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ABSTRACT

Introduction: This study utilizes the Skeletal Symmetry
Index (SSI) to quantify bilateral uptake uniformity of
9mTc-MDP bone scintigraphy images, aiming to compare
calculated values with previously published reference
limits to differentiate physiological variation.

Method: Bone scintigraphy data of 35 adult patients were
analyzed retrospectively across five anatomical regions:
skull, humerus, rib, iliac crest, and femur. Bilateral
asymmetry was quantified using the mentioned SSI
formula. Standard statistical analysis was performed to
analyze and correlate the regional count data.

Results: High degrees of bilateral symmetry were
observed across all skeletal sites. The calculated SSI
values (median) ranged from 2.12% (skull) to 7.28%
(humerus). Spearman’s correlation showed exceptionally
strong symmetry. Most of the regions showed random
count variation, but the regional count of ribs exhibited a
statistically significant right-sided prevalence in the
Wilcoxon signed-ranks test, likely due to hepatic activity.
All measured indices remain well below the 10% clinical
threshold for pathological asymmetry.

Conclusion: SSI confirms high skeletal symmetry that is
well below previously published limits and serves as a
practical tool for routine image quality control.
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INTRODUCTION

Bone scintigraphy with the use of “™Tc Methylene
Diphosphonate (“™Tc-MDP) is a well-established nuclear
medicine technique for the assessment of bone
metabolism and pathology. The procedure is based on the
the

radiopharmaceutical in areas of active bone metabolism,

principle  of preferential uptake of the
which is indicative of osteoblastic activity and blood flow.
Due to the high sensitivity of the procedure, whole-body
bone scintigraphy is of primary importance in the
detection of metastatic disease, trauma, infections, and
metabolic bone diseases. The final image is indicative of
the spatial distribution of the counts detected, which is a
result of fundamental physical laws such as radioactive

decay, attenuation of photons, scatter, etc.

This study uses a practical quantitative approach to
evaluate skeletal uptake symmetry in whole-body bone
scintigraphy by introducing a Skeletal Symmetry Index
(SSI), calculated from the relative difference in counts
between corresponding regions on the left and right sides
of the body. The aim is to move beyond subjective visual
assessment and determine how reliably symmetry can be
measured using routine clinical images, while also
examining how this symmetry varies across different
skeletal regions. Rather than assuming perfect bilateral
the
physiological variation and places measured asymmetry

equivalence, study acknowledges inherent
in the context of system performance by comparing it
with the known uniformity limits of the gamma camera.
In doing so, it establishes a lower boundary below which

observed differences are more likely attributable to
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detector non-uniformity than true biological variation. By
combining simple count-based analysis with fundamental
imaging physics, this work reframes skeletal symmetry
as a measurable parameter with defined limits, offering a
more objective and standardized basis for interpreting
bone scintigraphy in clinical practice.

Quantitative assessment of skeletal symmetry in nuclear
medicine has been explored in multiple contexts,
establishing a foundation for objective interpretation
beyond conventional visual analysis. Early work in bone
scintigraphy introduced computer-aided sacroiliac joint
indices and quantitative left—right uptake comparisons to
support demonstrating  both
feasibility and clinical relevance (1-3). Asymmetry
scores have also been applied in three-phase bone
scintigraphy—for example, in the evaluation of complex

clinical  evaluation,

regional pain syndrome—where quantitative bilateral
differences enhanced diagnostic sensitivity (4). Although
these approaches highlight the utility of symmetry
metrics, they largely focus on specific applications rather
than standardized skeletal frameworks. Evidence from
related fields further underscores that perfect bilateral
symmetry is rarely observed: investigations of hip bone
mineral density reveal strong correlations but measurable
physiological variation independent of age, emphasizing
the need to consider natural asymmetry when defining
normal limits (5, 6). Methodological studies from
biomechanics and movement analysis illustrate how
symmetry indices can be rigorously normalized and
standardized, demonstrating that index choice and
formulation significantly influence
(7-9). Additionally,
incorporating sacroiliac indices have shown improved

quantification
outcomes clinical  studies
specificity in scintigraphic diagnosis, supporting the
practical of bilateral
Collectively, these works provide a compelling rationale
for developing a quantitative, region-specific skeletal
symmetry index that accounts for inherent biological
variation while integrating imaging physics. Despite
prior efforts, a comprehensive framework that establishes
normal reference limits across skeletal regions and
distinguishes ~ physiologic system-related
asymmetry remains absent, motivating the present study
to extend existing symmetry index concepts into a

value quantification  (10).

from
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whole-skeleton, region-specific framework for routine
clinical QC, which has not been systematically explored.

In this study, we used routinely acquired bone
scintigraphy data to retrospectively assess skeletal
symmetry. We described baseline symmetry patterns and
their variability under typical clinical conditions by
examining bilateral regions of interest across several
anatomical sites. In addition to traditional phantom-based
quality assurance, the skeletal symmetry index offers a
straightforward, quantitative measure that represents
image uniformity and system performance. Bone
scintigraphy can be interpreted more intelligently using
these patient-derived metrics, which provide an
additional viewpoint on imaging consistency. All things
considered, this work shows how symmetry-based
analysis can be used practically and emphasizes how it
could improve quantitative evaluation and quality control

in nuclear medicine.

METHODOLOGY

The study sample consisted of 35 adult individuals
(n=35), who underwent bone scintigraphy in our nuclear
medicine institute. Patients with high pathological uptake
and skeletal metastasis are excluded from the study.
Whole body *"Tc-MDP bone scintigraphy was
performed using a Mediso AnyScan S dual-head SPECT
system. The system was equipped with low energy high
resolution (LEHR) parallel hole collimators using 140
keV peak energy and a 20% energy window. Images were
acquired in a continuous scanning mode into a matrix
with a pixel size of 2.74 mm and a zoom factor of 0.89.
The scan speed was set to 150 mm/min. A standard
dosing protocol (300-740 MBq) and 3 h of uptake time
were maintained.

Five anatomical regions were selected for bilateral
symmetry analysis: the skull, humerus, rib, iliac crest,
and femur. Counts were recorded for both the left (L) and
right (R) sides, drawing simple circular regions of interest
(ROIs) to ensure replicability. The right-sided ROIs are
drawn duplicating the left-sided ROIs to maintain
uniformity. ROIs are placed on specifically proximal
third of the humerus and femur, 10th rib and parietal
bones of the skull. All the ROIs are drawn in the posterior
aspect of the bone scintigraphy image.
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Skeletal symmetry was quantified using a skeletal
symmetry index (SSI) to allow for normalized comparison
across different skeletal dimensions. The index was
calculated according to the following formula (11)

|CountsL—Countsg|

S S 1% = x 100 (1)

%(CountsL+CountsR)

This index expresses the absolute difference between
sides as a percentage of the individual’s mean size,
effectively controlling for overall body size scaling. An
SSI value of 0 indicates perfect bilateral symmetry, while
higher values represent increasing degrees of fluctuating
or directional asymmetry. After calculating all the
indices, standard statistical tests (data distribution and
correlation analysis) were performed using IBM SPSS
v26 software.

RESULTS AND DISCUSSION

The study included a cohort of 35 routine *"Tc-MDP bone
scintigraphy patients. Patient demographics are listed in
Table 1. The mean age of the patients is years. The range
of age (20 years — 95 years) indicates a wide variation in
adult individuals included in this study. But the study
population is predominantly female (62.86%), while males
represented 37.14% of the population. This female
predominance is quite common in bone scintigraphy, as

mentioned in several previous studies (12, 13).

Table 1: Patient Demographics

Number of Patients 35

Age (Mean = SD) 54.97£16.46
Age Range (20-95)
Male (n, %) 13,37.14%
Female (n, %) 22,62.86%

All the count data are extracted from five skeletal ROlIs,
and the corresponding skeletal symmetry index is
calculated according to the formula mentioned in the
methodology section. The count data for these regions,
including medians and IQRs, are summarized in Table 2.
The highest median counts are observed in the skull,
while the humerus exhibited the lowest median count
density. Generally, the median values for the left and
cardiac sides across all anatomical sites appeared closely
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aligned, suggesting a high degree of bilateral uniformity
in tracer uptake or physiological activity.

Table 2: Count Data of ROI at five different skeletal sites.

Anatomical Site Side Median IQR (25%-75%)
Skull Left 4564  (3069-7958)
Right 4933 (3141-7970)
Humerus Left 2666 (1804-3228)
Right 2644 (1953-3151)
Rib Left 4572 (2694-5354)
Right 4712 (2713-5710)
Iliac crest Left 3916  (3383-6092)
Right 4035 (3076-6282)
Femur Left 4323 (2920-5457)
Right 4028 (2977-5632)

Before statistical analysis, the distribution of count data
and calculated SSI across all the five skeletal regions is
evaluated, which is a crucial preliminary procedure of
medical data analysis (14). Based on data normality
assessment, the majority of the variables, including SSI
for skull, humerus, and ribs, exhibited significant
deviation from a normal distribution. Visual inspection of
the histogram and Q-Q plots further confirmed a
non-normal distribution showing varying degrees of
skewness. As the data is non-normal, the median (IQR) is
used for standard representation of data rather than the
mean. Also, Spearman’s rank correlation coefficient is
used to assess the strength of bilateral relationships
between bilateral counts, and the Wilcoxon signed-ranks
test was utilized to determine the significance of the
difference between anatomical pairs (15).

To evaluate the strength of the relationship between
bilateral pairs, Spearman’s rank correlation coefficient is
calculated. The result demonstrates exceptionally strong
and statistically significant correlation across all five
pairs at this level. The degree of symmetry is observed as
skull > femur > iliac crest > humerus. The scatter plots
(Figure 1) further visually confirmed this degree of
symmetry. A narrow confidence interval (red shaded
region around the regression line) is seen at the femur and
skull, showing nearly a perfect symmetry. The other three
regions show a wider confidence interval that is
consistent with Spearman's rank correlation test.
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Figure 1: Bilateral counts of five skeletal regions (skull, humerus, rib, iliac crest and femur)

The SSIs are calculated and visually represented in a box
plot diagram (Figure 2). The median SSI% values
remained low across all sites: skull (2.12%), humerus
(7.28%), rib (5.22%), iliac crest (6.05%), and femur

(2.62%). The box plot illustrates that the skull and femur
show the highest precision (narrowest IQR and lowest
SSI), while the humerus and rib exhibit slightly higher
variability and a number of outliers. Slightly higher
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asymmetry in the humerus and ribs is quite common in
adult individuals due to left- or right-hand dominance and
the presence of the liver under the rib cage (16, 17). In our
study, the right-sided counts in the rib are slightly higher
than the left (due to the hepatic count on the right side.
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Figure 2: Percentage of symmetry index for five
anatomical sites

To further compare among the five regions, a Wilcoxon
signed-rank test is performed. The analysis revealed no
statistically significant differences in bilateral counts for
the skull, humerus, iliac crest, and femur, indicating that
any observed variation in these regions is likely random.
However, a significant difference is observed in the rib,
where the positive rank (predominance) is consistent with
the data presented in This study validates a high degree of
skeletal establishing a robust
quantitative baseline for using contralateral regions as

bilateral symmetry,
internal controls in nuclear medicine. This physiological
synchronization is further validated by the technical
performance of the imaging system, which maintained an
integral uniformity of 1.8% and a differential uniformity
of 1.3% across both the useful field of view (UFOV) and
central field of view (CFOV) using a *"Tc flood source.
These QC metrics ensure that the observed SSIs (ranging
from 2% to 7%) reflect true biological distribution rather
than detector non-uniformity. While the skull and femur
showed the highest levels of symmetry. According to
previous studies, a quantitative difference in radiotracer
uptake of less than 10% between contralateral skeletal
structures is considered within the range of normal
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physiological variation, whereas a threshold of 10% or
greater is typically required to indicate clinically
significant asymmetry (18, 19). So, the exceptional
performance of our imaging system, coupled with a
Skeletal Symmetry Index (SSI) of 2-7%, demonstrates
that our findings remain well below the established 10%
clinical threshold for pathological asymmetry.

CONCLUSION

This study successfully demonstrates that bilateral count
symmetry in *Tc-MDP bone scintigraphy serves as a
practical, patient-derived tool for checking gamma
camera performance. By quantifying tracer distribution
across corresponding skeletal regions, the research
confirms that routine clinical data can effectively monitor
system uniformity and identify technical inconsistencies.
Ultimately, this approach proves that symmetry-based
analysis provides a reliable, objective method for
verifying imaging integrity alongside traditional quality
control protocols.
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