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Background: Non-specific low back pain (NSLBP) is frequently associated with anterior pelvic tilt
“Click to Cite” (APT), a postural deviation linked to altered spinal mechanics and musculoskeletal dysfunction.
Reliable and accessible tools for quantifying APT are essential for effective rehabilitation practice,
particularly in settings where radiographic imaging is impractical. Objective: To evaluate the test—
retest reliability of digital photography for measuring APT in individuals with NSLBP using
MicroDicom software. Methods: A test—retest reliability study was conducted at the Department of
Rehabilitation, National Orthopedic Hospital, Bahawalpur, Pakistan. Forty participants aged 20—
40 years with NSLBP were recruited. Standardized lateral-view digital photographs were obtained
using a tripod-mounted smartphone camera. The anterior superior iliac spine (ASIS) and posterior
superior iliac spine (PSIS) were palpated and marked, and APT angles were measured in
MicroDicom software across three testing sessions. Reliability was evaluated using the intraclass
correlation coefficient (ICC[2,1], two-way random effects, absolute agreement), standard error of
measurement (SEM), coefficient of variation (CV), and Bland—Altman analysis. Results: The mean
APT angles were 16.57° £ 1.51, 15.99° + 1.54, and 15.97° + 1.45 across the three sessions. Test—
retest reliability was good (ICC[2,1] = 0.872, 95% CI: 0.705—-0.939, p < 0.001). The SEM was
0.54°, CV was 9.3%, and percentage SEM was 3.3%. Bland—Altman analysis showed a negligible
mean bias (0.03°) and narrow 95% limits of agreement (—1.30° to +1.36°), indicating minimal
systematic error. Conclusion: Standardized digital photography analyzed with MicroDicom
software provides a reliable, non-invasive, and cost-effective method for monitoring APT in adults
with NSLBP. While not a substitute for radiographic imaging, it offers a clinically practical tool for
postural evaluation in rehabilitation settings.
Keywords
Anterior pelvic tilt; non-specific low back pain, reliability, digital photography; MicroDicom.

INTRODUCTION

Non-specific low back pain (NSLBP) is a leading cause of disability across all age groups and remains one of the most significant public health
burdens worldwide. It affects individuals across occupational and demographic categories, often leading to physical dysfunction, reduced quality
of life, and increased healthcare utilization (Hoy et al., 2012; Maher et al., 2017). The Global Burden of Disease Study estimated that in 2020,
approximately 619 million people were affected by low back pain globally, with projections suggesting this number may rise to more than 843
million by 2050 (Pain Collaborators, 2023). These trends highlight the importance of understanding musculoskeletal factors that contribute to
NSLBP and the need for reliable, accessible assessment tools in both clinical and research contexts.

Among the biomechanical contributors to NSLBP, anterior pelvic tilt (APT) has frequently been identified. APT refers to the forward rotation of
the pelvis in the sagittal plane, a deviation often linked to lumbar hyperlordosis, altered spinal loading, and imbalanced muscle activation (Kendall
et al., 2005; Suits, 2021). Clinically, APT is observed when the anterior superior iliac spine (ASIS) is positioned inferior to the posterior superior
iliac spine (PSIS) in the sagittal plane. Accurate quantification of pelvic alignment is critical for diagnosis, prognosis, and the development of
individualized rehabilitation strategies (Koral et al., 2017; Kahawars et al., 2019).

Radiographic imaging remains the gold standard for assessing sagittal pelvic alignment. However, its routine application is limited due to radiation
exposure, high costs, technical constraints such as parallax errors, and reduced accuracy in individuals with obesity or pelvic deformities (Chai et
al., 2024). Despite widespread imaging use in primary care—reported in nearly 40% of patients with new episodes of low back pain—its clinical
value in non-specific cases is often debated (Wang et al., 2020). These limitations have driven interest in non-invasive, reproducible alternatives
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such as photogrammetry, where standardized digital photography is used to analyze postural alignment in weight-bearing positions (ITunes et al.,
2005; Lunes et al., 2005).

Photogrammetry offers several advantages, including low cost, ease of use, and repeatability, making it particularly valuable in resource-limited
settings. Specialized software such as MicroDicom provides angle measurement tools, compatibility with digital imaging formats, and accessibility
as freeware. This makes it a practical choice compared to other commercial systems, especially in rehabilitation contexts where affordability and
clinical feasibility are essential. However, while digital photography has been increasingly adopted in musculoskeletal practice, its reliability for
measuring APT, particularly using MicroDicom software, has not been systematically validated in populations with NSLBP. To our knowledge,
no study has established test-retest reliability of this method in resource-constrained regions such as Southern Punjab, Pakistan, where access to
advanced imaging is often restricted.

The present study addresses this gap by evaluating the reproducibility of digital photography for APT measurement in adults with NSLBP.
Specifically, we aimed to quantify intra-rater test-retest reliability using the intraclass correlation coefficient (ICC[2,1]), standard error of
measurement (SEM), coefficient of variation (CV), and Bland—Altman limits of agreement (LoA). By applying a standardized imaging protocol
and robust statistical analysis, we sought to determine whether this method provides a valid, non-invasive, and cost-effective alternative for clinical
and research applications in musculoskeletal assessment.

MATERIALS AND METHODS

This investigation was designed as a test—retest reliability study and conducted at the Department of Rehabilitation, National Orthopedic Hospital,
Bahawalpur, Pakistan, between January and March 2024. The primary aim was to evaluate intra-rater reproducibility of anterior pelvic tilt (APT)
angle measurements obtained from standardized digital photographs analyzed using MicroDicom software.

A total of 40 adults aged 20—40 years with a clinical diagnosis of non-specific low back pain (NSLBP) were recruited through consecutive non-
probability sampling. NSLBP was defined as pain localised between the costal margins and inferior gluteal folds, with or without mild limitation
in movement, persisting for more than 12 weeks and not attributable to a specific pathology such as trauma, infection, malignancy, fracture, or
radiculopathy (Maher et al., 2017). Patients with red flags (history of trauma, neurological deficits, autoimmune disorders, malignancies,
pregnancy, or cognitive impairments) were excluded. Anterior pelvic tilt was not used as an inclusion criterion; instead, APT was treated as a
continuous outcome variable measured during the study protocol. Although consecutive non-probability sampling facilitated recruitment, it may
introduce selection bias, which is acknowledged as a limitation.

The required sample size was estimated using methods for intraclass correlation coefficient (ICC) reliability studies (Walter et al., 1998; Bonett,
2002). Assuming an expected ICC of 0.80, a minimal acceptable ICC of 0.60, o = 0.05, § = 0.20 (power = 80%), and three repeated measures, the
calculated sample size was 36 participants. To account for potential data loss, 40 participants were ultimately recruited, ensuring sufficient precision
for reliability estimates.

Ethical approval was granted by the Institutional Review Board of the National Orthopedic Hospital, Bahawalpur (Approval ID:
NOH/ERB/2024/011, dated 12 December 2023). Written informed consent was obtained from all participants before enrolment, and the study
complied with the Declaration of Helsinki.

All photographs were taken with a Samsung Galaxy A35 smartphone camera (50 MP resolution, 26 mm focal length equivalent) mounted on a
tripod at a fixed height of 90 cm and a horizontal distance of 290 cm from the participant. The camera was aligned using a bubble level to ensure
consistency with the floor plane. No calibration object was employed; however, as APT was calculated as an angular measure, differences in image
scaling were not expected to affect outcomes.

® ASIS marker
® PSIS marker

Participant

Horizontal reference line

(90 cm height)

2.90m

10° external rotation

Figure 1 Standardized setup for digital photography of anterior pelvic tilt. The participant stood with feet 7 cm apart and 10° externally rotated,
with anterior superior iliac spine (ASIS, red) and posterior superior iliac spine (PSIS, blue) markers palpated and applied. A smartphone camera
mounted on a tripod at 90 cm height was positioned 2.90 m from the participant, aligned to the horizon reference line.
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Participants were instructed to stand barefoot in a relaxed posture with arms folded across the chest, feet placed 7 cm apart, and approximately 10°
of external rotation. Photographs were taken from both right and left lateral views, though only the right-side measurements were used for analysis
to avoid pseudo-replication. The anterior superior iliac spine (ASIS) and posterior superior iliac spine (PSIS) were palpated by a licensed
physiotherapist and marked with reflective stickers before image capture. Marks were applied once and reused across trials; this approach may
reduce measurement variability but potentially inflates reliability and is reported as a limitation. All images were analyzed by a single rater with
three years of experience in musculoskeletal photogrammetry. To minimise recall bias, images were coded, randomized, and re-analysed after a
one-week interval, with the rater blinded to previous measurements. The rater used MicroDicom DICOM viewer software to draw a line connecting
the ASIS and PSIS and measure the angle between this line and a horizontal reference line, which represented the APT.
The primary outcome was APT angle (degrees). Descriptive statistics were calculated for demographic characteristics and APT values. Normality
of APT distributions was examined using the Shapiro—Wilk test in addition to visual inspection of histograms and boxplots. Test-retest reliability
was assessed using the intraclass correlation coefficient (ICC), model 2,1 (two-way random effects, single measures, absolute agreement), with
95% confidence intervals and p-values. Reliability was interpreted according to established thresholds: <0.50 poor, 0.50—0.75 moderate, 0.75-0.90
good, and >0.90 excellent (Koo and Li, 2016). The standard error of measurement (SEM) was calculated as SDV(1-ICC), using the pooled
standard deviation across sessions. The coefficient of variation (CV) was computed as (SD/mean)* 100, providing a measure of relative variability.

Figure 2 Lateral-view digital photograph of a participant with anatomical landmarks marked at the anterior superior iliac spine (ASIS) and
posterior superior iliac spine (PSIS). The horizontal alignment reference line was used for subsequent angle measurement in MicroDicom
software to determine the anterior pelvic tilt (APT).

Agreement between repeated measures was further examined using Bland—Altman analysis. Mean bias, standard deviation of differences, and 95%
limits of agreement (LoA = bias & 1.96-SDdiff) were reported, along with 95% confidence intervals for LoA. Although three testing sessions were
conducted, Bland—Altman plots were generated using Test II and Test III data to evaluate consistency after initial familiarisation.

RESULTS
A total of 40 participants were included in the final analysis (23 females, 57.5%; 17 males, 42.5%). The mean age was 31.8 £+ 5.0 years, mean body

weight was 88.5 = 9.6 kg, and mean height was 165.5 + 10.1 cm (Table 1). Participant flow from screening to final analysis is presented in Figure
1.

Table 1. Demographic characteristics of participants (n = 40)

Variable Mean + SD
Age (years) 31.8+5.0
Weight (kg) 88.5+£9.6
Height (cm) 165.5 £10.1

The mean anterior pelvic tilt (APT) angles measured across the three testing sessions were consistent, with values of 16.57° = 1.51, 15.99° + 1.54,
and 15.97° + 1.45 for Test I, Test 11, and Test 111, respectively (Table 2). Distribution of APT values from the first testing session is shown in Figure
2.

Table 2. Mean APT angle across three testing sessions (n = 40)

Session APT Angle (°), Mean £+ SD
Test I 16.57 £1.51
Test IT 15.99 +1.54
Test I11 1597 +1.45

Test—retest reliability analysis demonstrated an intraclass correlation coefficient (ICC[2,1]) of 0.872 (95% CI: 0.705-0.939, p < 0.001), indicating
good reliability (Koo and Li, 2016). The standard error of measurement (SEM) was 0.54°, and the coefficient of variation (CV) was 9.3%, reflecting
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low absolute and relative variability, respectively. The percentage SEM (%SEM = SEM/mean x 100) was 3.3%. These values indicate stable
repeated measurements with minimal error (Table 3).

Table 3. Reliability statistics for APT measurement (n = 40)

Variable ICC (95% CI) p-value SEM (°) CV (%) %SEM

APT Angle 0.872 (0.705-0.939)  <0.001 0.54 9.3 33
The Bland—Altman plot (Figure 3) showed a mean bias of 0.03° between Test II and Test 11, suggesting negligible systematic error. The standard
deviation of differences was 0.68°, yielding 95% limits of agreement (LoA) from —1.30° to +1.36°. The 95% confidence intervals for the LoA
confirmed narrow margins, supporting acceptable agreement for repeated APT measurements in the same participants.

A Bland-Altman Plot B 1st Reading of Rater A C
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Figure 3 (A) Gender distribution of participants (n = 40), showing 17 males and 23 females. (B) Bland-Altman plot comparing anterior pelvic tilt
(APT) measurements between Test Il and Test III, demonstrating negligible mean bias (0.03°) and 95% limits of agreement (-1.30° to +1.36°). (C)
Distribution of APT angles from the first measurement session (Rater A, Test I), with a median of 16.8° and an interquartile range of 15.3°-18.0°.

In Figure 3, the demographic profile of the sample is illustrated, with a higher proportion of females (57.5%) than males (42.5%). The Bland—
Altman analysis (panel B) shows narrow agreement margins between repeated APT measurements, indicating minimal systematic error and
supporting the reproducibility of the method. The boxplot (panel C) depicts the spread of APT values during the first testing session, confirming a
relatively symmetrical distribution without statistical outliers. Together, these visualizations provide a clear overview of sample characteristics,
measurement consistency, and data distribution.

DISCUSSION

This study evaluated the test—retest reliability of digital photography, analyzed with MicroDicom software, for quantifying anterior pelvic tilt
(APT) in adults with non-specific low back pain (NSLBP). The findings demonstrated an intraclass correlation coefficient (ICC[2,1]) of 0.872
(95% CI: 0.705-0.939), indicating good intra-rater reliability according to established thresholds (Koo and Li, 2016). The standard error of
measurement (SEM) was 0.54°, while the coefficient of variation (CV) was 9.3%, with a percentage SEM of 3.3%. Together, these results confirm
that repeated APT measurements under standardized conditions are stable and associated with minimal measurement error.

The observed reliability aligns with previous reports supporting the use of photogrammetric methods for assessing sagittal pelvic alignment. For
example, Bhutto et al. (2021) reported ICC values above 0.99 for pelvic tilt angles in healthy populations, while Koumantakis et al. (2016)
demonstrated excellent intra-rater reliability (ICC = 0.97) when using smartphone-based inclinometry. Although the absolute ICC values in the
present study are somewhat lower, this may be explained by the symptomatic nature of the sample, potential variability in NSLBP postures, and
methodological differences such as reliance on palpated surface landmarks. Nonetheless, the findings add to the growing evidence base suggesting
that photogrammetry can provide a reproducible means of postural assessment.

A strength of the present study is the use of a standardized imaging protocol, including fixed participant stance, camera positioning, and controlled
lighting, which likely contributed to consistent results. The application of MicroDicom software allowed for precise measurement of angles
between ASIS and PSIS landmarks, providing a clinically accessible and cost-effective alternative to radiographic imaging. However, this approach
should not be considered a substitute for radiography in diagnostic contexts; rather, it may serve as a monitoring and screening tool for clinicians
tracking postural changes or rehabilitation outcomes.

Despite these strengths, several limitations must be acknowledged. First, the study assessed only intra-rater reliability; inter-rater reliability was
not tested, which limits generalizability to broader clinical practice. Second, the retest interval was relatively short, and anatomical landmarks were
marked once and reused across trials, which may have inflated reliability estimates compared to real-world repeated examinations where re-
marking is required. Third, no calibration object was included in the imaging setup, and potential lens distortion was not explicitly accounted for,
although these factors were unlikely to affect angular measurements. Fourth, the study sample was restricted to young adults aged 20-40 years,
recruited from a single clinical center using non-probability sampling, which may limit external validity. Future studies should address these
limitations by including inter-rater reliability, extending retest intervals to better simulate clinical reassessments, and incorporating calibration
techniques to minimize parallax and lens distortion. Larger, multi-center trials with broader age ranges would also improve generalizability.
Moreover, emerging approaches such as automated landmark detection using artificial intelligence may further enhance reproducibility and reduce
operator dependence (Park et al., 2025).

CONCLUSION

This study demonstrated that digital photography analyzed with MicroDicom software provides a reproducible method for measuring anterior
pelvic tilt (APT) in adults with non-specific low back pain (NSLBP). The method showed good intra-rater reliability (ICC[2,1] = 0.872, SEM =
0.54°, CV = 9.3%), with minimal measurement error and acceptable limits of agreement. These findings suggest that standardized digital
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photography can serve as a cost-effective, non-invasive, and clinically practical tool for monitoring postural alignment in rehabilitation settings,
particularly where advanced imaging is unavailable. While promising, the approach should be regarded as a complementary technique rather than
a substitute for radiographic imaging. Validation of inter-rater reliability, longer retest intervals, calibration protocols, and testing in more diverse
populations are recommended to strengthen the evidence base. Future integration with automated landmark detection and artificial intelligence
may further enhance accuracy and clinical usability.
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