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Abstract
Summary Dual-energy X-ray absorptiometry is recognized for measuring bone mineral density. The lack of knowledge can lead
to errors both in the acquisition of information and in its analysis and subsequent interpretation. The main errors in Ecuadorian
Centers were positioning of the patient to the equipment and incorrect analyzed area.
Purpose/introduction Dual-energy X-ray absorptiometry (DXA) is recognized as the gold standard for measuring bone mineral
density (BMD) with acceptable errors, good precision, and reproducibility. However, the training of operators in different centers
and countries is not standardized, and the lack of knowledge can lead to errors both in the acquisition of information and in its
analysis and subsequent interpretation. The purpose was to determine the most common errors in the performance of bone
densitometry from different imaging centers in Ecuador.
Methods Cross-sectional descriptive study. We collected DXA scans from different imaging centers in Ecuador. Data from the
DXA scan included city of origin, type of specialist that requested it, and densitometry diagnosis. The DXA images provided
were analyzed double blind by experts in the field from Argentina.
Results From a total of 141 patients with a mean age of 61 ± 10 years, 93.6% were women. About 78% of the DXA scans came
from private imaging centers and 22% from public centers, 95% of all came from the city of Guayaquil. The machines used were
Hologic 50.4% and Lunar 49.6%. The densitometric diagnosis was 16.3% normal, 46.1% osteoporosis, and 37.6% osteopenia. A
total of 112 left hip and 49 right hip scans were analyzed from which 31.2% and 22.4% had errors in patient positioning,
respectively, mainly internal or external rotation. About 140 lumbar scans were analyzed from which 21.4% had patient positioning
errors (not centered or not straight). Also in 38.5% the vertebral area did not correspond to L1-L4. About 3.5% had artifacts such as
a metal bar or implant. The region of interest was misplaced in 24.1% of the lumbar scans and 19.9% of the femur.
Conclusions DXA quality standards exist but are often not implemented in clinical practice. When studies are performed
incorrectly, it can lead to important errors in diagnosis and therapy. Physicians interested in the management of osteoporosis,
although not directly involved in the performance and interpretation of DXA, should be familiar with the protocols to minimize
errors and allow the proper use of bone densitometry.
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Introduction

Methods

Osteoporosis is a metabolic disorder characterized by low
bone mass and deterioration of the bone microarchitecture,
with a subsequent increase in bone fragility and susceptibility
to fracture [1]. This poses a serious problem for public health
due to its high prevalence and the costs associated with its
comorbidity. It is estimated that osteoporosis affects more than
200 million women in the world and causes 8.9 million fractures per year, with an average of one fragility fracture every 3
seconds [2].
The World Health Organization bases the definitions of
osteopenia and osteoporosis on the results of bone mineral
density (BMD). The T score compares the patient’s BMD with
the reference mean for a young adult. A T score between − 1.0
and − 2.5 defines osteopenia and less than or equal to − 2.5
osteoporosis [3]. Dual energy X-ray absorptiometry (DXA) is
recognized as the gold standard for measuring bone mineral
density. DXA allows the measurement of BMD in multiple
skeletal sites, has been shown to be safe, is easy to use, and
requires a short investigation time [4].
Despite the advantages of DXA, the rapid growth of this
technique and the lack of standardized training of technologists have raised concerns regarding the quality of DXA studies. In a survey on the perceptions of the quality of DXA
reports among 6000 members of the International Society
for Clinical Densitometry, 71% of the doctors and 45% of
the technologists reported having seen an incorrect interpretation of DXA at least once a month [5]. Likewise, 98% of the
doctors considered that bad quality reports were harmful for
patients’ care.
Several authors have studied the prevalence of errors in
densitometries, finding values that fluctuate between 40 and
90%. In one study, of 485 DXA analyzed, only 7% did not
present any error, while 74% had an error, 16% two errors and
3% three errors [6]. Another study analyzed DXA scans from
20 diagnostic centers and estimated an overall error rate of
31.8% for the lumbar spine and 49.0% for the femur [7].
The prevalence of errors was even higher in the study by
Binkley et al. with 57% for the spine and 90% for the hip [8].
Errors in DXA are divided into four categories: indication,
acquisition, analysis, and interpretation [7]. Acquisition errors
are the main limiting factor and include incorrect demographic
information, improper patient positioning, inappropriate scanning, invalid skeletal site, and the presence of artifacts [9].
Errors in analysis include poor delimitation of the vertebral
bodies, bony margins, and regions of interest [10].

A cross-sectional study was carried out. We included DXA
scans that had been requested by rheumatologists from different
centers of Guayaquil during a 1-month period, from August to
September 2017. All available scans of lumbar spine and/or hip
were included. Forearm measurements, total body measurements, and measurements taken in children were excluded.
The demographic data of the patients included age, sex,
weight, height, body mass index (BMI), clinical diagnosis, and
age of menopause for women. From each DXA, the center of
origin, T score results, and densitometric diagnosis were included.
The DXA images were analyzed by a radiologist trained on
the principles and standards of DXA scanning according to
the International Society for Clinical Densitometry (ISCD).
Four aspects were studied: scanning, positioning of the patient, delimitation of the region of interest (ROI), and presence
of artifacts. The DXA was considered correct if it fulfilled with
the following criteria [11]:

Objective

Results

To determine the most common errors in the performance of
DXA in different imaging centers of Ecuador.

Of a total of 141 DXA scans analyzed, 93.6% were from
women and 6.4% men with an average age of 61 ± 10 years.

Lumbar spine:
Scanning: the image includes part of the lower vertebra
with ribs that is usually T12 and the iliac crests that correspond to the upper part of L5.
Position: the spine is straight and aligned with the longitudinal axis; the spinous processes are centered and not rotated.
ROI: ranges from L1 to L4, and the horizontal lines pass
through the intervertebral spaces.
Hip
Scanning: the ischium, head of the femur, neck, greater
trochanter, and part of the femoral axis under the trochanter can be observed.
Position: the lower extremity is in internal rotation of 15
to 30° in such a way that the lesser trochanter is minimal
or not visible and the femoral axis is straight and parallel
to the edge of the image.
ROI of the femoral neck: the middle line is centered. The
femoral neck box is located in the narrowest part (Lunar)
or in the most distal part (Hologic) and does not include
any region of the ischium or greater trochanter.
The data was analyzed using the program SPSS v22.
Descriptive measures including frequencies, means, and standard deviation were obtained.
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The mean age for men was 63 ± 7 years, and all of them were
older than 50 years. The mean age for women was 61 ±
11 years and all of them were postmenopausal. The mean
age of menopause was 48 ± 3 years.
The mean weight of the patients was 64.3 ± 10.3 kg, with
an average height of 1.5 ± 0.1 m. According to the BMI, underweight was found in 0.7%, ideal weight 26.9%, overweight
44.0%, and obesity 28.4%.
Regarding the clinical diagnosis, 54.6% had osteoarthritis,
9.9% rheumatoid arthritis, 2.1% psoriatic arthritis, and 33.4%
other diagnoses.
About 76.6% of the scans came from private centers and
23.4% from public centers. About 50.4% were done with the
Lunar equipment and 49.6% Hologic; 48% used the
Combined NHANES/Lunar data as the reference standard,
and 52% used the NHANES III data. The majority of the
scans, 63.9%, measured the BMD in the left hip and lumbar
spine. The other combinations of DXA orders are shown in
Table 1:
Based on the T score results, 16.3% of the patients had a
normal BMD, 46.1% osteopenia, and 37.6% osteoporosis.
Table 2 shows the measurements obtained.
We analyzed 112 scans of left hip and 49 of right hip, of
which 31.2% and 22.4%, respectively, had errors in patient
positioning due to excessive internal or external rotation. The
scan did not include the required areas in 8.6% of the DXA. In
addition, the region of interest was poorly defined in 20.1% of
the cases (Figs. 1 and 2).
Regarding the lumbar spine, 140 scans were analyzed, of
which 21.4% had errors in patient positioning since the spine
was not centered or was not straight. The scanning was not
adequate in 17.9% of the cases. In 38.5%, the selected ROI did
not correspond to the vertebrae L1-L4 (Fig. 3).
Metal artifacts were found in 3.5% of the DXA scans. In
addition, 22.9% of patients had osteoarthritic changes in the
spine and 0.7% scoliosis (Fig. 4).
Based on these errors, it was determined that 40.4% of
DXA scans studied were not adequate for BMD assessment.
Of these, 10 had T scores within the normal range, 23 in the
range of osteopenia, and 24 osteoporosis, which corresponds
to 7.1%, 16.3%, and 17.0% of the total population,
respectively.

Table 1 BMD sites of
measurement

BMD sites of measurements

%

Spine + left hip + right hip
Spine + left hip
Spine + right hip
Left hip only
Right hip only
Lumbar spine only

15.6%
63.9%
18.4%
–
0.7%
1.4%

Table 2
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T scores from different measured sites

T score

Mean

Standard deviation

Left femoral neck
Right femoral neck
L1
L2
L3
L4

− 1,4
− 1,1
− 1,2
− 1,5
− 1,1
− 0,9

0,9
0,9
1,4
1,3
1,6
1,8

Discussion
The results of this study show a high prevalence of
errors in DXA since 40.4% of the analyzed scans were
not considered adequate, which is similar to that found
by Tuna et al. of 34.7% [10]. On the other hand, other
studies have shown a prevalence of errors in densitometry of up to 93% [6–8].
The International Society for Clinical Densitometry recommends the measurement of BMD for the diagnosis of osteoporosis in the posteroanterior spine and right or left hip indistinctly [12]. In this study, in 82.3% of the reports, the BMD
was measured in the spine and hip. A study on the reporting
practices of 270 densitometry centers found that 71% of the
centers also measured spine and femur; 13% measured only 1
site, and 11% measured the spine, femur, and forearm [13].
The ISCD also recommends the use of T score in postmenopausal women and men age 50 years or older and Z scores in
premenopausal women and men younger than 50 years [12].
Since all the patients included in this study were men over

Fig. 1 Position error in hip: a large and pointed lesser trochanter is
observed due to inadequate rotation. Also, the global region of interest
is not placed correctly
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Fig. 2 Position error in hip: the femoral axis is abducted; also, the global
region of interest is not placed correctly, and the area of the lesser
trochanter is not delimitated within the bone edge detection

50 years and postmenopausal women, the T score was correctly used for the interpretation of BMD.
Baniak et al. compared DXA scans performed by autoanalysis to those done by manual analysis by a technologist
and found that the manual analysis was more precise [14].
This emphasizes the role that technologists have in the process
of acquiring DXA but in turn implies that the majority of
errors in DXA are operator dependent. In their study, 64.2%
of the spine scans and 58.6% of the femur were considered
inadequate; the most frequent errors were the placement of the
ROI in an area other than L1-L4, intervertebral lines that cut
the vertebral bodies and the incorrect placement of the femoral
neck box [14]. Karahan et al. found that the most frequent
spine error was also in the definition of the region of interest,
while for the hip, it was inadequate internal rotation [7]. These
errors are similar to those found in the present study.
Binkley et al. found that 72% of the errors in DXA are due
to wrong positioning of the patient [8]. Two studies had a
higher rate of position errors, with 83.9% and 91.1%, respectively [10, 15]. In the first study, 46.1% of the spine scans were
not centered, and 22.6% of the hip scans did not have the
optimal internal rotation [10]. In the second study, the spine
was not straight in 48.7% of the images, and the femoral axis
was deviated in 40.7% of the cases [15]. In this study, the
percentage of positioning errors was lower with 31.2% for left
hip, 22.4% right hip, and 21.4% lumbar spine.
It has been shown that errors in positioning alter the results
of BMD. Lekamwasam et al. determined that external hip
rotation increases the BMD of the femoral neck by 0.005 g/
cm2, while an excessive internal rotation decreases it by
0.009 g/cm2 [16]. Likewise, Rosenthall demonstrated that

Fig. 3 ROI error in lumbar spine. L1 is placed in T12 where ribs are
observed which leads to incorrect enumeration of the vertebrae

placing the hip in a more neutral position produces an increase
in femoral neck BMD in 65% of patients [17].
Poor rotation also influences the BMD of the lumbar spine,
with a reduction of about 20% in bone density when the spine
is rotated 60 degrees [18]. This association should be considered when performing DXA studies in patients with scoliosis.
Izadyar et al. showed that when the degree of lateral and axial
rotation of scoliosis increases, the BMD decreases by 10.8%
and 9.6%, respectively [19].
Scanning errors were more common in the spine with
17.9% than in the hip with 8.6%. This is similar to another
study where many of the lumbar scans did not include the
recommended areas; 38.9% of the images did not show the
iliac crests, and 40.7% did not include T12 and L5 [15].
Inadequate placement of the regions of interest is another
important source of errors. In this study, the ROI was poorly
defined in 20.1% of the hip scans and 38.5% of the spine.
Similar data was found in the study by Messina et al. where
the most frequent error in the spine was the inclusion or
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score between the initial and the adjusted report. The mean
initial BMD in their study was 0.811 and after adjustment it
was 0.781. Likewise, the initial T score was − 2.138 and decreased to − 2.199. However, there was no significant change
between the initial and adjusted densitometric diagnoses.
In the present study, about half of DXA scans were not
considered adequate for the interpretation of BMD; of these,
the majority with T scores is in the range of osteopenia and
osteoporosis. Since this was a cross-sectional study, we have
no data on the proportion of scans that were incorrectly
interpreted in the clinical practice. Nor could we see if there
was any change in the T scores when performing densitometry
correctly in patients whose initial DXA scans had errors.

Conclusion

Fig. 4 Metal artifact in lumbar spine

exclusion of vertebrae in 46% of the cases and in the femur
was the poor definition of the analysis box in 30% [6].
Adequate delimitation of the ROI is essential in the hip
since there is a gradient in the BMD along the femoral neck,
with the proximal being the highest and the distal the lowest
[20]. Regarding lumbar spine, Peel et al. showed that erroneous labeling of T12 as L1 results in a decrease in BMD,
whereas when L2 is labeled as L1, there is an overestimation
of BMD [21]. Due to the great variability that exists in the
vertebral segmentation and rib positioning, the correct delimitation of the ROI and enumeration of the vertebrae represent a
real challenge.
Another of the errors found was the presence of artifacts such
as metal bars and severe arthritic changes. Garg et al. showed
that certain artifacts such as clips, zippers, coins, and stones
produce an increase in BMD [20]. The same effect is seen with
the presence of osteophytes, syndesmophytes, and fractures.
The magnitude of the increase in BMD by osteophytes varies
from 9.5% to 13.9% according to the study by Rand et al. [22].
In our study, more than half of the patients had osteoarthritis as
the main diagnosis, and 22.9% presented arthritic changes in
lumbar spine, which was similar to the study by Paiva et al.
who found a prevalence of lumbar osteophytes of 33.3%, with
a correlation with higher bone mineral density [23].
Errors in DXA produce significant variations in BMD and T
scores, as demonstrated by the study by Tuna et al. [10]. These
authors adjusted the DXA reports based on the most common
errors and found a significant difference in the BMD and the T

This is the first study of DXA errors in our country, and, as in
other countries, the prevalence of errors is high. More studies
analyzing the quality of DXA scans in other diagnostic centers
in the country and the world are needed to determine how the
process of data acquisition is being carried out. It is necessary
to achieve a good quality in the DXA reports, so we highly
recommend that technologists and doctors should receive the
appropriate training.
The limitation of this study is based on the fact that the
analysis of DXA is subjective, which is why it is not 100%
accurate. For this reason, it is suggested that when analyzing
DXA reports, more than one expert should be involved. We
hope that this study will serve as a guide in this area and help
reduce common errors in densitometry.
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