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Skull specimens from: southern sea otter (Enhydra lutris nereis), Eastern Pacific harbor seal (Phoca vitulina), California sea lion (Zalophus californianus), northern fur seal (Callorhinus ursinus), walrus (Odobenus rosmarus), polar bear (Ursus maritimus), North American brown bear (Ursus arctos), American black bear (Ursus americanus), California mountain lion (Puma concolor couguar), California bobcat (Lynx rufus californicus), gray fox (Urocyon cinereoargenteus), kit fox (Vulpes macrotis), and gray wolf (Canis lupus) (n = 5,011) were macroscopically examined for dental and temporomandibular joint (TMJ) pathology. The presence of temporomandibular joint osteoarthritis (TMJ-OA) varied across species: 4.1% of southern sea otter, 34.5% of harbor seal, 85.5% of California sea lion, 20% of northern fur seal, 60.5% of walrus, 9.2% of polar bear, 13.2% of North American brown bear, 50% of American black bear, 20.9% of California mountain lion, 0% of California bobcat and gray fox, 6.3% of kit fox, and 11.6% of gray wolf specimens had lesions consistent with TMJ-OA. TMJ-OA was significantly more prevalent in males than females in walrus, North American brown bear, polar bear, American black bear, and California mountain lion (p < 0.001, p = 0.005, p = 0.005, p = 0.002, and p = 0.004, respectively). No other species showed a sex predilection. Adult specimens were significantly more affected with TMJ-OA than young adults in the harbor seal, fur seal, walrus (all p < 0.001), and kit fox (p = 0.001). Gray wolf and American black bear young adults were significantly (p = 0.047 and p < 0.001) more affected by TMJ-OA than adults. Of the 13 species analyzed, only three species, namely the harbor seal, northern fur seal, and polar bear, had a significant increase in the prevalence of TMJ-OA if their teeth had attrition and abrasion (p < 0.001, p < 0.001, and p = 0.033, respectively). TMJ-OA can lead to morbidity and mortality in wild animals, but its etiology is not yet fully understood.
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INTRODUCTION

The temporomandibular joint (TMJ) is an anatomical trait that is unique to the Mammalia class (1). The TMJ is a synovial joint made up of the mandibular head of the condylar process of the mandible and the mandibular fossa of the squamous portion of the temporal bone that are covered by a fibrocartilaginous layer (2–5). It is separated by an articular disc, creating a dorsal and ventral compartment in the joint. The articular surface is comprised of cartilage with an overlying fibrous component from the periosteum. During mastication the mandible is the mobile component of the bony components of the TMJ while all other components remain immobile (3). When masticatory muscles contract during mastication the TMJ is a load-bearing structure (1, 6).

Understanding TMJ pathology is integral to understanding a specific animal species' health. A functional TMJ is critical to an animal's ability to forage and express behaviors necessary for survival. TMJ pathology can lead to morbidity and, if severe, mortality of wild animal populations (Figures 1–3).


[image: Figure 1]
FIGURE 1. Ventral view of severe TMJ-OA of a male southern sea otter (Enhydra lutris nereis). Bony proliferation at the right retroarticular process (arrow) encircles the mandibular head, resulting in an inability to disarticulate the joint. Scale, 10 mm.
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FIGURE 2. Ventral view of bilateral TMJ-OA of a female southern sea otter (Enhydra lutris nereis). The left mandibular fossa has mild OA as evidenced by mild subchondral bone erosion (arrow). The right mandibular fossa has severe OA as evidenced by more pronounced subchondral bone erosion and porosity.
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FIGURE 3. Ventral view of unilateral TMJ-OA at the left mandibular fossa of a female southern sea otter (Enhydra lutris nereis). Note the absence of articular surface and severe destruction of the subchondral bone.


In health, the TMJ is critical to normal dental occlusion and the mandibular movement that allows mastication by redistributing the stress of these motions. Both of which are key components for survival (2, 7). TMJ osteoarthritis or osteoarthrosis (TMJ-OA) (depending on if there is an inflammatory origin) commonly occurs when the normal remodeling process caused by mechanical stress on the joint is overwhelmed, the adaptive capacity is exceeded, and the remodeling becomes pathologic. TMJ-OA is associated with pain and characterized by deterioration and abrasion of the articular cartilage and local thickening and remodeling of the underlying bone (Figure 4). Although the etiology of TMJ-OA is variable and unknown, it is believed to be the end result of many different pathogeneses; e.g., internal derangement of the disc, trauma, neoplasia, hormonal or metabolic changes, unbalanced loading of force or overloading of the joint, and malocclusion (6, 8).


[image: Figure 4]
FIGURE 4. Comparison of gray wolf (Canis lupus) temporomandibular joints. (A) a healthy right mandibular head (UAM115902, unknown sex) with diseased right mandibular heads displaying (B) a severe central OCD-like lesion (UAM 70583, male) and (C) mild OA (UAM 87890, female), (D) moderate OA (UAM 87884, female) and (E) severe OA of the entire mandibular head (UAM 102040, unknown sex).


In human medicine, TMJ disorders affect up to 25% of the population, although not all people get treatment (9). TMJ disorders disproportionately affect females, with two to eight times more females affected than males (2). Although TMJ disorders are generally considered degenerative, the majority of humans presenting to hospitals are between 20 and 50 years old (2). It has been proposed that patients with bruxism or attrition are more likely to acquire TMJ-OA, but as the body of scientific literature published on this subject grows, the associations between attrition and TMJ disorders remain unclear (10, 11).

There is interspecies variation in the function and morphology of the TMJ that has evolved based on feeding mechanisms (1). All species in this study are present in the Western United States, inhabiting a variety of habitat ranges. The following marine mammals, harbor seal (Phoca vitulina), California sea lion (Zalophus californianus), northern fur seal (Callorhinus ursinus), and walrus (Odobenus rosmarus) are all carnivores with non-masticatory feeding behaviors, i.e., they swallow their food whole after an initial bite to capture their prey, or suction shellfish out of their shells (12, 13). The southern sea otter (Enhydra lutris nereis), on the other hand, is a marine mammal that relies heavily on mastication, eating a wide variety of marine species including hard shelled invertebrates such as sea urchins, mussels, clams and crabs which can be chewed whole (14, 15). Of the three bear species in this study, the polar bear (Ursus maritimus) is carnivorous, but eats primarily blubber and soft foods requiring minimal mastication (16). The North American brown bear (Ursus arctos) and the American black bear (Ursus americanus) are omnivorous, with the brown bear tending to be more carnivorous and the black bear tending to be more herbivorous (17, 18). The fibrous components of plants require more extensive mastication than muscle or fat. The California mountain lion (Puma concolor couguar) and the California bobcat (Lynx rufus californicus) are both carnivores, and use their teeth mostly for cutting and ripping meat (19). Of the three canids studied (gray fox (Urocyon cinereoargenteus), kit fox (Vulpes macrotis), and gray wolf (Canis lupus)), the gray fox is the only omnivorous opportunistic feeder. The kit fox and gray wolf are both carnivorous, but the kit foxes' primary diet is composed of small mammals, while gray wolves typically hunt prey larger than themselves (20–22).

The aim of this study was to determine the prevalence of TMJ-OA in wild carnivora and to determine if there is an association between TMJ-OA and attrition and abrasion by examining skulls within museum collections.



MATERIALS AND METHODS

Since 2004 skull specimens (n = 5,011) from 13 species were macroscopically examined by a team of researchers from the University of California, Davis School of Veterinary Medicine for dental and temporomandibular joint pathology based on predefined criteria first used in (23–25) and subsequently used in (26–39). The 5,011 specimens were made up of 1,007 southern sea otters, 194 harbor seals, 1,085 California sea lions, 145 northern fur seals, 76 walruses, 249 polar bears, 204 North American brown bears, 348 American black bears, 91 California mountain lions, 277 California bobcats, 569 gray foxes, 559 kit foxes, and 207 gray wolves. The specimens were housed in museum collections at the Department of Ornithology and Mammalogy, California Academy of Science in San Francisco, Museum of Vertebrate Zoology at the University of California, Berkeley, and Department of Mammalogy, Museum of the North, University of Alaska, Fairbanks. The specimens were each labeled with a catalog number, date and location of collection, and sex and age status (adult, young adult, and juvenile) if known. Juveniles were determined based on mixed dentition or the presence of deciduous teeth and young adults were identified by incomplete closure of the sutures in the skull. Only specimens with permanent dentition were analyzed. The only species in which juveniles were examined was the California sea lion because juveniles have a complete permanent dentition. California sea lion neonates were excluded from this study due to mixed or deciduous dentition. The specimens were obtained via public donations (commonly trappers and hunters), government agencies, stranded carcass recovery, wildlife center donations, “by-caught” animals, and unique to Alaska, specimens were also obtained by hunting permits for subsistence and animals killed under the “Defense of Life and Property” laws.

From the species-specific data we focused on the relevant pathologic lesions to compare the prevalence, sex, and age predilections across the 13 species. The presence of TMJ-OA and attrition and abrasion along with the sex and age of the skulls affected by these lesions were compiled. Additionally, specimens with attrition and abrasion were cross-checked with the specimens with TMJ-OA lesions to compile a list of specimens affected by both pathologic processes in order to determine if there was a correlation between attrition and abrasion and the presence of TMJ-OA.

To describe the wear of the teeth, each tooth was examined for attrition and abrasion. Attrition is defined as “the physiological wear of the teeth caused by the normal movement of teeth against one another or between food and teeth during mastication, hence the occlusal surfaces are commonly affected. Abrasion is defined as the wear due to an abnormal mechanical process.” (40). As it is difficult to differentiate the two processes during the macroscopic examination they were grouped together for the purpose of this study and are defined as “rounding or flattening of the cusp tip; exposure of dentine, with or without tertiary dentine formation” (24). For this study we used either the presence or absence of attrition and abrasion; in some of the species attrition and abrasion was recorded in stages of severity, but this method was not consistent across all species (Figure 5).
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FIGURE 5. Different Gray wolf (Canis lupus) specimens with signs of attrition/abrasion: (A) mild attrition and abrasion of a right mandibular first molar tooth (UAM100504, unknown sex), (B) moderate attrition and abrasion of a left mandibular first molar tooth (UAM 24108, female), (C) severe attrition and abrasion of a left mandibular first molar tooth (UAM 21244, male), (D) minimal attrition and abrasion on a right maxillary second molar tooth and moderate attrition and abrasion on a maxillary first molar and fourth premolar tooth (UAM 70584, female) and (E) mild attrition and abrasion on a right maxillary second molar tooth, moderate attrition and abrasion on a maxillary first molar tooth and severe attrition and abrasion on a right maxillary fourth premolar tooth (UAM 101217, female).


In order to examine skulls for TMJ pathology, the temporal fossa and the condylar process, including the mandibular head, were investigated on the right and left sides. Not all species examined in this study had scoring (mild, moderate, marked) recorded, therefore presence or absence of TMJ-OA was used. If none of the bony changes stated below were present, the joint was deemed normal, if any of these changes were present the skull was determined to have TMJ-OA. Mild TMJ-OA was scored if “any evidence of early lesions of periarticular new bone formation/osteophytes with minimal or no subchondral bone change.” Moderate TMJ-OA was defined as “periarticular new bone formation and/or subchondral bone changes were more pronounced.” Marked TMJ-OA was scored when “all of the previously described signs were present and more pronounced, or if subchondral bone lysis was present. A score of marked OA was also applied if partial or complete ankylosis was observed.” (25).

Investigators were trained to differentiate artificial damage, caused by the preparation and storage processes, from true pathology. Non-pathologic changes such as absent teeth without evidence of alveolar bone remodeling, fractures with sharp edges, or supraphysiological angles were all deemed to be caused by preparation or processing of the museum specimens. Skulls with considerable artifact were not included.

Thirteen species were divided into three groups based on their eating behavior. The first group was comprised of all non-masticatory marine mammals, including the Eastern Pacific harbor seal (Phoca vitulina), California sea lion (Zalophus californianus), northern fur seal (Callorhinus ursinus) and walrus (Odobenus rosmarus). The second group was made up of the polar bear (Ursus maritimus), gray fox (Urocyon cinereoargenteus) and kit fox (Vulpes macrotis), which were considered mild masticators. The final group contained the southern sea otter (Enhydra lutris nereis), North American brown bear (Ursus arctos), American black bear (Ursus americanus), California bobcat (Lynx rufus californicus), gray wolf (Canis lupus) and California mountain lion (Puma concolor couguar), which are all heavily masticating species.

Statistical Analysis: In order to compare species, we applied new statistical methods to the previously reported data in the individual species papers (25–39). All of the specimen information, attrition and abrasion, TMJ pathology data, and skulls affected by both pathologies from all thirteen species were compiled. Pearson's chi-square test of homogeneity was used to compare the three species groups (defined by feeding behavior) with respect to the presence or absence of TMJ-OA. All other data was analyzed by Fisher's exact tests. Statistical analysis was performed using Stata 15.1/IC (StataCorp, College Station, TX). P-values <0.05 were considered statistically significant.



RESULTS

A summary of all thirteen species' percentages of skulls with pathologic lesions consistent with TMJ-OA, attrition and abrasion and skulls with concurrent TMJ-OA and attrition and abrasion are shown in Table 1.


Table 1. Percentage of skulls with TMJ-OA, attrition and abrasion, and skulls with both pathologies present.
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Marine Mammals (Excluding the Polar Bear, Which Is Included in the Ursidae Section)

Southern sea otter (Enhydra lutris nereis)

Of the 1,007 southern sea otter skulls examined 539 were males, 463 females, and five were of an unknown sex. Seven hundred thirty-six of the specimens were adults and 271 were young adults. Of the 1,007 southern sea otter skulls, 41 had TMJ-OA present (4.1%) and 929 specimens exhibited attrition and abrasion (92%). There was no sex or age predilection for skulls with TMJ pathology. There was no statistical significance between male and females with attrition and abrasion. Adults had significantly (p < 0.001) more attrition and abrasion present compared to young adults. Thirty-seven (3.7%) specimens had both TMJ-OA and attrition and abrasion present. Eight hundred ninety two of the 966 skulls without TMJ-OA had attrition and abrasion present, while 37 of the 41 skulls with TMJ-OA had signs of attrition and abrasion, meaning the proportion of specimens with attrition and abrasion was not significantly different between southern sea otters with and without TMJ pathology.

Eastern Pacific harbor seal (Phoca vitulina)

One hundred ninety four specimens comprised of 89 males, 98 females, and five skulls of an unknown sex were examined. One hundred one of the specimens were adults and 93 were young adults. Sixty seven skulls (34.5%) had TMJ-OA and 101 skulls (52%) exhibited signs of attrition and abrasion. Adults were significantly (p < 0.001) more likely to be affected by both TMJ-OA and attrition and abrasion, compared to young adults. Neither males nor females were more affected by TMJ-OA or attrition and abrasion. Fifty seven (29%) of the skulls had both attrition and abrasion as well as TMJ-OA. The proportion of specimens with attrition and abrasion is significantly different (p < 0.001) between harbor seals with TMJ-OA vs. harbor seals without TMJ-OA. Thirty five percent (44/127) of specimens without TMJ pathology had attrition and abrasion, while 85% (57/67) of specimens with TMJ-OA had attrition and abrasion as well.

California sea lion (Zalophus californianus)

The 1,085 skulls examined comprised 671 males, 405 females, and nine animals of unknown sex. Six hundred twenty seven were adults, 351 were young adults and 107 were juveniles. Of the 1,085 California sea lions examined 928 (85.5%) had TMJ-OA lesions and 713 (65.7%) were affected by attrition and abrasion. Neither age nor sex were significantly different for specimens with TMJ-OA. Both males and adults were significantly more affected (p = 0.008 and p < 0.001, respectively) by attrition and abrasion than females and young adults. Six hundred thirteen (56.5%) skulls examined had both TMJ-OA and attrition and abrasion present. One hundred of the 157 (63.7%) skulls without TMJ-OA had attrition and abrasion present, meaning there was no significant difference in the proportion of specimens with attrition and abrasion in California sea lions with, and without, TMJ pathology.

Northern fur seal (Callorhinus ursinus)

Of the 145 specimens examined 71 were males, 56 were females and 18 were of an unknown sex, while 58 were adults and 87 were young adults. Twenty nine of the 145 skulls analyzed (20%) had TMJ-OA present and 34 (23.4%) of examined skulls had attrition and abrasion. Adults were significantly more likely than young adults to have TMJ-OA (p < 0.001) and attrition and abrasion (p < 0.001). There was no significant difference between males and females for both attrition and abrasion and TMJ-OA lesions. Nineteen (13.1%) of the specimens examined had both TMJ-OA and attrition and abrasion present. The proportion of specimens with attrition and abrasion was statistically significantly (p < 0.001) between northern fur seals with TMJ and northern fur seal without TMJ-OA. 12.9% (15/116) of specimens without TMJ pathology had attrition and abrasion, while 65.5% (19/29) of specimens with TMJ-OA had attrition and abrasion.

Walrus (Odobenus rosmarus)

The 76 specimens were comprised of 45 males, 29 females and two skulls of unknown sex. Fifty eight of the skulls were adults and 18 were young adults. Of the 76 walrus skulls examined 46 specimens (60.5%) had TMJ-OA and 70 (92.1%) had attrition and abrasion present. Both TMJ-OA and attrition and abrasion were significantly more likely in adults than young adults (p < 0.001 and p = 0.025, respectively). TMJ-OA was found to be significantly (p < 0.001) more prevalent in males than females. Of the 76 specimens investigated, 44 (57.9%) had both TMJ-OA and attrition and abrasion. There was no significant difference between the specimens with attrition and abrasion and the presence of TMJ-OA. 86.6% (26/30) of the specimens without TMJ-OA had attrition and abrasion present, while 95.6% (44/46) of the specimens with TMJ-OA also had attrition and abrasion.



Ursidae

Polar bear (Ursus maritimus)

The 249 polar bear specimens included 126 males, 93 females, and 30 animals of an unknown sex. The distribution of adults and young adults were almost equal with 125 and 124, respectively. Twenty three (9.2%) of the 249 polar bear specimens had lesions consistent with TMJ-OA and 41 (16.5%) of the skulls has attrition and abrasion present. Males were significantly more likely to have TMJ-OA and attrition and abrasion (p = 0.005 and p = 0.009, respectively) than females. Adults were significantly (p = 0.039) more likely to have attrition and abrasion than young adults, but there was no significant difference present between ages for TMJ-OA. Eight (3.2%) of the skulls had both TMJ-OA and attrition and abrasion present. There was a significant (p = 0.033) increase in prevalence of TMJ-OA if the specimen's teeth were affected by attrition and abrasion. Fourteen point six percent (33/226) of specimens without TMJ pathology had attrition and abrasion, while 34.8% (8/23) of specimens with TMJ-OA had attrition and abrasion.

North American brown bear (Ursus arctos)

Of the 204 North American brown bear specimens 99 were males, 87 were females, and 18 were unknown, 92 were adults and 112 were young adults. Thirteen point two percent (n = 27) of the skulls examined had TMJ-OA and 100% (n = 204) had attrition and abrasion. Males were significantly more affected by TMJ-OA (p = 0.005) than females, but there was no significant age difference. Additionally, there was no significant difference between age or sex for the skulls with attrition and abrasion. All 27 specimens affected with TMJ-OA also had attrition and abrasion present. The proportion of teeth with attrition/abrasion was not significantly different between those with and without TMJ pathology. One hundred percent of specimens with and without TMJ-OA had attrition and abrasion present.

American black bear (Ursus americanus)

The 348 skulls examined included 125 males, 107 females, and 116 animals of an unknown sex. There were 284 adults and 64 young adults. One hundred seventy four (50%) had TMJ-OA present and 338 specimens (97.1%) had attrition and abrasion. Males were significantly (p = 0.002) more affected by TMJ-OA than females, but there was no sex predilection for attrition and abrasion. Young adults were significantly more affected (p < 0.001) than adults for TMJ-OA, but adults were significantly (p = 0.022) more affected by attrition and abrasion. One hundred sixty eight (48.3%) of the specimens had both TMJ-OA and attrition and abrasion present. The proportion of specimens affected by attrition and abrasion was not significantly different between those with and without TMJ-OA. Ninety seven point seven percent (170/174) of specimens without TMJ pathology had attrition and abrasion, while 96.5% (168/174) of specimens with TMJ-OA had attrition and abrasion.



Felidae

California mountain lion (Puma concolor couguar)

The 91 California mountain lions comprised 42 males, 34 females, and 15 of an unknown sex. In the collection there were 39 adults and 52 young adults. Nineteen (20.9%) skulls were affected by TMJ-OA and 85 (93.4%) skulls had signs of attrition and abrasion. Males were significantly (p = 0.004) more affected by TMJ-OA than females, but there was no significant difference between adults and young adults. Neither age grouping, nor sex, were found to have a significant difference for specimens affected by attrition and abrasion. All specimens with TMJ-OA were also affected by attrition and abrasion. Ninety one point six percent (66/72) of specimens without TMJ pathology had attrition and abrasion, while 100% (19/19) of specimens with TMJ-OA had attrition and abrasion. There was no significant difference in specimens affected by attrition and abrasion between skulls with TMJ-OA and without TMJ-OA.

California bobcat (Lynx rufus californicus)

Of the 277 specimens examined, 128 were males, 114 females, and 35 were an unknown sex. There were 221 adults and 56 young adults. Two hundred thirty six (85.2%) of the specimens were affected by attrition and abrasion and none were affected by TMJ-OA. There was no significant difference between sex or age in the specimens affected by attrition and abrasion.



Canidae

Gray fox (Urocyon cinereoargenteus)

The 569 gray fox skulls examined included 261 males, 196 females, and 112 with sex unknown. There were 481 adults, 67 young adults, and 21 whose age was unknown. Of the 569 skulls examined, none of them were affected by TMJ-OA and 487 (85.6%) skulls were affected by attrition and abrasion. Adult skulls were significantly (p < 0.001) more affected with attrition and abrasion than young adults.

Kit fox (Vulpes macrotis)

The 559 kit fox skulls consisted of 267 males, 248 females, and 44 animals of unknown sex. Four hundred thirty one skulls were adults and 128 skulls were young adult animals. Thirty five (6.3%) specimens were affected by TMJ-OA and 506 (90.5%) were affected by attrition and abrasion. Adults were significantly more affected by both TMJ-OA and attrition and abrasion (p = 0.001 and p < 0.001, respectively) than young adults. Female kit foxes were significantly (p = 0.011) more affected by attrition and abrasion than males. There was no significant difference between sexes for the skulls affected with TMJ-OA. All 35 of the specimens with TMJ-OA were found to also have attrition and abrasion. Eighty nine point eight percent (471/524) of specimens without TMJ pathology had attrition and abrasion, while 100% (35/35) of specimens with TMJ-OA had attrition and abrasion meaning there was no significant difference found between the specimens affected by attrition and abrasion between skulls with TMJ-OA and without TMJ-OA.

Gray wolf (Canis lupus)

The 207 gray wolf specimens included 65 males, 104 females, and 38 unknown sex. There were 83 adults and 124 young adults. Twenty four (11.6%) of the 207 gray wolf specimens examined were affected by TMJ-OA and 143 (69%) specimens had attrition and abrasion present. Adults were significantly (p < 0.001) more affected with attrition and abrasion than young adults, but young adults were significantly (p = 0.047) more affected by TMJ-OA than adults. Neither TMJ-OA or attrition and abrasion was found to have significance between males and females. Fourteen (6.9%) of the skulls affected with TMJ-OA were also affected by attrition and abrasion, but there was no significant difference between specimens affected with attrition and abrasion and specimens with and without TMJ pathology. Seventy point five percent (129/183) of specimens without TMJ pathology had attrition and abrasion, while 58.3% (14/24) of specimens with TMJ-OA had attrition and abrasion.



Age

Of all 13 animal species studied, adult eastern Pacific harbor seal, northern fur seal, walrus, and kit fox were significantly (p < 0.001, p < 0.001, p < 0.001, and p = 0.001, respectively) more affected than young adults with TMJ-OA. Adult Southern sea otter, eastern Pacific harbor seal, California sea lions, Northern fur seal, walrus, polar bear, American black bear, gray fox, kit fox, and gray wolf were significantly (p < 0.001, p < 0.001, p < 0.001, p < 0.001, p = 0.025, p = 0.039, p = 0.022, p < 0.001, p < 0.001, and p < 0.001, respectively) more affected with attrition and abrasion than young adults. In the American black bear and gray wolf, young adults were significantly (p < 0.001 and p = 0.047, respectively) more affected by TMJ-OA than adults (Table 2).


Table 2. Percentages of skulls with TMJ-OA divided by sex and age groupings.
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Sex

Males were significantly more affected by TMJ-OA than females in walrus (p < 0.001), polar bear (p = 0.005), North American brown bear (p = 0.005), American black bear (p = 0.002), and California mountain lion (p = 0.004). Males were significantly more affected by attrition and abrasion in California sea lions (p = 0.008), polar bear (p = 0.009). Female kit foxes were significantly (p = 0.011) more affected by attrition and abrasion than males (Table 2).



Attrition and Abrasion and TMJ-OA

Of the 13 species analyzed, three species: the harbor seal, Northern fur seal and polar bear, had a significant increase in the prevalence of TMJ-OA if their teeth had attrition and abrasion (p < 0.001, p < 0.001, and p = 0.033, respectively).



Feeding Behavior

Differences in TMJ-OA prevalence between the three species groupings were significantly different (p < 0.001). In non-masticatory marine mammals, mild masticators, and heavily masticating species the prevalences were 79.9, 4.2, and 13.7, respectively.




DISCUSSION

Attrition and abrasion are signs of wear, and therefore, point to use of the teeth (mastication) and work of the TMJ. Interestingly only three species, the harbor seal, Northern fur seal and polar bear, had a significant increase in the prevalence of TMJ-OA when their teeth had attrition and abrasion. This leads us to believe there is no consistent association between heavy chewing and TMJ-OA. This finding is consistent with inconclusive studies between dental wear and TMJ degeneration in the human literature (10, 11). In addition, the three species with increased prevalence are not heavily masticating species; the harbor seal and Northern fur seal swallow their food whole, while the polar bear eats mostly blubber (13, 16). This could mean most of the species studied have enough remodeling capacity to balance off the stress and compensation of the TMJ, thus avoiding TMJ-OA during normal mastication for the species. TMJ-OA is therefore more likely caused by another etiology, not normal mastication. Some possible etiologies for TMJ-OA could include genetic factors, feeding behaviors, endocrinopathies, neoplasia, trauma, anatomical structural differences, polyarthritis or a multifactorial disease (6, 8). Mastication on an abnormal joint that already has TMJ-OA might further exacerbate and worsen the severity of the disease process but is unlikely to be the sole cause of TMJ-OA in these wild carnivora species. Further studies into TMJ-OA in wild carnivora in live animals or on specimens with soft tissues present are needed to provide further insight into this disease etiology and its role in morbidity and mortality of these populations.

In 1936 Colyer published “Variations and Diseases of the Teeth of Animals,” in which museum specimens from the Odontological Museum of the Royal College of Surgeons of England were examined. While Colyer did discuss attrition and abrasion, there was no mention of TMJ pathology in his work (41). The first published cases of TMJ pathology in wild carnivores was discovered in Northern elephant seals (Mirounga angustirostris) in 2005. Of the 104 specimens examined, three had signs of TMJ-OA (28). Since 2004 a team of researchers at the University of California, Davis have collected data from 13 species from three museum collections: California Academy of Sciences, Museum of Vertebrate Zoology of the University of California Berkeley, and Museum of the North, University of Alaska, Fairbanks. In the 13 species analyzed in this study, a wide range of TMJ-OA prevalence was found: 4.1% of southern sea otter, 34.5% of harbor seal, 85.5% of California sea lion, 20% of northern fur seal, 60.5% of walrus, 9.2% of polar bear, 13.2% of North American brown bear, 50% of American black bear, 20.9% of California mountain lion, 0% of California bobcat and gray fox, 6.3% of kit fox, and 11.6% of gray wolf specimens.

Only five species of the 13 species examined, the walrus, North American brown bear, polar bear, American black bear, and California mountain lion had a sex predilection, with males being significantly more affected than females. None of the species were found to have females significantly more affected by TMJ-OA than males. These findings show that there is no consistent pattern of which sex is more affected by TMJ-OA across the 13 species in this study. This is a direct contradiction to human TMJ-OA literature in which females are two-eight times more likely to have TMJ disease (2). In human medicine a suggested estrogen receptor polymorphism related to the increased prevalence of TMJ disorders in females might explain the large discrepancy between humans and wild animals (42). Additionally, in some of these wild populations males behave very differently from females, particularly in fighting other males for mates or territories. As an example of behavior differences between sexes leading to a difference in prevalence of pathology males walruses are more likely to have tusk fractures than females (12). This behavioral variation may cause different biomechanical stress or forces on the TMJ that the body can no longer compensate for, and therefore could cause a significant difference in the prevalence of TMJ-OA between sexes. Interestingly, in every bear species we examined males were significantly more affected than females. Further studies into the way each sex utilized their TMJ would provide insight into this question.

Across species there was no clear age distribution for TMJ-OA. In four species, eastern Pacific harbor seal, northern fur seal, walrus, and kit fox, adults were significantly more affected. However, in two species, the American black bear and gray wolf, young adults were significantly more affected than adults. TMJ-OA occurring in an older population follows logically because it is considered an acquired lesion. The older the animal, the more likely it is to acquire TMJ-OA. This is at odds with humans findings where there is a clear pattern of people between the ages of 20–50 being more affected than other age groups (2). As this study only analyzed museum specimens, we do not know when symptoms of TMJ disease started in these animals. Additionally the exact ages of these specimens are not known, there could be a range of ages within each age grouping, having precise ages could provide more insight into the age of onset and possible causes of etiology. It would be possible to obtain a far more accurate understanding of the role of animal age affected by TMJ-OA via a longitudinal study of live patients.

When we divided our 13 species into three groups based on how much mastication they utilize during normal feeding behaviors (non-masticatory, light mastication and heavy mastication), there was significant difference in the prevalence of TMJ-OA between three groups. Further studies into the ecological feeding behaviors and presence of TMJ-OA would be interesting to determine if anatomical changes in maxillofacial structures, such as size of musculature or location of the condylar process, affect the prevalence of TMJ-OA among species. For example, 85.5% of California sea lion skulls are affected by TMJ-OA. It has been postulated that the strong bite force required to catch their prey, their large oral aperture, and their low condylar process, may have an effect on acquiring TMJ-OA (43).

Due to the nature of this study we only had access to the hard tissues and could not analyze the soft tissue structures associated with the TMJ. Analyzing the disc for internal derangement, soft tissue trauma, and other possible derangements, could be critical to understanding the underlying etiology of TMJ-OA in wild carnivores. Additionally, we did not have consistent data on the severity of the lesions across all species which could provide insight into morbidity in these animals. Analysis of the entire skeleton, to access if there is polyarthritis present, would also be beneficial. [In the seven complete southern sea otter skeletons with TMJ-OA six showed signs of polyarthritis within the appendicular and vertebral joints (44)].

There was no clear association between attrition and abrasion, sex, or age across all wildlife species examined here. It is clear the signalment and current understanding of human TMJ disorders, while important to draw knowledge from, do not completely cross over into our wild animal populations, particularly in relation to sex and age. One can assume that TMJ-OA will contribute to morbidity and, in severe cases, mortality of these wild animals, therefore understanding its etiology and the consequences of this disease will be helpful on both an individual and population health level (45). Although we are still not certain what the etiology of the TMJ-OA was in the wild species examined, it is clear that normal mastication is not a consistent cause of TMJ-OA across species. Additional research into the etiology, and possible predisposing factors to the development of TMJ-OA in wild carnivores will be beneficial to better understanding of wildlife pathology.
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Harbor seal (Phoca vitulina) 345 52 29
Calffornia sea lion (Zalophus ~ 85.5 65.7 565
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(Callorhinus ursinus)
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rosmarus)
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North American brown bear 132 100 13.2
(Ursus arctos)

American black bear (Ursus 50 97.1 483
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Calffornia mountain lion 209 9.4 19.8
(Puma concolor couguar)

California bobat (Lynx rufus 0 85.2 0
calfornicus)

Gray fox (Urocyon o 85.6 o
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Southern sea ofter 54 30 47 22
(Enhydra lutris nereis)
Harbor seal (Phoca 296 404 54.4° 129"
vitulina)
Calfornia sea lion 836 86.7 8.6 829
(Zalophus
calfornianus)
Northern fur seal 286 169 37.9* 80"
(Callorhinus ursinus)
Walrus (Odobenus 172 86.6* 759° 1.1
rosmarus)
Polar bear (Ursus 2.1 12.7 12 73
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arctos)
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(Ursus americanus)
California mountain 88 38.1* 231 192
lion (Purna concolor
couguar)
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(Lynx rufus
calfornicus)
Gray fox (Urocyon o 0 0 0
cinereoargenteus)
Kit fox (Vupes 8.1 49 79 08"
macrotis)
Gray wolf (Canis 96 15.4 60 153"
lupus)

*indicates a significant (o < 0.05) difference between age or sex affected by TMJ-OA.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Temporomandibular Joint Pathology of Wild Carnivores in the Western USA



		Introduction



		Materials and Methods



		Results



		Marine Mammals (Excluding the Polar Bear, Which Is Included in the Ursidae Section)



		Ursidae



		Felidae



		Canidae



		Age



		Sex



		Attrition and Abrasion and TMJ-OA



		Feeding Behavior







		Discussion



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Veterinary Science

Temporomandibular Joint Pathology
of Wild Carnivores in the Western
USA





OPS/images/fvets-08-657381-g001.gif
§
B






OPS/images/fvets-08-657381-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Veterinary Science





