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Abstract
Background We evaluated the correlation of the bone mineral density (BMD) of the hip and lumbar spine
with the distal radius cortical thickness (DRCT) measured on anteroposterior radiographs to establish a
method for predicting osteoporosis. Methods We assessed 147 patients aged ≥50 years with distal
radius fractures who underwent wrist radiographs and dual-energy X-ray absorptiometry. The DRCT was
measured and calculated at two levels of the distal radius of the injured wrist on the radiographs. Results
In the Pearson correlation and simple linear regression analyses, the DRCT was positively correlated with
hip BMD (r = 0.393, P < 0.01) and lumbar spine BMD (r = 0.529, P < 0.01). Each 1-mm increase in DRCT
was associated with a 0.051-g/cm 2 increase in hip BMD (R 2 = 0.154, P < 0.01) and a 0.080-g/cm 2
increase in lumbar spine BMD (R 2 = 0.280, P < 0.01). A DRCT of 5.1 mm was selected as the cutoff point
for predicting osteoporosis, with the highest Youden index of 0.560, 83.3% sensitivity, 72.7% speci�city,
and a 66.7% negative predictive value. Conclusion Cortical thickness measurements obtained from
anteroposterior wrist radiographs were positively correlated with hip and lumbar spine BMD
measurements. This technique is suggested as a rapid, inexpensive, and sensitive method for predicting
osteoporosis.

1. Background
A fracture of the distal part of the radius is one of the most common types of fracture, and its incidence
increases with age, particularly in female patients [1]. Such fractures have been shown to be associated
with osteoporosis [1–3].

Patients with distal radius fractures have a 1.4- to 2.7-fold increased risk of secondary hip fracture [1, 2].
Studies have demonstrated that a high proportion of patients with distal radius fractures have low bone
mineral density (BMD) [4–6], indicating that this type of fracture might be the �rst manifestation of
osteoporosis. Patients with low-energy distal radius fractures are more likely to sustain secondary hip
and spinal fractures [4, 7]. The gold standard for diagnosing osteoporosis is dual-energy X-ray
absorptiometry (DXA) [8]. However, a large number of patients with fractures related to osteoporosis are
not evaluated and treated for osteoporosis [9–11].

A sensitive and rapid method with which to evaluate osteoporosis would be helpful to clinicians who
have questions about patients’ bone quality but have no immediate access to DXA. Such a method could
also be helpful for preliminary assessment of osteoporosis.

In 1960, Barnett and Nordin [12] measured the thickness of the metacarpal cortex and studied the
relationship between the cortical bone thickness and BMD. Several researchers have measured the
cortical thickness at different anatomical sites [13]. Tingart et al. [14] performed a cadaveric study and
found that the cortical thickness of the proximal humerus measured on radiographs was correlated with
that measured by DXA. More recently, Mather et al. [15] indicated that the proximal humeral cortical
thickness was positively correlated with the hip and lumbar spine BMD measured by DXA. Tracy et al. [16]
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demonstrated that the distal radius cortical thickness (DRCT) was positively correlated with the hip BMD
measured by DXA, but not with the lumbar spine BMD measured by DXA.

The present study was performed to evaluate the correlation of the BMD of the hip and lumbar spine with
the DRCT measured on anteroposterior radiographs. Our goal was to establish a method for predicting
osteoporosis by measuring the DRCT on radiographs.

2. Methods

2.1 Patients
From May 2015 to November 2017, the BMD of the hip and lumbar spine was measured in 147 patients
aged ≥ 50 years with a radiographic diagnosis of distal radius fractures in the Upper Extremity Service of
our hospital. The patients were divided into a non-osteoporotic group and osteoporotic group according
to the T value of DXA. The non-osteoporotic group comprised 51 patients (4 men, 47 women) with a
mean age of 58.2 ± 6.4 years (range, 50–76 years), mean body weight of 62.4 ± 8.8 kg (range, 42.5–
82 kg), and mean body mass index (BMI) of 25.4 ± 3.5 kg/m2. The osteoporotic group comprised 96
patients (9 men, 87 women) with a mean age of 66.8 ± 9.4 years (range, 52–88 years), mean body weight
of 55.8 ± 8.1 kg (range, 40–88 kg), and mean BMI of 23.4 ± 4.0 kg/m2

2.2 Measurement of BMD
The BMD of the lumbar spine (L1–4) and total hip was measured using a DXA scanner (Discovery Wi;
Hologic Inc., Waltham, MA, USA). The patients were referred for DXA within 7 days (mean, 2.8 ± 1.2 days)
after fracture.

2.3 Measurement of DRCT
The DRCT measurement technique is shown in Fig. 1. We used a self-contained program to make all
radiographic measurements from a Picture Archiving and Communications System workstation (Lanyun
Medical Imaging Co., Ltd., Shenzhen, China). We found that the medial and lateral cortex of the distal
radius became parallel at about 40 mm proximal to the distal radial ulnar joint on the posteroanterior
radiographs. The measurement method we used was based on the study by Tracy et al. [16]. Line A was
drawn parallel to the radial medullary canal, and Line B was drawn passing through the distal ulnar
articular plane and perpendicular to Line A. The �rst measurement point was 40 mm away from the
straight Line B. We then drew Line M1, which passed through the measurement point and outer cortex of
the radius and was parallel to Line B. Line M2 was drawn at the same level and extended to the inner
cortex of the radius. The level of cortical thickness C1 was de�ned as M1 − M2. This process was
repeated to measure M3, M4, and C2 at the second measurement point, which was 60 mm away from the
straight Line B. The DRCT was de�ned as (C1 + C2)/2, and the cortex ratio was de�ned as 2DRCT/(M1 + 
M3). The measurements were performed twice by two different doctors at different times to determine
the intra- and inter-observer variability.
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2.4 Statistical analysis
SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis of the data.
Measurement data are presented as mean ± standard deviation, and the t test was applied to all outcome
analyses where appropriate. Two continuous random variables were analyzed by Pearson’s correlation
analysis with unitary linear regression.

The sensitivity, speci�city, negative predictive value (NPV), and Youden index of the DRCT threshold
values for predicting osteoporosis were calculated using the World Health Organization classi�cation
system for osteoporosis. For all tests, a P value of < 0.05 was considered statistically signi�cant.

3. Results

3.1 Subgroup analysis
The 96 patients in the osteoporotic group (9 men, 87 women) had a mean DRCT of 4.22 ± 1.01 mm and
mean cortex ratio of 0.29 ± 0.08. The 51 patients in the non-osteoporotic group (4 men, 47 women) had a
mean DRCT of 5.33 ± 0.85 mm and mean cortex ratio of 0.35 ± 0.07. Patients in the osteoporotic group
were older (t = 6.584, P = 0.000), had a lower body weight (t = − 4.517, P = 0.000), had a thinner DRCT (t = 
− 7.009, P = 0.000), had a lower cortex ratio (t = − 4.548, P = 0.000), and had a lower BMI (t = − 2.991, P = 
0.003) than patients in the non-osteoporotic group. The patients’ characteristics in the two groups are
displayed in Table 1.

3.2 Correlations among DRCT, cortex ratio, and BMD
For the entire cohort, the mean DRCT was 4.60 ± 1.09 mm, the mean cortex ratio was 0.309 ± 0.078, the
mean hip BMD was 0.67 ± 0.14 g/cm2, and the mean lumbar spine BMD was 0.71 ± 0.16 g/cm2. Linear
regression analysis showed that DRCT was positively correlated with hip BMD (r = 0.393, P = 0.000) and
lumbar spine BMD (r = 0.529, P = 0.000) and that the cortex ratio was positively correlated with hip BMD
(r = 0.337, P = 0.000) and lumbar spine BMD (r = 0.414, P = 0.000). Each 1-mm increase in DRCT was
associated with a 0.051-g/cm2 increase in hip BMD (R2 = 0.154, P = 0.000) and a 0.080-g/cm2 increase in
lumbar spine BMD (R2 = 0.280, P = 0.000). Each 1-unit increase in the cortex ratio was associated with a
0.617-g/cm2 increase in hip BMD (R2 = 0.114, P = 0.000) and a 0.870-g/cm2 increase in lumbar spine
BMD (R2 = 0.171, P = 0.000) (Table 2, Figs. 2–5).

3.3 Predictive value of DRCT in determining osteoporosis
The sensitivity, speci�city, NPV, and Youden index of the DRCT threshold values for predicting
osteoporosis were calculated. A cutoff point of 5.5 mm showed 92.7% sensitivity, 43.1% speci�city, and a
74.1% NPV (Youden index, 0.358). A cutoff point of 5.4 mm showed 91.7% sensitivity, 51.0% speci�city,
and a 76.5% NPV (Youden index, 0.427). A cutoff point of 5.3 mm showed 90.6% sensitivity, 51.0%
speci�city, and a 74.3% NPV (Youden index, 0.416). A cutoff point of 5.2 mm showed 88.5% sensitivity,



Page 5/14

58.8% speci�city, and a 63.2% NPV (Youden index, 0.473). A cutoff point of 5.1 mm showed 83.3%
sensitivity, 72.7% speci�city, and a 66.7% NPV (Youden index, 0.560). Finally, a cutoff point of 5.0 mm
showed 78.1% sensitivity, 56.1% speci�city, and a 52.3% NPV (Youden index, 0.342). Accordingly, 5.1 mm
was selected as the best diagnostic cutoff point for osteoporosis (Table 3).
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4. Discussion
Osteoporosis is a common disease in the older population, and
the incidence of osteoporosis increases with age. In one study,
the incidence of femoral osteoporosis increased from 5% in 50-
to 59-year-old women to 66% in 80- to 89-year-old women [17].
An osteoporotic fracture is a clear manifestation of decreased

bone strength and is the ultimate result of osteoporosis [18, 19].
Many studies have indicated that each standard deviation

reduction in BMD results in a 1.4- to 2.6-fold increase in fracture
risk [20]. Soichiro and Hideki [21] found that BMD began to

decline at the age of 50 years and continued to decline rapidly
until the mid-60 s, then gradually declined until the age of

90 years.

In the present study, both the BMD and DRCT of the entire cohort
decreased with age (Fig. 6). Because of the small number of
patients, we were unable to analyze the rate of BMD decline

among different age groups. However, patients with osteoporosis
were signi�cantly older than those without osteoporosis (t = 
6.584, P = 0.000), indicating that older age is associated with

osteoporosis.

Observational studies have shown that both body weight and
BMI are modi�able factors affecting BMD [22, 23]. Obese people

have a lower risk of forearm, hip, and pelvis fractures [24].
Studies have shown that a higher body weight places greater

mechanical stress on the bones, and this stress is a direct
stimulator of bone formation [25]. Patients categorized as

osteoporotic had signi�cantly lower body weight (t = − 4.517, P = 
0.000), suggesting that a higher weight-related load is

associated with higher bone mass.

Rausch et al. [26] found a correlation between the thickness of
the radial cortex and the radial BMD in a study of 12 advanced-

age cadavers. Ward et al. [27] found that the cortical bone
thickness decreased by 14% every 10 years after 50 years of age.

Pistoia et al. [28] reported that decreases in the cortical bone
thickness, trabecular thickness, and trabecular number can
cause a decrease in bone strength, and the decrease in the

cortical bone thickness had the most pronounce effect on the
decrease in bone strength. We performed the present study to

determine the relationship between the DRCT and BMD of the hip
and lumbar spine and assess the ability of the DRCT to predict
osteoporosis. We found that the mean DRCT was thinner in the

osteoporotic than non-osteoporotic group (t = − 7.009, P = 0.000),
indicating that a thinner bone cortex is associated with
osteoporosis. This is consistent with previous studies.

Although we found that the DRCT was positively correlated with
the hip and lumbar BMD, there was no correlation between the
DRCT and lumbar spine BMD in the study by Tracy et al. [16].

They reported that the axial skeleton differs from the
appendicular skeleton in loading properties and distribution of

bearing stress and that the BMD changes with aging in different
ways.

Of the two techniques assessed in our study, the DRCT had a
stronger correlation with the hip DXA measurement than the
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cortex ratio (R2 = 0.154 vs. 0.114) and a stronger correlation with
the lumbar spine DXA measurement (R2 = 0.280 vs. 0.171),

suggesting that the DRCT is a better measurement parameter
than the cortex ratio for predicting osteoporosis. We selected a

DRCT of 5.1 mm as the best diagnostic cutoff point for the
evaluation of osteoporosis. This indicates that a patient whose

DRCT is < 5.1 mm may be required to undergo further DXA
testing to determine the presence of osteoporosis and that such

patients could bene�t from DXA testing and osteoporosis
treatment.

In the study by Tracy et al. [16], all patients were female and
most were Caucasian, and the cutoff point for diagnosis was

5.5 mm. However, no NPV was provided. Another study
performed by Mather et al. [15] showed that the bicortical

thickness and cortex ratio of the proximal humerus were much
more strongly correlated with the DXA measurement of the femur

than the lumbar spine. This suggests that although the cortical
thickness may differ among different races, between the two

sexes, and even among multiple anatomic sites, it seems to be
associated with BMD.

DXA cannot be replaced by measurement of the cortical
thickness, which may be an early predictor of osteoporosis.

Hollevoe and Verdonk [29] noted that the correlation between the
BMD and the clinical results of distal radius fractures was much

stronger than the correlation between the BMD and cortical
thickness and suggested that BMD can predict the clinical

prognosis. X-ray examination is routinely used for assessment of
musculoskeletal system diseases, especially hand and wrist

injuries. Patients with a thinning bone cortex should be
recommended to undergo further DXA examination to rule out

osteoporosis. Because many patients refuse to undergo DXA and
follow-up [30], measurement of the cortical thickness may
provide an opportunity to predict the risk of further fragility

fractures, and the incidence of debilitating fractures can then be
reduced by early balance intervention, fall prevention, and

osteoporosis treatment.

Limitations of this study include the relatively small sample size
and the lack of consideration of the in�uence of group, age,

weight, and some other factors. The results of this study are only
applicable to patients aged ≥ 50 years and need to be con�rmed

in a randomized controlled trial with a larger sample size. This
will allow the interaction among the factors that affect BMD to
be explained and evaluated comprehensively and reasonably.

5. Conclusion
X-ray measurement of the DRCT was positively correlated with

hip and lumbar BMD. The technique described herein is
suggested as an effective, inexpensive, and rapid method for

differentiation of osteoporosis.

List Of Abbreviations
BMD: bone mineral density
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DXA: dual-energy X-ray absorptiometry

DRCT: distal radial cortical thickness

BMI: body mass index

NPV: negative predictive value
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Cortex ratio hip bone density 0.337 0.000 0.114 0.000
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5.3mm 90.6% 51.0% 74.3% 0.416
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Figures

Figure 1

Illustration of DRCT measurement method. Beginning at the
radial-most edge of the distal ulnar articular surface, a line was
extended 40 mm proximally. At this level, the cortical width (M1)
and width of the medullary canal (M2) were measured. Another

set of measurements of cortical width (M3) and medullary canal
width (M4) were performed 20 mm proximally. The DRCT is

de�ned as ([M1−M2]+[M3−M4])/2, and the cortex ratio is de�ned
as DRCT/[(M1+M3)/2].

Figure 2

Scatterplot showing a positive correlation between hip BMD and
DRCT.
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Figure 3

Scatterplot showing a positive correlation between lumbar spine
BMD and DRCT.

Figure 4

Scatterplot showing a positive correlation between hip BMD and
the cortex ratio.

Figure 5
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Scatterplot showing a positive correlation between lumbar spine
BMD and the cortex ratio.

Figure 6

Scatterplot showing a negative correlation between DRCT and
age.
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