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Background: Fracture prevention in osteoporotic patients is the primary treatment goal in assessing bone mineral density,
identification of fracture risk, and determination of who should be treated. The literature shows that parameters of proximal
femoral bone geometry such as hip axis length, femoral neck shaft angle (FNA), femoral neck width (FNW) and femoral
neck cortical thickness (FNCT) can predict the risk of hip fracture. Those parameters are presented automatically with dual
energy X-ray absorptiometry (DXA) scans, which are available in well-equipped hospitals.

Objective: To determine the correlation between proximal femoral bone geometry and the parameters from DXA scans and
those from plain radiographs.

Material and Method: Forty-eight patients with no previous hip fractures or history of secondary osteoporosis underwent
both a DXA scan of the hip area and a plain hip radiograph done in the same position, 25 degrees internal rotation. Bone
geometries from both groups were measured to determine the correlation using Pearson correlation coefficient.

Results: Correlation between the parameters HAL, FNA, FNW and FNCT from the DXA scans and from the measurement
of the plain radiograph was significant (p<0.01) and the level of correlation was moderate to high. The FNCT had least
mean difference (0.04). In addition, the parameter FNCT, less than 0.29 mm in both DXA scans and plain radiographs,
showed a significant correlation with osteoporosis (T-score <-2.5).

Conclusion: The bone geometry parameters from either DXA scans or plain radiographs may be used to predict osteoporotic
hip fracture with a moderate to high correlation. Plain radiographs are very helpful when DXA scan results are not available.

The FNCT parameter has a strong correlation with osteoporosis.
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At present, osteoporosis is a major problem
for national public health systems in all countries. The
risk of osteoporotic related fractures may not only
reduce the quality of life of patients but also causes an
increase in morbidity, mortality and financial burden.
The patients who have osteoporotic hip fractures may
have many complications associated with osteoporosis
such as an increased risk of disability, loss of the ability
to live independently as well as an increased risk of
death®™. Hip fractures occur more frequently now and
are increasing by 1-3% per year in most countries of
the world®. The estimated incidence of hip fractures
is about 151.2 per 100,000®). The mortality rate after
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an osteoporotic hip fracture at one year following the
fracture is 18%®. Fracture prevention is the primary
treatment goal for patients with osteoporosis by
assessment of bone mass, identification of fracture risk
and a determination of who should be treated®.

The World Health Organization (WHO)
defines osteoporosis as bone mineral density 2.5
standard deviations or more below the mean peak bone
mass of a healthy 25-year-old (T-score). The American
National Institute of Health Consensus Conference
in 2000 defined osteoporosis as a skeletal disorder
characterized by compromised bone strength,
predisposing a person to the increased risk of fracture.
Bone strength is determined by both bone density and
bone quality. Bone density is the volume of mineral
per area determined by peak bone mass and the
amount of bone loss. Bone quality refers to architecture,
turnover, damage accumulation and mineralization®.
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The gold standard measurement used to diagnose
osteoporosis is based on an assessment of bone mineral
density (BMD) by dual-energy X-ray absorptiometry
(DXA)®.

After BMD at the hip area is investigated
using a DXA scan, hip geometry such as hip axis
length, femoral neck shaft angle, femoral neck width,
femoral neck cortical thickness and others can be
assessed accurately. The bony architecture or bony
geometry is one factor determining bone strength as
described in the previous paragraph. Many studies
suggest that these hip bony geometry calculations can
predict the risk of hip fractures®!'¥. However, DXA
facilities are not available at every medical center in
all countries, but plain radiographs are widely
available. The present study was conducted to evaluate
the correlation of proximal femoral bone geometry
from plain radiographs and dual energy X-ray
absorptiometry (DXA). If the data from two methods
are correlated, it would indicate that data from plain
radiography can be used to predict the hip fracture risk
accurately in the same way as data from a DXA scan.

Material and Method
Study design and patients

Prospective consecutive forty-eight patients
were recruited at the Orthopedic Outpatient Department
of Chiang Mai University between August 2012
and March 2013. The inclusion criteria were healthy
patients over 50 years old with no concurrent hip
fracture or injury. The exclusion criteria were a
pathologic fracture, previous hip fracture and a history
of secondary osteoporosis (e.g., chronic renal failure,
thalassemia, chronic steroid use). The subjected
included 4 males and 44 females with a mean age of
64 years, weight of 55 kg and height of 150.4 cm. Their
mean body mass index was 24.37 kg/m?. All of the
patients underwent a DXA scan and a plain radiograph
of both hips AP view. This study was begun after
receiving approval from Chiang Mai University
Hospital Institutional Review Board and informed
consent was obtained from all patients.

DXA scan

Ahip DXA scan was performed on all patients
using the discovery A (S/N 82938) model scanner at
Chiang Mai University. The patients were in supine
position with internal rotation of both hips at 25 degrees
(Fig. 1). The foot blocking system was used to promote
the internal rotation position of both hips. The bone
mineral density was measured and the hip bony
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geometry parameters such as hip axis length®®,
femoral neck shaft angle (FNA), femoral neck width
(FNW) and femoral neck cortical thickness (FNCT)
were obtained automatically®® (Fig. 2).

Plain radiograph

Following the DXA scan, a plain radiograph
was performed on both hips of all patients in AP
view!), The patients were in the supine position and
internal rotation position of both hips with the foot
blocking system was the same as for the DXA scan.
The hip bony geometry parameters were measured on
the same side of the hip as in the DXA scan. All of the
radiographs were digitized using the picture archiving
communication system (PACS) software at Chiang
Mai University, and all the parameters and angles were
measured using the calipers and goniometers provided
by the software. Two investigators (TV and CC)
measured twice (four measurement total) and then

Patients were in supine position with 25 degrees
hip internal rotation for both DXA scan and plain
radiography.

Fig. 1

Fig. 2

Parameters measured from the hip anteroposterior
on a DXA scan (left) and a plain radiograph (right).
1) The distance A to B is the hip axis length,
2) the alpha (a) angle is the femoral neck shaft
angle, 3) the distance C + D + E is the femoral
neck width, and 4) the distance C plus the distance
E is the femoral neck cortical thickness*!.
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calculated the average for each parameter. 1) Hip axis
length®: Length along the femoral neck axis from
below the lateral aspect of the greater trochanter
through the femoral neck to the inner pelvic brim.
2) Femoral neck shaft angle (FNA): Angle formed
between the femoral neck and the shaft of the femur.
3) Femoral neck width (FN'W): Shortest distance within
the femoral neck region of interest. 4) Femoral neck
cortical thickness (FNCT): Femoral neck cortical
thickness at the level of the width measurement at
the femoral neck.

Statistical analysis

Statistical analysis was performed to
determine the significance of the correlation between
two methods using the Statistical Package for
Social Sciences (SPSS) 16.0 (SPSS Inc., Chicago, IL,
USA). The bivariate Pearson correlation test was used
to determine correlation between the DXA scan
parameters and parameters from the plain radiograph,
including BMD (T-score). Mean difference was used
to determine the error of parameters from two methods.
Statistical significance was accepted for p-value
<0.05.

Results

The intraclass correlation coefficient indicated
excellent measurement agreement for both inter-
observer reliability (r = 0.93) and intra-observer
reliability (r = 0.97) in the comparison of bone
geometry from the DXA scans and the plain radiographs.

The mean parameters for HAL, FNA, FNW
and FNCT were 100 mm, 129 degrees, 3.05 mm and
0.28 mm with DXA scan and 110 mm, 128 degrees,
3.26 mm and 0.33 mm with the plain radiograph,
respectively. The proximal femoral bone geometry
from the DXA scan correlated significantly with the
proximal femoral geometry from the plain radiograph

including HAL r = 0.769 (p<0.01), FNA r = 0.477
(p<0.01), FNWr=0.624 (p<0.01) and FNCTr=0.391
(»<0.01), respectively. Mean differences for HAL,
FNA, FNW and FNCT were 13.86,0.22, 0.25 and 0.04,
respectively. The parameter of HAL was overestimated
from plain radiograph measurement (Table 1).

Comparison of bone mineral density (T-score) and
bone geometry from DXA scan

The mean parameters for HAL, FNA, FNW
and FNCT were 99.8 mm, 128 degrees, 3.08 mm and
0.21 mm with the osteoporotic group (T-score equal
or less than -2.5) and 100 mm, 130 degrees, 3.05 mm
and 0.29 mm with the non-osteoporotic group (T-score
greater than -2.5), respectively. Only the FNCT from
the DXA scan showed a significant correlation with
osteoporosis, r = 0.720 (p<0.01).

Comparison of bone mineral density (T-score) and
bone geometry from plain radiographs

The mean parameters for HAL, FNA, FNW
and FNCT were 107 mm, 128 degrees, 3.23 mm and
0.29 mm with the osteoporotic group and 110 mm,
129 degrees, 3.27 mm and 0.34 mm with the non-
osteoporotic group, respectively. The FNCT from the
plain radiograph showed a significant correlation
with osteoporosis, r = 0.325 (p = 0.024). There were
no significant relationships between T-score and
HAL, FNA, or FNW (Table 2).

Discussion

The present study explored the correlation of
simultaneous bone geometry measurements between
DXA scanning and plain radiography for the first time.
Use of plain radiograph measurement by general
practice physicians and nurses is an appropriate
alternative in areas where there are no facilities for
DXA scanning.

Table 1. Showing the mean of hip axis length, femoral neck shaft angle, femoral neck width and femoral neck cortical
thickness from plain radiograph and DXA scan combination with their correlation coefficient, p-value and mean

difference
Bone geometry Mean Correlation (r)  p-value Mean difference
Plain radiograph ~ DXA scan
Hip axis length (mm) 110 100 0.769 <0.01 13.86
Femoral neck shaft angle (degree) 128 129 0.477 <0.01 0.22
Femoral neck width (mm) 3.26 3.05 0.624 <0.01 0.25
Femoral neck cortical thickness (mm) 0.33 0.28 0.391 <0.01 0.04

DXA = dual energy X-ray absorptiometry
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Table 2. Showing the mean of hip axis length, femoral neck shaft angle, femoral neck width and femoral neck cortical
thickness from plain radiograph and DXA scan in osteoporotic group (BMD <-2.5) combination with the correlation

coefficient and p-value

Bone geometry Plain radiograph DXA scan

Mean  Correlation (r)  p-value  Mean  Correlation (r)  p-value
Hip axis length (mm) 107.0 0.131 0.374 99.8 0.039 0.790
Femoral neck shaft angle (degree) 128 0.017 0.909 128 0.136 0.357
Femoral neck width (mm) 3.230 0.064 0.663 3.08 0.295 0.042
Femoral neck cortical thickness (mm) 0.294 0.325 0.024* 0.21 0.720 <0.01*

BMD = bone mineral density

Previous studies have presented bone
geometry from both DXA scans and plain radiographs
including reporting correlations with hip fracture, low
bone mineral density and fracture rate®. However,
the position of the hip on the DXA scans and plain
radiographs have not been the same in any of those
studies®®. In addition, the measurements differed
in rotational position of the hip as well as cortical
thickness and neck width®. The present study used a
consistent hip rotation of 25 degrees internal rotation
in both the DXA scans and the radiographs. Having
the position on the different images the same increases
accuracy of parameter measurement and interpretation.

No previous evidence was found showing
that bone geometry parameters from DXA scans and
plain radiographs could be used for the same purposes.
The parameters from DXA scans may not be used by
their measurements from the plain radiograph. To our
knowledge, this study was the first that studied the
correlation of measurements between DXA scans and
plain radiographs. It was found that with this moderate
to high degree of agreement, parameters from the plain
radiograph could be used when DXA scanning is not
available. However, the HAL parameter was not
appropriate to use due to the overestimate measurement
from plain radiograph; but the FNCT can be use for
measurement because of the small mean difference.

The published literature indicates that bone
geometry measured from DXA scans is the standard
for predicting hip fracture and osteoporosis. The DXA
scans interpret bone quality and bone geometry
simultaneously. Bone geometry from DXA scans such
as HAL and FNA have been used to predict both hip
fracture and osteoporosis”. However, the present study
found FNCT more reliable for predicting osteoporosis.
A FNCT of less than 0.29 mm relates to a T-score of
less than -2.5 with a p-value less than 0.05. Thus, this
measurement can be very useful for general physicians
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to evaluate and help patients avoid osteoporotic hip
fractures.

Studies conducted over the past 10 years have
also reported that using bone geometry from plain
radiographs could predict hip osteoporosis including
hip fractures®!%!Y, The measurement of HAL and FNA
were the most reliable in predicting hip fracture,
although no details were given regarding hip position
during plain radiography!”. The authors correlated
bone geometry with Singh index and T-score. The
present study found that FNCT was the only significant
predictor for osteoporosis and that it was also very
helpful for physicians in helping patients avoid hip
fractures.

There were three main limitations of the
present study. First is the limited number of cases.
Increasing the number of individuals studied would
increase reliability and reduce error. The second is that
most of the samples were female, thus representing a
group of osteoporosis types usually found in females.
However, osteoporosis in men is increasing. Thus, the
results of the present study may not be applicable to
males. Lastly, different types of DXA scanners and
different measurement programs may yield different
numbers in bone geometry parameters.

Conclusion

Because of the moderate to high degree of
correlation, the bone geometry parameters from either
DXA scans or plain radiographs can be used to predict
osteoporosis. Plain radiographs are very helpful when
there are no DXA scan results available as is the case
in some hospitals. The femoral neck cortical thickness
parameter has a strong correlation with osteoporosis.

What is already known on this topic?

The bone geometry parameters from DXA
scans can predict osteoporosis and hip fracture risk.
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However, those parameters analyze from DXA
scanners that present only in tertiary hospital. Those
parameters that can measure from a standard plain
radiograph may or may not used to predict osteoporosis
or hip fracture due to difference investigation machines.

What this study adds?

This study adds new information that not all
bone geometry parameter measurements from DXA
scans can be relatively used on the plain radiograph
measurements. A femoral cortical neck thickness is
only one bone geometry parameter that can be used
from the plain radiograph measurement as the
osteoporosis prediction.
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