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ABSTRACT
Giraffe (Giraffa spp.) are some of the most iconic representatives of African megafauna; yet, published 
data on their pathologies in general remain scarce. Our study reported multiple cases of craniodental 
pathologies and irregularities in all four species of giraffe based on a large dataset comprising 516 skulls. 
Dental irregularities included abnormal morphologies, misaligned or absent teeth, irregular dental 
wear, and dental fractures. Cranial cases include periodontitis (observed in a considerable proportion 
of the dataset; n=206, 39.9%), ossicone asymmetry in size and orientation (due to developmental 
variations or trauma), trauma possibly caused by intraspecific aggression, neoplasia, wry nose, and 
cleft palate. The causes of these pathologies appear to be either congenital (e.g., wry nose), behavioural 
(e.g., fighting injuries), or environmental (e.g., diet-related periodontitis). This preliminary report 
of giraffe cranial pathologies/irregularities serves as a foundational dataset to enable the detection of 
similar deformities in different giraffe species, and perhaps in other species as well.

RÉSUMÉ
Pathologies et irrégularités crânio-dentaires chez la girafe (Giraffa spp.).
Les girafes (Giraffa spp.) comptent parmi les représentants les plus emblématiques de la mégafaune 
africaine. Pourtant, les données publiées sur leurs pathologies en général restent rares. Notre étude a 
rapporté de multiples cas de pathologies et d’irrégularités crânio-dentaires chez les quatre espèces de 
girafes, sur la base d’un vaste ensemble de données comprenant 516 crânes. Les irrégularités dentaires 
comprenaient des morphologies anormales, des dents mal alignées ou absentes, une usure dentaire 
irrégulière et des fractures dentaires. Les cas crâniens comprenaient la parodontite (observée dans 
une proportion considérable de l’ensemble de données ; n = 206, 39,9 %), une asymétrie de taille et 
d’orientation des ossicones (due à des variations développementales ou à un traumatisme), un trau-
matisme possiblement causé par une agression intraspécifique, une néoplasie, un nez tordu et une 
fente nasale. Les causes de ces pathologies semblent être congénitales (par exemple, un nez tordu), 
 comportementales (par exemple, des blessures lors de combats) ou environnementales (par exemple, une 
parodontite liée à l’alimentation). Ce rapport préliminaire sur les pathologies/irrégularités  crâniennes 
des girafes sert de base de données de référence pour permettre la détection de déformations similaires 
chez différentes espèces de girafes, et peut-être chez d’autres espèces également.

KEY WORDS
Artiodactyla, 

cleft palate, 
Giraffidae,
neoplasia, 

periodontitis,
trauma.

MOTS CLÉS
Artiodactyla, 

fente palatine, 
Giraffidae, 
néoplasie, 

parodontite, 
traumatisme.

INTRODUCTION

Giraffe (genus Giraffa Brünnich, 1772) are among the most 
iconic and sentinel animals of African megafauna, currently 
found across sub-Saharan Africa from Niger to South Africa 
(O’Connor et al. 2019; Brown et al. 2021). Despite their 
spectacular physical adaptations, many species and subspecies 
of giraffe face the threat of extinction due to anthropogenic 
impacts such as habitat loss and fragmentation, infrastructure 
development, poaching, disease, interspecific competition, 
and climate change (Muller 2018; Brown et al. 2021; Muneza 
et al. 2025). The skull hosts some of the most vital parts of 
the body, such as the brain, sensory organs and the mouth. 
Therefore, disease, trauma resulting in severe injury, congen-
ital abnormalities and developmental irregularities can have 
severe consequences for the life of an animal and can adversely 
affect wildlife populations. Examples of cranial pathologies 
and their significance for the ecology of wild mammals have 
been reported for deer (Flueck & Smith-Flueck 2022), hyenas 
(Van Valkenburgh & White 2021; Kargopoulos et al. 2024b), 

felids (Van Valkenburgh & White 2021), seals (Pertoldi et al. 
2018), and micromammals (Jentzsch et al. 2020) among 
others. However, relatively little is known about how these 
factors affect giraffe.

There have been relatively few published studies describing 
pathological abnormalities and diseases in wild giraffe. Most 
published reports focus on skin conditions, including giraffe 
skin disease and papillomatosis, or incidental observations of 
giraffe included in multi-species die-off records from diseases 
such as anthrax and rinderpest (e.g., van Dyk et al. 2011; Mo-
rens et al. 2011; Muneza et al. 2016; Han et al. 2022). Clauss 
et al. (2007) published that the dental wear of wild giraffe 
aligned with previous published studies (Franz-Odendaal & 
Kaiser 2003; Franz-Odendaal et al. 2004; Bohner et al. 2021) 
being predominantly browsing herbivores compared to grazing 
herbivores in captivity. Graïc et al. (2017) examined the brain 
of wild (and captive) giraffe, in particular the central nerv-
ous system which despite being the largest among terrestrial 
Cetartiodactyla is highly specialized. Additionally, there have 
also been reports on skeletal dysplasia (Brown & Wells 2020) 
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and recently Ferguson et al. (2023) described observations 
of suspected congenital and neoplastic cranial deformities in 
wild giraffe. Even though there are no clear patterns on the 
frequencies of the reported pathologies in giraffe, some rare 
cases have only been reported for specific taxa. For example, 
the cases described in Ferguson et al. (2023) only concerned 
the northern (G. camelopardalis (Linnaeus, 1758)) and south-
ern (G. giraffa (Boddaert, 1784)) giraffe, with no reported 
occurrences for Masai (G. tippelskirchi Matschie, 1898) or 
reticulated (G. reticulata de Winton, 1899) giraffe. The inves-
tigation of the frequency patterns between taxonomic groups 
is important for the detection of the particular vulnerabilities 
of each taxon and their significance in a broader context.

The present study reports a range of maxillofacial, dental, 
and ossicone pathologies and anomalies observed in an ex-
tensive dataset of giraffe skulls from the wild and in captiv-
ity (Kargopoulos et al. 2024a). These observations broaden 
our knowledge base on cases of potential trauma, disease, 
and congenital pathologies in wild giraffe and contribute to 
continued monitoring of threatened populations. We based 
our study on three null hypotheses: (a) that the frequencies of 
the total number of pathologies, irregularities, and the main 
case categories are independent of taxonomy (North/South 
groups, species, and subspecies), (b) that dental irregularities 
and periodontitis change through age (as age classes and age 
groups), and (c) that the occurrence of ossicone bending and 
fracture is different between males and females due to the 
necking behaviour of males. 

MATERIAL AND METHODS

The studied dataset consisted of 516 skulls of all four Giraffa 
species and their subspecies (Fennessy et al. 2016; Winter 
et al. 2018; Petzold & Hassanin 2020; Coimbra et al. 2021, 
2023; Bertola et al. 2024; Kargopoulos et al. 2024a;): Giraffa 
camelopardalis antiquorum Jardine, 1835 (n=38), Giraffa 
 camelopardalis camelopardalis (Linnaeus, 1758) (n=54), Gi-
raffa camelopardalis peralta Thomas, 1898 (n=11), Giraffa 
giraffa angolensis Lydekker, 1903 (n=43), Giraffa giraffa gi-
raffa (Boddaert, 1784) (n=121), Giraffa reticulata reticulata 
de Winton, 1899 (n=34), Giraffa tippelskirchi tippelskirchi 
Matschie, 1898 (n=108), and Giraffa tippelskirchi thornicrofti 
Lydekker, 1911 (n=21). The dataset included specimens of 
both sexes, and spanning all age groups. The South group 
includes G. giraffa and G. tippelskirchi, whereas the North 
group includes G. reticulata and G. camelopardalis. In a more 
lumping point of view, these two groups were considered as 
two species using molecular methods (Hassanin et al. 2026). 
Even though this is a very extensive dataset, technically it 
cannot be considered random, because of the different ways 
of acquiring the specimens (legal hunting, zoos, natural death 
etc.). Skulls from museum collections (n=363; 70.3%), taxi-
dermy companies (originating from the wild; n=82; 15.9%) 
and conservation areas (opportunistically sampling skulls in 
natural parks and conservation areas; n=70; 13.6%) through-
out Africa were assessed. A comprehensive catalogue of the 

material, including detailed record of all pathologies found 
per specimen, is provided in Appendix 1. A summary of the 
frequencies and relative frequencies of the cases among the 
different studies groups (taxonomy, age, sex) can be found 
in Table 1. Pathologies were spotted by visual observations 
and were investigated based on comparative cases already 
reported in the literature. Pairwise differences between the 
relative frequencies of different groups were statistically 
tested using chi-square with Fisher’s exact p-value (which 
was preferred due to its robustness in small sample sizes; 
Fu & Arnold 1992) in PAST 5.2 (Hammer et al. 2001). 
This was performed in pairwise comparisons (e.g., males × 
females) in which a table 2 × 2 is created with one category in 
one column (e.g., males) and the other in the other column 
(e.g., females). The first line includes the frequencies (not the 
relative frequencies) of the pathological cases, and the second 
line includes the frequencies of the non-pathological cases, 
using the values in Table 1.

The dental nomenclature of the upper cheek teeth fol-
lowed both veterinary and zoological nomenclature (Fig. 1). 
P stands for premolars and M stands for molars. In each 
case both systems are used for the ease of readers with dif-
ferent backgrounds. Age classes followed Kargopoulos et al. 
(2024a), which is a modified version of the system of Hall-
Martin (1976). The age classes range from A to I depending 
on the estimated age of the individual determined by dental 
eruption, suture closure and dental wear (Appendix 2). Age 
classes are organized in four groups: juvenile (age classes A, 
B), adolescent (age classes C, D), adult (E-G), and old (H, 
I), to simplify the statistical analysis.

ABBREVIATIONS

Institutions
AMNH  American Museum of Natural History, New York;
AMPG   Athens Museum of Palaeontology and Geology, 

Athens;
DNMNH   Ditsong National Museum of Natural History, 

Pretoria;
FMNH  Field Museum of Natural History, Chicago;
HNHM  Hungarian Natural History Museum, Budapest;
NCB  Naturalis Biodiversity Center, Leiden;
NHMUK   Natural History Museum of the United Kingdom, 

London;
NHMZ  Natural History Museum of Zimbabwe, Bulawayo;
NMB  Naturhistorisches Museum Basel;
NMK  National Museums of Kenya, Nairobi;
NMW  Naturhistorisches Museum Wien;
RMCA  Royal Museum of Central Africa, Tervuren;
SAM  Iziko South African Museum, Cape Town;
SMF  Senckenberg Museum Frankfurt;
SMNS   Staatliches Museum für Naturkunde Stuttgart, 

Stuttgart;
SNM  Slovak National Museum, Bratislava;
UCT  University of Cape Town;
USNM   United States National Museum, Smithsonian 

Institute, Washington DC;
ZFMK   Zoological Research Museum Alexander Koenig, 

Bonn;
ZMUA  Zoological Museum, University of Athens, Athens;
ZMB  Museum für Naturkunde, Berlin;
ZSM   Zoologische Staatssammlung, Staatlichen Naturwis-

senschaftlichen Sammlungen Bayerns, Munich.
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TABLE 1

Total Dental Irregularities Periodontitis Ossicones Surface Anomalies
G. c. antiquorum 
G. c. camelopardalis 
G. c. peralta 
G. g. angolensis 

G. r. reticulata 
G. t. thornicrofti 
G. t. tippelskirchi 
G. camelopardalis 

G. reticulata 
G. tippelskirchi 

left P2 (206)

left P3 (207)

left P4 (208)

left M1 (209)

left M2 (210)

right P2 (106)

right P3 (107)

right P4 (108)

right M1 (109)

right M2 (110)

right M3 (111) left M3 (211)

FIG. 1 G g P
M
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Natural Parks
CHA-ZAK   Zakouma, Chad;
KEN-AMB  Amboseli NP, Kenya;
KEN-MAM  Maasai Mara NP, Kenya;
KEN-MER  Meru, Kenya; 
KEN-MGE  Mgeno Conservancy, Kenya;
KEN-RUM  Ruma NP, Kenya; 
KEN-TSE  Tsavo East NP, Kenya; 
KEN-TSW  Tsavo West, Kenya;
NAM-ETH  Etosha Heights Private Reserve, Namibia; 
NAM-HOA  Hoanib River System, Namibia; 
NER-KOU  Kouré Giraffe Reserve, Niger; 
UGA-MUR  Murchison Falls, Uganda; 
ZAM-LUA  Luangwa Valley, Zambia.

Taxidermy Collections
NAM-ING  Ingwe, Namibia; 
NAM-NYA  Nyati, Namibia; 
NAM-TAU  Tau, Namibia;
SA-SI  Splitting Image, South Africa;
ZIM-TCI  Trophy Consultants International, Zimbabwe.

RESULTS

DENTAL IRREGULARITIES

109 out of the 516 specimens in the dataset exhibited devia-
tions from the standard dental morphology. These deviations 
included total absence of teeth, alternations in the orienta-
tion of one or more teeth, differences in cusp morphology 
(including the presence/absence of cusps), irregular dental 
wear patterns, and fractures. These variations are described 
in detail below.

Absence of teeth
This relatively rare phenomenon was observed only three 
times in our sample: twice for P2 (106) (in NHMUK-
ZD-1902.11.13.2, G. c. camelopardalis, male, age class F, 
South Sudan, Fig. 2A; and in NHMW-5575, G. camelopardalis 
subsp., male, age class G, Sudan) and once for M3 (bilaterally 
111 and 211) (SMNS-Z-MAM-45425, Giraffa sp., female, 
age class F, Zoo Wilhelma, Fig. 2B). In both cases the surface 
of the maxilla where the tooth was missing appeared faintly 
rugose, but did not show any signs of trauma (e.g., breakage, 
secondary ossification, or any sign of healing). This suggests 
that the teeth were not lost, but likely never erupted. 

Misaligned teeth
Several cases of teeth that were rotated in the maxilla were 
observed. In these specimens the teeth were not perfectly 
aligned on a smooth arch but showed positioning deviations. 
In most cases, only one tooth was aberrant, but occasionally 
multiple teeth were affected. Single-tooth deviations were 
seen in the P2 (106/206) (n=5), P3 (107/207) (n=2), P4 
(108/208) (n=3), and M3 (111/211) (n=3; Fig. 2C), while 
deviations in more than one tooth were seen in three speci-
mens. In NHMUK-ZD-1873.8.29.7 (G. c. camelopardalis, 
female, age class E, Ethiopia) only the premolars were affected, 
whereas in NHMW-974 (G. t. tippelskirchi, female, age class 
G, Kenya) both the molars and the premolars were affected 

to a considerable degree. In the latter specimen the P4 (108) 
was lost (Fig. 2D), but it was not possible to ascertain whether 
the two irregularities were related.

Irregular dental wear
Nine specimens showed uncommon dental wear patterns. In 
six instances, a single maxillary cheek tooth was considerably 
worn more than the others of the toothrow. In these cases, 
this tooth was also much more worn than in other specimens 
of the same age class. In particular, this was observed on 
the P2 (206) (ZIM-TCI-181a, G. g. giraffa, male, age class 
E, Zimbabwe), the P3 (207) (FMNH-34425, G. g. giraffa, 
male, age class G, Botswana), the P4 (208) (ZIM-TCI-472, 
G. g. giraffa, male, age class E, Zimbabwe), and the M1 
(109/209) (n=4) (Fig. 2E). Additionally, three individuals 
showed deviations in the dental wear of only parts of spe-
cific teeth. RMCA-RG-3748 (G. c. antiquorum, female, age 
class E, D. R. Congo) showed an early dentine connection 
between the lingual and the buccal cusps, which is unusual 
considering the dental wear stage shown on the other teeth. 
Finally, ZSM-1911-2446 (G. t. tippelskirchi, female, age class 
F, Tanzania) and USNM-304613 (G. r. reticulata, male, age 
class F, Washington Zoo) showed an irregular wear pattern 
on the left M1 (209), with the distal half worn more than the 
mesial one (Fig. 2F). While this was more evident on the left 
side of the skull, the right M1 (109) also showed a milder ver-
sion of such irregular wear pattern. In general, six specimens 
showed such deviations on the left side of the maxilla, two 
on the right, and just one on both sides.

Irregular dental morphology
Common dental irregularities observed in the sample related 
to the morphological range of the cusps of the upper cheek 
teeth. This rarely involved the premolars, with n=3 for P2 
(106/206) (with unusual cristae in two specimens and an ad-
ditional lingual cusp-like structure in FMNH-32901, G. r. re-
ticulata, female, adult, Ethiopia; Fig. 3A), and two specimens 
for P3 (107/207) (USNM-162018, male, age class F, Kenya, 
as well as FMNH-32901). The specimen FMNH-32901 also 
had an additional P4 (108/208) cusp-like structure on both 
sides of the maxilla (Fig. 3A). Two more specimens showed 
irregular morphology of the P4 cristae (SI 1). Three specimens 
presented uncommon morphology on the M1 (109/209) and 
one on the M2 (110/210) (SMNS-Z-MAM-45425, Giraffa sp., 
female, age class F, Zoo Wilhelma; Fig. 2B). On the M1, AM-
NH-M-53549 (G. c. antiquorum, female, age class D, D. R. 
Congo; Fig. 3B) retained a barrier between the mesostyle and 
the metacone, RMCA-RG-3749 (G. c. antiquorum, female, 
age class E, D. R. Congo) had a double crista only on the left 
M1 (209), while ZIM-TCI-X3 (G. g. giraffa, male, age class 
F, Zimbabwe; Fig. 3C) had a lingually expanded protocone. 
Interestingly, the M3 (111/211) was the most commonly af-
fected tooth. There were four cases in which this tooth had a 
rather peculiar morphology that differed markedly from the 
standard phenotype. Possibly the most extreme case is evident 
in specimen SMNS-Z-MAM-49722 (Giraffa sp., female, 
age class I, Wilhelma Zoo), in which the left M3 (211) was 
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rounded, enlarged and with just faint signs of its cristae and 
cusps (Fig. 3D). The most frequently observed irregularity 
was the reduction of the hypocone. In 56 specimens the M3 
(111/211) hypocone was reduced in size, having approximately 
half the size of the protocone (Fig. 3E). In 12 other specimens, 
the hypocone was vestigial or nearly absent (Fig. 3F). In to-
tal, 68 specimens (13.2%) showed a reduced M3 hypocone.

Additional dental irregularities
In addition to the aforementioned dental deviations, some 
other dental irregularities were observed. Specimen NHMZ-
20382 (G. t. thornicrofti, male, age class E, Zambia) exhibited 
a diastema between the left P2 (206) and P3 (207), which was 
not present in any of the other studied specimens. Ten speci-
mens showed evidence of broken molars with a smooth surface 

protocone

hypocone

E F

hypocone

D

P4
P3

P2

Α B C
mesostyle

metacone

protocone expansion

P4

H

M1 M2

G

FIG. 3 A
B

C D
E

F G
H
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 indicating further use after the breakage (e.g., NAM-NYA-3, 
G. g. angolensis, male, age class F, Namibia; NHMZ-26178, G. g. 
giraffa, male, age class F, Zimbabwe) (Fig. 3G). In two female 
specimens of G. t. tippelskirchi (ZSM-1911-2446, age class F, 
Tanzania; NHMW-974, age class G, Kenya) only the right P4 
(108) was lost due to localized malformations or deformations 
of the maxilla. In addition, three skulls (NHMW-5575, G. ca-
melopardalis subsp., male, age class G, Sudan; NAM-TAU-32, 
G. g. angolensis, male, age class F, Namibia; USNM-163324, 
G. r. reticulata, female, age class G, Kenya) showed discoloured 
molars that likely underlie severe tooth decay (Fig. 3H).

CRANIAL IRREGULARITIES

Numerous deviations from the ‘normal’ cranial anatomy were 
observed in the dataset. These included maxillary erosions, 
asymmetrical ossicones, evidence of periosteal growth likely 
associated with male necking behaviour and/or trauma, con-
genital malformations, and possible neoplasia.

Maxillary erosions
The most commonly observed pathology was focal erosions of 
the maxillary alveolar bone, identified in varying stages across 
206 specimens (39.9% of the total sample). The affected area 
appeared pitted, and gradually deteriorated, revealing the 

 alveolar cavities and exposed tooth roots. This was more evident 
on the buccal aspect of the maxilla, but also observed on the 
lingual aspect, within the alveoli, and also between the alveoli. 
These erosions typically affected multiple maxillary teeth, how-
ever, in some cases only one tooth was affected. In particular, 
single-tooth erosions were observed in P2 (106/206) (n=11), 
P3 (107) (n=1), P4 (108/208) (n=5), M1 (109/209) (n=31), 
M2 (110/210) (n=6), and M3 (110/210) (n=3) (Fig. 4A). The 
erosions were confined to the premolars in some specimens 
(Fig. 4B), while in others they were restricted to the molars. 
Even more frequently, usually in individuals of relatively old 
age, the erosions were extended and affected most of the teeth 
(n=109; 21.1%). In some specimens of old age this was also 
linked to extreme dental wear, exposed dental cavities and 
broken teeth (Fig. 4C). Finally, there were many specimens 
that did not retain any teeth. Judging from the morphology 
of the remaining alveolar surfaces, this may have been caused 
(at least in part) by bone decay undermining the implantation 
of the teeth in the maxilla.

Ossicone asymmetry
Many giraffe skulls showed signs of asymmetry in terms of os-
sicone size and orientation. Sixteen specimens showed shorter 
left ossicones, whereas 21 specimens showed shorter right 

A B

C

FIG. 4 A B
C
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ossicones (Fig. 5A). Such height difference was also linked 
to differences in diameter and rugosity. Different shapes of 
the terminal end of the ossicones were observed, some nar-
rowing towards the tip and not displaying the widening or 
bulging as seen in most cases. Additionally, four specimens 
showed signs of bilateral bending of the ossicones, with 
both facing towards the same direction. However, the same 
morphology was also seen unilaterally in eleven specimens, 
in which only one of the ossicones deviated from its stand-
ard angle (Fig. 5B).

Potential Trauma
Multiple specimens showed signs of non-aggressive periosteal 
reactive growth which may be related to trauma. Such exos-
toses were often distributed across areas that may have been 
impacted by fighting or necking behaviour, i.e. predominantly 
the ossicone(s), over the dorsal aspect of the orbits, and over 
the frontal bones. Three specimens (NHMZ-29112, G. g. gi-
raffa, male, age class G, Botswana; ZSM-1914-1325, G. t. tip-
pelskirchi, male, age class I, Tanzania; ZMB-MAM-17381, 
G. t. tippelskirchi, male, age class I, Tanzania; Fig. 6A, B) also 
had fenestrations surrounded by severe periosteal reactive bone 
growth. In addition, multiple specimens showed fractured 
ossicones with the majority being male (n=10) versus female 
(n=3) (Fig. 6C, D).

One specimen (NHMUK-ZD-1938.7.8.22, G. c. antiquo-
rum, male, age class F, Cameroon; Fig. 6E, F) showed distinct 
signs of trauma, such as erosion and remodification on the 
left half of the distal part of the skull. Lesions were observed 
on the temporal bone, the paraoccipital and the mastoid/
paracondylar processes, and along the left part of the nuchal 

crest, ending in an enlarged nuchal hill, which was much 
larger than that on the right. Secondary ossification was evi-
dent on the nuchal crest and the temporal bone. No further 
pathological evidence were seen on the ossicones or any other 
part of the cranium. An additional seven specimens showed 
signs of secondary ossification, periosteal reactions, or lesions 
in different parts of the skull.

Congenital abnormalities
Four potential cases of congenital abnormalities were observed 
in the dataset. A male skull displayed a moderate left lateral 
deviation of the nasal bones, most consistent with a condition 
known as campylorrhinus lateralis or wry nose (ZSM-1914-
0127, G. t. tippelskirchi, male, age class E; Fig. 7A, B). An-
other skull belonged to a male giraffe, recently deceased from 
natural predation, that had a severe incomplete fusing of the 
nasal and frontal bones consistent with a midfacial cleft palate 
(Fig. 7C-D). The skull exhibited severe damage from predation 
and local climate, making it unclear whether the defect also 
extended to the palatine bones of the oral cavity. A noticeable 
groove over the parietal bones ended between the ossicones, 
whilst the left ossicone was notably shorter than the right one. 

Two specimens (RMCA-RG-25673, G. c. antiquorum, 
male, age class E, D. R. Congo, Fig. 7E; NHMW-5483, 
Giraffa sp., female, age class D, Schonbrun Zoo, born in 
Kenya, Fig. 7F) show bilateral longitudinal fistulae in the nasal 
bones. In RMCA-RG-25673 these fistulae were situated near 
the mesial end of the nasal bones, whereas in NHMW-5483 
they were located more distally, in the middle part of the 
bone. While present on both sides, they were not perfectly 
symmetrical in terms of length, width, and position. In the 
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Kordofan specimen the borders of the piercings were faintly 
covered by secondary bone, whereas in NHMW-5483 the 
borders retained the same form as the surrounding bone. 
These fistulae likely developed congenitally as there was no 
evidence of healing or bone remodelling to suggest a trau-
matic origin. However, their origin could not be determined 
without histological evaluation.

Neoplasia
One skull showed signs consistent with malignant bone 
alterations likely indicative of a neoplastic process. NHMZ-
22635 (G. t. thornicrofti, male, adult, Zambia; Fig. 8) had 

severe bone growth on the right part of the skull from 
the orbit to the ossicone. The right ossicone was ventrally 
and laterally deviated from the midline, while its base was 
noticeably thickened and irregular as compared to the 
left ossicone. Periosteal reactive growths were evident on 
the left side, most notably over the left orbit. Still, these 
changes were more consistent with exostoses resulting 
from trauma caused by aggression between males. The 
specimen included the mandible, and the right ramus ap-
peared ‘moth-eaten’ in some areas. Although suggestive 
of neoplasia, histopathologic investigation is needed to 
confirm this diagnosis. 
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DISCUSSION

Comparison of the deviant anatomical features of the giraffe 
skulls to previously reported cases, especially in ruminants, 
but also in various other mammals enabled preliminary di-
agnoses of the pathologies. In some cases, these pathologies 
were caused by congenital malformations, whereas others 
were related to injuries or disease.

DENTAL IRREGULARITIES

We proposed that genetic or developmental anomalies resulted 
in the two cases of teeth being absent, since there is no direct 
evidence of healed trauma or post-mortem removal. Such 
incidents are often termed hypodontia (a type of dental agen-
esis) and are known to have a genetic origin (e.g., Nieminen 
2009). Similar cases have been seen in other mammals, such 
as in felids (Verstraete et al. 1996), dogs (Axenovich et al. 
2004), rodents (Satokata & Maas 1994), horses (Giavitto & 
Meehan 20210), as well as among humans (e.g., Al-Ani et al. 
2017, and references therein). Loss of teeth can be linked 
with periodontitis, but since the studied specimens did not 
show advanced stages of periodontitis or abundance of blood 
vessels around the position of the missing tooth, this cause is 
not considered possible (Evenhuis et al. 2022).

Misaligned teeth as we have reported in the giraffe, are also 
known in primates (Mills 1963), rodents, and lagomorphs 
(Verstraete 2003; Legendre 2018). Such cases can be caused 
by anchylosis or traumatic loss of a deciduous tooth and ir-
regular facial bone growth (e.g., Leighton 1991, and references 
therein). Within a dataset of more than 500 specimens, it was 
expected to find some individuals with missing or misaligned 
teeth based on the previously published literature.

The irregular dental morphology that we observed in some 
giraffe teeth, not unexpected in low frequences, has been 
observed in several other ruminants (e.g., Fortelius 1985). 
The extremely irregular morphology of the specimen SMNS-
Z-MAM-49722 (Fig. 3D) could be associated with poor 
nutrition or more likely with genetic abnormalities that led 
to a deviant development (e.g., Dixon & Vlaminck 2022). 
The occurrence of broken teeth is common in animals that 
feed on hard material, such as hyenas (Van Valkenburgh 
1988; Kargopoulos et al. 2024b), but not very common in 
ruminants. The dental breakages observed may have been the 
result of intrasexual aggression, often resulting in injuries, or 
even perhaps from the mastication of bones and soil, which, 
although unusual, is observed in giraffe (Shorrocks 2016).

Interestingly, incidences of missing teeth among specimens 
tend to be focused either on the first or the last cheek teeth, 
which are often also the most commonly misaligned ones. It 
is likely that this reflects the low significance of these teeth 
in mastication: in other mammalian taxa, the most mesial or 
distal cheek teeth are often found to be more variable than 
the central cheek teeth (Hall 1940; Gisburne & Feldhamer 
2005; Natsume et al. 2008; Kargopoulos et al. 2023) which 
has been interpreted as an indication of selective relaxation. 
It is likely that the central cheek teeth play a more crucial role 
in mastication than the terminal cheek teeth. For ruminants 

this is also supported by the findings of Natsume et al. (2008) 
and aligns with the eruption order reported by Hall-Martin 
(1976). Consequently, there might be a greater evolutionary 
pressure to a stable morphology for these mid-positioned cheek 
teeth. Through the Probable Mutation Effect (PME), relaxed 
selective pressure allows mutations to flourish on the genes 
responsible for developing the respective structures (Brace 
1964; Byles 1972). For example, PME is thought to explain 
the evolution of size in human teeth (Calcagno & Gibson 
1988), fossil hyaenid dentition (Kargopoulos et al. 2023), sloth 
and tragulid bony labyrinth (Billet et al. 2012; Mennecart & 
Costeur 2016), primate metacarpal length (Tague 2002), and 
eye morphology in cave fish (Wilkens 1988).

Deviations from the normal patterns of tooth morphology 
and dental wear can impact the survival and well-being of wild 
ruminants, since the loss of dental functionality can lead to 
starvation and ultimately death (Lucas 2004). Nevertheless, 
irregularities in dental wear have been reported in several 
ruminant species, potentially affected by the dietary contents 
of particular cases, e.g., as seen in 12 species of bovids and 
cervids by Jurado et al. (2008), as well as in the teeth of various 
herbivores at the Pliocene fossil locality of Langebaanweg in 
South Africa, including high prevalence of hypoplasia among 
the giraffids (Franz-Odendaal et al. 2004). In the current study 
we found unique irregular dental wear in giraffe, with only 
specific teeth found to have extreme wear in comparison to 
the rest of the dentition (Fig. 2E) or even specific parts of one 
tooth were found to be extremely worn (Fig. 2F). We found 
such patterns in both wild and captive giraffe, indicating that 
they are not exclusively a result of captivity conditions. While 
the cause for these irregularities is unknown, we hypothesize 
that it is most likely related to jaw mechanics and specific 
behavioral traits. For example, the consumption of preferred 
Vachellia and Senegalia leaves often results in the accidental 
consumption of thorns, which in turn can cause small oral 
injuries. Depending on the severity of such injuries, individuals 
may be forced to move their jaws in a repetitive, particularly, 
and possibly irregular manner, eventually leading to more 
evident dental wear on particular regions of the toothrow.

CRANIAL IRREGULARITIES

Since all studied specimens were either government or private 
property, it was not possible to obtain histopathologic bone 
samples. Thus, we cannot be certain regarding the cause of 
the disorders.

Maxillary erosions
The maxillary erosions were observed in 206 specimens 
(39.9%) and in an extended stage in 109 (21.1%). They were 
developed around the alveoli, gradually exposing dental roots 
and eventually resulted in teeth loss. The morphology of the 
affected areas was visually consistent with periodontitis, a 
common disease in many mammalian taxa, including can-
ids, mustelids, seals, hyenas, hedgehogs, livestock, and deer 
(Verstraete 2003; Govender et al. 2011; Albuquerque et al. 
2012; Azorit et al. 2012; Borsanelli et al. 2018; Evenhuis 
et al. 2022; Kargopoulos et al. 2024b). Initially, periodontitis 
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appears through accumulated plaque on the teeth, which is 
then infected with bacteria (Walli & Holcombe 2020). The 
bacterial activity around the teeth results in the recession of 
the alveolar margin, inflammation, and bone remodelling 
such as bone resorption, pitting, and reactive bone formation 
(Neville et al. 2002; Albuquerque et al. 2012).

A giraffe’s diet includes a wide variety of plant food sources. 
Vachellia and Senegalia spp. are often the predominant dietary 
preference, even though seasonal availability leads to the selec-
tion of other options (Dagg 1971, 2014; Krumbiegel 1971; 
Shorrocks 2016; and references therein). Even though the car-
bohydrate/sugar contents of preferred Vachellia and Senegalia 

leaves are relatively low (Mokoboki et al. 2005; Khanyile et al. 
2014; Kheloufi et al. 2019), the quantities consumed could 
lead to the development of plaque that acts as a physical setting 
for the growth of bacteria. Vachellia and Senegalia also have a 
variety of thorns, and some have a symbiotic relationship with 
ants as a defence against browsing, even though the latter is not 
seen in most of the plants foraged by giraffe (e.g., Goheen & 
Palmer 2010; Martins 2010). Therefore, it is possible that the 
thorns might cause oral scratches, which could potentially act 
as a way of spreading the disease into the maxilla. 

Given the very high frequency of maxillary erosions in 
giraffe, it can be deduced that at least at an early stage they 
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do not cause significant problems in the mastication. How-
ever, advanced stages that are usually combined with dental 
loss would definitely affect the ability of the giraffe to chew 
properly and maintain digestion. Note that in the current 
study, mandibles were very rarely studied. Such pathologies 
may also affect the lower teeth and the mandibular corpus, 
with further evaluation required.

Ossicone asymmetry
Several specimens (n=37) displayed ossicone asymmetry 
through either shortening of the left or right ossicone or 
showed a deviation of one ossicone from midline. However, 
most cases involved unilateral shortening of one ossicone, 
likely related to congenital development or potentially could 
be evidence of fluctuating asymmetry, which refers to the 
random, non-directional deviation from bilateral symmetry, 
possibly resulting from an organism undergoing environ-
mental or genetic stress (Palmer 1994; von Hardenberg et al. 
2004). Fluctuating asymmetry has been seen in various wild 
ruminant species (Bowyer et al. 2001; Côté & Festa-Bianchet 
2001; Chirichella et al. 2020). Other potential causes for os-
sicone asymmetry could have resulted from trauma caused 
by necking or fighting among males.

Potential trauma
Male giraffe engage in intraspecific aggression (necking) which 
generally involves the use of their necks and heads to assert 
dominance, starting in early adulthood (Pratt & Anderson 
1982, 1985; Brand 2007). Over their lifetime, bull giraffe 
engage in fights, and it is therefore reasonable to propose that 
the increased areas of periosteal bone growth over the various 
aspects of the skull and ossicones observed in this study can 
be linked to trauma from necking and fighting behaviour. 

Periosteal reactive growth consists of the periosteal deposi-
tion of bone that results in an over-growth on its outer surface 

(Allen et al. 2022). Four cases of completely fractured ossicones 
were observed in our analysis. For the two males this could 
very well be a potential result of fighting behaviour, but the 
underlying cause is less clear for the two female specimens. 
Female giraffe are less likely to engage in fighting behaviour 
(Simmons & Scheepers 1996), yet such trauma might be a 
result of an accident or defence or getting caught in a tree or 
other obstacle. Additionally, female ossicones are far narrower 
and more fragile than those of the males, making them more 
susceptible to fractures. All cases of potential trauma showed 
nonaggressive bone formation and uncomplicated fracture 
healing. However, other causes such as infection, neoplasia, 
or congenital malformations cannot be entirely ruled out.

Congenital abnormalities and Neoplasia
Congenital abnormalities and incidences of neoplasia are 
poorly documented in wild giraffe (Ferguson et al. 2023) and 
rare in zoo giraffe (Doden et al. 2021; Ferguson et al. 2023; 
and references therein). Among 516 studied skulls, we only 
observed four cases of possible congenital abnormalities (in 
age classes D and E) and one possible case of neoplasia. In 
two cases, we observed abnormal holes or the absence of bone 
growth in the nasal bones. These holes were in close proxim-
ity to each other, so a predator’s canines were excluded as a 
cause. With little evidence of bone healing, trauma is also less 
likely as a cause for these abnormalities. 

The case of a midfacial cleft palate was noted in a male 
giraffe (NAM-HOA-1, G. g. angolensis, adult, Namibia) 
known in life (Fig. 9) and reported by Ferguson et al. (2023). 
The skull was discovered in northwest Namibia, after the 
individual was preyed upon by lions in October 2024 at 
nine years of age (A. Ekandjo pers. comm. 2024). The skull 
of this giraffe confirmed the previously reported (Ferguson 
et al. 2023) congenital abnormality of a non-fusion of the 
nasal and frontal bones. However, due to predation damage 
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of the skull we could not determine whether the abnormality 
extended to the palatine bones of the hard palate. Since this 
giraffe was known while alive, we are aware that it was gener-
ally in good body condition and that it had no plant material 
around the nose during rumination or feeding (A. Ekandjo 
pers. comm. 2024) suggesting that a cleft of the hard or soft 
palate was unlikely. 

Finally, our study reports one case of lateral deviation of 
the nasal bones consistent with wry nose, also previously 
described in wild giraffe (Ferguson et al. 2023). This was the 
first known case of wry nose in a male and Masai giraffe, with 
prior reports being restricted to females (Ferguson et al. 2023). 

Interestingly, only one skull in our sample exhibited charac-
teristics that suggested a neoplasm. The male had moderate to 
severe bone alterations of the right side of the skull extending 
from the mandible to the maxilla and including the base of 
the right ossicone and frontal portion of the skull. However, 
without histological evaluation of the bone, we cannot make 
a definite diagnosis, since aggressive osteomyelitis could also 
result in similar deviations of bone tissue.

FREQUENCIES OF THE STUDIED PATHOLOGIES 
AND IRREGULARITIES

A considerable percentage of the studied sample exhibited pa-
thologies or irregularities. In particular 284 specimens showed 
signs of irregularities/pathologies, corresponding to 55.0% 
of the total number of studied skulls. While 199 specimens 
only showed one deviation, 83 specimens (16.1%) showed 
multiple. Out of these 83 specimens, 70 (13.6%) presented 
two anomalies, 13 (2.5%) had three, and two specimens 
(0.4%) showed four different anomalies. The most com-
mon pathology was periodontitis (maxillary erosions) with a 
total of 206 specimens (39.9% of the sample), followed by 
the irregular morphology of the M3 (mainly concerning the 

size of the hypocone), which was detected in 72 specimens 
(14.0% of the sample). The rest of the anomalies were seen 
in percentages lower than 5%. 

A more detailed distribution of the absolute and relative 
frequencies of the cases per species, subspecies, North/South, 
sex, and age can be seen in Table 1, whereas pairwise statis-
tical significance between different groups can be found in 
Appendix 3. In terms of taxonomic distribution of all the 
cases, G. camelopardalis included 62 specimens with patholo-
gies/irregularities (53.9%), G. giraffa showed 116 (64.4%), 
G. reticulata included 23 (67.7%; the highest in the sample), 
G. tippelskirchi showed 57 (44.2%; the lowest in the sample). 

Dental irregularities (absent teeth, misaligned teeth, bro-
ken teeth, irregular dental morphology, and irregular dental 
wear) showed a relatively homogenous distribution in all 
groups. Taxonomically, they were mostly noted in G. giraffa 
(39.1%), and the lowest in G. t. tippelskirchi (12.4%). The 
relative frequency was higher in G. c. camelopardalis and G. r. 
reticulata, than in G. giraffa and G. t. tippelskirchi; but not 
statistically significant differences. The distribution were also 
similar between males and females. Juvenile specimens (age 
classes A and B) did not show any signs of such deviations, 
and most were observed in adults (33.3%) (Appendix 3).

Periodontitis was noted in 40 specimens for G. camelopardalis 
(34.8%; the lowest of the sample), 78 for G. giraffa (47.6%), 
17 for G. reticulata (50%; the highest of the sample), and 
50 for G. tippelskirchi (38.8%). Even though there are some 
differences in the percentages between the four species, no 
statistically significant separation was found. Similarly, no 
difference was found between males and females. However, 
there is a considerable difference in the presence of peri-
odontitis in older individuals (Fig. 10). No maxillary erosions 
were found in the age classes A or B, followed by relatively 
low percentages in the age classes C, D, and E, whereas the 
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relative frequencies become gradually higher in the older age 
classes, reaching 87.5% for age class I. Statistically significant 
differences were found between all the age groups and between 
most of the age classes.

Ossicone asymmetry, bending or breakage, was mostly found 
in G. giraffa (12.8%) and was significantly lower in G. tip-
pelskirchi (5.4%). The other two species showed intermediate 
and not statistically significant positions. These deviations 
affected males (13.3%) more than females (3.1%), showing 
statistically significant differences, and supporting the hy-
pothesis of fight-related trauma. The ossicone deviations are 
also only seen in adult and old individuals.

Finally, no statistically significant patterns were detected in 
the distribution of surface anomalies (nasal fistulae, expanded 
secondary ossification, cleft palate, neoplasia, periosteal re-
action), even though most were male (n=14) versus female 
(n=2). As mentioned, this is not a random dataset, and the 
results can be biased by the ways of acquiring the specimens.

CONCLUSION

We reported a variety of cases of craniodental pathologies 
and irregularities. Our results suggest that more than half 
(55.0%) of the giraffe skulls had at least one pathology/ir-
regularity and that 16.1% had more than one. Periodontitis 
was the most common with 39.9% of the sample, correlated 
with age, but not with taxonomy or sex. Dental irregularities 
are more common in G. giraffa and less in G. tippelskirchi, 
while they are absent in juveniles. The ossicones of males 
show more common fracture and bending, possibly due to 
fighting. 
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APPENDICES
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APPENDIX 2

Age Class Actual Age Age Group Characteristics

and fully erupted adult cheek teeth present

C Only adult cheek teeth present
Interparietal suture closed.

D
Metopic and coronal 

sutures partially closed

Metopic and coronal 
sutures closed

M1 distal loop open.

G Presence of dentine connection between the 
paracone and metacone of M1.

Complete absence of enamel between the 
paracone and metacone of M1.

I
Complete absence of enamel and possibly visible pulp cavities 

of M1

APPENDIX 3

Dental Irregularities antiquorum camelopardalis peralta angolensis reticulata thornicrofti tippelskirchi
antiquorum
camelopardalis 0.010523
peralta 0.017473
angolensis 0.033983

0.010523 0.017473 0.03692 0.00031331
reticulata 0.035536
thornicrofti 0.03692
tippelskirchi 0.033983 0.000313 0.035536
Periodontitis antiquorum camelopardalis peralta angolensis reticulata thornicrofti tippelskirchi
antiquorum 0.013694 0.027557
camelopardalis
peralta
angolensis

0.013694
reticulata 0.027557
thornicrofti
tippelskirchi
Ossicones antiquorum camelopardalis peralta angolensis reticulata thornicrofti tippelskirchi
antiquorum
camelopardalis
peralta 0.036712
angolensis

reticulata
thornicrofti
tippelskirchi 0.036712
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Surface Anomalies antiquorum camelopardalis peralta angolensis reticulata thornicrofti tippelskirchi
antiquorum
camelopardalis
peralta
angolensis

reticulata
thornicrofti
tippelskirchi

Dental Irregularities camelopardalis reticulata tippelskirchi
camelopardalis 0.000088741

0.000088741 <0.000001
reticulata 0.031685
tippelskirchi <0.000001 0.031685
Periodontitis camelopardalis reticulata tippelskirchi
camelopardalis

reticulata
tippelskirchi
Ossicones camelopardalis reticulata tippelskirchi
camelopardalis

0.032785
reticulata
tippelskirchi 0.032785
Surface Anomalies camelopardalis reticulata tippelskirchi
camelopardalis

reticulata
tippelskirchi

 camelopardalis G. reticulata 
G. tippelskirchi 

Dental Irregularities North South

Periodontitis North South

Ossicones North South

Surface Anomalies North South

Dental Irregularities Males Females

Periodontitis Males Females

Ossicones Males Females
0.00018188

0.00018188
Surface Anomalies Males Females
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F

Dental Irregularities Juvenile Adolescent Adult Old
0.000017583 <0.000001 0.0020742

0.000017583
<0.000001 0.03043

0.0020742 0.03043
Periodontitis Juvenile Adolescent Adult Old

0.0000023864 <0.000001 <0.000001
0.0000023864 0.00043242 <0.000001

<0.000001 0.00043242 0.00039264
<0.000001 <0.000001 0.00039264

Ossicones Juvenile Adolescent Adult Old
0.000028533 0.007467
0.00030763 0.016598

0.000028533 0.00030763 0.79875
0.007467 0.016598 0.79875

Surface Anomalies Juvenile Adolescent Adult Old

E

Dental 
Irregularities A B C D E F G H I

0.0392 0.0032 < 0.0001 < 0.0001 0.0042 0.0392
0.0206 0.0007 < 0.0001 < 0.0001 0.0010 0.0206

C 0.0392 0.0206
D 0.0032 0.0007

0.0001 < 0.0001
0.0001 < 0.0001

G 0.0042 0.0010
0.0392 0.0206

I
Periodontitis A B C D E F G H I

0.0010 0.0068 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
0.0003 0.0016 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

C 0.0010 0.0003 0.0113 0.01759 0.0019
D 0.0068 0.0016 < 0.0001 < 0.0001 0.0001 < 0.0001

0.0001 < 0.0001 0.0006 0.0001 0.0013 < 0.0001
< 0.0001 < 0.0001 < 0.0001 0.0006 0.0277

G < 0.0001 < 0.0001 0.0113 < 0.0001 0.0001
< 0.0001 < 0.0001 0.0176 < 0.0001 0.0013

I < 0.0001 < 0.0001 0.0019 < 0.0001 < 0.0001 0.0277
Ossicones A B C D E F G H I

0.0138 0.0231 0.0330 0.0392
0.0022 0.0064 0.0113 0.0206

C
D 0.0042 0.0067 0.0263 0.0265

0.0138 0.0022 0.0042
0.0231 0.0064 0.0067

G 0.0330 0.0113 0.0263
0.0392 0.0206 0.0265

I  
Surface 

Anomalies A B C D E F G H I

C
D

G

I


