0.58~0.79) <0.05

OP (Observer B-2) 0.69 (0.58~0.79) <0.05

Dorr® (Observer A-1) 0.08 (-0.01~0.16) <0.05

Dorr (Observer A-2) 0.09 (0~0.17) <0.05

Dorr (Observer B-1) 0.15 (0.06~0.24) <0.05

Dorr (ObserverB-2) 0.11 (0.02~0.20) <0.05

* CCR; Canal-to-Calcar Ratio, * CTI; Cortical Thickness Index, * OP; Osteoporosis based on Singh Index,
¥ Dorr; Dorr Classification of Femoral Geometry according to Canal-to-Calcar Ratio, ' Cl; Confidence linterval
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Fig. 3. Receiver Operation Characteristic Curves of the cortical thickness index results.
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