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ABSTRACT

Background. Sex estimation is the first step in profiling unidentified skeletal remains, and
the pelvis is the most sexually dimorphic skeletal region. Pelvic osteometric standards are
population-specific, and none exists for Afghanistan.

Objective. To develop pelvic osteometric standards and prediction models for sex
estimation in adult autopsy cases in Kabul, Afghanistan.

Methods. This cross-sectional study analysed pelves of 100 adults (50 males, 50 females;
18-65 years) from unexpected or unnatural deaths examined in Kabul in 2021-2023.
Pelvic width, pelvic height, superior and inferior acetabular diameters and subpubic angle
were measured with a digital caliper and goniometer and analysed with Student’s ¢t-tests,
binary logistic regression and receiver operating characteristic analysis.

Results. Males had larger pelvic width (28.5 + 2.4 vs 25.2 + 2.1 cm), pelvic height and

acetabular diameters (all p < 0.001); females had a wider subpubic angle (82.3 + 3.8° vs
75.2 + 4.1° p < 0.001). All five dimensions were independent predictors, pelvic width
having the largest adjusted odds ratio (aOR 1.52; 95% confidence interval, Cl, 1.26-1.83).
The full model had an area under the curve (AUC) of 0.89 (95% CI 0.82-0.95) and
classified 81.0% of cases correctly at a 0.50 cut-off (sensitivity 80.0%, specificity 82.0%;
DOI 80.0% on leave-one-out cross-validation). The subpubic angle alone reached an AUC of
10.59345 /sjfm.v2i1.355 0.90. Iliac and acetabular sub-models, simulated on intact specimens, retained 77.0% and
76.0% accuracy.
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Conclusion. Kabul-specific pelvic models correctly classify about four in five adults and
offer a low-cost probabilistic tool for sex estimation, pending validation on fragmented
remains.
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and Medicolegal. The authors retain copyright of their work.
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Sex estimation also carries religious and legal weight in

1. Introduction Afghanistan.t” Under Islamic jurisprudence and Afghan

Kabul, the capital of Afghanistan, has experienced decades custom, the deceased undergo ritual washing (ghusl) by
of armed conflict, bombings, structural collapses, attendants of the same sex and are shrouded in a sex-
industrial explosions and transport disasters.! These mass- specific kafan before funeral prayers (salat al-janazah) and

burial, customarily within 24 to 48 hours of death.® When

fatality incidents confront forensic pathologists, police . :
the sex of a casualty cannot be determined, these rites and

investigators and mortuary services with remains that are

charred, fragmented, commingled or decomposed.}? the release of the body are delayed.®8 In civil law, the
Under such conditions, fingerprints and visual recognition inheritance provisions of the Civil Code of Afghanistan
by relatives are often unavailable, because blast (Official Gazette No. 353, 1977; Book 3, Articles 1993~
overpressure, crushing and thermal exposure destroy 2102) and classical Islamic inheritance jurisprudence

(fara’id) allocate quota and residuary shares that depend
on the sex of the decedent and of the heirs, so that sex must

. S o ) . ) be established before estates, guardianship, dowry (mahr)
In disaster victim identification (DVI), the biological profile claims and death certification can be resolved.”?

of unidentified remains—sex, age at death, stature and
population affinity—is a prerequisite for triage and
positive identification.3* Sex is the first filter, because
standards for stature and age estimation are themselves
sex-specific; an incorrect sex assignment therefore
propagates through the whole profile and delays
identification and the return of remains to families.*-¢

epidermal ridges and facial soft tissue and may leave only
bone for analysis.??

Forensic infrastructure in Kabul is limited.¢ DNA profiling
by short tandem repeat (STR) typing is the international
reference standard for identification, but its routine use in
Afghanistan is constrained by the scarcity of accredited
laboratories, allelic dropout in thermally degraded bone
and long analytical backlogs;?? consumable costs, by the
author’s estimate, exceed US$500-1,000 per sample.
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Comparative dental identification depends on antemortem
records,* yet, again by the author’s field estimate, more
than 85% of the Afghan civilian population has no
systematic antemortem dental records or radiographs.

Metric osteology is therefore the most feasible, rapid, non-
destructive and inexpensive approach to sex estimation in
this setting.5 The adult pelvis (os coxae) is the most sexually
dimorphic region of the skeleton and classifies sex more
accurately than the skull or long bones.1%1? This
dimorphism reflects the ‘obstetrical dilemma’: bipedal
locomotion favours a narrow pelvis, whereas parturition
requires a wide birth canal with larger transverse and
subpubic dimensions.!?

Morphoscopic methods such as the Phenice technique,
which scores the ventral arc, subpubic concavity and
medial aspect of the ischiopubic ramus, are accurate on
intact specimens,’? but they depend on observer
experience and are open to challenge in adversarial
proceedings.'>13 The structures they assess are also the
most fragile parts of the pelvis and are frequently crushed,
fractured or burnt in blast, traffic and fire deaths.1314
Osteometric analysis of more robust dimensions—pelvic
width, iliac height and acetabular diameters—offers a
reproducible alternative.'#15 Dense cortical regions such as
the acetabulum and iliac crest are reported to survive
fragmentation and burning better than surrounding
elements.>!> Osteometric dimorphism, however, is
population-specific, shaped by ancestry, secular trends,
nutrition and activity, and discriminant functions
developed in North American, European or East Asian
samples cannot be transferred to South and Central Asian
populations without error.15-18

Pelvic standards have been developed for several Asian
populations,'316 but no osteometric standard derived from
a contemporary Afghan population has been published,
and Afghan mortuaries rely on external standards or visual
appraisal. The objective of this study was to quantify pelvic
metric dimorphism and to develop population-calibrated
multivariable logistic models for sex estimation in
unexpected fatalities in Kabul, Afghanistan. Its novelty lies
in providing the first Kabul reference data for five pelvic
dimensions, a full model with explicit probability cut-offs,
reduced sub-regional models for partially preserved
pelves and a triage framework that links osteometry to
medicolegal death management in Afghanistan.

2. Methods

2.1. Study design and setting

This was a cross-sectional observational study with
retrospective data collection, conducted in accordance
with the DVI principles of Interpol and the International
Society for Forensic Genetics.»'® The sampling frame
comprised consecutive eligible adult pelvic specimens
examined during medicolegal autopsies at the Department
of Forensic Medicine and Pathology, Afghan State Hospital,
and collaborating municipal forensic mortuaries in Kabul
between 1 January 2021 and 31 December 2023.16:20

2.2. Specimens and eligibility criteria

An a priori sample-size calculation for a two-tailed
independent-samples t-test was performed in G*Power
version 3.1.9.7.2t With a = 0.05, power (1 - ) = 0.90 and
an expected Cohen’s d =2 0.70 based on regional pelvic data,
a minimum of 44 specimens per sex was required. For
logistic regression with five candidate predictors,
enrolment of 50 males and 50 females (N = 100) gave an
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events-per-variable ratio of 10.0, in line with the
recommendations of Vittinghoff and McCulloch.2%.22

Inclusion criteria were: (1) adult pelvic remains from
documented unexpected, sudden or unnatural deaths
examined in Kabul, including blast injuries, vehicle
collisions, industrial trauma and sudden natural collapse;
(2) sex confirmed by antemortem hospital records, the
national identity document (Tazkira) or external and
internal genital anatomy documented at full medicolegal
autopsy; and (3) skeletal maturity, confirmed by complete
fusion of the iliac crest apophysis, synostosis of the
triradiate cartilage and closure of the spheno-occipital
synchondrosis. A fourth criterion was integrity of the
pelvic landmarks required for the measurement protocol,
which provided an intact reference baseline from which
both the full model and simulated reduced-variable models
could be derived.2023 All individuals were aged 18-65
years (mean 36.4 + 12.8 years; males 37.2 + 13.1, females
35.6 +12.5;t=0.621, p = 0.536).

Exclusion criteria were: (1) skeletal pathology, including
severe acetabular osteophytosis, ankylosing spondylitis,
metabolic bone disease (osteomalacia, rickets or severe
osteoporosis) or congenital pelvic malformation; (2)
healed pelvic fractures with callus distortion; (3) blast
fragmentation or crushing that disrupted the
measurement landmarks; and (4) subadult remains with
incomplete pelvic epiphyseal fusion.?324 Because criterion
3 excluded damaged landmarks, no fragmented or
thermally altered specimen was measured in this study.

2.3. Specimen preparation and osteometric
measurements

All pelvic bones were cleaned in a ventilated forensic
anthropology laboratory.?> Soft tissue was removed by
warm-water maceration, gentle mechanical debridement
with soft nylon brushes and enzymatic cleaning with a mild
non-corrosive detergent; boiling and harsh chemicals were
avoided to prevent shrinkage.?526 Specimens were then
dried at room temperature (20°C-24°C) and 45%-55%
relative humidity for 14 days.2¢

Measurements were taken by two calibrated forensic
medical practitioners using an osteometric board, a digital
sliding vernier caliper (Mitutoyo Corporation, Tokyo,
Japan; range 0-300 mm, certified accuracy #0.02 mm,
resolution 0.01 mm) and a transparent forensic protractor-
goniometer (resolution 0.5°).2627 Values were recorded at
0.01 mm and are reported to 0.1 cm and 0.1°.27 Five
dimensions were recorded according to standard
definitions:2728 (1) pelvic width (PW), the maximum
distance between the most lateral points of the right and
leftiliac crests on the rearticulated pelvis, measured on the
osteometric board;?® (2) pelvic height (PH), the straight-
line distance from the highest point of the iliac crest to the
lowest point of the ischial tuberosity of the same
innominate bone, measured with the caliper;282° (3)
superior acetabular diameter (SAD), the maximum
diameter from the superior acetabular rim across the
centre of the cavity to the opposite posteroinferior rim;?2°
(4) inferior acetabular diameter (IAD), the diameter
perpendicular to the SAD from the anterior to the posterior
acetabular margin across the deepest point of the
acetabular fossa;?2?° and (5) subpubic angle (SPA), the
angle in the coronal plane between the inferior pubic
(ischiopubic) rami immediately below the pubic
symphysis on the rearticulated pelvis, measured with the
goniometer.1522
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2.4. Measurement reliability

Intra- and inter-observer reliability were assessed on 20
randomly selected specimens (20% of the sample)
measured blind two weeks apart.2122 The technical error of
measurement (TEM), relative TEM (%TEM) and intraclass
correlation coefficient (ICC; two-way mixed-effects
consistency model) were computed on the unrounded
readings.?! Across the five variables, % TEM ranged from
0.42% to 1.15%, below the 2.0% threshold usually
accepted in skeletal anthropometry, and ICC ranged from
0.948 to 0.988.17.21

2.5. Statistical analysis

Analyses were performed in IBM SPSS Statistics for
Windows, version 26.0 (IBM Corp., Armonk, NY, USA) and
R version 4.3.2.7 Normality was assessed with the
Shapiro-Wilk and Kolmogorov-Smirnov tests and normal
Q-Q plots, and homogeneity of variance with Levene’s
test.17 Continuous data are presented as mean * standard
deviation (SD). Sexes were compared with two-tailed
independent-samples Student’s t-tests; p < 0.05 was
considered significant.!”

Binary logistic regression modelled the probability of male
sex (0 = female, 1 = male) from the five dimensions.'”
Multicollinearity was assessed with tolerance and the
variance inflation factor (VIF); all VIF values were below
3.2.17 Model fit was assessed with the omnibus test of
model coefficients, the Nagelkerke pseudo-R? (interpreted
as arescaled likelihood-ratio index rather than as variance
explained) and the Hosmer-Lemeshow test.3031
Regression coefficients (), standard errors (SE), Wald x?
statistics, adjusted odds ratios (aOR = exp[B]) and 95%
confidence intervals (CI) were reported.

Discrimination was assessed by receiver operating
characteristic (ROC) analysis, with the area under the
curve (AUC) and its 95% CI.32 Diagnostic performance of
the full model was evaluated at five probability cut-offs
(0.50, 0.60, 0.70, 0.80 and 0.90) from the 2 x 2 counts of
true positives (TP), false positives (FP), true negatives (TN)
and false negatives (FN), giving sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV) and overall accuracy. To represent casework in
which only part of the pelvis survives, two reduced models
were fitted: a cotyloid (acetabular) sub-model (SAD + IAD)
and an iliac sub-model (PW + PH). Univariate decision cut-
offs were derived with Youden’s | statistic (] = sensitivity +
specificity - 1).33 Model shrinkage was assessed by leave-
one-out cross-validation (LOOCV).17
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2.6. Ethical approval

The protocol was approved by the Institutional Ethics and
Forensic Review Board of Afghan State Hospital with the
collaborating municipal forensic authorities in Kabul
(Protocol Ref. AAH-ERC-2023-014-FM, 15 January 2023).
The approval covered the retrospective review of archived
postmortem skeletal casework and autopsy records from
January 2021 onward. The study complied with the
Declaration of Helsinki as it applies to research on human
remains and de-identified pathological material.3* No
names, family details or police file numbers were retained
in the analytical database, and all specimens were
catalogued with alphanumeric research codes.®3*

3. Results

3.1. Univariate sexual dimorphism

All 100 specimens were analysed. Males had larger values
than females for four of the five dimensions (Table 1;
Figure 1A-E). Mean pelvic width was 28.5 # 2.4 cm in males
and 25.2 + 2.1 cm in females, a difference of 3.3 cm (13.1%
relative to the female mean; t = 7.31, df = 98, p < 0.001).
Pelvic height was 22.3 + 1.8 cm and 20.8 * 1.6 cm,
respectively, a difference of 1.5 cm (7.2%; t = 4.41, df = 98,
p < 0.001). The superior acetabular diameter was 6.4 + 0.5
cm in males and 5.8 + 0.4 cm in females (difference 0.6 cm,
10.3%; t = 6.63, df = 98, p < 0.001), and the inferior
acetabular diameter was 4.8 £ 0.4 cm and 4.4 + 0.3 cm
(difference 0.4 cm, 9.1%; t = 5.66, df = 98, p < 0.001). The
subpubic angle showed the reverse pattern: 82.3 + 3.8° in
females and 75.2 + 4.1° in males, a difference of 7.1° (t =
-8.98, df =98, p < 0.001), equal to 9.4% of the male mean
(7.1° / 75.2°). Because the relative differences use different
denominators for linear and angular dimensions, the
standardised effect size is the better basis for ranking the
variables: Cohen’s d was largest for the subpubic angle
(1.80), followed by pelvic width (1.46), superior acetabular
diameter (1.33), inferior acetabular diameter (1.13) and
pelvic height (0.88) (Figure 1F).

Pelvic width correlated positively with superior acetabular
diameter (r = 0.58), pelvic height (r = 0.52) and inferior
acetabular diameter (r = 0.45) and negatively with
subpubic angle (r = -0.48). Pelvic height correlated
positively with superior (r = 0.48) and inferior (r = 0.42)
acetabular diameters and negatively with subpubic angle
(r = -0.38). Superior acetabular diameter correlated with
inferior acetabular diameter (r = 0.55) and negatively with
subpubic angle (r = -0.42), and inferior acetabular
diameter correlated negatively with subpubic angle (r =
-0.35); all p < 0.001.

Table 1. Pelvic osteometric dimensions of adult males and females in 100 forensic autopsy cases in Kabul, Afghanistan.

Pelvic dimension Males (n = 50) Females (n = diffei\:::lac:el M- Relative t p
50) F) difference (%)

Pelvic width (intercristal breadth), cm 285+2.4 252+21 +3.3 13.12 7.31 <0.001

Pelvic height (iliac height), cm 223+18 20.8+1.6 +1.5 7.22 441 <0.001

Superior acetabular diameter, cm 6.4 +0.5 5.8+0.4 +0.6 10.32 6.63 <0.001

Inferior acetabular diameter, cm 48+04 44+0.3 +0.4 9.1a 5.66 <0.001

Subpubic angle, ° 75.2+4.1 82.3+3.8 -7.1 9.4> -8.98 <0.001

Notes: Values are mean * standard deviation (SD). Two-tailed independent-samples Student’s t-test, df = 98. aMale excess relative to the female mean. PFemale excess

relative to the male mean. df, degrees of freedom; F, female; M, male.
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Figure 1. Pelvic osteometric dimorphism in 100 forensic autopsy cases in Kabul, Afghanistan. (A-E) Box plots with individual data points for
pelvic width, pelvic height, superior acetabular diameter, inferior acetabular diameter and subpubic angle. (F) Relative magnitude of dimorphism;
linear dimensions are expressed relative to the female mean (male excess) and the subpubic angle relative to the male mean (female excess), so
the bars are not directly comparable. Standardised effect sizes (Cohen’s d) are given in Section 3.1.

3.2. Multivariable logistic regression

The five-variable model was significant (omnibus x2 =
74.82, df = 5, p < 0.001), with a Nagelkerke pseudo-R? of
0.703 (Cox-Snell R? = 0.527) and adequate calibration
(Hosmer-Lemeshow 2 = 5.64, df = 8, p = 0.687) (Table 2).
Pelvic width was the strongest positive predictor of male
sex (B = 0.420, SE = 0.095, Wald x? = 19.54, p < 0.001; aOR
1.52, 95% CI 1.26-1.83): each 1 cm increase raised the
odds of male sex by 52.2%, other variables held constant.
[t was followed by superior acetabular diameter (= 0.360,
SE = 0.088, Wald x? = 16.74, p < 0.001; aOR 1.43, 95% CI
1.21-1.71; 43.3% per cm), pelvic height ( = 0.280, SE =
0.084, Wald x? = 11.11, p < 0.001; aOR 1.32,95% CI 1.12-
1.56) and inferior acetabular diameter (§ = 0.240, SE =

0.078, Wald x? = 9.47, p = 0.002; aOR 1.27, 95% CI 1.09-
1.48). The subpubic angle had a negative coefficient (p =
-0.050, SE = 0.020, Wald x? = 6.25, p = 0.012; aOR 0.95,
95% CI 0.91-0.99): each 1° increase reduced the odds of
male sex by 4.9%, or increased the odds of female sex by
5.1% (1 /0.9512 =1.0513).

The probability of male sex is given by P(male) =1 / [1 +
exp(-z)], where z = -16.680 + 0.420 x (pelvic width) +
0.280 x (pelvic height) + 0.360 x (superior acetabular
diameter) + 0.240 x (inferior acetabular diameter) - 0.050
x (subpubic angle), with linear dimensions in centimetres
and the angle in degrees. Figure 2 shows the adjusted odds
ratios and their 95% Cls.

Table 2. Multivariable binary logistic regression for sex estimation from pelvic dimensions

Predictor B SE Wald x2 aOR 95% CI p
Pelvic width, cm 0.420 0.095 19.54 1.52 1.26-1.83 <0.001
Superior acetabular diameter, cm 0.360 0.088 16.74 1.43 1.21-1.71 <0.001
Pelvic height, cm 0.280 0.084 11.11 1.32 1.12-1.56 <0.001
Inferior acetabular diameter, cm 0.240 0.078 9.47 1.27 1.09-1.48 0.002
Subpubic angle, ° -0.050 0.020 6.25 0.95 0.91-0.99 0.012
Constant (Bo) -16.680 2.450 46.35 — — <0.001

Notes: Dependent variable: sex (0 = female, 1 = male). Omnibus x2 = 74.82, df = 5, p < 0.001; Nagelkerke pseudo-R2 = 0.703; Cox-Snell Rz = 0.527; Hosmer-Lemeshow
X2 =5.64,df =8, p = 0.687. aOR, adjusted odds ratio (exp[B]); B, regression coefficient; CI, confidence interval; df, degrees of freedom; SE, standard error.
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Figure 2. Forest plot of adjusted odds ratios (aOR) with 95% confidence intervals for male sex from the multivariable logistic regression model.

3.3. Discrimination and classification performance

The full model had an AUC of 0.89 (95% CI 0.82-0.95; p <
0.001) (Figure 3). The binormal separation implied by the
group means, standard deviations and published
correlations is d’ = 1.62. As single predictors, the subpubic
angle had the highest AUC (0.90, 95% CI 0.84-0.96),
followed by pelvic width (0.85, 0.77-0.93), superior
acetabular diameter (0.83, 0.75-0.91), inferior acetabular
diameter (0.79, 0.70-0.88) and pelvic height (0.73, 0.63-
0.83). The full model therefore did not exceed the
discrimination of the subpubic angle alone; no formal
comparison of correlated ROC curves was performed.

At the 0.50 cut-off (z =2 0), the model correctly classified 40
of 50 males (sensitivity 80.0%) and 41 of 50 females
(specificity 82.0%), with a PPV of 81.6% (40/49), an NPV
of 80.4% (41/51) and an overall accuracy of 81.0%
(81/100) (Table 3; Figure 4). Raising the cut-off increased
specificity at the cost of sensitivity: at 0.60 (z = 0.405),
specificity was 90.0% (45/50), sensitivity 70.0% (35/50),
PPV 87.5% and NPV 75.0%, with 80.0% accuracy; at 0.70
(z =2 0.847), specificity was 94.0% (47/50), sensitivity
60.0% (30/50) and PPV 90.9%, with 77.0% accuracy. At
0.80 and 0.90, specificity reached 98.0% and 100.0% and
PPV 95.8% and 100.0%, whereas sensitivity fell to 46.0%
and 26.0%. LOOCV gave a cross-validated accuracy of
80.0%.

Table 3. Diagnostic performance of the full logistic model across five probability cut-offs (50 males, 50 females).

Probability cut- Logit threshold Sensitivity, %

Specificity, %
off (2) (n/N) (n/N)

PPV, % (n/N) NPV, % (n/N) Accuracy, % (n/N)

0.50 >0.000 80.0 (40/50)
0.60 > 0.405 70.0 (35/50)
0.70 >0.847 60.0 (30/50)
0.80 >1.386 46.0 (23/50)
0.90b >2.197 26.0 (13/50)

82.0 (41/50)
90.0 (45/50)
94.0 (47/50)
98.0 (49/50)
100.0 (50/50)

81.6 (40/49) 80.4 (41/51) 81.0 (81/100)

87.5 (35/40) 75.0 (45/60) 80.0 (80,/100)

90.9 (30/33) 70.1 (47/67) 77.0 (77/100)

95.8 (23/24) 64.5 (49/76) 72.0 (72/100)

100.0 (13/13) 57.5 (50/87) 63.0 (63/100)

Notes: Counts from the study sample using z = -16.680 + 0.420(PW) + 0.280(PH) + 0.360(SAD) + 0.240(IAD) - 0.050(SPA). Sensitivity refers to males and specificity
to females. aStandard cut-off. PMost conservative cut-off. IAD, inferior acetabular diameter; NPV, negative predictive value (female); PH, pelvic height; PPV, positive
predictive value (male); PW, pelvic width; SAD, superior acetabular diameter; SPA, subpubic angle.

Sriwijaya ] Forensic Medicoleg. 2024;2(1):26-35 - e-ISSN 2987-1530 - Phlox Institute: Indonesian Medical Research Organization 30



Sriwijaya Journal of Forensic and Medicolegal

1.0

0.8 1

Ahmad

£ -
= /| Full model, cut-off 0.50
_g 0.6 - /‘ sensitivity 80.0%, specificity 82.0%
=) . -
3 7
& e
E /
> /
H e
3 0.4
‘a d
c .
Q L
[} .
L
/’/
/’ m Full five-parameter model: AUC 0.89 (0.82-0.95)
/’ = = Subpubic angle: AUC 0.90 (0.84-0.96)
0.2 o —— Pelvic width: AUC 0.85 (0.77-0.93)
/' === |liac sub-model (PW + PH): AUC 0.85 (0.77-0.93)
= Cotyloid sub-model (SAD + IAD): AUC 0.84 (0.76-0.92)
== = Superior acetabular diameter: AUC 0.83 (0.75-0.91)
+ Inferior acetabular diameter: AUC 0.79 (0.70-0.88)
= Pelvic height: AUC 0.73 (0.63-0.83)
—-== Chance (AUC 0.50)
0.0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

1 — specificity (false-positive rate)

Figure 3. Receiver operating characteristic (ROC) curves of the full logistic model, the reduced sub-models and the individual pelvic dimensions.
Curves are smoothed binormal curves drawn from the reported areas under the curve (AUC, 95% confidence interval); the marked point is the
full model at the 0.50 cut-off. IAD, inferior acetabular diameter; PH, pelvic height; PW, pelvic width; SAD, superior acetabular diameter.
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Figure 4. Sensitivity, specificity and overall accuracy of the full logistic model across probability cut-offs from 0.50 to 0.90 (data from Table 3).

3.4. Reduced sub-regional models

The two reduced models were evaluated on the same intact
specimens with variables withheld; they therefore
simulate, but do not measure, performance on fragmented
remains. The iliac sub-model (PW + PH) had an AUC of 0.85
and an accuracy of 77.0% (sensitivity 74.0%, specificity
80.0%). The cotyloid sub-model (SAD + IAD) had an AUC of
0.84 and an accuracy of 76.0%. As single-variable cut-offs,

the Youden-optimal threshold for superior acetabular
diameter was 6.1 cm, which corresponds to an expected
sensitivity and specificity of about 75% each, and the
threshold for pelvic height was 21.5 cm (expected
sensitivity 68.1% and specificity 65.9%). Table 4 compares
these results with other identification methods used in
mass-casualty and conflict settings, and Figure 5 places
them in a stepwise triage framework.
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Table 4. Comparison of identification methods for sex estimation and identification in mass-casualty and conflict settings in Kabul

Accuracy, Accuracy, fragmented
Method intactremains remains or reduced variable Heat resistance Equipment and cost Utility in Kabul
(%) sets (%)
Pelvic osteometry, full 81.0 g:;;u(]i?; (ito Snpi(lj:f;lds; 371«172.18 le H_igh (acetabulum, Minimal (c_aliper, High; immediate, no
model (present study) (iliac), 76.0 (cotyloid) ilium)3536 osteometric board) backlog
52.0-60.0; requires intact . . . .
Phenice visual method!? 85.0-88.037 ventral arc and subpubic Low}fp;blst?ften 536 None (visual g/lodergte, observer
concavity'337 crushed or burnt)>3¢  assessment) ependent
Moderate (dental Verv low:
] ) ra diography ery low; antemortem
Dental comparison* 95.0-99.0438  70.0-80.038 Very high (enamel)® antemorteml records rarely
charts)*38 available?
STR nuclear DNA® 599919 < 40.0; allelic dropout in burnt ~ Very low (DNA High (thermal cyclers; l}}:s(t)l;li(;‘:)ed; ?Oonstate
: or decomposed tissue?3 fragmented)?? consumables)a219 P ?,;' 8
backlogs
. . . . Moderate; blast
Cranial osteometry!! 78.0-82.011.29 ﬁfagfgf}?é;fgrt?ﬁ%?? mn Moderate?*® Minimal (spreading injuries often destroy

; 11
caliper) the facial skeleton*?

Notes: Values for methods other than the present study are taken from the cited literature. No fragmented or thermally altered specimen was measured in the present
study; its reduced-model values are upper bounds. 2Author’s field estimate for Kabul (more than 85% of civilians lack antemortem dental records; DNA consumables
exceed US$500-1,000 per sample). STR, short tandem repeat.

A Osteometric landmarks on the os coxae (mean + SD; males vs females)

\ \ [

Pelvic width (PW)
intercristal breadth

M28.5+ 2.4 cm
F25.2+£21cm
t=7.31;p <0.001
aOR 1.52 (1.26-1.83)

Pelvic height (PH)
iliac height

M223+18cm
F20.8x1.6cm
t=4.41;p <0.001
aOR 1.32 (1.12-1.56)

Superior acetabular
diameter (SAD)

M 6.4 £ 0.5 cm
F58+04cm
t=6.63;p <0.001
aOR 1.43 (1.21-1.71)

Inferior acetabular
diameter (I1AD)

M 4.8 + 0.4 cm
F44+03cm

t = 5.66; p < 0.001
aOR 1.27 (1.09-1.48)

Subpubic angle
(SPA)

M752x4.1°
F82.3 +3.8°
t=-8.98; p < 0.001
aOR 0.95 (0.91-0.99)

B Stepwise triage for skeletal sex estimation

Level 1 Level 3 Probabilistic sex call

Recovery and triage

Level 2A Full five-parameter model

2= ~16.680 + 0.420 PW + 0.280 PH + 0.360 SAD
. + 0.240 IAD — 0.050 SPA; P(male) = 1/ (1 + e”(-2))
Record which landmarks AUC 0.89; accuracy 81.0% at 0.50 (LOOCV 80.0%)

or missing L ) \

P(male) = 0.50 - male; < 0.50 = female
Sensitivity 80.0%; specificity 82.0%
are intact, eroded, burnt 0.45-0.55: indeterminate zone
- morphoscopic review and
multidisciplinary corroboration

All five landmarks intact N
Level 2B Reduced variable sets

o '-e‘l'e' gA e lost Cut-off 0.70 / 0.80 when a false male
ome landmarks los| i .
S o0 lliac sub-model (PW + PH): AUC 0.85; accuracy 77.0% I Geelile ey SO D
—» | Cotyloid sub-model (SAD + IAD): AUC 0.84; accuracy 76.0% /
Single SAD cut-off 6.1 cm: = 75% (model-implied)
Simulated on intact specimens; values are upper bounds
s 3\

Quality control: two blinded observers (%TEM 0.42%-1.15%; ICC 0.948-0.988) - adults aged 18-65 years only - Kabul-calibrated standards; external validation required

C Medicolegal and humanitarian downstream

Humanitarian triage Religious funerary rites Civil and inheritance law Judicial certification
Death certificate

Criminal investigation

UNAMA / ICRC

casualty documentation

Ghusl by same-sex
attendants; kafan;
burial within

24 to 48 hours

Civil Code of Afghanistan,
Book 3, Arts 1993-2102;
Fara'id shares;
guardianship and mahr

Sex-specific handling
in the mortuary
Missing-persons
reconciliation

Figure 5. Forensic triage framework for pelvic sex estimation in Kabul. (A) Pelvic osteometric landmarks with group means, ¢t statistics and
adjusted odds ratios. (B) Stepwise triage for intact and partially preserved remains; the reduced-model accuracies were simulated on intact
specimens and are upper bounds. (C) Downstream medicolegal, religious and civil consequences in Afghanistan. aOR, adjusted odds ratio; AUC,
area under the curve; LOOCV, leave-one-out cross-validation.

four in five adults. The subpubic angle was the single most
discriminating dimension, whereas the multivariable and
reduced models provide sex estimates when that fragile
region is unavailable.

4. Discussion

4.1. Principal finding

In this Kabul autopsy series, all five pelvic dimensions
differed between the sexes, and a population-calibrated
five-parameter logistic model correctly classified about
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4.2. Biological basis and comparison with the
literature

The pelvis must satisfy two competing demands: weight
bearing during bipedal locomotion and, in females,
parturition.’0 Male pelves, free of obstetric constraint and
shaped by greater body mass and mechanical loading, tend
to be larger and more robust, with higher iliac crests, larger
joint  surfaces and more prominent muscle
attachments.'741 The larger pelvic width and iliac height of
Kabul males agree with this pattern, and with reports from
other populations that intercristal breadth and pelvic
height are consistently larger in males.!#1¢ The female
ilium flares laterally, widening the false pelvis and
producing a shallower pelvic cavity.10.18

The acetabulum, formed by the ilium, ischium and pubis, is
the weight-bearing articulation with the femoral head.*?
Because males are on average taller and heavier, larger
acetabular diameters distribute joint reaction forces over
a larger surface, which explains the dimorphism observed
here and the independent contribution of the superior
acetabular diameter to the model.26#? Acetabular shape
also varies with age, so that metric acetabular standards
should be applied only to adults, as in this study.?¢

The wider subpubic angle in females is the classic obstetric
adaptation of the pelvic outlet: widening the subpubic arch
enlarges the transverse outlet diameter and reduces the
risk of cephalopelvic disproportion.l® Its standardised
separation was the largest of the five dimensions, and its
univariate AUC (0.90) was comparable to that of the full
model, consistent with studies in which the subpubic angle
alone classifies sex with high accuracy.!> The practical
value of the multivariable model therefore lies less in
superior discrimination on intact pelves than in
robustness: the subpubic region is the part of the pelvis
most often lost in blast, crush and fire deaths,'31* whereas
the iliac and acetabular dimensions retained in the reduced
models are more robust. Comparisons of visual, angular
and geometric methods for other pelvic traits likewise
show that quantitative approaches reduce observer
dependence,** and probabilistic methods such as DSP lose
accuracy gradually rather than abruptly as fewer variables
are available.1444

Pelvic sexual dimorphism varies in magnitude between
populations, so that standards developed elsewhere may
misclassify individuals from a new population.!”!® The
present coefficients and cut-offs are calibrated to Kabul
and should not be transferred to other populations without
validation, just as external standards should not be applied
uncritically in Afghanistan.1618

4.3. Reduced models and taphonomic context

Where the pubic region is destroyed, the iliac (77.0%
accuracy) and cotyloid (76.0%) sub-models, or a single
superior acetabular diameter cut-off of 6.1 cm, still allow a
probabilistic estimate.?33 The acetabulum has thick
cortical walls and a deep, protected position, and the
literature on burnt bone reports that it often survives heat
and crushing that destroy the pubic symphysis and thin
iliac blades.>353¢ These thermal-survival data come from
the published literature and were not tested here. No
fragmented or thermally altered specimen was measured
in this study, so the sub-model figures are an upper bound:
fragments carry taphonomic distortion, surface erosion
and landmark loss that reduce measurement precision
below that recorded in this series.

Ahmad

4.4. Comparison with alternative identification
methods

Table 4 compares pelvic osteometry with other
identification methods in Kabul. In high-income
jurisdictions, DVI relies mainly on STR DNA typing and
dental comparison.1?38 In Afghanistan, these methods face
practical barriers.3? DNA profiling is limited by the absence
of accredited state DNA repositories, reagent shortages
and analytical backlogs that can delay the release of bodies
for weeks or months,?1? and in severely burnt or blast-
damaged bone, nuclear DNA is degraded into short
fragments, causing allelic dropout and amplification
failure.33> Dental comparison is resistant to heat but
requires antemortem records, which most Afghan civilians
lack.#38 Pelvic osteometry, by contrast, requires only a
caliper, a goniometer and an osteometric board, can be
performed in the mortuary within minutes of recovery and
has no recurring consumable cost.>1¢ It is best regarded as
a rapid first-line estimate that complements, rather than
replaces, DNA and dental identification.2

4.5. Classification thresholds and medicolegal
implications

The choice of probability cut-off has medicolegal
consequences.3%33 At 0.50, the model balances sensitivity
(80.0%) and specificity (82.0%), which suits routine
mortuary intake and missing-persons reconciliation,
where systematic bias towards either sex is undesirable.®
Where a false male classification carries greater legal cost,
such as in death certification or inheritance proceedings, a
cut-off of 0.70 or 0.80 raises specificity to 94.0% or 98.0%
(PPV 90.9% or 95.8%);73% conversely, a lower cut-off
increases sensitivity for male casualty registers.33 This
flexibility is an advantage of probabilistic logistic models
over dichotomous classification.3?

Rapid sex estimation also has religious and civil
consequences in Afghanistan.®’ Ritual washing by same-
sex attendants, sex-specific shrouding and burial within 24
to 48 hours cannot proceed while sex is unknown,® and a
probabilistic estimate available within minutes allows
these rites to proceed without delay.®® Under the
inheritance provisions of the Civil Code (Book 3, Articles
1993-2102), Article 2002 provides that marriage-based
inheritance is calculated by quota and blood-relationship
inheritance by quota, residuary or both, and the quota and
residuary provisions that follow differentiate the shares of
heirs by sex.”? An unresolved death certificate can
therefore freeze an estate, delay a widow’s share, the
appointment of a guardian for orphaned children and the
settlement of mahr claims.” Objective sex estimation also
supports the documentation of conflict casualties and
missing persons by the United Nations Assistance Mission
in Afghanistan (UNAMA) and the International Committee
of the Red Cross (ICRC).#%45 Incorporating the triage
framework in Figure 5 into national mortuary procedures,
in collaboration with the Ministry of Public Health, the
Ministry of Justice and humanitarian partners, would
support its consistent use.4>

The estimates remain probabilistic. An accuracy of about
80% implies that roughly one in five individuals is
misclassified at the 0.50 cut-off, and about 10% of females
are misclassified as male at 0.60.33 Pelvic metric estimates
should therefore be reported as probabilities, and
borderline results (predicted probabilities between 0.45
and 0.55) should prompt morphoscopic review and
multidisciplinary corroboration.1337
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4.6. Limitations

This study has several limitations.?? First, although 100
specimens gave adequate power and an events-per-
variable ratio of 10.0, larger multicentre samples from
other provinces are needed to refine regional calibration
and to validate the models externally.?23° Second, the
models apply only to skeletally mature adults aged 18-65
years and cannot be used for subadults, in whom pelvic
dimorphism is incomplete.?324 Third, only specimens with
intact landmarks were included. This is the appropriate
design for a reference standard, because calibration
requires undamaged bone, but it means that the sample
represents the subset of Kabul casework that survived
intact, and that the reduced-model accuracies are
simulated rather than measured on fragments. Fourth,
several discrimination statistics were reconciled with the
group summary statistics at the editor’s request;
deposition of the individual measurements would allow
independent verification. Finally, postmortem computed
tomography (PMCT) and three-dimensional surface
scanning could extend this work to virtual anthropology
and volumetric acetabular analysis as imaging capacity
develops in Kabul.16:20.28

5. Conclusion

All five pelvic dimensions differed significantly between
adult males and females in this Kabul autopsy series, and a
population-calibrated logistic model classified about four
in five individuals correctly, with reduced iliac and
acetabular models retaining useful accuracy when the
pubic region is lost. These standards provide Afghan
forensic practitioners with a rapid, low-cost and
probabilistic tool for sex estimation that supports DVI,
timely religious burial and medicolegal certification,
provided that their performance on fragmented remains is
confirmed.
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