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Abstract

Background: Cleft lip and palate (CLP) are the most prevalent congenital anomalies, often resulting in impaired max-
illofacial complex in all three planes of space and maxillary growth deficiency, leading to aesthetic and functional
challenges. Traditional methods like calipers and rulers have limitations in precision, reproducibility, and volumetric
capture for soft tissues (ST) and dental arches (DA) in CLP patients. Three-Dimensional Stereophotogrammetry
(3DS) offers a non-invasive digital alternative for accurate 3D imaging. The aim of this systematic review of com-
parative studies was to evaluate 3DS versus standard measurements (SM) for ST and DA analysis in CLP.

Material and Methods: This study identified comparative studies in humans. Six electronic databases were searched
to find articles meeting the eligibility criteria up to December 2025, without language or date restrictions. Risk of
bias for each included study was assessed using the 4-stage quality assessment tool for diagnostic accuracy studies
(QUADAS-2). Data on outcomes of interest were extracted and tabulated. Due to methodological heterogeneity, a
qualitative synthesis was performed, with quantitative evaluation where possible; no meta-analysis was conducted.
Results: From 788 records (413 PubMed, 150 ScienceDirect, 47 Scopus, 34 Web of Science, 8 Cochrane, 136 manual/
gray literature), 85 underwent full-text review, yielding 7 studies (269 patients, mean age 12 years, primarily unilateral
CLP). Despite methodological heterogeneity among studies, 3DS marked different landmarks in the cleft area (CA) and
DA models. There was individual consensus on the accuracy and reproducibility of 3DS markings compared to other
methods, and all studies showed low risk of bias in applicability and no meta-analysis due to variability.

Conclusions: All included studies demonstrated that, despite minor methodological differences, digital measure-
ments using 3DS in patients with unilateral cleft lip and palate (UCLP) were more accurate and highly reliable than
SM. Future standardized studies are needed for meta-analysis.

Keywords: Stereophotogrammetry, dental arch, cleft lip, cleft palate, systematic review.

Introduction techniques to quantify dimensional changes in the face [1].
Cleft lip and palate (CLP) are the most prevalent congeni- The maxillofacial complex is impaired in all three
tal anomalies. In this context, studying craniofacial anom- planes of space in CLP patients, and maxillary growth

alies is essential for developing more accurate treatment deficiency is common, resulting in aesthetic and func-
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tional challenges from birth [2,3]. These challenges
vary in degree depending on changes in facial pattern
and the severity of the cleft area (CA) [4]. Studies have
shown that the dimensions of the dental arches (DA)
and affected soft tissues (ST) are significantly smaller in
patients with CLP compared to non-cleft patients [5-7].
Thus, a common approach to studying the effects of dif-
ferent diagnostic protocols and quantifying the actual
extent of alveolar and palatal defects involves assessing
the dimensions of the CA using direct measurements
(DM), 2D measurements (2DM), 2D photography (2DP),
calipers/pachymeter measurements on models (CM),
and plaster models (PM) [8]. However, the literature has
shown that these methods can lead to errors not only dur-
ing patient positioning, transportation, and storage of
documentation [9], but also to omissions of information
and significant differences between operators in mea-
surements of ST, bone, and alveolar defects [10].

In light of this, methods such as volumetric analysis us-
ing three-dimensional (3D) digital imaging via Three-
Dimensional stereophotogrammetry (3DS) have been
successfully applied, demonstrating accuracy, fidelity,
and rapid recording in individuals with CLP [11,12].
Thus, several studies have shown that 3D imaging is
clinically acceptable and reproducible compared to oth-
er diagnostic methods [13,14].

Therefore, analyzing digital models in association with
patients' facial characteristics has enriched the indi-
vidualization of diagnosis, planning, and treatment
execution [15], It also facilitates three-dimensional cal-
culations of the CA in CLP patients, which would be
impossible with other methods [16].

Nevertheless, the body of evidence comparing diagnos-
tic methods in CLP patients remains limited, with small
samples, varying software, and non-standardized meth-
odologies. Therefore, the purpose of this systematic
review was to evaluate the reliability of three-dimen-
sional stereophotogrammetry versus standard measure-
ments (SM) for analyzing ST and DA in CLP.

Material and Methods

The protocol for this review was registered in the In-
ternational Prospective Register of Systematic Reviews
(PROSPERO: CRD42021261518) and conducted in ac-
cordance with the PRISMA 2020 guidelines.

Clinical scenarios of interest

CLP patients who underwent analysis using 3DS and
other diagnostic methods for hard and ST to quantify
dimensional changes.

Eligibility Criteria

The central clinical question of this systematic review
was formatted according to the PICO (Population, In-
tervention, Comparison, and Outcomes) framework for
evidence-based practice [17]: Population: CLP patients;
Intervention: Analysis of CLP using 3DS; Comparison:
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Analysis of CLP using other measurement and diagnos-
tic methods; Outcome: Evaluation of the fidelity of data
obtained from 3DS analysis of hard and ST compared to
other diagnostic methods.

Inclusion and exclusion criteria

The inclusion criteria were: Studies published in Eng-
lish; randomized controlled trials, prospective and ret-
rospective studies with comparative methodology, and
comparative studies; studies comparing at least two
analysis methods (3DS versus SM); and papers involv-
ing patients with CLP who underwent analysis methods
to quantify dimensional changes in hard and ST of the
face and upper arch (3DS versus SM).

The exclusion criteria were as follows: Case reports and
case series; literature reviews; non-comparative stud-
ies; experimental animal studies and studies involving
syndromic patients.

Information Sources and Literature Search Protocol
Six electronic databases were searched to identify ar-
ticles that met the eligibility criteria: PubMed (National
Library of Medicine), Science Direct (Elsevier), Scopus
(Elsevier), Web of Science (Clarivate Analytics), LILACS
(Literatura Latinoamericana y del Caribe en Ciencias de
la Salud), and Cochrane (Cochrane Central Register of
Controlled Trials). There were no restrictions on the year
of publication for included studies. The search was con-
ducted from December 2019 to December 2025.

The search strategy combined MeSH (Medical Subject
Headings) terms and English keywords, linked by Bool-
ean operators (AND, OR, NOT). Due to variations in
controlled vocabulary and syntactic limitations across
databases, search strategies were adapted individually
for each database; however, the core concepts, terms, and
Boolean logic remained consistent, as detailed in Table 1.
To complement the electronic search, a manual search
was performed in relevant scientific journals using the
descriptors. The journals included: The Cleft Palate-
Craniofacial Journal, Journal of Cleft Lip Palate and Cra-
niofacial Anomalies, Neonatal Cleft Lip and Cleft Palate
Repair, International Journal of Anesthesiology & Pain
Medicine, Journal of Universal Surgery, British Dental
Journal, American Cleft Palate-Craniofacial Associa-
tion, Journal of Applied Oral Science, Oral Health Case
Reports, Oral Surgery, Oral Medicine, Oral Pathology
and Oral Radiology, Surgery, International Journal of
Oral & Maxillofacial Surgery, Birth Defects Research,
and Journal of Cranio-Maxillo-Facial Surgery.
Additionally, a search of the gray literature was con-
ducted in sources such as Google Scholar, ProQuest,
and OpenGrey.

Study selection

All titles and abstracts identified in the literature searches
were independently screened by two calibrated reviewers
(V.EC.P. and J.E.S.]J.). The reviewers applied the eligibil-
ity criteria during the full-text assessment of potentially
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Table 1: Search strings entered into the search tools and databases. The number of items retrieved (N) is shown in this table.

Database

Descriptors/Strategy N

PubMed/

Randomized Controlled Trial OR Randomized Control Trial OR Randomized Clinical Study OR Randomized Clinical Trial
OR Comparative Study OR Comparative Trial OR Prospective OR Retrospective) AND (3D images OR 3D digital
stereophotogrammetry OR Three Dimensional Images OR Stereophotogrammetry OR Photogrammetries OR
Photogrammetric OR Photogrammetry OR Radiostereometric Analysis OR Stereophotogrammetries OR

MEDLINE

stereophotogrammetrists OR Imaging Diagnostic OR Radiostereometry) AND (Dental Arches OR Maxillary OR Maxilla
OR Bone Tissues OR Hard Tissues OR Soft Tissues) AND (Cleft Lip and Palate OR Unilateral cleft lip and palate OR
Bilateral cleft lip and palate OR Complete Cleft Lip and Palate OR Orofacial Cleft OR Cleft lip with or without cleft palate)
NOT (Case Series OR Case Reports OR Systematic Review OR Meta-analysis)

#413

ScienceDirect

(Randomized Control Trial OR Comparative Study OR Prospective OR Retrospective) AND (Stereophotogrammetry OR
Stereophotogrammetries) AND (Dental Arches OR Maxillary OR Maxilla) AND (Cleft lip and palate OR Orofacial cleft)

#150

Scopus

Randomized OR comparative OR prospective OR retrospective AND stereophotogrammetry OR stereophotogrammetry AND
dental AND arches OR maxilla AND cleft AND lip AND palate OR orofacial AND cleft

(Randomized Controlled Trial OR Randomized Control Trial OR Randomized Clinical Study OR Randomized Clinical Trial
OR Comparative Study OR Comparative Trial OR Prospective OR Retrospective) AND (3D images OR 3D digital
stereophotogrammetry OR Three Dimensional Images OR Stereophotogrammetry OR Photogrammetries OR
Photogrammetric OR Photogrammetry OR Radiostereometric Analysis OR Stereophotogrammetries OR

Web of Science

stereophotogrammetrists OR Imaging Diagnostic OR Radiostereometry) AND (Dental Arches OR Maxillary OR Maxilla
OR Bone Tissues OR Hard Tissues OR Soft Tissues) AND (Cleft Lip and Palate OR Unilateral cleft lip and palate OR
Bilateral cleft lip and palate OR Complete Cleft Lip and Palate OR Orofacial Cleft OR Cleft lip with or without cleft palate)
NOT (Case Series OR Case Reports OR Systematic Review OR Meta-analysis)

#34

Cochrane
Library

(Randomized Controlled Trial OR Comparative Study OR Comparative Trial OR Prospective Study OR Retrospective Study)

AND (3D digital stereophotogrammetry OR Three Dimensional Images OR Stereophotogrammetry OR Photogrammetries OR

Photogrammetric OR Photogrammetry OR Stereophotogrammetries OR stereophotogrammetrists OR Imaging Diagnostic) #8

AND (Dental Arches OR Maxillary OR Maxilla) AND (Cleft Lip and Palate OR Orofacial Cleft) NOT (Case Series OR Case
Reports OR Systematic Review OR Meta-analysis)

Google Scholar

(Randomized Control Trial OR Comparative Study OR Prospective OR Retrospective) AND (Stereophotogrammetry OR
Stereophotogrammetries) AND (Dental Arches OR Maxillary OR Maxilla) AND (Cleft lip and palate OR Orofacial cleft) #136
NOT (Case Series OR Case Reports)

eligible studies. Subsequently, the final selection of ar-
ticles for qualitative and/or quantitative analysis was per-
formed. In case of disagreements during the final selec-
tion of a study, the reviewers resolved them through open
discussion with another co-author (S.S.).

Risk Assessment

The risk of bias for each included study was assessed
using the four-domain quality assessment tool for di-
agnostic accuracy studies (QUADAS-2) [18]. The two
reviewers (V.F.C.P. and J.F.S.J)) independently scored
each item as 'high,' 'low,' or 'uncertain' and assessed the
quality of each study. The four methodological domains
assessed were patient selection, index test, reference
standard, and flow and timing. Review Manager 5.4
software (RevMan 5.4, The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark) was
used to generate the risk-of-bias graphs and summary.
Data synthesis and summary of findings

The data were organized in evidence tables, and a de-
scriptive summary was created to examine the quantity of
data and variations among studies (including study char-
acteristics, quality, and outcomes). All types of outcome
measurements were considered, including landmark po-
sitions, linear measurements, reference points and lines,
distances, and software used for model analysis.
Variable outcomes

The primary outcome was the evaluation of the reliabil-
ity of data obtained from 3DS analysis in patients with
CLP compared to SM. The secondary outcome was the
evaluation and comparison of hard and soft facial tis-

sues in patients with CLP. Figures were generated from
data extracted using RevMan 5 (https:/training.co-
chrane.org/online-learning/core-software/revman).

Results

Literature Selection Process

The initial search yielded a total of 788 articles: 413 from
PubMed, 150 from Science Direct, 47 from Scopus, 34
from Web of Science, and 8 from the Cochrane Library.
An additional 136 articles were identified through
manual searching. After title and abstract screening, 85
articles were selected for full-text review. Of these, 78
were excluded after full-text assessment, with reasons
summarized in Figure 1. Thus, 7 articles were finally
included [19-25]. The entire article selection process is
illustrated in Figure 1.

Risk of bias in the studies

Although the studies' methodologies were highly het-
erogeneous, all demonstrated a low risk of bias in terms
of applicability. In all studies, domain 1 (patient selec-
tion) was rated as low risk of bias (Figure 2). In do-
main 2 (index test), only two studies received a high
risk rating due to unclear data interpretation resulting
from methodological limitations. Domains 3 (reference
standard) and 4 (flow and timing) were rated as low risk
in all studies. The overall QUADAS-2 risk-of-bias as-
sessment for each study is presented in Figure 3.

Due to significant heterogeneity in data, reference points,
and measurement approaches across the included stud-
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

Figure 1: PRISMA 2020 flow diagram of the selection process for articles found in the selected databases. Source: https//www.prisma-statement.org/.
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Figure 2: Results of QUADAS-2 Quality Assessment of Studies - A) Risk of bias graph.
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? Unclear

ies, a meta-analysis was not warranted. Therefore, only a
qualitative synthesis is provided. The seven included stud-
ies were comparative and involved a total of 269 patients
with unilateral cleft lip and palate (UCLP). These included
138 plaster models (PM), 46 silicone impressions, 10 direct
measurements (DM), and over 60 random images. The
mean age of the patients was 12 years (Table 2).

Figure 4 summarizes the overall distribution of evi-
dence among the included studies. It shows that 71.43%
of studies reported superior accuracy and reliability of
3D stereophotogrammetry compared to SM methods,
while 28.57% reported comparable results. Notably, no
study found conventional techniques to be superior, in-
dicating a clear predominance of evidence favoring 3D
stereophotogrammetry.

It illustrates the qualitative distribution of reported
outcomes across the included studies, distinguishing
between clear superiority, comparable findings, and
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Number of studies

Distribution of reported outcomes in included studie

17v

Superiority of Comparable Mixed results

3D stereophotogrammetry results

Figure 4: Proportion of studies favoring 3DS over standard methodos/Distribution of reported outcomes in included studies.

mixed results. This breakdown highlights methodologi-
cal and outcome-related heterogeneity among the stud-
ies while confirming the absence of evidence favoring
SM methods over 3D stereophotogrammetry (Figure 4).
One study [19] evaluated residual facial deformity in
patients with repaired UCLP and compared ratings of
facial deformity made by health care professionals with
those made by lay assessors, using the reliability of
clinical assessment, two-dimensional color transparen-
cies, and 3D images. Two studies [20,21], performed the
comparisons of the CA using DM and facial PM, with
measurements obtained via 3DS On the other hand,
studies [22,23] performed measurements of the CA and
DA using PM and silicone impressions with photogra-
phy and compared these data with those obtained by
3DS from the same area. Other included studies [24,25]
comparatively assessed 3DS facial images and 2DP
through the marking of different points in the nasolabial
region of patients with UCLP (Table 3).

Al-Omari et al. (2003) evaluated residual cleft-related
facial deformity using full-face, lip, nose, and midface
views. Five professionals and five laypersons scored
the images using a 5-point ordinal scale on two occa-
sions with a 1-month interval. They concluded that the
methods showed equivalent reliability in assessing pho-
tographs of the entire face, but 2D images had higher
reliability in the nasolabial region, whereas 3D images
were more reliable in the midface.

Sforza et al. (2012) evaluated plaster models (PM) of
the palate in children with unilateral cleft lip and palate
(UCLP) using direct anthropometry and compared them
to digitized models obtained through 3D stereophotogram-
metry (3DS). They reported statistically significant differ-
ences (p<0.05) between calipers and 3D measurements for
almost all distances analyzed, with mean absolute differ-
ences ranging from 0.22 to 3.41 mm. Generally, calipers
values were larger than those obtained by 3DS (Table 4).
Li et al. (2013) compared the accuracy and precision
of acquired 3D facial data and direct measurements
(DM) in children with UCLP. The results showed no
significant differences (p>0.05) in linear measurements
between direct anthropometric measurements and 3D
image measurements overall. However, the localization

of four landmarks was inconsistent in repeated inter-ob-
server reliability tests on preoperative images (p<0.05),
whereas intra-observer reliability was good in both pre-
and postoperative images (p>0.05) (Table 3).

Lim et al. (2017) compared two-dimensional (2D) and
three-dimensional (3D) measurements for the alveolar
molding effect in patients with UCLP. The results showed
that two angular variables (out of 12 total) differed in
statistical interpretation of change after nasoalveolar
molding treatment between 2D and 3D measurements.
However, Bland-Altman analysis revealed no significant
difference in the magnitude of change for these variables
between the two measurement methods (Table 4).
Yilmaz Cakan, Altay, and Canter (2019) evaluated the
reliability of methods and the influence of knowledge
and skill on inter-examiner and intra-examiner naso-
labial measurements in plaster models (PM) and 3DS.
The results showed that measurements on 3DS images
demonstrated higher reliability compared to PM mea-
surements, particularly when performed by a postgrad-
uate student rather than a lecturer (Table 3).

Stebel et al. (2016) compared the reliability of assessing
nasal form, nasal deviation, vermilion border, and naso-
labial profile on 3D images and 2D photographs (2DP)
in prepubertal children with UCLP using a 100-mm an-
alog visual scale (AVS). The results showed higher reli-
ability for assessments on 3D images (0.733-0.857) than
on 2D images (0.151-0.611). 3D images were considered
more informative than 2D images (p=0.001), but prob-
ably more difficult to evaluate (p=0.006).

Jones et al. (2018) determined the reliability of mea-
surements of nasolabial appearance (nasolabial profile
[NLP], nasolabial frontal [NLF], and vermilion border
aesthetics [VB]) using 3DS images versus 2DP in pa-
tients with repaired complete unilateral cleft lip and pal-
ate (CUCLP), using the 5-point scale described by Ash-
er-McDade with a modified Q-sort method. Contrary to
other studies, this investigation found good inter-rater
reliability for 2DP (k=0.607-0.710) and fair to good for
3DS (k=0.374-0.769). Intraobserver reliability was good
to very good for 2DP (k=0.749-0.836) and moderate to
good for 3DS images (k=0.554-0.855).
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Discussion

The degree of accuracy required for any measurement
or diagnostic tool should be determined based on its
intended application. When comparing a new diag-
nostic or treatment planning tool with an established
gold standard, it is often assumed that the existing tool
is highly accurate [26]. Direct measurements (DM),
two-dimensional measurements (2DM), plaster models
(PM), 2D photography (2DP), and other conventional
methods are widely accepted as providing an adequate
physical representation of the dental arches (DA) in pa-
tients. However, when measuring the cleft area (CA) and
its complex structures in patients with varying degrees
of cleft lip and palate (CLP) using conventional two-
dimensional methods, these techniques exhibit random
errors in repeated intra-examiner and inter-examiner
measurements [23,27,28].

When considering the quantitative assessment of cleft
depth to characterize CLP, we recognize that 3DS, which
involves capturing images through multiple simultane-
ous photographs and is commonly used for facial ST
evaluation [29], provides clinically relevant information
and accurate data on palatal morphology before, during,
and after treatment. This makes 3DS essential for better
understanding the real effects of therapeutic protocols in
these patients [23]. 3DS systems offer high quality for
facial morphological examinations and provide several
advantages over previous methods, including fast acqui-
sition, improved image size and quality, low cost, and the
absence of hazardous procedures. As a result, 3DS has
become the primary tool for surface investigations [9,30].
In the present systematic review, five of the included
articles (Sforza et al., 2012; Li et al., 2013; Stebel et al.,
2016; Lim et al., 2017; Yilmaz, Cakan, Altay, & Canter,
2019), regardless of their objectives and methodologies,
concluded that the precision and accuracy (reliability and
validity) of 3DS measurements were clinically acceptable
in terms of comparison and reproducibility with other
standard diagnostic methods in patients with UCLP. The
exceptions were the studies by Al-Omari et al. (2003) and
Jones et al. (2018), which found that reliability does not
improve with current 3DS technology. The term "reliabil-
ity" refers to the overall consistency of a measurement
under constant conditions [31]. "Reproducibility” refers
to the ability of results to agree when the instrument is
applied uniformly and repeatedly on invariant objects.
"Validity" refers to the degree to which the measurement
method adequately captures the true value of what is be-
ing measured, observed, or interpreted [32].

The variation in results from the study by Al-Omari et al.
(2003) may be attributed to the different ages of the study
subjects (10 and 30 years), operator limitations in image
manipulation, and the diversity of professionals involved.
Several surgeons treated patients with different surgical
techniques, which may have increased result variability
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Lateral nostril height
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Nostril height
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(slit side)
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Cleft lip
Full face
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NR: Not Reported.

Table 3: Quantitative table of the comparison of data from CLP studies. (Cont.)
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Table 4: Quantitative table of the comparison of data from dental arches studies.

Studies

Lim et al., 2016 Sforza et al., 2012
Reference points/ 2D 3D measurements 2D measurements 3D measurements
Methodological measurements | (Stereophotogrammetry) (gypsum models) (Stereophotogrammetry)
comparisons (mean) (direct) (mm) (mm) (mm) (mm)
(PG-PL) 33,77 33,07 NR NR
(BG-BL) 29,5 30,49 NR NR
(Trans ACG-ACL) 7,04 7,79 NR NR
(Sagital ACG-ACL) 5,38 5,55 NR NR
(Distance ACG-ACL) 9,09 9,95 NR NR
(MG-(PG-PL) 26,31 27,09 NR NR
(M L-(PG-PL) 18,39 18,59 NR NR
(ACG-PG) - (PG-PL) 50,51 55,07 NR NR
(ACL-PL) - (PG-PL) 66,79 63,01 NR NR
(ACG-BG-PG) 121,05 108,54 NR NR
)JACL-BL-PL) 130,92 112,27 NR NR
(BG-ACG) - (BL-ACL) 123,96 103,87 NR NR
(Ag-Am) NR NR 7.10 7.44
(Cg-Cm) NR NR 21.85 21.73
(Pg-Pm) NR NR 31.76 31.62
(Ag-Pg) NR NR 27.13 30.19
(Am-Pm) NR NR 25.60 22.00
(Dm-Cm) NR NR 14.80 13.84
(Dg-Cg) NR NR 15.33 15.10

NR: Not Reported.

and caused difficulties in scoring, despite comparing
three stimulus media for facial aesthetics evaluation in
CLP: Clinical assessment, 2D color transparencies, and
3DS. Additionally, 2D and 3D images were equivalent for
aesthetic assessment of the full face, lip, nose, and mid-
nose (size, smoothness, visibility of the cleft scar, and
continuity of the vermilion border), but not for specific
landmarks such as philtrum width, nasolabial points,
columella points, nostril, and nose points. Furthermore,
this study used an aesthetic index developed by Asher-
McDade et al. (1991), whereas the AVS scale is recom-
mended for these measurements [33,34].

In the study by Sforza et al. (2012), systematic errors
were found for all measurements located on the crest of
the alveolar segments when marking reference points
on linear distances, which highlights the importance
of correct marking and interpretation of points by the
examiner. Other studies confirm these differences be-
tween the two measurement methods that performed
lincar measurements between reference points with
digital calipers directly on PM [35,36].

The accuracy of 3DS measurements in the study by Li et
al. (2013) was considered highly reliable; however, statis-
tically significant differences were observed compared to
direct anthropometric measurements in most cases. Ad-
ditionally, there were variations in the identification of
specific points on the 3D images by the examiners. This
indicates that landmark recognition can be highly subjec-
tive, particularly on the cleft side of the 3D model, and sug-
gests that landmarks should be identified by a single expe-
rienced person to minimize error in patients with UCLP.
In the study by Lim et al. (2017), evaluation of 2D and

3D measurements at common landmarks and lines us-
ing linear and angular variables in different stages of
UCLP patients showed no statistically significant dif-
ferences in the interpretation of points (p > 0.05) at
various angles. Similarly, as described in other studies,
misinterpretations of 3D measurement results may oc-
cur due to inaccurate landmark recognition and the use
of incorrect reference systems [37,38].

On the other hand, Yilmaz Cakan, Altay, & Canter
(2019) showed that the reliability of measurements per-
formed with 3DS depends on the identification of 3D
landmarks, the morphology of the anatomical structure
of the cleft, image quality, and the examiners' familiar-
ity and experience in handling the software and mea-
surement methods. In 3D facial scans, the identification
of landmarks on well-defined edges is better, resulting
in higher reproducibility. Furthermore, points located
on curved slopes with anatomical variations, as in cases
of clefts, are difficult to determine [39]. This coincides
with another study that emphasizes that the reproduc-
ibility of landmark identification in 3D images requires
examiner experience [40].

Stebel et al. (2016), in their study of the assessment of
nasolabial aesthetics in patients with CLP through intra-
examiner analysis of 2D and 3DS photographs, justified
the reliability of their measurements with their results.
They found that 2D assessment was associated with lower
reproducibility than assessment on 3D images. It should
also be noted that the manipulation of 3D images was per-
formed in all directions without any temporal restriction.
The authors recommend the use of reference photographs
together with the AVS or a semi-continuous numerical
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scale (from 0 to 200) to obtain more reliable results, and
they point out that clinical evaluation is the gold standard
for assessing nasolabial esthetics. Another important fac-
tor was the evaluators' familiarity with 3D images, unlike
other studies with lay judges, where operator calibration
was conducted over a longer period [41,42].

However, Jones ef al. (2018) showed that while 3D im-
aging may offer additional views compared to 2DP,
clinical outcomes were more reliably graded using 2DP
to assess NLF, NLP, and VB, agreeing with Stebel et al.
(2016). It is worth noting that VB assessment was the
only measure that showed worse results for 2D imaging.
Another factor to highlight is the difficulty of down-
loading and sharing 2D images compared to 3DS sys-
tems, which facilitate standardization of measurements.
The use of direct measurements (DM), two-dimen-
sional measurements (2DM), and plaster models (PM)
as aids in the study and diagnosis of patients with CLP
has been employed for many years. However, their mea-
surement, production, and elaboration are always asso-
ciated with the disadvantage of ST deformation caused
by impression materials and the accuracy of these pro-
cedures by the examiner, which can influence treatment
outcomes [43]. Fleming et al. (2011), in their systematic
review, compared the reliability of measurements per-
formed from PM and DM of the dental arches (DA) and
concluded that the use of DM is recommended as an
excellent alternative compared to other methods [44].
Most authors highlight the limited number of studies
that have examined the reliability of 3DS technology for
assessing patients with CLP. We believe that, although
there are well-defined treatment protocols for the care of
oral clefts from the prenatal period to adulthood, there is
a lack of studies developing a standardized methodology
capable of accurately determining the volumetric size of
bone defects and ST through volumetric imaging exami-
nations, especially in standardizing the reference points
to be examined. Such surface analysis research would
facilitate the reproducibility of measurements and allow
for better therapeutic outcomes in patients with UCLP.
This paper provides important evidence that 3D scan-
ning of facial structures affected by CLP is a reliable
alternative for the analysis of craniofacial deformities.
Limitations

Several methodological limitations of this review
should be considered. First, there was no standardiza-
tion of methodology across the included studies. Sec-
ond, there was large variation in sample sizes across the
studies; for example, Al-Omari et al. (2003) evaluated
31 patients, Sforza et al. (2012) evaluated 96 models,
and Yilmaz, Cakan, Altay, & Canter (2019) had a sam-
ple size of 42 models. Similarly, Li ez al. (2013) eval-
uated 10 patients, Lim ef al. (2017) studied a total of
23 patients, Stebel ef al. (2016) examined 40 patients,
and Jones ef al. (2018) evaluated 27 patients. Third, the

3D stereophotogrammetry vs. Standard measurements in cleft lip and palate: Systematic review

studies by Li ef al. (2013) and Yilmaz, Cakan, Altay, &
Canter (2019) quantitatively evaluated comparisons of
data on cleft lip and palate, while Lim et al. (2017) and
Sforza et al. (2012) focused on comparisons of data on
dental arches (DA). Although Al-Omari et al. (2003),
Stebel et al. (2016), and Jones et al. (2018) compared 2D
photographs versus 3DS images, the reference points
for markings and measurements were different, making
comparisons between them unfeasible. The same refer-
ence points, software, angular and linear measurements
in the cleft area (CA) and nasopalatine region were not
considered, and the diagnostic processes were unrelated
to the intra- and extra-arch measurements.

Conclusions

Within the limits of this study, we conclude that all in-
cluded studies demonstrated that digital measurements
with 3DS in patients with CLP were more accurate and
highly reliable compared to other standard analysis
methods, despite some minor methodological differ-
ences. Therefore, digital measurements with 3DS as a
diagnostic aid is an appropriate method for measuring
facial tissues. However, the limited number of papers
and the heterogeneity of the studies did not allow for
a meta-analysis. Therefore, we recommend developing
more studies with similar methodologies to standardize
clinical diagnostic protocols for these patients.
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