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A Review of Research Trends and Morphological Analysis Methods
in Ancient Artificial Cranial Modification
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Abstract : Artificial cranial deformation is a cultural practice involving intentional modification of cranial shape
through sustained pressure during infancy and early childhood, and has been documented across diverse temporal
and geographic contexts worldwide. This study reviewed trends in diagnostic and analytical methodologies
reported in 62 studies on artificial cranial deformation published in international academic journals and evaluated
methodological approaches applicable to future domestic research. The results indicate that earlier studies primarily
relied on macroscopic observation and linear metric approaches to assess cranial deformation and morphological
characteristics. In contrast, recent studies increasingly employ geometric morphometric approaches based on
computed tomography (CT) and three-dimensional surface scanning data. In particular, coordinate-based quantitative
analyses using Procrustes superimposition and principal component analysis were effectively applied to objectively
evaluate subtle cranial shape variation and structural relationships. Regional research trends further demonstrated
that image-based analytical approaches were most actively applied in South America and West Eurasia, whereas both
visual and image-based methods were comparatively utilized in East Eurasia. Future domestic research should move
beyond conventional approaches centered on visual observation and linear measurements toward the establishment
of a standardized analytical framework integrating three-dimensional imaging data with quantitative morphological
methodologies. To achieve this, priority should be given to the construction of digital databases based on CT and 3D
surface scanning data, as well as to the development of standardized landmark and semi-landmark systems applicable
to domestic skeletal materials. Furthermore, objective diagnostic criteria should be established to quantitatively
assess cranial flattening, asymmetry, deformation intensity, and morphological continuity through the application of
Procrustes superimposition, principal component analysis, and geometric morphometric approaches.

Keywords : Artificial skull deformation, Cranial deformation, Geometric morphometry, 3D image analysis,
Biological anthropology
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Tabular type

Fig. 1. Lateral and superior views of annular and tabular deformation types, showing the directions of external compressive forces applied
during cranial modification(modified from Allison et al., 1981, Fig. 1 and 2) [7].
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Table 1. Journals and articles included in the study

Number of

Discipline Journal Publications Reference
Anthropology American Journal of Biological Anthropology 14 [3.4,8-19]
& American Journal of Human Biology 1 [20]
Archaeology . .
Anthropological Review 1 [21]
Anthropological Science 2 [22,23]
Archaeological and Anthropological Sciences 2 [24,25]
Archaeology in Oceania 1 [1]
Archaeology, Ethnology & Anthropology of Eurasia 1 [26]
Comptes Rendus Palevol 1 [27]
Current Anthropology 2 [28.,29]
HOMO: Journal of Comparative Human Biology 2 [30,31]
International Journal of Osteoarchaeology 14 [2,32-44]
Iranian Journal of Archaeological Studies 1 [45]
Journal of Archaeological Science 2 [46 471
Journal of Archaeological Science: Reports 2 [48.,49]
Journal of Human Evolution 3 [50-52]
Latin American Antiquity 1 [53]
Anatomy American Journal of Orthodontics and Dentofacial Orthopedics 1 [54]
. & . European Journal of Orthodontics 1 [55]
Clinical medicine . . . . .
Journal of International Society of Preventive and Community Dentistry 1 [56]
Journal of Anatomy 2 [57,58]
Journal of Stomatology, Oral and Maxillofacial Surgery 1 [59]
Neurosurgical Focus 1 [60]
Multidisciplinary PLOS ONE 3 [61-63]
Sciences Quaternary International 1 [64]
Scientific Reports 1 [65]

Table 2. Categories and definitions of analytical methods used in artificial cranial deformation research

Category

Description

Visual analysis

2D image-based analysis

3D image-based analysis

Macroscopic observation and qualitative morphological assessment based on external cranial

features and nonmetric traits.

techniques such as CT and surface reconstruction.

Analysis based on two-dimensional representations, including landmark- and outline-based
approaches as well as image-derived metric measurements.

Analysis based on three-dimensional data, integrating spatial morphology through imaging

F7kete AFE Btk 53] 2016~20259 FolAs 7IRE F 29l 12908 FA SRS ol 7
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Fig. 2. Publication trends in artificial cranial modification research by period.
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Fig. 3. Regional distribution of analytical methods in artificial cranial deformation studies.
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Table 3. Regional and chronological distribution of artificial cranial deformation samples

Continent Country Site (Period)T Reference
South America Argentina O ® Pampa and Patagonia (3000 BC~AD 1500) [20,25]
O @ South-Central Andes (1000 BC~AD 1532) [16,34,39 47]
Chile O @ Azapa Valley 1(2300~200 BC, AD 360~1000) [54]
O San Pedro de Atacama (AD 500~1000) [35]
Ecuador O Guayas (after 6050 BC) [14]
O Esmeraldas (ca. 1000 BC) [14]
O Manabi (ca. 2000 BC) [14]
Peru O Ancash (900~200 BC) [56]
O Paracas Peninsula (550~200 BC) [48]
O South-Central Andes (AD 1000~1400) [39]
O Colca Valley (AD 1100~1450) [29]
O Moquegua Valley (AD 500~1000) [53]
North America Belize ® Lamanai (AD 1000~1641) [12]
Cuba O Cayo Salinas (ca. 5000~200 BC) [21]
O Guardalavaca, Banes, Baracoa (after AD 500) [21]
United States of America ® New Mexico (AD 1300~1680) [3,18]
Republic of Dominica O Cueva de Yasica, La Caleta (after AD 500) [21]
East Eurasia* China O Houtaomuga (10050~3050 BC) [19]
O Songhuajiang (9145~8795 BC) [24]
O Northeastern China (9295~9250 BC) [44]
Japan O Tanegashima Hirota (AD 200~699) [63]
Philippines O Leyte, Mindanao (AD 1300~1499) [23]
O Banton (AD 1400~1499) [23]
O Luzon (AD 1300~1599) [23]
Republic of Korea ® Yean-ri (AD 300~699) [22]
Russia O Primorye (ca. 3850~3450 BC) [64]
O Southern Siberia (2600~1700 BC) [26,31]
West Eurasia* Croatia ® Osijek (AD 415~560) [61]
France ® Toulouse (AD 1800~1899) [59]
Greece ® Maroneia (AD 400~800) [42]
Hungary ® Mozs (AD 375~699) [37,60]
Iran O Chega Sofla (4500~4000 BC) [32]
O Ali Kosh (ca. 7500~6500 BC) [45]
O Shanidar (ca. 9000~6000 BC) [28]
Italy O Arene Candide Cave (ca. 10670~10240 BC) [65]
Russia O Caspian Sea region (ca. 3300~2000 BC) [36]
Slovakia ® Devin (AD 1000~1200) [33]
Tiirkiye O Degirmentepe (ca. 4200~4000 BC) [15]
Oceania Australia O Nacurrie (9330~9650 BC) [51]
O Kow Swamp (ca. 8120 BC) [51]
O Murray Valley (ca. 8050 BC) [1,50]
O @ Coobool Creek (ca. 3050 BC~AD 1800) [52]
Papua New Guinea O @ New Britain (ca. 3050 BC~AD 1800) [46]
Africa Libya O Acacus Mountains (ca. 1900~600 BC) [41]

Pacific Islands

Hawaiian Islands

O Mokapu and Oahu (before AD 1778)

[17]

*The boundary between East Eurasia and West Eurasia was operationally defined by the authors for the purposes of this meta-analysis, using the Ural
Mountains and the Caspian Sea as major geographic delimiters between Europe and Asia. This analytical classification also reflects broader historical and
cultural distinctions and is consistent with regional frameworks adopted in some population genetic studies of Eurasian populations[68,69].

TOpen circles (O) represent prehistoric sites, whereas filled circles (®) represent historic sites. The prehistoric-historic distinction was determined according
to the conventional archaeological chronology of each region rather than absolute calendar age.
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