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Plain English Summary

This study looked at bone health using a special scan called a DEXA scan, which measures bone
strength (bone mineral density). Weak bones can lead to osteoporosis, a condition that makes bones
more likely to break. We tested 200 men and women between the ages of 40 and 75. The scan
measured bone strength in the spine and in both legs (the left and right thigh bones, called femurs). We
compared people with healthy bones to those with osteoporosis. The results showed that in healthy
people, bone strength in the spine and legs was very similar. However, in people with osteoporosis, the
leg bones (femurs) were much weaker than the spine. This means that looking only at the spine may
not show the full picture of bone health. Our study suggests that doctors should check more than one
area when scanning for osteoporosis, especially the thigh bones, because weak bones there can
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increase the chance of fractures. By doing this, doctors can choose better treatments, reduce the risk
of broken bones, and improve the success of surgery in osteoporotic patients with weak bones.

Background

Dual energy X-ray absorptiometry (DEXA) scans
are employed to assess bone mineral density
(BMD) in the spine, femur, and hip (1). These
scans are essential in identifying individuals at
risk of osteoporosis and instructing them on the
proper utilisation of anti-fracture treatment (2).
Osteoporosis, characterised by the deterioration
of bone microarchitecture resulting from reduced
BMD, has emerged as a significant public health
issue, nearing epidemic levels in both
industrialised and developing nations (2).
Various factors, including low vitamin D (3),
diabetes (4, 5), radiotherapy and chemotherapy
(6), and lipid disorders (7, 8), can lead to a
decrease in BMD. All of these diseases cause a
decrease in mineral absorption, leading to
fragility and an increased risk of fracture (9). The
greatest risk due to osteoporosis, however, is
associated with orthopaedic surgery.
Orthopaedic surgery is regarded as a highly
challenging surgical procedure due to the
necessity to guarantee the bone's strength,
particularly when joining a broken bone into two
parts or between two bones (10). Therefore, the
initial step is to guarantee that the bone
component proportions are normal (11, 12).
Consequently, the mineral density of the area in
which the operation will be conducted is
assessed by the DEXA instrument, where
orthopaedic surgery is complicated by the
increased bone fragilty of a patient with
osteoporosis, such as joint replacement (13).
Unfortunately, elderly individuals who require
joint replacement often have an increased risk of
developing osteoporosis.

Therefore, our study aims to clarify the role of
site-specific bone density measurement in
surgical decision-making by comparing BMD in
the spine and bilateral femurs of males and
females. As DEXA is traditionally used to
measure the BMD of the Lumbar spine and the
hip bones, irrespective of the fractured or
diseased bone, raises a question whether other
bones have the same BMD as the hip and lumbar
spine.

Materials and Methods

Study design and participants

A cross-sectional observational study was
conducted at the Rheumatology Outpatient
Clinic, Baghdad Teaching Hospital, Medical City,
Baghdad, and Al-Yarmouk Teaching Hospital,
Baghdad, in collaboration with the College of
Medicine, University of Baghdad. It spanned the
period from August 2023 until June 2024. Two

hundred individuals provided consent for this
research by signing a written consent form. The
study comprised male and female volunteers
aged between 40 and 75, whose heights were
between 158 and 180 cm and who weighed
between 63 and 87 kg. The study categorised
individuals into two groups: osteoporotic patients
and healthy subjects. The healthy subjects who
reported a T-score between +1 and -1. The two
groups were gained from a rheumatology
outpatient clinic. Both groups reported
generalised bone discomfort, particularly in the
back and femur.

Eligibility criteria

The overall criteria for selecting participants,
whether they were in a control group or
osteoporotic patient group, were mainly related to
back pain, regardless of chronic diseases and
underlying causes of osteoporosis. Any
participant who is treated or on treatment with
chemotherapy and \or radiotherapy.

Patients with chronic diseases or secondary
causes of osteoporosis (e.g., diabetes, anaemia,
lipid disorders) were not excluded, as the
objective was to capture a real-world spectrum of
patients typically encountered in orthopaedic
practice. This reflects clinical scenarios where
multiple comorbidities coexist and influence bone
health

Materials

The general instruments and equipment used in
this survey were (DMS Stratos system DEXA),
made in France, for the measurement of bone
mineral density. This machine is linked to the
Stratos computer for displaying the results and
choosing the method of the test, and a Brother
DCP-T510W printer to print the information in the
report on A4 paper

The procedure of taking the BMD Scan
Standardised DEXA procedures were followed.
Patients avoided calcium supplements 24 hours
before scanning and were instructed to remove
metallic items to avoid artefacts. Scans were
conducted with the patients in a supine position,
measuring lumbar spine and bilateral femoral
BMD using the DMS Stratos system (France)

Measurement of BMD

All subjects involved in this research were subject
to DEXA examination to determine their BMD,
mainly in the total spine and femur (left and right
femurs), using the T-score as a figure of
comparison between normal and osteoporotic of
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total lumbar spines and bilateral femurs. The
normal limits for BMD were established by the T-
score between +1 and -1 (14).

Statistical analysis

Statistical analyses were performed using
Statistical Package for Social Sciences (SPSS
for Windows (IBM Inc.) version 22). Independent
samples t-tests were used to compare BMD
between osteoporotic patients and healthy
controls. Paired t-tests were applied to compare
BMD across different skeletal sites (lumbar spine
vs femur) within the same individuals. The
differences between control (normal: no
osteoporosis) and patient (osteoporosis) were
analysed using paired and unpaired t-tests
according to the number of samples. Mean and
standard error means were reported, and the p-
value of significance was equal to or less than
0.05.

Results

There were 100 subjects, 50 males and 50
normal females, and another 100 subjects, again
50 males and 50 females, who had osteoporosis.
The participants’ anthropometric measurements
were recorded as follows: the mean age of the
males was 67.75 + 4.45, whilst that of the
females was 65.5 = 3.5; the mean height of the
males was 170.55 + 4.75 cm, whilst that of the
females was 172.45 + 4.65 cm; and the mean
weight of the males was 78.75 £ 6.85 kg whilst
that of the females was 72.5 + 5.8 kg.

Bone mineral density of the spine for both sexes
From Table 1, the mean BMD readings for the
lumbar spine were within normal ranges for both
males and females. Simultaneously, mean BMD
readings for the left and right femurs for both
males and females were within normal ranges.

Table 1: Bone Mineral Density (BMD) in Healthy Controls

Organ Female P-value Male P-value
Lumbar Spine (normal) 1.062+0.035 1.102+0.055
Right Femur (normal) 1.091+0.045 NS 1.071+0.055 NS
Left Femur (normal) 0.986+0.055 NS 0.956+0.045 NS

NS: non-significant correlation

From Table 1, there are no significant differences
in the mean values of the normal BMD between
the lumbar spine and right femur, or between the
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Figure 1: Bar chart comparing mean BMD (+SD) at the lumbar spine, right femur, and left femur
of both sexes in the healthy control group.

Table 2 shows that mean BMD readings for the
lumbar spine were within normal ranges for both
males and females. Simultaneously, mean BMD

readings for the left and right femurs for both
males and females were within osteoporosis
ranges.

Table 2: Bone Mineral Density (BMD) in Osteoporotic patients

Organ Female P-value Male P-value
Lumbar Spine (normal) 1.062+0.035 1.102+0.055
Right Femur (osteoporosis) 0.616+0.041 P<0.001 0.586+0.038 P<0.001

Left Femur (osteoporosis)

0.606+0.045 P<0.001

0.528+0.045 P<0.001

In Table 2, there are statistically significant (P <
0.001) differences in the mean BMD for the
normal lumbar spine and osteoporosis of the right

femur in both males and females. There were
also statistically
differences in the mean BMD for the normal

significant (P < 0.001)
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lumbar spine and osteoporosis of the left femur
in both males and females, as shown in Figure 2.
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Figure 2: Bar chart comparing mean BMD (+SD) at the lumbar spine, right femur, and left femur
of both sexes in the unhealthy group

Discussion

Two hundred subjects were divided equally into
normal and osteoporotic patient groups
regarding the BMD; each of them was divided
equally according to their gender. The mean age
of the males was 67.75, whilst that of the females
was 65.5; the mean height of the males was
170.55 cm, whilst that of the females was 172.45
cm; and the mean weight of the males was 78.75
kg, whilst that of the females was 72.5 kg. One of
the primary medical issues that results in the
inability to make a correct diagnosis or administer
appropriate treatment is a reliance on inaccurate
patient data. Orthopaedic surgery is heavily
dependent on BMD measurement, which is a
critical indicator. The reliability of BMD in the
spine as an indicator of osteoporosis is the
subject of controversy in this case, despite
numerous studies demonstrating the
effectiveness of measuring BMD as an enabler of
surgery in a specific part of the body (15). The
surgical management of orthopaedic disorders,
encompassing fracture repair and joint
replacement, is increasing (16, 17). The
prevalence of osteoporosis and related fractures
is rising globally (18). Surgeons encounter
particular difficulty in determining the best way to
treat patients and choosing the right implant(s)
for fixation due to the correlation between longer
life, better mobility, and the severity of fractures
caused by poor bone quality. Bone quality is
evidently fundamental to this decision-making
process (19).

Implications for Orthopaedic Surgical Decisions
1. Fracture Risk Assessment and Prevention
Strategies

The significant reduction in femoral BMD among
osteoporotic patients suggests a higher risk of hip
fracture, which is among the most severe and
debilitating complications associated with
osteoporosis. This highlights the importance of

routine preoperative DEXA screening to assess
fracture risk and to guide preventive measures
such as pharmacological interventions (e.g.,
bisphosphonates, denosumab), physical
therapy, and lifestyle modifications to improve
bone strength before elective orthopaedic
procedures (20).

2. Surgical Planning and Implant Selection
Given the lower BMD in the femurs of
osteoporotic individuals, orthopaedic surgeons
must consider implant stability when planning hip
replacement or fracture fixation surgeries.
Additionally, for fracture fixation, the use of
locking plates, intramedullary nails, or
augmented fixation techniques may be
necessary to ensure optimal outcomes for
patients with poor bone quality (21).

3. Spinal Surgery Considerations

The relatively preserved BMD in the lumbar spine
compared to the femur suggests that spinal
surgical outcomes may not be as severely
impacted by osteoporosis as hip surgeries.
However, osteoporosis still poses a risk in terms
of complications such as vertebral fractures,
implant loosening, and poor fusion outcomes.
Surgeons must consider the use of bone graft
substitutes, vertebral augmentation techniques
(e.g., kyphoplasty), and osteoporosis-targeted
therapies to optimise the success of spinal fusion
in osteoporotic patients (22).

4. DEXA as a Standard Preoperative Tool in
Orthopaedic Surgery

The findings of this study reinforce the necessity
to integrate routine DEXA screening into
orthopaedic surgical planning, particularly for
elderly patients or those undergoing major joint
or spinal surgeries. By identifying the region of
interest (bone(s)) that require orthopaedic
intervention) With low BMD, surgeons can
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proactively implement strategies to optimise
bone quality and improve surgical outcomes (23).
Our results revealed that in normal individuals,
the mean BMD for the lumbar spine and femurs
(left and right) showed no statistically significant
differences between males and females, as
illustrated in Table 1 and Figure 1. This finding is
consistent with previous reports suggesting that
sex-related variations in BMD are less
pronounced in healthy adults, particularly when
age and body size are controlled for. Several
large population-based studies have
demonstrated that while men generally have
higher absolute bone mass due to larger skeletal
size, the areal BMD values at the lumbar spine
and femur do not always differ significantly
between sexes in younger and middle-aged
adults (24, 25). Looker et al. (26) reported that in
the U.S. population, differences in lumbar spine
and femoral BMD between men and women were
minimal when adjusted for body composition and
age. Similarly, Henry et al. (27), in the Geelong
Osteoporosis Study, found that sex did not exert
a statistically significant effect on BMD values in
the spine and hip regions of healthy adults. One
explanation is that BMD reflects not only bone
size but also bone mineral content per unit area.
Since men typically have larger bones,
differences in volumetric BMD may be smaller
than those suggested by areal BMD, leading to
comparable mean values across sexes in certain
skeletal sites (28, 29). Furthermore, lifestyle,
nutrition, and physical activity, rather than sex
alone, have been shown to exert stronger effects
on BMD variations in healthy populations (30).
This suggests that in the absence of
osteoporosis, bone density is relatively stable
across these skeletal regions, and surgical
interventions in such patients may not require
significant modifications based on BMD alone
(14). Overall, the absence of significant
differences in lumbar spine and femoral BMD
between males and females in normal individuals
highlights that sex alone may not be a major
determinant of bone density in healthy
populations. Instead, factors such as body
composition, lifestyle, and hormonal changes
with ageing play more decisive roles.

However, the question arises when the mineral
density of the spinal column is normal, whilst the
BMD of the femur is insufficient; that is, the latter
is within the osteoporosis range. In our study,
there were high statistically significant
differences (P < 0.001) in BMDs between the
lumbar spine and femurs for each of the sexes.
Specifically, while lumbar spine BMDs remained
within normal ranges, the BMDs for both the left
and right femurs fell within osteoporosis ranges,
as illustrated in Figure 2 and Table 2. This

discordance between axial and appendicular
skeletal sites has been well-documented in
previous studies and reflects important clinical
implications. Site-specific differences in BMD are
not uncommon, as the lumbar spine and femoral
regions differ in their composition and
remodelling dynamics. The Ilumbar spine
consists predominantly of trabecular bone, which
is more metabolically active and responsive to
hormonal and metabolic changes, whereas the
femur is composed mainly of cortical bone, which
undergoes slower turnover (31). These structural
and physiological differences may explain why
lumbar spine BMD remains preserved in some
individuals, while femoral BMD shows more
marked reductions. Spine—hip discordance
(SHD) has been increasingly recognised as a

clinical phenomenon. Akiyama et al. (31)
highlighted that many individuals undergoing
DEXA assessment may show significant

differences between lumbar spine and femoral
BMDs, which can complicate fracture risk
prediction. Thus, the finding that femoral sites fell
into the osteoporotic range despite normal
lumbar values emphasises the need for site-
specific evaluation rather than reliance on a
single skeletal region.

Another explanation could be degenerative
changes in the lumbar spine that artificially
elevate BMD measurements in older individuals.
Osteophytes, vascular calcifications, and facet
joint sclerosis can falsely increase lumbar spine
readings, leading to an underestimation of
osteoporosis prevalence when relying solely on
spinal BMD (32, 33). By contrast, femoral
measurements are less affected by such
artefacts, which makes them more reliable
indicators of true bone fragility in older adults.
From a clinical standpoint, the discordance
between lumbar spine and femoral BMDs
suggests that diagnostic categorisation and
fracture risk assessment must include multiple
skeletal sites. The International Society for
Clinical  Densitometry  (ISCD)  guidelines
recommend that both the lumbar spine and hip
regions be assessed in all osteoporotic patients,
given that osteoporosis diagnosis and
therapeutic decisions may vary depending on the
site examined (34). This indicates that the femur
is more susceptible to osteoporosis-related bone
loss than the spine, making it a critical site for
assessing fracture risk and determining
appropriate surgical approaches. Low femoral
BMD may compromise screw fixation and implant
stability, making surgery technically challenging
or unfeasible. Consequently, the mineral density
of the spine is not a dependable indicator for
surgical operations on the femur, as well as other
bones of interest. As a result, in osteoporotic
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patients with normal spine BMD but low femur
BMD, surgeons may need to either postpone the
operation till BMD correction in elective
orthopaedic surgery or do an alternative type of
operation accordingly. Our findings support the
recommendations of organisations such as the
International Osteoporosis Foundation (IOF) and
the American Academy of Orthopaedic Surgeons
(AAOS), which both advocate routine
osteoporosis  screening in  older adults
undergoing orthopaedic procedures; moreover,
they allocate the region of interest to assess its
BMD directly.

Limitations and Future Research

Despite the valuable insights provided by this
study, it does have certain limitations. First, the
study did not assess the impact of factors such
as physical activity levels, nutritional intake, or
comorbid conditions (e.g., diabetes, rheumatoid
arthritis) that may influence BMD. Second, this
study focused on BMD measurements but did not
evaluate how different orthopaedic surgical
techniques or implants might influence outcomes
in osteoporotic patients with varying BMDs.
Moreover, we did not adjust for potential
confounders (e.g., age, BMI, comorbidities,
medications, physical activity, and diet). A
hospital-based sample may not represent the
general population. Cross-sectional design
studies do not establish causality. Besides, the
research was conducted in a single geographic
and ethnic population (Iraqi), which may limit
generalizability. Future research should explore
longitudinal changes in BMD and their effects on
postoperative recovery, implant survival, and
fracture recurrence rates.

Conclusion

This study highlights the critical role of DEXA-
derived BMD measurements in surgical decision-
making. The significant reduction in femoral BMD
among osteoporotic patients underscores the
need for site-specific assessment beyond the
lumbar spine. Routine preoperative femoral
DEXA, especially in osteoporotic patients =60
years undergoing hip surgery, should be
integrated into orthopaedic practice to improve
surgical outcomes and reduce fracture risk.
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