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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: This narrative review analyzes differences 

between present 3D scanning technologies and traditional 
anthropometric methods in cranial morphometry. Reviewing the 
literature, we highlight the advantages, disadvantages, and uses 
of both techniques in anthropology, medical plastic surgery, 
orthodontics, and forensic science. We compared the efficacy of 
anthropometric measurement techniques, including 3D scanning 
and traditional methods. Craniofacial anthropometry involves 
measuring the head and face in living individuals, cadaveric 
specimens, and radiological images. Traditional caliper-
based methods provide accuracy when performed by trained 
professionals but are prone to human error, time-consuming, 
and require extensive training. 3D laser scanning emerges as a 
more modern, accurate, and non-invasive alternative. It avoids 
physical contact and provides repeatable data with accuracy 
comparable to calipers. This study examines the differences 
between traditional approaches and 3D technology in skull 
measurements, highlighting the advantages of digital methods.

Aim of study: To evaluate and compare conventional 
manual methods and 3D scanning techniques used in cranial 
anthropometry, to highlight their respective advantages, 
limitations, and applicability in research and clinical fields 
such as anthropology, forensic science, orthodontics, and 
maxillofacial surgery.

Material and methods: This study summarizes relevant 
studies comparing traditional and digital craniometric methods. 
A systematic search using keywords like “conventional 
methods craniometry” and “laser scanning craniometry” was 
conducted in PubMed, Scopus, and Google Scholar. Inclusion 
criteria focused on English-language research articles, reviews, 
and studies involving direct or 3D laser-based measurements. 
Irrelevant articles were excluded.

Conclusion: Traditional craniofacial measurements using 
tools like calipers and osteometric boards rely on physical 
contact and are prone to human error, require time, and demand 
professional training. Although 3D scanning offers greater 
accuracy and efficiency, studies with large sample sizes and 
proper comparisons remain limited. This paper explores the 
application of both methods in preserving osteological material 
and advancing research in anthropology, forensic medicine, 
orthodontics, and orthognathic surgery.

Key words. Craniofacial anthropometry, 3D scanning, 
traditional methods, laser scanning, forensic science, 
orthodontics, orthognathic surgery, skull measurements, digital 
morphometrics.
Introduction.

The field of anthropometry known as craniofacial 
anthropometry measures the head and face of living, cadaveric, 
and radiological specimens [1]. Craniometric data are essential 
for orthodontists during the planning of orthodontic treatments 
(as a correlation has been found between skull shape, facial 
form, and the dimensional values of the dental arches of the 
jaws, especially in the transverse direction), for plastic surgeons 
to understand craniofacial dimensions to apply this knowledge 
to facial reconstructive procedures, and for anthropologists, 
as it aids in analyzing biological variation and comparing 
human populations. In forensic medicine, craniometric data 
are used for identifying individuals by determining sex, age, 
and ethnic characteristics from the skull. Orthodontists and 
plastic surgeons must understand craniofacial dimensions to 
apply these understandings when recommending orthodontic 
treatments and performing facial reconstructive procedures [2]. 
The osteometric board, Mollison's craniophore, and spreading 
and sliding calipers are the traditional tools used to measure the 
skeleton. Limitations include the time needed for data collection, 
storage, and reconstruction for 3D applications, even though 
different kinds of calipers and linear measuring instruments can 
offer precise and repeatable 3D surface measurements [3]. Still, 
researchers continue to use traditional approaches. Biodiversity 
morphometrics has a long history of using external caliper 
measurements, mostly because of its affordability and ease of 
use. The application of two-dimensional photographs as a source 
of morphological information is equally common. Numerous 
morphometrics research uses a digital camera to take pictures of 
every person. Then, using the proper software, all measurements 
are obtained from those digital photos. This strategy caused a lot 
of criticism, though. Scholars contend that there will always be 
some mistakes when interpreting data from three-dimensional 
objects in two dimensions. Laser surface scanners, which 
replicate the scanned items in all three dimensions, can help 
prevent this measurement error [4,5]. Laser-based scanners are 
non-invasive, reasonably priced, and do not emit any radiation. 
In addition to being quick and precise, these scanners do not 
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make direct contact with the subject [6,7]. Furthermore, the 
validity of calipers as diagnostic tools for cranial measures 
has been questioned in earlier research [8]. Bony landmarks 
must be carefully located to avoid inconsistent readings caused 
by soft tissue movement [9]. Using sophisticated tools and 
anatomical reference points, direct measurements of the skull 
are obtained in traditional craniometry. As an alternative, 3D 
models made using various methods, such as laser scanning, 
can be used to extract craniometric data. According to Park's 
2006 study, handheld 3D laser scanning is a very dependable 
method for craniometry when paired with accurate landmark 
identification on a scanned skull. Strong intra- and inter-
rater consistency was shown by the approach, guaranteeing 
repeatable measurements across many observers and research 
projects. The study also showed that the quality and precision 
of craniometric data acquired by 3D scanning are on par with 
those attained by conventional caliper-based measures. These 
results show that handheld 3D laser scanning is a viable solution 
for traditional craniometric techniques [10]. By analyzing 
the relevant scholarship, this study aims to illustrate what is 
different between traditional techniques and 3D measurement 
technology on dry skulls. Spreading calipers, sliding calipers, 
and the osteometric board have all been used in the past to 
acquire craniofacial measurements. To estimate the size of the 
skull, face, and other cranial components, these techniques rely 
on physical interaction with anatomical landmarks. Research 
indicates that while traditional approaches can be accurate 
when used by skilled professionals, they have disadvantages. 
Inconsistent outcomes may arise from human mistakes in 
measurements, incorrect landmark placement, and soft tissue 
movement, for instance. Traditional approaches can often be 
difficult and require much training.
Materials and Methods.

Using a narrative review methodology, this study synthesizes 
appropriate research from novels, scientific reports, and peer-
reviewed journals. Using the keywords "conventional methods 
craniometry" and "laser scanning craniometry," systematic 
searches in databases including PubMed, Scopus, and Google 
Scholar were used to find sources, with an emphasis on 
publications that contrasted traditional and digital morphometric 
techniques. Article kinds, research papers, reviews, direct 
anthropometry measurements of study participants, laser 
scanning morphometric measurements, and English-language 
articles were among the requirements for the literature inclusion. 
Articles unrelated to the subject were excluded.
Classical Methods.

For years, the shape and structure of the skull have been 
analyzed and measured using traditional methods of skull 
examination. These techniques usually require using calipers for 
manual measurements as well as other osteometric tools such 
as craniophor tools and osteometric boards. Finding anatomical 
reference sites on the head and calculating the distances 
between them are essential components of the examination. The 
following instruments are frequently used for traditional skull 
measurements: Skull length, width, and depth are measured 
with sliding calipers. A level surface used to measure different 
aspects of the skull is called an osteometric board. A device 

called a craniophor is used to hold the skull still while taking 
measurements. Other techniques may be used in addition to 
these instruments to measure angles and other skull dimensions, 
which aid in identifying the kind of skull and its many attributes 
[11].

There are some significant disparities between measurements 
made with calipers and those acquired using 3D scanning. 
Although calipers are an affordable option for taking direct 
measurements, they require the patient to be present and take a 
lot of time. Additionally, they could deform tissue, which could 
result in measuring mistakes [12]. There are several significant 
variations between measurements made with calipers and those 
acquired using 3D scanning. For direct measurements, calipers 
are an affordable alternative, but they take time and need the 
patient to be present. They might also deform tissue, which 
would result in inaccurate measurements. On the other hand, 
3D scanning, which necessitates post-processing, provides a 
quicker procedure through virtual modeling but is more costly. 
This eliminates the requirement for the patient to be present 
and avoids tissue distortion problems by enabling repeated 
measurements on a 3D model. Accurate regions with intricate 
morphologies and data storage are two more advantages of 3D 
scanning. The disadvantages and benefits of both strategies are 
highlighted in Table 1.

Table 1. Comparative Assessment: 3D Scanning vs. Classical.
3D Scanning Classical Methods

The accuracy High Moderate

Method of Measuring Indirect-on a virtual 
model Direct

Reproducibility
Repeated 
measurements on a 
3D model are possible

Presence of the 
patient required

Time Efficiency Faster data acquisition Time-consuming
Non-Destructive Yes Sometimes invasive

Cost High (initial 
investment) Low

Data Storage & 
Sharing Digital, easy-to-share Limited (manual 

records)

Other benefits
Data storage
Accurate areas with 
complex morphology

3D scanning methods.
In general, there are two kinds of 3D surface scanners: contact 

and non-contact [13]. Non-contact scanners use light or cameras 
without coming into contact with the object, whereas contact 
scanners touch the object to measure its shape [14]. Two types 
of non-contact scanning techniques are active scanning and 
passive scanning [15]. The passive methods rely on taking 
several pictures from different locations on the object's surface 
and using photogrammetric software to detect relations between 
them [16]. In contrast, the active scanning method uses scanners 
that generate light and measure its reflection from the object. 
This allows the surface object to be replicated by predicting the 
type of light that is applied to the object's surface [17]. A well-
known invention, 3D active scanning has found use in several 
fields, including medicine, dentistry, the automotive industry for 



27

recording auto accidents, forensic sciences for facial recognition 
and mapping, heritage documentation, and archeological 
applications [18-20]. 3D scanning in craniometry is used to 
measure the skull with high accuracy without physical contact. 
It replaces traditional caliper-based methods by offering faster, 
more precise, and repeatable measurements. This technology is 
applied in anthropology, forensics, medicine, and archaeology 
to analyze skull shape, identify individuals, or study human 
evolution. The use of 3D scanners also allows for the digital 
preservation and sharing of skull models for research purposes 
[21]. With post-processing needed, 3D scanning provides a 
quicker procedure through indirect virtual modeling, despite 
being more costly. It eliminates tissue distortion problems and 
reduces the requirement for a patient to be present by allowing 
repeated measurements on a 3D model. Additional benefits of 
3D scanning include precise mapping of objects with complex 
morphology, data exportation and storage, and the possibility to 
measure specific areas later [22].
Results and Discussion.

This narrative review includes a total of 33 scientific references 
that address cranial anthropometric measurements using various 
methods. Of these, 10 studies employed only the classical 
(manual) method, while 20 studies applied 3D scanning 
technology in craniometric analyses. Only a limited number 
of studies have directly compared classical anthropometric 
methods with 3D scanning techniques in cranial morphometry. 
Among them, three studies stand out for employing both 
methodologies within the same research framework. Schaaf et 
al. (2010) evaluated the accuracy of photographic assessment 
compared to standard anthropometric measurements in patients 
with nonsynostotic cranial deformities. Their results indicated 
that while photographic methods offer acceptable accuracy, they 
are less reliable than direct anthropometric techniques due to 
variability in landmark positioning and soft tissue interference 
[9]. Major et al. (2024) conducted a comparative study using 

a structured light 3D scanner to assess facial dimensions, 
juxtaposing the results with those obtained through direct 
anthropometry. They reported a strong correlation between 
the two approaches, highlighting that structured light scanning 
provides reliable and reproducible measurements with high 
clinical applicability in craniofacial assessments [22]. Fahrni et 
al. (2017) compared CT scanning with 3D surface scanning in 
skull evaluations. Although CT was slightly more consistent, 
the findings demonstrated that 3D surface scanning is a valid 
alternative, especially in scenarios where radiation exposure 
must be minimized. The authors emphasized the importance 
of choosing the appropriate modality depending on the specific 
clinical or forensic context These findings collectively support 
the potential of 3D scanning technologies as complementary or 
alternative tools to classical methods, especially for their non-
invasive nature, digital storage, and measurement reproducibility 
[23].

Only 3 studies used both methods comparatively, allowing 
for a more detailed evaluation of accuracy and efficiency 
between traditional and digital approaches. The studies 
utilizing 3D technology involved a wide range of scanners, 
including laser scanners, structured light scanners, handheld 
devices, photogrammetry, intraoral scanners, and cone-
beam computed tomography (CBCT). This variety highlights 
the rapid technological development and broad adoption of 
modern methods in scientific research. In terms of geographical 
distribution, the studies were conducted internationally, with a 
notable concentration in Asia, Europe, and Africa, demonstrating 
the global relevance of anthropometric measurements in both 
clinical and research contexts (Figure 1). Furthermore, the 
publication years of the references span a wide time range, from 
1984 to 2024. The number of studies published per decade is 
as follows: before 2000: 1 study (1984), 2000–2009: 5 studies, 
2010–2019: 15 studies, 2020–2024: 12 studies (Figure 2). This 
distribution reflects a significant increase in scientific interest 
in recent decades, particularly due to the advancement of 3D 

Figure 1. Geographical distribution of the referenced studies. The studies were conducted across multiple regions, with a notable concentration in 
Asia, Europe, and Africa, highlighting the global relevance of anthropometric measurements in both clinical and research contexts.
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technology and its application in the fields of anthropometry 
and orthodontics.

Skull morphometry researchers are using three-dimensional 
laser surface scanners more and more because of their accuracy 
and advanced capabilities. Two distinct clinicians measured the 
same subjects using a spreading caliper, and the anthropometric 
parameters obtained were recorded to independently examine 
the method's validity and reliability. The results show that 
competent examiners are necessary when using a spreading 
caliper to evaluate head shape because the degree of deformity 
is greatly impacted by the precision and competence of the 
location and execution of the measurement. The spreading 
caliper may not always be precisely placed in the same region 
since babies and young children frequently can't stay static 
enough. The 3D scanning method allows for the preservation 
of the original 3D image through computer software and can 
statically depict the head shape [23]. The development of a 3D 
scanner that uses distance sensor technology has opened up 
exciting possibilities for scanning objects in the real world and 
incorporating them into augmented reality (AR). Furthermore, 
the effective implementation of this 3D scanner demonstrates 
the rapid advancement of sensor technology and underscores 
the increasing importance of augmented reality in our daily 
lives [24]. A comparison study examined measurements taken 
using a laser surface scanner, calipers, and two-dimensional 
digital photographs. The findings demonstrated a high degree 
of consistency between the measurements obtained from 2D 
pictures and those made using calipers. Comparing the 3D laser 
scanner's measurements to the conventional approach, however, 
revealed differences. The authors worry that how the device is 
used determines how accurate the scanning is, and they advise 
making the most of all of its technical features, such as high-
resolution scans, scanning from various angles, controlled 
lighting, and surface reflectivity reduction, to enhance the 

quality of 3D models. Nevertheless, this method needs more 
time, computing resources, and storage space [25]. According to 
one study, structured light 3D scanning is a promising technique 
for determining an infant's head shape. It provides precise and 
trustworthy findings for measurements that are normally taken 
with a tape measure. Even so, the study only measures one 
component of the cranium [26]. The authors' suggestions for 
baby head measurements are based on the findings of this study. 
Infant head measurements can be taken using both conventional 
methods and 3D scanning. However, 3D scanning is superior 
to spreading calipers because it offers more and more accurate 
characteristics, which help identify irregularities in head shape 
and provide personalized helmet orthopedics [27]. Laser 
scanning is an effective technique for evaluating dry skulls, and 
it is advised for data accuracy. In complex and challenging-to-
reach areas of the cranial skeleton, this method works especially 
well for taking precise measurements [28]. The fact that just one 
operator carried out the scanning process was one of the study's 
limitations. It was determined not to acquire a second operator 
because of the sensitivity of the scanned objects, which needed 
to be handled carefully, and time constraints associated with 
the volume of data created. Consequently, it was not possible 
to evaluate the operator-dependent error. Nonetheless, the 
majority of the 3D model production software is automated, and 
the operator carries out the scans following the manufacturer's 
instructions and pertinent training. So, if another operator was 
involved, we wouldn't expect significant variances under these 
conditions. Prior research evaluating a variety of anatomical 
surface models has confirmed that the Viewbox 4 software's 
processing error is minimal [29-31]. This technique can be 
applied to the preservation and documentation of osteological 
material, the development of research concepts in the fields of 
anatomy, dental prosthetics, orthodontics, maxillofacial surgery, 
and forensic science, as well as to enhance opportunities for 

Figure 2. Temporal distribution of the referenced studies, showing a steady increase in publications from 2000 onward, with a peak between 2010 
and 2019 (15 studies), followed by 12 studies between 2020 and 2024.
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scientific collaboration [32]. The current work draws important 
conclusions, including the possibility of using these scans 
to create precise digital 3D models of bone specimens for 
anthropological data, forensic applications, radiologic research, 
and medical applications (such as inter-operation scans). Most 
commonly used imaging techniques, like computed tomography 
(CT) and cone beam CT (CBCT), are more prone to errors, 
especially when low-radiation protocols are used for radiation 
protection concerns. These models enable the acquisition of 
gold-standard measurements in ex vivo studies that can be used 
to assess the accuracy of these techniques [33]. Furthermore, 
the recent development of advanced technology could enhance 
interaction and progress in this field [34-36].
Conclusion.

Traditionally, instruments including calipers, slide calipers, 
and osteometric tables have been used to take craniofacial 
measurements. These techniques estimate the size of the skull, 
face, and other craniofacial components by making physical 
contact with anatomical sites. According to studies, traditional 
approaches have several limitations but can be accurate when 
carried out by qualified experts. For instance, conflicting 
results may arise from human error in measurements, incorrect 
landmark placement, and soft tissue movement. Traditional 
methods can take a lot of time and require a lot of training.

Although 3D scanning has proven to be a more accurate and 
efficient method, studies with large sample sizes and proper 
comparisons with traditional methods are still lacking. This 
paper addressed the ways in which these techniques can be 
applied to the preservation and documentation of osteological 
material and the development of research concepts in the 
fields of anthropology, forensic medicine, orthodontics, and 
orthognathic surgery.

However, before this can be fully achieved, several 
methodological challenges still need to be addressed. For 
instance, the precision and accuracy of angular measurements, 
surface arcs, surface areas, and volumetric data must still be 
thoroughly evaluated. This will require direct comparisons 
between datasets obtained from different 3D technologies. Laser 
scanning is a reliable and recommended technique for ensuring 
data accuracy. It is particularly effective in capturing detailed 
measurements of complex and hard-to-access areas of the cranial 
skeleton. The 3D laser scanning method demonstrates excellent 
reliability and serves as a valuable alternative to conventional 
direct measurement in craniometry. Further studies are needed 
to evaluate the reliability of 3D laser scanning methods in 
applications such as photographic superimposition and facial 
reconstruction.
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