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Abstract

Background: Spinopelvic alignment plays an important role in understanding spinal
biomechanics and planning for surgical interventions to achieve best outcome and avoid
complications. Restoration of spinopelvic balance during spinal surgery is very important to
ensure a good outcome. Many studies have been conducted on normal range of spinopelvic
parameters globally and are found to be population specific. Despite these values known to be
different across populations, there was no established normal values for Ethiopian adults. This
Study defined normal range of spinopelvic parameters in healthy Ethiopian Adults.
Objectives: This study aimed to determine the normal range of key spinopelvic parameters in
healthy Ethiopian adults and to analyze the correlations between these parameters and

demographic factors such as age and sex.

Methods: An observational cross-sectional study was conducted on healthy Ethiopian adult
volunteers who visited TASH for various reasons other than hip and spine pathologies. It was
conducted at TASH from August 2025 to December 2025. Standing single lateral lumbosacral
radiograph was obtained under standard conditions after informed consent taken. Two spine
surgeons independently measured pelvic incidence, sacral slope, pelvic tilt and lumbar lordosis.
Result: in this study, a total of 102 volunteers participated, of whom 55 males and 47 females
with median age of 38. The mean values of PI, SS, PT and LL were 52.8 +9.5°,39.3£7.8°,13.3
+ 7.3° and 42.4 £ 10.4° respectively. Females show higher values in all parameters.PT and PI-
LL show correlations with age. Strongest association was noted between LL and SS.

Conclusions: this is the first study that determine normal range of spinopelvic parameters in
healthy Ethiopian adults. All parameters were higher in females. PT and PI-LL increase with
age. Our spinopelvic parameters values differ across different studies due to ethnic variations

as determined by various studies.

Key words; Spinopelvic parameters, normal range, pelvic incidence, sacral tilt, pelvic tilt,

lumbar lordosis, Ethiopia



1: Introduction

1.1: Background of Study

Spinopelvic alignment describes the coordinated orientation of the spine and pelvis that
enables maintenance of an upright posture within the “cone of economy,” minimizing energy
expenditure while preserving sagittal balance(1). The parameters which describe the
orientation and alignment of spine relative to pelvis known as spinopelvic parameter are
typically evaluated using three parameters which includes pelvic incidence (PI), sacral slope
(SS) and pelvic tilt (PT). First described by Legaye et al(2) ,these parameters were used to
depict the shape and orientation of the pelvis. PI refers to the angle between the line
perpendicular to the midpoint of the sacral endplate and the line from that point to the center
of the femoral head.PT is the angle between the line that connects center of sacral endplate to
femoral head and the line perpendicular to the ground. SS is the angle between sacral
endplate and horizontal line drawn from the posterior superior corner of S1. Lumbar lordosis
(LL) also referred to the angle between the upper endplate of L1 and the sacral endplate. PI
does not change with position and remains constant after maturation, reflecting inherent
pelvic anatomy; therefore, it is a key parameter in planning surgical interventions for
deformity corrections, while PT and SS are dynamic positional parameters that allow
individuals to compensate for age related, degenerative or structural changes in the spine(2—
5). Together, these parameters influence lumbar lordosis, global balance and the efficiency of
energy expenditure required to maintain an upright posture(6) . These parameters are
geometrically related by the equation PI = PT + SS(7). Historically, the difference between PI
and LL has been used as a reliable metric for planning spinal deformity correction(8).
Achieving the desired alignment has shown strong associations with postoperative clinical

outcomes and health-related quality of life(9-11).

Growing global evidence shows that normative spinopelvic parameters are not universal, with
substantial variation based on age, sex, and ethnicity. Reliable interpretation of sagittal spinal
alignment requires reference values derived from asymptomatic populations, as individual
cohort studies show wide variability related to age, sex and ethnicity. To address this

variability, Noshchenko and colleagues performed a systemic review and meta-analysis of
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asymptomatic adult and reported pooled normative values for key spinopelvic parameters. In
their meta-analysis of asymptomatic adults, Noshchenko et.al reported the pooled means and
the optimal ranges of LL (L1-S1), 54.6 (42—67) degrees; PI, 50.6 (39-62) degrees; SS, 37.7
(28-48) degrees and PT, 12.6 (3—22) degrees(12).

1.2. Statement of The Problem

The importance of spinopelvic parameters in the pathogenesis of spinal degenerative disorders
is well Kown(13).The prevalence of adult spinal deformity (ASD) in asymptomatic elderly
population is more than 60%(14). Regarding ASD, recent studies show that spinopelvic
alignment correlated with patient reported outcomes, specifically pain and disability that
affected health related quality of life(15,16). Restoration and preservation of spinopelvic
balance are important in managing spinal deformities and degenerative spinal diseases to
ensure good outcome(17).

It is also recognized that the positional relationship of lumbar spine and pelvis affects
acetabular orientation, which is important for hip biomechanics, both for native and replaced
hips(18). This relationship among spine, pelvis, and hip recently has gained interest, as patients
with spinopelvic pathology have been demonstrated to develop higher complication rates,
including dislocations following total hip arthroplasty(19,20).

As sagittal alignment became clinically relevant, normative reference values of these
parameters were established in several populations and variable across populations of
different genetics(21), ethnicities(5,22-27), age and sex(3,5,17,26,28). Majority of
spinopelvic parameters study are conducted in Western and Asian populations. To our
knowledge, only one study has provided normative reference values from a Sub-Saharan
African cohort(29).Using unrepresentative values for different populations may lead to
misclassifications of sagittal alignment and inappropriate surgical targets(30,31). Thus,
establishing these local normative reference values helps to avoid these important gaps and

facilitate population specific clinical decision making.

Despite the clinical importance of spinopelvic parameters in spinal reconstructive surgery and
total hip arthroplasty, normative reference values for healthy Ethiopian adults have not been
established. As a result, surgeons in our country frequently rely on non-local data that may
not accurately reflect population-specific anatomy and compensatory patterns. All the
existing normative data and models which Ethiopian clinicians are using currently are based
on western populations, and thus may not take into considerations for anatomic, ethnic and
life style difference unique to Ethiopian individuals(21,23,25).This leads to a suboptimal
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clinical interpretation, underestimation or overestimation of compensatory changes, and
uncertainty in establishing surgical alignment goals(30-32). Absence of population specific
normative reference values also creates an obstacle for local based research on sagittal
balance and spinal disorders.

Therefore, defining the normative range of spinopelvic parameters in healthy Ethiopian adults
is urgently needed.

1.3. Significance of Study

The present study seeks to bridge this gap by defining the first normative spinopelvic
parameters in an asymptomatic Ethiopian adult cohort and to examine their variation by age
and sex. Establishing these population-specific reference values is intended to improve
diagnostic interpretation, optimize surgical planning, and support future spine research in
Ethiopia and the broader Sub-Saharan continent. This study is important in that it established
data relevant to Ethiopian spine and orthopedic surgeons and thus guide clinical decisions
locally. These local normative reference values may help in preparing local guidelines and
might also serve as part of comparative regional studies. The radiographs might incidentally
detect unrecognized spinal or pelvic pathologies for the participants, after which it would be

communicated to the individual and treated accordingly, where necessary.



2. Literature Review

2.1. General overview of Spinopelvic parameters

The key to understanding sagittal alignment is to understand how pelvic morphology shapes
spine posture. The three spinopelvic parameters have become the focus of this analysis. Pl
describes the static anatomic relationship between the sacrum and femoral heads. Because this
parameter describes pelvic anatomy rather than posture, it remains constant after skeletal
maturity and provides the anatomic reference from which sagittal alignment develops(2). In
contrast, PT and SS are dynamic parameters that change with posture or pelvic
rotation(33).Together, these parameters describe both the static and dynamic orientation of the
pelvis, making them important to understand spinal balance.

2.2. Global Studies and factors affecting spinopelvic parameters.

Globally, many studies have been conducted regarding the relationship between normative
spinopelvic values and its variability across different populations(22,24,26,27). A comparative
analysis among African American, Caucasian and Asian populations shows that the mean value
of Pl was greater in African American than Caucasian (57.7° vs. 52.6°, p = 0.007), and than in
Asian (57.7° vs. 48.7°, p < 0.001)(25).A recent systemic review done by Lukas et.al confirmed
that ethnicity has a significant effect on the normative values of spinopelvic parameters(34).
Ethnic variation of Spinopelvic parameters leads to differences in sagittal alignment patterns.
These ethnic and lifestyle based normative spinopelvic differences may lead to
misclassifications of sagittal alignment and inappropriate surgical alignment goals which
creates significant impact on post operative health related quality of life(10,30,31).

It has been known that Pl remains constant after skeletal maturity, however age-related
degenerative changes lead to compensatory modifications of PT and SS. The LL decreases
with age while PT and PI-LL increases, which subsequently increases risk of spinal
malalignment(3,17). Age related changes to spinopelvic parameters occurs differently between
men and women, with men exhibiting nonstructural changes and women experiencing

structural changes(27,35).

2.3. African Studies

Despite extensive studies conducted worldwide, only one published data is available in
Africa(29). When we came to Ethiopia, there is no published study defining normal range of

these parameters in healthy adults. Establishing these local reference values will provide



baseline data for physicians in Ethiopia helping with accurate clinical decisions that will
improve hip and spine surgery outcomes. therefore, this study aimed at addressing significant
and timely needed problems of Ethiopia and possibly the regions by establishing population
specific reference values of spinopelvic parameters in healthy Ethiopian adults.

3. Objectives

3.1. General Objectives

To determine normative range of spinopelvic parameters among healthy Ethiopian adults using
standardized radiological imaging at Tikur Anbesa Specialized Hospital (TASH), Addis
Ababa, Ethiopia in 2025.



3.2. Specific Objectives.

= To measure key spinopelvic parameters including PI, SS, PT and LL using standing
lateral_lumbosacral radiographs.
= To assess the relationship and variation of these parameters by age and sex.

= To compare results from other reports.

4.Methods

4.1. Study Area and Period

The study was conducted at TASH, AAU from August 2025 to December 2025. TASH,
situated in the capital city of Ethiopia, Addis Ababa, is the largest referral hospital in the
country. The Department of Orthopedics and Trauma surgery comprises 22 staff members, 54
residents, and 5 trauma fellows. The department has 189 active beds, including 14 specifically
designated for pediatric patients. The outpatient clinic caters to both trauma and non-trauma

orthopedic cases, handling on average 15,000 cases annually.



4.2. Study design

An observational cross-sectional study was conducted among adult volunteers who visit black
lion hospital as outpatient for health issues other than hip or spinal conditions or accompanying
patients as an attendant

4.3. Source and study population

4.3.1. Source population

Ethiopian Adult individuals who attended TASH as an outpatient for non-spinal conditions or

as an attendant during the study period.

4.3.2. Study population

Ethiopian adults aged 18-60 years visited TASH as an outpatient for health issues unrelated to
spine or hip conditions or Accompanying patients as an attendant who agreed to participate

and underwent appropriate standing lateral lumbosacral images.
4.4. Inclusion and exclusion criteria

4.4.1. Inclusion criteria

= Healthy Ethiopian adult volunteers from 18-60 years
= Good quality standing lateral lumbosacral radiograph

= No spinal or hip pathology.

4.4.2. Exclusion criteria
= Poor quality radiograph
= Previous history of spinal or hip surgery
= Spinal or hip pathology from trauma/neoplastic/inflammatory or infectious history
= Hip/knee/ankle/foot disability that can affect the ability to take appropriate standing
radiographs

4.5. Sample size and Sampling technique
4.5.1. Sample size determination
The sample size was calculated to estimate the mean PI with 95% confidence. Based on prior

normative global studies, a standard deviation of 10° and a margin of error of 2° were

assumed(34).



The sample size was calculated using the following formula:

ZgXO‘2
_ 2

Where:

e n=required sample size
e Zo/2 = standard normal value at 95% confidence level (1.96)
e ¢ =standard deviation (10°)

e d =margin of error (2°)
n= (1.96%x 102)/22
n= (3.84x100)/4
n= 96, adding 10% contingency;
Final sample size was ~ 106 participants.
4.5.2. Sampling Technique

All eligible and consenting individuals encountered consecutively during the study period
were invited to participate. These were volunteer attendants who came to our clinics

accompanying other patients. Consecutive recruitment was used to minimize selection bias.

4.6. Data collection procedures

Participants were recruited during black lion hospital visits for any reason after being screened
for eligibility. Informed consent was taken, and important demographic data such as age and
sex was collected.

Appropriate standing lateral lumbosacral radiographs were taken in standardized manner;
standing upright, arms flexed anteriorly, hips and knees fully extended.

Two fellowship trained spine surgeons measured Spinopelvic parameters using Radiant

Dicom twice, and average values were taken.
4.7. Variables

4.7.1. Dependent Variables

Includes PI, PT, SS, LL.



4.7.2. Independent variables

Includes Age, and Sex

4.8. Operational Definitions:

Healthy Adult: asymptomatic individual with no history or radiographic evidence of spine and
hip pathology.

Pelvic incidence: fixed anatomic parameter determined by sacral orientation relative femoral
heads.

Lumbar Lordosis: curvature of lumbar spine measured as cobb angle from L1 to S1.

Sacral slope: angle between sacral endplate and horizontal.

Pelvic Tilt: angle between vertical line and the line connecting femoral heads to sacral endplate.

4.9. Data processing and analysis

Statistical analysis was performed using RStudio version 2024.04.2 (R Core Team, 2024).
Normality of continuous variables was checked using the Shapiro-Wilk test. Inter-observer
reliability was assessed using a two-way random effects intraclass correlation coefficient for
absolute agreement with 95% confidence intervals. Descriptive statistics were reported as
mean + standard deviation for normally distributed variables and as median with interquartile
range for non-normally distributed variables. Sex-based differences in spinopelvic parameters
were evaluated using two-sample t-tests for normally distributed variables and the Wilcoxon
rank-sum test for non-normally distributed variables. Associations between age and
spinopelvic parameters were assessed using Spearman’s rank correlation coefficient to
accommodate the non-normal distribution of age. Simple linear regression was used to
examine relationships between pelvic incidence and the other spinopelvic parameters, and
multivariable linear regression was used to identify factors associated with lumbar lordosis. A

p-value <0.05 was considered statistically significant.

4.10. Data Quality Management

Multiple steps were undertaken during data collection procedure in order to ensure the accuracy
and reliability of the findings of this research study.



First, the training was provided to all members of the research team, including radiology
technicians and orthopedic trauma and spine surgeons. This allowed us to follow a similar
procedure, such as appropriate patient positioning during radiography and at the time of taking
measurements. This standardized approach reduced variation and increased reliability.

The machines used for taking radiographs were also checked and calibrated before data
collection started. The same equipment and imaging protocol were used in order to avoid any
technical differences that might occur and affect the result.

Moreover, before the main study started, a small pilot study was conducted. This enabled us to
check its feasibility and see quality of radiograph.

All data entry was done by two different people independently into the database, then was
cross-checked to identify any mistakes. Data was reviewed routinely to ensure completeness
and accuracy. Two fellowship-trained spine surgeons independently performed the
measurements, blinded to the participants' demographic data. We also calculated inter-

observer reliability to check the consistency of their work.

4.11. Ethical considerations

The study was carried out with full respect for safety and rights of the participants. The
objectives of the research, what the research involved, and any risks to the participant were
clearly explained to the participants in a language understood by them before any procedure
started. Only those who gave written informed consent were included in this research. All
personal information kept confidential. The study involved a single low-dose standing
radiograph performed under strict radiation safety standards within safe radiation dose limits.
Strictly followed the ALARA (As Low As Reasonably Achievable) principle. The exposure
was minimal, non-repetitive, and justified by the lack of existing normative spinopelvic data
in the Ethiopian population. The anticipated benefits to clinical practice and future research
outweighed the negligible risk associated with the procedure. Ethical approval was obtained
from the Department of Orthopedics and Trauma Surgery Research Ethics Review
Committee (Ref. no. MF/ORTH/488/2025).

4.12. Dissemination of Results

The study results will be presented as part of a research defense in partial fulfilment of the

graduate study.
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Results of our study will be disseminated in a number of ways so as to reach both the scientific
community and the broader health sector. The study results will be presented at departmental
seminars within Addis Ababa University, mainly in departments of orthopedics and Radiology,
to enhance academic discussion and integration into everyday clinical practices.

The results of our study will be submitted for presentation at national and regional
conferences in orthopedics, spine surgery, and radiology. It will also be prepared for
publication in peer-reviewed journals, so that it will allow international comparison and
contribution to global knowledge.

The reference values will be shared to clinicians working at Ethiopian health institutions to
allow for better evaluation and management of patients in a local context.

The findings will be communicated to national health policymakers and medical curriculum
developers to enhance them to develop local clinical guidelines, training materials and other
teaching resources for the medical community including residents.

Through these approaches, the present study is aimed at adding to academic knowledge as well

as providing practical values for clinicians and decision makers.

5. Results

A total of 106 participants were initially enrolled during the study period. Four cases were

excluded from analysis: two due to incidental radiographic spondylolisthesis and the other
two due to inadequate visualization of pelvic or spinal landmarks. The final analytic cohort
consisted of 102 participants, comprising 55 men and 47 women. Participants' ages ranged

from 18 to 60 years, with a median age of 38 years (IQR, 30-50).

Inter-rater reliability for all spinopelvic parameters was good to excellent, with intraclass
correlation coefficients for each parameter ranging from 0.84 to 0.94. Normality testing
demonstrated that SS, PI, and LL were normally distributed, whereas PT showed a right-
skewed distribution. Accordingly, SS, PI and LL were summarized using mean + SD, while
PT was expressed as median with interquartile range (IQR). The mean value of PI was 52.8+
9.5°, the mean value of SS was 39.3+7.8 and the mean value of LL was 42.4 +£10.4°. PT
showed a median value of 12.3° (IQR 8.3-16.5°) (Table 1).

11



Table 1: Summary of the averaged spinopelvic parameters in the Ethiopian cohort.

SS PT Pl LL
Mean 39.3 13.3 52.8 42.4
Median (IQR)  39.5(33.1-45.5) 12.3(8.3-16.5) 52.4 (46.3-59)  42.6 (35.8-49.3)
Std deviation 7.8 7.3 9.5 10.4
Minimum 16.9 2.1 30 14.3
Maximum 58.7 35 77 69.9

The spinopelvic parameters for male and female sex in the study population were
calculated separately and compared. They showed statistically significant differences between
males and females. Females showed a higher median SS (41.9 vs 36.9, p=0.07), a higher PT
(13.7 vs 11.25, p=0.028), a higher PI (56.4 vs 48.1, p<0.001), and a higher LL (47.4 vs 38.55,
p<0.001) (Table 2).

Table 2: Comparison of spinopelvic parameters between the two sexes.

Variable  Male Female p-value¥
N =55 N =47
SS 36.9 (32.28-41.62) 41.9 (34.45-47.8) p =.007
PT 11.25 (7.62-14.9) 13.7 (10.68-17.68) p=.028
PI 48.1 (42.45-54.47) 56.4 (51.77-62.33) p =<.001
LL 38.55 (34.3-46.33) 47.4 (38.9-53.5) p=<.001

Bold values indicate statistically significant results (P <.05)
* Median (Q1, Q3).
¥ Wilcoxon rank sum test.
Correlation analysis showed a mild positive association between pelvic tilt and age
(Spearman’s r; = 0.29, p < 0.05), and PI-LL and age (rs= 0.27, 100, p<0.05)

. No statistically significant correlation was observed between age and sacral slope or lumbar
lordosis (Figure 1).
12
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Figure 1: Spearman’s correlation between age and spinopelvic parameters.

Inter-parameter correlation analysis revealed a strong positive correlation between SS and
LL, while PI demonstrated moderate positive correlations with SS, PT, and LL. The

association between SS and PT was weak (Table 3).

Table 3: Correlation between Spinopelvic parameters.

Relationships Spearman p Strength of correlation p-value*

PI < SS 0.56 Moderate <0.001
Pl < PT 0.57 Moderate <0.001
Pl LL 0.53 Moderate <0.001
SS <« LL 0.67 Strong <0.001
SS < PT -0.26 Weak 0.00879
PT— LL 0.03 Very weak 0.752
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Bold values indicate statistically significant results (P < .05)

* Spearman’s correlation

Bivariate linear regression using PI as the independent variable confirmed that pelvic
incidence significantly predicted the other spinopelvic parameters. PI accounted for 35.5% of
the variance in SS, 37.3% in PT, and 30.3% in LL (all p < 0.001). The regression equations
are (Figure 2):

SS =0.489 x PI +13.489 (R*=0.355, p=<0.001)

PT=0.467 x PI - 11.341 (R>=0.373, p = < 0.001)

LL =0.600 x PI +10.760 (R*= 0.303, p =<0.001)
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Figure 2: Linear regression model as a function of pelvic incidence.

Multivariate linear regression analysis evaluating predictors of lumbar lordosis showed
that PT (B =-0.653, p<0.001) and PI (B = 0.894, p<0.001) were independently associated with
lumbar lordosis. Age and sex were not significantly associated with lumbar lordosis. No

significant interaction was observed between PI and PT (Table 4).

Table 4: Multivariable Linear Regression Predicting Lumbar Lordosis.

Predictor B coefficient (95% CI) p-value
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Age (years) -0.113 (-0.253, 0.026) 0.110
Sex (female) 2.478 (-0.994, 5.950) 0.160
PI (centered)* 0.894 (0.672, 1.117) <0.001
PT (centered)* -0.653 (-0.949, -0.357) <0.001
PT x PT 0.002 (-0.019, 0.022) 0.874
R? 0.466

Adjusted R? 0.438

Bold values indicate statistically significant results (P <.05)

* PI and PT were mean centered prior to inclusion of the interaction term.

Compared with published normative datasets from Africa American, Asia and Europe,
(Table 5), this cohort demonstrated similar PI values to European samples. However, the
mean LL of 42.4° was lower than all other comparison groups, resulting in a comparatively

larger PI-LL mismatch(29,34).

Table 5: Comparison of our study with similar studies among other countries.

Parameters Ethiopia, African China(36) France(37)
Our  study | American(25) | N=546 N=100
(N=102) N=36

Pl 52.8+£95 57.7+115 459+84 51.7x115

SS 39.3+7.8 41.4+9.2 34071 39.4+9.3

PT 13.3+7.3 159+7.0 11.9+6.6 12.3+5.9

LL 424+104 |57.2+£13.2 492+101 |465x111
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6. Discussion

This study provides the first population-specific normative spinopelvic reference values for
asymptomatic Ethiopian adults and supports the fundamental biomechanical relationships
that govern sagittal alignment. The mean PI of 52.8° + 9.5°, SS 0f 39.3° £ 7.8°, and PT of
13.3° &+ 7.3° conform to the geometric identity PI = PT + SS and place this cohort within an

intermediate PI range compared to previously reported populations(34,38).

PI behaved as a fixed anatomical parameter and significantly predicted SS, PT, and LL,
accounting for approximately 30-37% of the variance in these dynamic variables. This
magnitude of association aligns with prior work, indicating that pelvic morphology is an
important but not exclusive determinant of sagittal alignment(25). The persistence of

unexplained variance emphasizes the multifactorial regulation of sagittal alignment.
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Sex differences were observed across all spinopelvic measures, with females demonstrating
higher PI, SS, PT, and LL. These findings are consistent with the recent reports by Nakano et
al (2025)(35).

The effects of age were relatively modest. While the PT and PI-LL mismatch showed a mild
increase with age, the SS and LL measurements did not exhibit significant age-related trends
in this asymptomatic cohort. However, the observed rise in PI-LL mismatch with age can
serve as a sensitive marker for a decrease in lumbar lordosis, given that individual values for
pelvic incidence remain constant after skeletal maturity(9). These findings suggest that age-
related spinal changes in this population are actively masked by an increase in pelvic tilt,
preserving sagittal balance, consistent with patterns observed in other asymptomatic

populations(39,40).

The strong correlation observed between SS and LL, in our cohort, reinforces their close
biomechanical coupling and supports the chain of balance concept advocated by
Dubousset(40,41).The inverse relationship noticed between SS and PT further supports their

complementary roles in maintaining global sagittal alignment(33).

In multivariable regression analysis, PI and PT remained independently associated with LL,
whereas age and sex were no longer significant predictors after adjustment. Inclusion of PT
significantly improved model performance, increasing the adjusted R? from 0.32 to 0.44, with
a significant nested model comparison (F = 22.86, p <0.001). This finding indicates that PT
provides meaningful explanatory value beyond fixed pelvic morphology, supporting its role

as a functional compensatory parameter rather than a redundant correlate of PL

The relatively lower mean LL observed in this cohort compared with many published
normative studies may reflect a population-specific sagittal alignment profile (Table
5)(29,34). Potential explanations include differences in habitual posture, occupational load,
and activity patterns; however, these factors were not measured in this study and should be

considered hypothesis-generating and investigated directly in future work.

From a surgical perspective, restoration of LL proportional to PI remains a cornerstone of
deformity correction, as discussed by Le Huec(42). The mean PI-LL mismatch in our
asymptomatic cohort was 10.3°, which exceeds the widely accepted ideal threshold of < 10°
proposed by the Schwab-SRS classification(9). If a surgeon strictly applies the Schwab PI—
LL < 10° rule to this population, nearly half of asymptomatic Ethiopian adults would be
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incorrectly classified as having a sagittal plane deformity. Therefore, reliance on LL reference
values derived from other populations may lead to inappropriate alignment targets,
potentially affecting surgical planning and postoperative outcomes(10,30). Future
biomechanical and ethnographic studies are required to determine whether habitual load
carriage, as is common in this region, influences sagittal alignment in this population. The
present dataset provides an initial local reference to inform surgical planning, but surgeons

should interpret small deviations cautiously.

7. Strength and Limitations of Study

7.1. Strengths

The study was restricted to a strictly asymptomatic adult population, allowing
characterization of normative spinopelvic parameters without confounding from prior surgery
or advanced degeneration. Additionally, to our knowledge, this study provides the first
population-specific normative spinopelvic reference data for healthy Ethiopian adults.
Finally, measurements were performed independently by two fellowship-trained spine
surgeons, and the inter-rater reliability was good to excellent, supporting methodological

rigor.

7.2. Limitations

This study used a consecutive sample of clinic attendants at a single tertiary center rather than
a population-based sample, which may affect external validity. The presented percentiles
should therefore be viewed as clinic-based normative references pending validation in
population-based cohorts. Additionally, BMI, occupation, and activity level were also not
collected for all participants and, therefore, were not included in adjusted models. These
factors are known potential confounders of pelvic parameters and should be recorded in
future population studies. Another limitation is that we have only examined static standing
films and have excluded patients over 60 years with the intention of degenerative changes

might affect normative ranges.
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8. Conclusions and recommendations

8.1. Conclusions

Asymptomatic Ethiopian adults exhibit comparable PI, SS, and PT values to various non-
Asian cohorts, although they have a lower mean LL and a borderline PI-LL mismatch. This
normative data serves as an important local reference for clinical evaluation of the spine and
surgical planning of hip and spine surgery. However, given the single-center design and the

lack of participants above the age of 60, we advise caution in interpreting these results.

8.2. Recommendations

Based on the findings of our study, population-specific normative values should be considered
when interpreting spinopelvic alignment in Ethiopian adults. Clinicians evaluating sagittal
balance should avoid direct application of reference values obtained from other populations

without considering population-based variations.

Pelvic incidence should be part of radiographic evaluation of spinopelvic alignment and

surgical planning, as it remains the main determinant of sagittal alignment and lumbar lordosis.
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Alignment targets that consider individual pelvic morphology and lumbar curvature result in

more physiological correction and improve outcomes.

Future studies should include multicenter cohorts to identify regional and ethnic variability
within the Ethiopian population and improve generalizability. Additionally, future studies
should also consider age stratification of data to clearly note age related changes of these
parameters. Demographic factors including height, weight and BMI should also be part future
studies as these variables may act as confounding factors. If possible, dynamic studies should

also be part of consideration of future studies.

Finally, this normative data can serve as a reference framework for comparative studies,
outcome evaluation following spinal or hip surgery, and the development of region-specific

guidelines for sagittal alignment assessment.
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10. Annex

Annex-1; English Version consent form

I, , agree to share my personal information for this

research study. I know the researchers might publish the information in scientific journals or
other academic places. I understand my name will not appear in any publication. However, my
anonymity may not be entirely guaranteed. | understand that the results of this research,
including reports or academic presentations, might end up online for anyone to read, free of
charge. | have also been told these findings could show up on different websites, in print, or

even in other languages.

By signing below, | am saying | know all this, and | understand that taking part does not affect

my personal rights.

Name:

Date:

Signature:
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