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Abstract

Several studies have evaluated the parameters of normality of the sella turcica (ST), which is important to face different craniofacial syndromes
that may affect this structure. Therefore, this research summarized the scientific evidence on the role of ST in the sex estimation of non-
syndromic individuals. The research protocol was registered (Prospective International Registry of Systematic Reviews # CRD42021256469),
followed by an electronic search in six databases (PubMed, LILACS, Web of Science, Scopus, EMBASE, and LIVIVO) and gray literature
(Google Scholar and OpenGrey). Meta-analysis of linear (width, length, height, and diameter) and volumetric measurements, in addition to an
assessment of risk of bias (RoB) and certainty of evidence, were performed. After the screening of 986 articles, 13 were evaluated by meta-
analysis (1 307 males and 1 231 females). In subgroup analysis, females had lower values for width (lateral radiograph; —0.67 mm; P = 0.040),
length (computed tomography; —0.23 mm; P=0.020), and diameter (computed tomography; —0.27 mm; P < 0.001) compared to males. There
was no statistically significant difference regarding height (P =0.95), area (P=0.72), and volume (P=0.21). Most studies exhibited moderate
RoB, and the certainty of evidence of the outcomes was very low. In this review, significant differences were observed between the sexes for

the length and diameter of the ST, however, the heterogeneity of the studies must be considered.

Key points

e Studies from different geographic regions evaluated the morphology of ST according to sex and showed this anatomical structure as an

important indicator of dimorphism.
* Meta-analysis showed shorter ST length and diameter in women.

e Subgroup analysis found lower ST width in women based on lateral skull radiographs.
® Subgroup analysis found smaller lengths and diameters in women based on CT scans.

Keywords: forensic medicine; sella turcica; sexual dimorphism; tomography; spiral computed; cone-beam computed tomography

Introduction

The sella turcica (ST) is a depression in the upper central por-
tion of the sphenoid bone which houses the pituitary gland [1,
2]. Studies investigating the close relationship between these
two structures have indicated that alterations in the pituitary
gland may be related to alterations in the morphology of the
ST, and, consequently, alterations in the ST have been linked to
several syndromes (Downs’s syndrome, William’s syndrome,
Cleidocranial dysplasia, velocardial-facial syndrome, Sotos
syndrome, among others) [1-3].

Several investigations have been carried out with non-
syndromic individuals in different populations aiming at eval-
uating the morphology and parameters of normality of the
ST [4-31]. For this purpose, cephalometric radiographs (CR)
[4-8, 16, 18-20, 22-24, 26, 27], as well as multislice com-
puted tomography (MSCT) [10, 11, 13-15, 21, 25, 30] and

cone beam computed tomography (CBCT) images have been
employed [9, 12, 17, 27, 29, 31]. Local and regional vali-
dation of these methods are of great relevance because of
possible variations in different populations, and some studies
have already found significant differences in ST morphology
among different ethnic groups [18, 19].

However, most of these studies did not focus on the ST
analysis for sex estimation. Significant differences between the
sexes observed in some parameters of the ST could set the
path for its regular use in the analysis of sexual dimorphism.
In a scenario where different researchers have been conducted
in the field of forensic anthropology to investigate potential
alternatives in the sex estimation process, the study by De
Donno et al. [10] evaluated the ST measurements in an Italian
European sample. They found males showing higher ST length
values compared to females. These authors considered the
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results useful for forensic purposes and reinforced the need
to combine several methods for more accurate sex estima-
tion. It is assumed that the association of forensic analysis
methods can enhance the estimate of sex, raising the accuracy
values [32].

The use of imaging examinations to carry out forensic
examinations has been proposed as an important means of
forensic analysis, being an integral part of the virtual necropsy,
known as virtopsy. This method can take advantage of surface
scanning with an optical scanner, CT, or magnetic resonance
imaging in the performance of autopsies. It helps clarify the
manner and cause of death and the human identification
process, in which several cranial and/or dental parameters
validated in the literature are used [33].

This type of expertise can avoid contamination of the
professional with biological agents, as in the case of the SARS-
CoV-2 disease. During the COVID-19 pandemic, manipu-
lating bodies victimized by this disease was considered a
high-risk procedure, and a virtopsy is recommended for this
purpose [34]. In this process, the analysis of bone structures
such as the ST, commonly visible in imaging examinations,
may contain useful information for human identification [10,
35].

A recent systematic review found associations between
genetic syndromes and changes in ST morphology [3]. It
reinforces the importance of evaluating normative parameters
of this structure in non-syndromic individuals, in addition
to the possibility of its use for sex estimation. Thus, this
research aimed to summarize the scientific evidence available
in observational studies on normal ST parameters according
to sex in different populations.

Materials and methods
Registration protocol

The research protocol was registered on the Prospective
International Registry of Systematic Reviews (PROSPERO,
https://www.crd.york.ac.uk/PROSPERQO/) platform before
the data collection. The Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA 2020) was
used as a guide for reporting this review [36].

Eligibility criteria
Observational studies that performed linear, angular, volumet-
ric measurements, and/or evaluated the morphology of the ST
with CR, MSCT, and CBCT in humans were included in this
research. There were no restrictions on the publication period.
Studies on samples of individuals with any type of
anomalies, pathologies, syndromes, trauma, surgery in the ST
region (which may generate changes in the normal shape and
dimensions of the ST), and articles that did not compare the
sex of individuals were excluded. Studies that only included
<15-year-old individuals were also excluded from this review.
Considering that the average period of pubertal development
is around 15 years of age in females and that the skull base
anatomy tends to remain stable after the age of 12 years in
males [37], several articles included these age groups [5, 13,
14, 16, 22, 27]. Subsequently, the references of the included
articles were also consulted to identify potential studies for
this systematic review. Experts were also consulted to identify
potential additional studies.
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Information sources

A simultaneous search was carried out in the literature in June
2021 on the main virtual health databases listed below:

e PubMed—(https://pubmed.ncbi.nlm.nih.gov/—hosted by
the National Center for Biotechnology Information—
NCBI).

e LILACS—(https://lilacs.bvsalud.org/en/—Latin American
and Caribbean Health Science Literature).

® Web of Science—(www.webofknowledge.com—hosted by
Clarivate Analytics).

¢ Scopus—(https://www.scopus.com/—hosted by Elsevier
and consulted through the institutional access of the
Federal University of Ceara).

o EMBASE (http://www.elsevier.com/online-tools/embase/—
Excerpta Medica dataBASE hosted by Elsevier, Nether-
lands).

o LIVIVO—(https://www.livivo.de/—The Search Portal for
Life Sciences).

Grey literature was also consulted, with same-day access:

¢ Google Scholar—(https://scholar.google.com/). The search
was limited to the first 300 most relevant articles.

¢ OpenGrey (http://www.opengrey.eu/—System for Infor-
mation on Gray Literature in Europe).

Search strategy

The research question to be elucidated in this review was:
Do the morphometric aspects of the ST in non-syndromic
individuals differ between the sexes? This research question
was based on the PECOS framework:

1. Population (P): non-syndromic individuals.

2. Exposure (E): morphometric aspects of the ST in CR,
MSCT, and CBCT.

3. Comparison (C): not applicable.

4. Outcome (O): differences in ST measurements in relation
to sex.

5. Study design (S): observational studies.

Based on this acronym, a search strategy was initially
developed for the PubMed database. This search was con-
ducted with keywords and synonyms related to the ST and
the imaging examinations (CR, MSCT and CBCT) (Supple-
mentary Table S1). Adaptations were made according to the
controlled vocabulary of each database.

Study selection

The studies included through the search strategies were ini-
tially inserted into the EndNote X8 software (Clarivate, Lon-
don, UK) for the identification and removal of duplicate
articles using the find duplicates tool.

Then, titles and abstracts were screened for eligibility. This
step was performed by two evaluators (ECR and DSM), inde-
pendently, using the Rayyan® software (Rayyan® Qatar Com-
puting Research Institute, Doha, Qatar) [38]. These reviewers
were blinded to the authors and institution of the studies.
In this systematic review process, we ensured the integrity
of the blind review by implementing several measures. The
two authors of the text conducted the article analysis inde-
pendently and in different locations. For the initial stage
(reading titles and abstracts), we used Rayyan® software,
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which facilitates this process and allows for the inclusion
of an additional author for analysis. Each author logged in
with their credentials to access their respective reviews. Within
the software, titles and abstracts were presented clearly to
the evaluators without disclosing the authors’ institutional
affiliations. Articles with only the title available and whose
exclusion was not possible through title screening were con-
sidered for full-text reading. A third researcher (FWGC) was
responsible for supervising the study, as well as for making the
final decision in case of divergences in the selection process.

Next, the same researchers independently performed the
full-text reading of the selected articles. In this step, the
references of the included articles were consulted to identify
studies not found in the previous phases. The articles consid-
ered eligible were then methodologically analyzed to plan the
statistical evaluation of the data.

Data collection process

Data extraction was performed by two authors, independently
and using a pre-established standard form and all descriptive
and quantitative data from the selected studies were manually
categorized in electronic spreadsheets in Microsoft Excel®
(Redmond, Washington, DC, USA).

Data items

When available in the studies, the following data were
extracted for analysis: (i) year of publication; (ii) jour-
nal/JCR (Journal Citation Reports); (iii) country/continent
of origin; (iv) study design; (v) type of imaging exam; (vi)
inclusion/exclusion criteria; (vii) sex; (viii) age groups; (ix)
general age (mean/SD); (x) male age (mean/SD); (xi) female
age (mean/SD); (xii) device used for image acquisition; (xiii)
image analysis software; (xiv) number of evaluators; (xv) was
there a calibration of the evaluators? (xvi) anonymization of
examinations? (xvii) sample calculation? (xviii) reproducibil-
ity error analysis? (xiv) morphology; (xx) linear, angular,
and volumetric measurements; (xxi) correlation with skeletal
classes? (xxii) type of analysis (manual versus digital); (xxiii)
main outcomes; (xxiv) limitations.

Risk of bias in individual studies

Based on the methodological design of the included studies,
two evaluators (ECR and DSM) assessed the risk of bias
using the Joanna Briggs Institute Critical Appraisal Tool for
Analytical Cross-Sectional Studies (JBI) [39], which poses the
following questions:

1. Were the criteria for inclusion in the sample clearly
defined?

2. Were the study subjects and the setting described in
detail?

. Was the exposure measured in a valid and reliable way?

. Were objective, standard criteria used for the measure-
ment of the condition?

. Were confounding factors identified?

. Were strategies to deal with confounding factors stated?

. Were the outcomes measured in a valid and reliable way?

. Was appropriate statistical analysis used?

AW

X N O\ \»n

In case of disagreement, FWGC was the reviewer respon-
sible for the final decision. The risk of bias was classified as
high, moderate, or low based on the percentage of “yes” scores
obtained after the final judgment of the item-related checklist
(<49%, 50%-69%, and > 70%, respectively) [39].

Effect measures and data synthesis methods

Data were exported to the Revman software (Review Man-
ager, version 5.4.1, Cochrane Collaboration, Copenhagen,
Denmark) for meta-analysis of mean differences (linear and
volume measurements) and prevalence ratio (morphological
findings), both by inverse variance and random-effects meth-
ods. The 12 heterogeneity coefficients were calculated, as well
as Egger’s and Begg’s tests to analyze the risk of publication
bias. Additionally, leave-one-out analysis was performed by
removing each study to verify their weight on the meta-
analysis, and subgroup testing was carried out whenever
possible.

Certainty of evidence

The quality of evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) approach [40], in relation to study design, sam-
ple size, risk of bias, inconsistency, indirectness, population
heterogeneity, imprecision, reliability, study power, statistical
analysis, conflict of interest, and other relevant aspects.

Results
Study selection

After applying all the criteria in the established phases
described in the Materials and methods section, 16 studies
were selected [5, 8, 9, 11, 12, 20-22, 25-30]. Of these, three
[5, 22, 27] were excluded from the meta-analysis as they did
not present enough data for statistical comparisons. All phases
concerning the selection of studies are described in Figure 1.

Study characterization

Most studies included in this review (z=11) were from the
Asian continent [8, 9, 12, 16, 20, 25, 26, 29, 30], with
sample sizes ranging from 36 to 509 individuals. Of the
articles included, six performed correlations with the skeletal
class [5, 9, 17, 22, 26, 28] (Table 1). Regarding the type of
examination, seven articles used lateral view radiographs [5,
8,16, 20, 22, 26, 28]; and nine CT scans [9, 11, 12, 17, 21,
25,27,29, 30], five of which were CBCTs [9, 12, 17,27, 29].
Most studies digitally analyzed the images [8,9,11,12,17, 20,
21,25,29, 30] (7 =12). Results regarding the tests performed
and types of analysis are described in Table 2.

Supplementary Table S2 summarizes the inclusion and
exclusion criteria of the articles, as well as the delimited
points, morphometric and morphological analyses performed,
main outcomes, and limitations reported in the studies.
The most frequently performed linear measurements were
length, diameter, height, and width. Volumetric analysis was
performed in three articles [17, 27, 29], two of which were
included in the meta-analysis [17, 29].

Regarding the limitations of the studies, the most frequently
mentioned was the need for larger sample sizes for greater
statistical significance. Two studies mentioned the need to
assess different ethnic subgroups [12, 26].

Meta-analysis of linear and volumetric
measurements

To carry out the meta-analysis, considering the differences
inherent in the types of imaging examinations investigated in
this research (two- and three-dimensional), the sample was
divided into two subgroups: lateral radiograph (LR) and CT.

Considering the total sample included in the meta-analysis,
there was a statistically significant difference between the
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Figure 1 Flow diagram of the study selection process (adapted from PRISMA 2020) [36]. ST: sella turcica.

sexes for the length of the ST (P=0.020). This parameter in
females was 0.21 mm (95%CI: 0.03 to0 0.38) (Cohen’d: — 0.21
(95%CI: —0.44, 0.03)) lower than in males (P=0.020).
In a subgroup analysis, the group analyzed through LR
showed no significant difference between females and males
(P=0.170), while the group analyzed with CT scans showed
that females had a length of 0.23 mm (95%CI: 0.04 to —0.42)
smaller than males (P=0.020). There was no significant
heterogeneity (P=0.200, 12=23%), and the leave-one-out
analysis did not change the outcomes evaluated (P > 0.05).
Egger’s (P=0.1243) and Begg’s (P=0.5470) tests did not
demonstrate significant publication bias (Figure 2).

ST diameter was also statistically reduced in females
(P <0.01). The studies that evaluated LR did not show a

significant difference between the sexes (P=0.610), while
the investigations assessing CT images showed that females
exhibited a 0.27 mm (95%CI: 0.24 to 0.31) lower ST
diameter than males (P <0.001). There was no significant
heterogeneity in the two subgroups, even considering all
the studies (I2=0%), and the leave-one-out analysis did
not change the outcomes investigated (P <0.05). Egger’s
(P=0.0735) and Begg’s (P = 0.6547) tests did not demonstrate
significant publication bias (Figure 3).

No significant difference in width was observed between
males and females (P=0.340) once all data were grouped.
There was significant heterogeneity (P =0.001,I* =67%) and
a significant difference (P=0.040) between the subgroups
using LR (in which females exhibited a lower mean width



FORENSIC SCIENCES RESEARCH

“UOIIBIAID PIBPUEIS :(JS $10308] 30oedwl 1] s3110day uonelr) fewinof YD {pawIoyur 3ou ;[N

ON IN IN or 0L~L1 A (1+/09) TOT eIsy/4aimy, IN/Aworeuy L10T [o¢]
ON 8$'8F LS9C 96’8 F 6¥°LT IN Sv—81 1 (0%/0%) 08 eisy/Anpmy  ¢81 [/[oydIopy erjog 610¢ [67]
SOK IN IN IN 0€-8T 1 (S2/SL) 0ST IN IN/3eUyY Sy [SUel], 020¢ [87]
wu@oa<
S9K IN IN IN LS—9T 85°0 (09/5¢) S6 ynog/[izery  IN/AEUY [oIpey dimg 070¢ [27]
LSL'T/PeIH
SO IN IN IN 0€-8T 1 (09/09) 0TT eisy/[edaN [e10 DING 8107 [97]
ON IN IN IN 0.-ST 8¢'T (¥8/911) 00T BISY/eIpU] IN/soY S wireyq [ L10¢ [s7]
ON IN IN IN 81-91 ‘$1-CI 1 (81/81) 9¢ BISY/RIPU] 94, [/3Ing dejoruer) [ 910¢C ad
ON IN IN IN 68-0¢ SO'1 (S¥1/TST) L6T eILJy/RRSIN  [N/Sutdewy pajy [ 1uf 910¢ [17]
ON IN IN IN 0¥—0T ‘61-0T 86°0 (£ST/TST) 608 eisy/ueprof  [N/[oA1quig yeuy [ [ed] 810C [o7]
saK IN IN IN 87-ST ‘¥1-8 0v'0 (L9T/L9) ¥€T BISY/Uatd] S8 1/101peYy [810 120¢ [s]
9K 60°0LF8LTE  ¥90LF90°LE IN 81< T (0€/0€) 09 edLIWY YLON/VSN IN/[orq [e1Q 1ue( [ 910¢ [21]
:AR:EH#X
ON IN IN IN 8¢-0T ‘61-ST SL°0 (LS/€v) 00T eISY/eIpu] PaN 2ud( [ 3uf 910¢ [91]
ON IN IN 0¥ 09-0T 1 (05/0S) 00T BISy/eIpu] S8 T/I01pey [810 810T [z1]
S€-0¢
f0€—ST *ST-0C
‘07-ST *ST-01
ON TL'8FLYTC  €TOTFEL6T  99°6FSE0C ‘01-§ ‘$—0 Wl (68/9T1) STC edL1yydA3y €66 o/101q wny 810C [171]
sax 6L'SF89°ST 88y F0OT'ST IN 0v—8T 140 (€6/99) 6ST  ®BISY/eUIYD ‘UeMIB]  TT{ ¢/AU] SOY PINOI 120¢ (6]
SS-1¢ IN/[OUYd9],
ON IN IN IN 09T *ST-¢€I [N (0TT/LET) Ly BISY/BIPU] 10§ SPUAI], U203y [ U] 10T (8]
¢SSE[D [e39[N[S crewed PN 1IPRA0 sdnoig oner (SreWIoy/oTR W) JUdUNUOD A1 0207 ID[ 124
[IM UOHIB[I11I0D) (s F ueawn) a8y By  oewaydeN u  suo1da1 10 Anuno) /lewinof  uonedrqng PUIBPY

"SSE[O [B19]9%S YlIM UOIIR[81I00 pue ‘abe 'xas ‘uiblio JO Jusuiluod pue AJunod ‘uonedlignd Jo |eulnol pue JesA 01 Buipioooe uoliezusloeleyd Apnis L ajqer



Ribeiro et al.

“Aydergowoy pandwod sorsnnuw ;] HSN ‘Ayderdowol pandwod weaq auod 11 DD “PIWIOFUT 30U ([N

IN IN IN IN IN [esiq IN IN IN uesg 1D [erues) lo€l
wd 8§ X § AOJ s 7T odxa
A'T6°T PMAA f921s [9XO0A W 9T"() (pueur] ‘DUIS]PH)
SOk SN S IN 13 [eudiq SIX2WOY ‘BdWUE|] ‘Y p1-6 ‘dAY $8 N (€ XEWO1] LIWUE[] 109D l61]
Aydei3orpex
(puequrg siaworeydad
IN IN IN IN I [enuey IN S L'8T VW § A 89 ‘DIUIS]PH]) XeWOI] edauue[q [e1ore] [szl
MEE T0 [9x0A
$9°¢ ‘W LT X 6T AO
IN IN IN IN IN [endiq 9'€ UOISTIA JYNS-MLI VW T1-T ‘AY 0TT (VSN ‘Vd ‘PIRJIEH) 3€D-1 1090 (VAd|
AydeiSorpes
srnaworeydas
SOk S IN IN 1 [enueN IN IN  ddd 0076 XIeIOYHQ Xopuan e [97]
9IeMlJos
IN IN IN IN IN [esiq JIMINA WOIP JuBIpLY IN IN uedg 10 [erues) [szl
Aydeidoipes
siaworeydad
IN IN IN IN 4 [enuey IN IN IN [esre] ]
21eMIJOS WAISAG
IN IN IN IN IN [ensiq uonewriojuy £3ojorpey IN IN uedsg [ [erue) [zl
Aydei3orpex
(999310) “erssyry| sunawopeydad
Sk IN SX IN IN [endiq f21eM1j0G TYHP) € XOGMITA IN IN Jesane] loz]
(eury) ‘npSuay) ‘p3 0D Aydei3orpex
£3ojouyda], unxex npguayn S 6'C1 10§ suawoleydas
SIX IN IN IN 3 [ensiq ITy opstoa ydaon v 91— pue dAY 06-0§ RS QEIXe] “YoAIeA [erae] [s]
wadutod 329y VworLe
AVSO ‘YD “Homsiey) ‘urydjo() pue JAY 071 ‘S[PX0a €°0
SoX IN IN IN IN [easiq wiSudewy urydjoq 58741 ‘WO LT X WD €T ¢ wedq duo) g VO-t 1040 [£1]
Aydeidoipes
siaworeydad
IN IN IN IN IN [enuey IN $8°0 ‘Vw 0T ‘dAY 08 sn|q ydeigoioy [e3are] [91]
Auewwion) ‘wiaysuag
‘Hqio) swaisAg [eausq
IN IN IN sax IN [easiq IN  Asvig/(1-89 s0p uoneipey ruons) (¢ s soydoyio 104D [e1]
Aueurion) ‘suawalg
IN IN IN IN T [ensiq ¢ o8u4g suawarg IN Sy uonmuilpg IWOLVINOS IOSW [r1]
(euryd
‘radie], ‘pa ‘yoazolq eL1alog wuw ¢(°() [9X0A suryoew
EUS SK IN IN I [endiq £0°£70A) SUOYWI( BLIAIO0G S CERN6SF AN OLT 109D 043 IDA WOTMIN 1090 lel
dueIsIp ydeidoipes
IN IN IN IN IN [easiq IN wd 00T ‘A 06-0S IN [[fs [edoe] [8]
31591 4omod ¢(DDI 10
¢sIs[eue 1o UonE[NO[Ed  (UONEN[EAD eddey]) siojenfead adfy 21BM1JOS 321A9p UORUIEXD
Joirgy  ozis opdureg puig uoneiqie) jo qunN SisAfeuy SuiSew]  siorwered uonismboy uomsiboy SuiSew]  dUIIY

SIsAjeue JO poylew pue uoljeuiuiexs Buibewl eyl 01 Buipioooe uoljezusloeleyd ajdwes g ajqer



FORENSIC SCIENCES RESEARCH

Female Male Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%Cl IV, random, 95%Cl
Lateral radiograph
Konwar et al., 2016 [16] 8.77 1.96 57 826 1.94 43 45% 0.51 [-0.26, 1.28] 1
Shrestha etal., 2018 [26] 8 1.92 60 827 214 60 5.0% -0.27 [-1.00,0.46] . R
Sinha etal., 2020 [28] 563 2.69 75 612 2.3 75 4.2%  -0.49[1.29,0.31] —_—1
Subtotal (95%Cl) 192 178 13.7%  -0.08[-0.67,0.50] <G
Heterogeneity: Tau*= 0.12; Chi*= 3.52, df= 2 (P=0.17); I*= 43%
Test for overall effect: Z= 0.27 (P=0.78)
Computed tomography
Chou etal., 2021 [9] 10.77 1.56 93 11.05 1.8 66  8.2%  -0.28[-0.82,0.26] ———
El-Sehly et al., 2018 (15-20y) [1116.08 0.83 11 588 239 17 1.9% 0.21 [1.03,1.45]
El-Sehly etal.,, 2018 (20-25y) [11]6.81 2.04 16 637 1.95 19  1.6% 0.44[-0.89,1.77)
El-Sehly etal., 2018 (25-30y) [11]7.15 1.76 26 717 1.93 24 2.7% -0.02[1.051.01] 1
El-Sehly et al., 2018 (30-35y) [11]6.53 2 17 6.77 148 26 23% -0.24[1.350.87) —
Gargietal., 2018 [12] 9.02 1.26 50 8.28 137 50 8.8% -0.27[-0.79,0.25] —
Luong etal,, 2016 [17] 9.77 0.99 30 1052 1.72 30 5.2% -0.75[1.46,-0.04] |
Olubunmi etal.,, 2016 [21] 9.74 0134 145 988 0131 152 37.2% -014[0.17,-0.11) u
Shahaetal, 2017 [29] 884 1.93 84 871 173 116 87% 0.13 [-0.39, 0.65] R —
Taneretal, 2018 [29] 9.9 1.9 40 102 1.6 40 45%  -0.30[-1.07,0.47) —
Turamanlaretal,, 2017 [30 85 1.63 41 964 197 60 53% -1.14[1.85,-0.43] EEE—
Subtotal (95%Cl) 553 600 86.3% -0.23[-0.42,-0.04] >
Heterogeneity: Tau?= 0.02; Chi*= 13.36, df= 10 (~= 0.20), F= 25%
Test for overall effect: Z= 2.34 (P=0.02)
Total (95%Cl) 745 778 100.0% -0.21[-0.38,-0.03] @
Heterogeneity: Tau*= 0.02; Chi*= 16.95, df=13 (P=0.20), F= 23% '2 51 S 1‘ é

Test for overall effect: Z= 2.31 (P= 0.02)
Test for subgroup differences: Chi*= 0.22, df=1 (P=0.64), F=0%

Favours female Favours male

Figure 2 Meta-analysis of the sella turcica length parameter according to the type of imaging examination. Cl: confidence interval. Cohen’s d: —0.21

((95%Cl: —0.44, 0.03).

Female Male Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%Cl
Lateral radiograph
Konwar etal., 2016 [16] 7.55 1.28 57 7.7 099 43  05% -0.15[-0.59,0.29] T
Shrestha etal., 2018 [26] 9.65 1.25 60 9.56 1.6 60  0.4% 0.09 [-0.42, 0.60) ]
Sinha etal., 2020 [28] 104 1.67 75 1055 1.81 75 03% -0.15[-0.71,0.41) —
Subtotal (95%Cl) 192 178 1.3%  -0.07 [-0.36, 0.21] Bt =
Heterogeneity: Tau®= 0.00; Chi*= 0.57, df= 2(P=0.75); F= 0%
Test for overall effect: Z= 0.51(P = 0.61)
Computed tomography
Chouetal, 2021 (L) [8] 11.58 1.61 93 1214 1.69 66 0.4% -0.56[-1.08,-0.04)
Chouetal, 2021 (R) [g] 11.49 1.54 93 1201 1.44 66 05% -0.52[-0.99,-0.05)
Gargi etal., 2018 [12] 935 1.43 50 973 1.29 50 0.4% -0.38[-0.91,0.15) =
Luong etal., 2016 [17] 11.59 1.61 30 1215 1.56 30 02% -0.56[-1.36,0.24] ¢
Olubunmietal., 2016 [21] 11.24 0.144 145 1151 0145 152 87.0% -0.27[-0.30,-0.24) -
Taneretal,, 2019 [29] 12.3 1.8 40 121 2.2 40 01% 0.20 [-0.68, 1.08)
Turamanlaretal., 2017[30111.11  1.66 41 11.73 1.9 60 0.2% -0.62[1.32,0.08)
Subtotal (95%Cl) 492 464 98.7% -0.27[-0.31,-0.24] ¢
Heterogeneity: Tau®= 0.00; Chi*= 4.96, df= 6 (P= 0.55), I*= 0%
Test for overall effect: Z= 16.44 (P < 0.00001)
Total (95%Cl) 684 642 100.0% -0.27 [-0.30, -0.24] ¢

Heterogeneity: Tau®= 0.00; Chi*= 7.34, df= 9 (~= 0.60), F= 0%
Test for overall effect: Z=16.40 (< 0.00001)
Test for subgroup differences: Chi*=1.81, df=1(P=0.18), F= 44.7%

—4

+ +
-0.5 0 0.5
Favours female Favours male

+
-1

Figure 3 Meta-analysis of the sella turcica diameter parameter according to the type of imaging examination. Cl: confidence interval. Cohen’s d: —0.36

(95%Cl: —0.79, 0.06).

of 0.67 mm (95%CIL 0.33 to 1.00) compared to males
(P<0.001)) and the CT subgroup (which showed no
difference between sexes (P=0.700)). The leave-one-out
analysis did not change the outcomes studied (P > 0.05), and
Egger’s (P=0.2549) and Begg’s (P=0.4208) tests did not
demonstrate significant publication bias (Figure 4).

The height analysis was also based on the same two
subgroups. No difference between the two subgroups was
observed (P=0.530), and both showed no significant differ-
ence between females and males (P=0.660 and P=0.650,
respectively). There was significant heterogeneity in the CT

subgroup (P=0.030, I>=51%), but not in the LR group
(P=0.120, 1*=43%). The leave-one-out analysis did not
change the outcomes studied (P>0.05) and Egger’s (P=
0.1197) and Begg’s (P=0.5285) tests did not demonstrate
significant publication bias (Figure 5).

Only two studies evaluating CT scans measured ST volume
[17,29]. No significant difference between females and males
(P =0.210) nor significant heterogeneity (P =0.060, 1% = 71%)
was observed. Removing the findings by Luong et al. [17]
favoured a significant difference between males and females
as reported by Taner et al. [29] (Figure 6).
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Female Male Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight [V, random, 95%Cl IV, random, 95%Cl
Lateral radiograph
Chavan etal., 2012 (26-40y) [8]10.86 1.94 73 11.45 1.83 81 131% -0.59[-1.20,0.02) E—
Chavan etal., 2012 (41-55y) [8]10.61 1.98 59 11.12 1.83 81 127% -051[1.17,0.15) —r
Mustafa et al., 2018 [20 g9 11 68 9.81 1.48 45 14.2% -0.81[-1.32,-0.30) —
Subtotal (95%Cl) 200 207 40.0% -0.67[-1.00,-0.33] <

Heterogeneity: Tau®= 0.00; Chi*= 0.5, df= 2(P=0.75); F= 0%
Test for overall effect: Z= 3.89(P < 0.0001)

Computed tomography

El-Sehly etal., 2018 (15-20y) [11] 2.36 2.01 11 253 272 17 48% -017[-1.93,1.59)

El-Sehly et al., 2018 (20-25y) [11] 4.88 3.56 16 1.95 2.01 19 4.0% 2.93(0.97, 4.89) — %
El-Sehly et al., 2018 (25-30y) [11] 419 2.93 26 35 255 24 58% 0.69[-0.83,2.21) —_—_——
El-Sehly etal.,, 2018 (30-35y) [11] 2.29 2.26 17 231 213 26 6.8% -0.02[1.37,1.33] T

Luong etal.,, 2016 [17] 11.05 1.64 30 10.86 1.37 30 11.5% 0.19[-0.57, 0.95] —r—

Shaha et al., 2017 [25] 1095 1.91 84 1085 1.73 116 141% 0.10[-0.42,0.62) ——

Turamanlar et al., 2017 [30 975 14 41 10.86 1.81 60 13.0% -1.11[1.74,-0.48) ——

Subtotal (95%Cl) 225 292  60.0% 0.14 [-0.57, 0.85] il

Heterogeneity: Tau*= 0.56; Chi*= 21.28, df= 6 (P=0.002); F=72%
Test for overall effect: Z= 0.39 (P= 0.70)

. 1

Total (95%Cl) 425 499 100.0% -0.22[-0.67,0.23] ﬁ
Heterogeneity: Tau®= 0.30; Chi*= 27.18, df= 9(P = 0.001); F=67% +2 %1 s 1 3
Test for overall effect: Z= 0.95(P = 0.34)

Favours female Favours male
Test for subgroup differences: Chi*= 4.07, df=1(P = 0.04), = 75.4% R i

Figure 4 Meta-analysis of the sella turcica width parameter according to the type of imaging examination. Cl: confidence interval. Cohen’s d: —0.11
(95%Cl: —0.36, 0.14).

Female Male Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI IV, random, 95%Cl
Lateral radiograph
Chavan etal., 2012 (26-40y) [8] 7.94 218 73 806 1.89 81 51% -0.12[-0.77,0.53]
Chavan et al., 2012 (41-55y) [g] 7.88 213 59 815 1.96 81 47%  -0.27[-0.96,0.42)

Konwar et al., 2016 [16] 1064 1.76 57 1019 118 43 59% 0.45[-0.13,1.03] ]
Mustafa etal., 2018 [20 6.75 09 68 7.05 1.24 45 82% -0.30[-0.72,0.12) =
Shrestha etal., 2018 [26] 6.62 1.29 60 6.18 1.1 60 81% 0.44 [0.01, 0.87)
Sinha et al., 2020 [28] 6.83 1.2 75 676 1.45 75 81% 0.07 [-0.36, 0.50] ]
Subtotal (95%Cl) 392 385 40.2%  0.06[-0.22,0.34]

Heterogeneity: Tau®= 0.05; Chi*= 8.75, df=5(P=0.12); F= 43%
Test for overall effect: Z= 0.43(~ = 0.66)

Computed tomography

El-Sehly etal., 2018 (15-20y) [11] 7.45 113 11 747 118 17 33% -0.02[-0.89,0.85]
El-Sehly et al., 2018 (20-25y) [11] 8.63 1.89 16 742 1.26 19  23% 1.21[0.12, 2.30]
El-Sehly et al., 2018 (25-30y) [11] 8.23  1.63 26 792 i1 24 41% 0.31 [-0.46, 1.08]
El-Sehly et al., 2018 (30-35y) [11] 7.65 0.86 17 735 1.6 26 4.3% 0.30 [-0.44,1.04]

T

Gargi etal., 2018 [12] 781 115 50 839 1.19 50 7.6% -058[-1.04,-0.12]

Luong etal., 2016 [17] 769 152 30 8.08 117 30 4.7% -0.39[1.08,0.30)

Olubunmi et al., 2016 [21] 8.37 0.107 145 861 0124 152 148% -0.24[-0.27,-0.21) =
Shahaetal., 2017 [25] 8.28 1.83 84 837 185 116 6.7%  -0.09[-0.61,0.43) E—
Taneretal, 2018 [29] 9.2 1.7 40 8.8 1.4 40 4.8% 0.40[-0.28,1.08] ]
Turamanlar etal., 2017 [30 773 112 # 7.7 132 60 7.3% 0.03 [-0.45, 0.51) —_——
Subtotal (95%Cl) 460 534 59.8% -0.05[-0.28,0.18] ’
Heterogeneity: Tau®= 0.05; Chi*= 18.30, df=8(P=0.03); F=51%

Test for overall effect: Z= 0.46 (P = 0.65)

Total (95%Cl) 852 919 100.0% -0.01[-0.19,0.18] ?

Heterogeneity: Tau®= 0.06; Chi*= 35.38, df= 15 (P= 0.002); I*= 58% 3 s b o5 3

Test for overall effect: Z= 0.06 (P= 0.95) Favours female Favours male

Test for subgroup differences: Chi*= 0.39, df=1(P=0.53), F= 0%

Figure 5 Meta-analysis of the sella turcica height parameter according to the type of imaging examination. Cl: confidence interval. Cohen’s d: —0.09
(95%Cl: —0.46, 0.28).

Female Male Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%Cl IV, random, 95%Cl
Luong etal., 2016[17] 444.1 78.38 30 471.76 78.55 30 61.8% -27.66 [-67.37,12.05) —

Taneretal, 2019[29] 851.3 2785 40 1,102 2853 40 38.2% -150.70[-274.25,-27.15) I E—

Total (95%Cl) 70 70 100.0% -74.70 [-191.89, 42.49] e F e
Heterogeneity: Tau®= 5377.22; Chi*= 3.45, df= 1 (P= 0.06); F= 71% 1 p t }
Test for overall effect: Z=1.25(P=0.21) F?gvoour; ?nomalau Favollr]g malzeUU

Figure 6 Meta-analysis of the sella turcica volume parameter according to the type of imaging examination. Cl: confidence interval. Cohen’s d: —0.45
(95%Cl: —0.79, —0.11).
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Risk of bias and certainty of evidence analysis

Of the articles included in the meta-analysis of this review,
four were at low risk of bias [9, 11, 12, 20] and only three
studies were at low risk in less than 50% of the JBI tool
items [21, 25, 30]. In most items, a low risk of bias was
observed, except for Item 2 (Were the study subjects and
the setting described in detail?), in which most studies did
not present clear information on this topic; and in Item 3
(Was the exposure measured in a valid and reliable way?), in
which most studies fell into the uncertain category, as they
did not present information on the calibration of evaluators
or reproducibility error analysis.

In the items referring to confounding factors, seven articles
[8,9, 11, 12, 16, 20, 28] performed subgroup analyses with
possible confounding factors for the differentiation between
the sexes—age group and skeletal classes (Supplementary
Figure S1).

Table 3 presents the GRADE analysis, in which a very low
certainty of evidence of the included articles was observed.

Discussion

In the field of forensic anthropology, the study of ST-related
normality parameters in imaging examinations according to
sex is relevant for Dentistry and Legal Medicine as a poten-
tial means for human identification [10, 35]. ST has been
well-documented in anatomic and clinical-related literature;
however, there are no synthesis of the evidence associated
with meta-analysis and certainty evidence assessment focused
on the utility of this structure in the process of sex-related
personal identification. For this fact, anthropologists should
be aware of the importance of ST in a forensic context
[41], and the present study revealed a dysmorphic pattern
associated with measurements from ST.

The general meta-analysis of the study measurements
evidenced a significant difference between the sexes for
the length and diameter parameters. When analyzed by
examination type, these measurements were statistically
significant only in the CT subgroup. CT scans present
high-resolution sectional images in different orientation
planes, enabling three-dimensional reconstructions [42].
Thus, several studies have been conducted with this three-
dimensional imaging modality [9-15, 17, 21, 25, 27,
29-31].In addition, CT allows for more detailed information,
capable of elucidating minimal bone differences in the
skull that may not be visible on radiographs because of
inherent anatomical overlap [11]. Significantly larger linear
measurements have been reported in lateral cephalograms
compared to these measurements obtained more accurately
through CBCT [43].

It is important to highlight that even considering all the
studies and subgroups (cephalometric radiographs and CT),
no significant heterogeneity (I> = 0%) was observed for the ST
diameter, and the leave-one-out analysis did not change the
outcomes studied (P < 0.05). This indicates that the diameter
parameter was very similar in all studies regardless of the
samples. Even with the removal of papers with considerable
weights, such as Olubunmi et al. [21], there were no changes
in outcomes.

A trend for linear ST measurements with lower values
in females was noted, which corroborates the studies
by Chou et al. [9] and Olubunmi et al. [21]. Similarly,
the study by Taner et al. [29] found ST volume to be

lower in females. Discordant results were reported by Rai
et al. [22], who evaluated a limited sample size in which
the measurements of length and height were greater in
females; and Silveira et al. [27] who evaluated a Brazilian
population in which the diameter and volume were higher in
females.

Two studies performed subgroup analyses by skeletal
classes [9, 28]. In the investigation performed by Chou et al.
[9], only one measurement significantly differed between
skeletal classes in each sex group. However, the authors
believe that these differences may have been related to
discrepancies inherent in sex, and not in skeletal classes.
Sinha et al. [28], however, demonstrated differences between
the sexes in some skeletal classes, in which class II females
presented greater depth and diameter values. Other studies
reported higher measurements in males, except for depth in
class I and length and depth in class III, in which there were
no significant differences.

Morphological analysis was performed by eight authors
[5, 12, 16, 20, 22, 26-28], most of them using the clas-
sification proposed by Axelsson et al. [7]. Nevertheless, in
only three articles [16, 20, 26] discrimination of morpho-
logical findings according to sex was reported. As the pur-
pose of this study was to perform ST evaluation for sexual
dimorphism, the inclusion of a greater number of investi-
gations was not feasible, which limited the strength of this
research.

Interpreting variable data on ST dimensions may be chal-
lenging; therefore, the present results should be assessed with
caution due to the potential presence of ethnic variations
between the selected populations of the studies. It is seen
that a relatively homogeneous body of literature does not
exist on this topic, which reinforces the importance of this
systematic review for future primary studies focused on this
topic. Of the articles included in this review, there was a
trend toward studies of this type in the Asian continent. It is
important to ensure that these image assessment methods are
validated in different populations because of the possibility
of regional variations [18, 19, 44]. Some studies evaluat-
ing ST morphology in different ethnicities found significant
differences among the populations [18, 19]. Similarly, some
countries with continental dimensions may present different
ethnic subgroups within the same population [45], which may
be a confounding factor in the results of the studies. This fact
was a limitation discussed by Gargi et al. [12] and Shresta et al.
[26].

In this review, we sought to assess the normality parameters
of ST focusing on sexual dimorphism. In sex estimation
studies, a relevant aspect commonly addressed is the need to
control confounding variables to increase the generalizability
of the results. Confounding variables may reside in differ-
ences between the comparison groups beyond those initially
intended to be investigated in the study, which may influence
the direction of the results [39].

An important confounding factor for sex estimation is age.
In studies comparing different age groups, significant differ-
ences between age groups were observed within the same sex
[8,11,20]. In the study by El-Sehly’ et al. [11], only in the age
group from 20 to 235 years, a significant dimorphism for most
measurements was detected. The literature reports a greater
difficulty in estimating sex in prepubertal individuals because
of different pubertal growth trajectories in males and females
[33, 46]. Studies also suggest that there may be reductions in


https://academic.oup.com/fsr/article-lookup/doi/10.1093/fsr/owad046#supplementary-data
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cranial sexual dimorphism in elderly individuals [20, 47, 48].
These reductions may result from craniofacial changes related
to hormonal variations that affect postmenopausal females
[49, 50]. In this review, five studies performed subgroup
analysis by age groups [8, 11, 12, 16, 20].

In the literature, normal values for the ST dimensions
seem to be conflicting. Wide ranges of values can be
seen in the previous studies. The varying results in those
studies might be due to different landmarks representing

“,
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the same dimensions and degrees of magnification in
cephalometric radiographs. In this study, similar reference
points were employed among most studies, with some
authors proposing minor modifications for its delimitation
(Figures 7 and 8). Furthermore, variations in the methodology
used to demarcate and perform the ST measurements were
observed. Regarding cephalometric images, some studies
performed manual demarcation on acetate matte tracing
paper under optimal illumination [16, 22, 26, 28], while
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Figure 7 Summary of landmarks and sella turcica (ST) measurements on cephalometric radiographs [8, 16, 20, 26, 28]. Reference points: TS: tuberculum
sellae; DS: dorsum sellae; SF: sella floor; SA: sella anterior; iwST. inner wall of the ST (most posterior point); PClin: posterior clinoid process; *Midpoint
between TS and DS. The images were obtained from a database where images are anonymized to ensure patient privacy and confidentiality. This database
originates from an ongoing observational study with images that was previously approved by the local ethical committee.
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Figure 8 Sella turcica measurements in 2D (A) and 3D (B-D) CT images [9, 11, 12, 17, 21, 25, 29, 30]. Anteroposterior (A, B), craniocaudal (C), and oblique
(D) views. Reference points: TS: tuberculum sellag; DS: dorsum sellae; SF: sella floor; SA: sella anterior; iwST: inner wall of the ST (most posterior point);
PClin: posterior clinoid process; *Midpoint between TS and DS. The images were obtained from a database where images are anonymized to ensure
patient privacy and confidentiality. This database originates from an ongoing observational study with images that was previously approved by the local
ethical committee.
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others performed the analysis on digital images [5, 8, 20].
It is reported that the magnification rate of different
cephalometric devices can also generate differences in linear
measurements [51]. Mustafa et al. [20] used a clear reference
ruler to correct the magnification of the images, and Shrestha
et al. [26] corrected all linear measurements according to the
magnification rate of the device.

In studies that used CT, the problem of the magnification
rate is eliminated, but there may still be some differences in the
delimitation of the reference points. Most studies included in
this systematic review analyzed a sagittal section of the image,
performing measurements like those already published in
cephalometric radiographs [11,12,17,21,25,27,29,30]. The
investigation by Chou et al. [9] carried out a three-dimensional
analysis through image segmentation, with different measures
for the right and left sides, representing a methodologically
appropriate approach for future observational studies.

Based on the synthesis of evidence carried out in this system-
atic review with meta-analysis, we believe that the following
aspects should be avoided to improve the design of future
investigations: (i) lack of standardization regarding techniques
for obtaining images and their analysis (manual versus digital
methods); (ii) samples with an imbalance concerning the sex
distribution; some studies included in the present systematic
review did not equally match the number of men and women;
(iii) unavailability of details regarding the protocol for obtain-
ing X-ray images (i.e. devices and acquisition parameters); (iv)
assessors not blind regarding the sex evaluation; (v) intra-
and inter-examiner reproducibility tests not described in the
methodology, which are recognized as helpful in confirming
the calibration of the examiners; (vi) use of small samples
and the ethnic variability. Methodologically, these limitations
may impact the quality of the evidence related to sexual
dimorphism assessment.

Conclusion

This study showed that the length and diameter of the ST were
smaller in females; however, the certainty of evidence from
this systematic review was graded to be “very low”. When
compared by imaging examination type, females had lower
values for width in the LR subgroup, and length and diameter
only in the CT subgroup. There was no statistically significant
difference regarding height, area, and volume. Considering
the anatomical importance of the ST and its potential use
for sex estimation, future research focusing on the evaluation
of normality parameters of this structure in both sexes from
different populations is needed.
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