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A poster presented at the national meeting of American As-
sociation of Laboratory Animal Science in 200715 and a recent 
publication29 both reported that C57BL/6 mice are prone to the de-
velopment of hair-induced periodontitis. Both studies15,29 showed 
that the penetration of hair into the gingival sulcus, secondary to 
barbering, results in gingivitis and gingival ulceration as well as 
alveolar bone loss. Periodontitis is defined as inflammation of the 
tissues that surround and support the teeth,19 including the peri-
odontal ligament, tooth root, and alveolar bone. Periodontitis is 
common in several species including humans,38,39,52 sheep,3,7,14,46,47 
cows,47 cats,21,45 dogs,20,24 and rodents such as rice rats (Oryzomys 
palustris)22 and laboratory rats (Rattus norvegicus).49 Several fac-
tors, including mechanical-37 and chemical-induced gingivitis,41 
nutritional deficiencies,18,32 systemic diseases,59 and bacterial 
plaque-induced gingivitis have been implicated as causes of peri-
odontitis.13,24,52,58 If left untreated, gingivitis may become chronic, 
leading to the degeneration of periodontal ligaments and alveolar 
bone, tooth root abscessation, and the eventual shedding of the 
teeth.46 Clinically, weight loss can occur secondary to masticatory 
pain, bacteremia,40,48 and coronary heart disease of odontogenic 
origin.5,43,54

Ulcerative dermatitis (UD) is a genetically linked syndrome 
that affects the skin of C57BL/6 mice and strains with C57BL/6 
background.27 UD has been associated with gender,2,27 age,33,34 
percentage of dietary fat, vitamin A, ad libitum feeding,33,35 and 
vasculitis caused by immune complex.2 However, the exact eti-
ology remains undetermined. Lesions are severely pruritic and 
commonly present on the dorsal scapulae but can develop on 

the torso, shoulder, and head and may be single or multifocal 
in distribution.30 The lesions progress from excoriation to deep 
ulceration secondary to severe pruritus-induced self-trauma.

As noted previously, C57BL mice are prone to development of 
hair-induced periodontitis. In light of this information, we hy-
pothesize that UD is associated with hair-induced oronasal le-
sions secondary to excessive grooming activities.

Materials and Methods
C57BL/6 mice and mice with C57BL/6 background (n = 96) 

with spontaneous, untreated ulcerative dermatitis were used in 
this study. Three groups were established according to the an-
atomic location of the ulcerated lesion: 1, 40 animals with skin 
ulceration rostral to the occipital crest and to the ramus of the 
mandible (Figure 1); 2, 40 animals with ulcerated lesions of the 
dorsal cervical skin; and 3, 16 animals with skin ulceration in 
other parts of the body including torso, extremities, and ventral 
abdomen. Because all of these mice were clinical cases, age, sex, 
and specifics on any genetic alteration were not always record-
ed. However, the age, sex, and specific strain information was 
available on 40 chronically and excessively barbered, 1-y-old, 
C57BL/6J mice that were used as controls. The control mice were 
housed 4 per cage, were of the same age and sex, and all exhibited  
barbered fur. None of the control mice had dermal ulcerative  
lesions.

All mice examined were housed in a SPF, AAALAC-accredited 
facility where sentinel mice were tested quarterly for mouse par-
vovirus (types 1 and 2 and NS1), minute virus of mice, mouse 
norovirus, mouse hepatitis virus, Sendai virus, lymphocytic cho-
riomeningitis virus, polyomavirus, K virus, pneumonia virus of 
mice, mouse adenovirus, epizootic diarrhea of infant mice (rota-
virus), mouse encephalomyelitis virus, reovirus, ectromelia vi-
rus, Mycoplasma pulmonis, and endo- and ectoparasites. All mice 
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mined by t test (Excel 2010, Microsoft, Redmond, WA). A P value 
of less than 0.05 was regarded as statistically significant.

Results
To demonstrate an association between UD and oronasal hair-

induced inflammation, the heads of 136 mice with and without 
ulcerative dermatitis were examined histologically.

A strong association between hair-induced oronasal lesions and 
the presence of ulcerative dermatitis was determined by t test. No 
significant difference was noted between the animals with UD 
regardless of the anatomical location of the skin lesions; however, 
when we compared each UD-affected group with the control, 
statistically significant differences emerged (mice with UD of the 
face: P = 1.53 × 10-11; mice with neck UD: P = 5.75 × 10-13; mice with 
torso UD: P = 1.59 × 10-7; mice with UD regardless of anatomic 
location of lesions: P = 5.20 × 10-16).

Of the 40 animals with facial UD, 92.5% (37 of 40) had hair-
induced periodontitis, glossitis, or rhinitis or multiple lesions. The 
remaining 3 animals with facial UD had neither hair nor other 
inflammatory lesions in the oral or nasal cavities. Hair- and non-
hair-induced oronasal inflammation was found in 97.5% (39 of 
40) of the mice with ulcerative dermatitis of the neck. Specifically, 
36 of the 39 mice with oronasal inflammation had hair-induced 
lesions with or without the presence of other oronasal patholo-
gies, whereas the remaining 3 mice had nonhair-related lesions. 
Among animals with UD of the torso and extremities, 87.5% (14 
of 16) of the mice had hair-induced oronasal lesions, and an ad-
ditional mouse (6.3%) had lesions unrelated with hair. Although 
none of the 40 control animals had UD, 25% (10 of 40) did have 
histologic evidence of hair-induced oronasal inflammation. Over-
all 93.75% (90 of 96) of the population of mice with UD had hair-
induced oronasal inflammation. Of those hair-induced lesions, 
64.58% (62 of 96) were associated with the mandibular incisors 
(Figure 2), 20.8% (20 of 96) with the maxillary molars (Figure 3), 
16.7% (16 of 96) with the maxillary incisors, 16.7% (16 of 96) with 
the tongue, 10.4% (10 of 96) with the nasal cavity, and 7.3% (7 of 
96) with the mandibular molars. Of those lesions from which hair 
was absent, inflammatory lesions included arteritis, otitis externa 
and media, dentin dysplasia, tooth pulp abscess, and proliferative 
and ulcerative keratitis. Some of the animals had hair-induced 
inflammation in more than one of the structures previously men-
tioned (Table 1) as well as inflammatory lesions that were not 
associated with hair. All 10 (100%) of the control mice with hair-
induced inflammation had lesions associated with the mandibu-
lar incisors, and 20% (2 of 10) also had lesions associated with the 
maxillary incisors.

A grading scale was established to quantify histologically the 
hair-induced inflammatory reaction, tissue damage, and sever-
ity and extensiveness of the lesions (Table 1). The inflammatory 
response was not always consistent with the number of hair frag-
ments, varied from mild to severe, and was composed of neu-
trophils and macrophages, with fewer numbers of lymphocytes 
or mast cells or both. The amount of intralesional hair varied in 
fragment number from 1 to too numerous to count, resulting in 
varying degrees of expansion of the gingival sulcus and variation 
in the inflammatory cell or fibroblast response (or both). Marked 
periodontal alveolar bone resorption and new alveolar bone for-
mation appeared to be associated with a moderate to severe in-
flammatory reaction.

were fed irradiated or nonirradiated NIH31 diet (Harlan Teklad, 
Madison, WI) ad libitum and nonacidified filtered or reverse-
osmosis water, depending on the SPF standards of the housing 
facilities. Macroenvironmental conditions within all rooms were 
maintained at 69 to 74 °F (20.6 to 23.3 °C), relative humidity of 
30% to 70%, 10 to 15 air changes hourly, and 12:12-h photope-
riod. The use of the mice in this study was approved by the In-
stitutional Animal Care and Use Committee of the University of 
California—Los Angeles.

All animals were euthanized by using compressed carbon 
dioxide. A necropsy was performed on each mouse, and data 
collection included strain, gross pathology, and histologic evalu-
ation of the structures of the head. The head of each mouse was 
fixed in 10% formalin (10% Formalin w/v 4% Formaldehyde 
Solution, Fischer Scientific, Fair Lawn, NJ) for 24 h, followed 
by 24 h in formic acid for decalcification (Protocol Decalcifier B, 
Fischer Scientific, Kalamazoo, MI). The heads then were sliced 
transversely, forming multiple thin (approximately 2 to 3 mm) 
sections progressing from the incisors to an area just caudal to 
the eyes or midcerebrum. All tissues were processed for paraffin 
embedding, and 5-μm sections were stained with hematoxylin 
and eosin (Mass Histology Service, Worcester, MA). Sections of 
the head were examined for the presence of lesions within the 
oral, nasal cavities, and sinuses. A grading scale from 0 to 4.5 was 
established to quantify the hair induced inflammatory reaction, 
tissue damage, and severity and extensiveness of the lesions: 0, no 
lesions; 1, mild inflammatory reaction; 1.5, same as 1 but in mul-
tiple areas; 2, moderate inflammatory reaction; 2.5, same as 2 but 
in multiple areas; 3, severe inflammatory reaction with or without 
bone resorption and remodeling; 3.5, same as 3 but in multiple ar-
eas; 4, massive changes to the architecture of the tissues; 4.5, same 
as 4 but in multiple areas. Histologic tissue sections were scored 
blindly by 2 different reviewers. Statistical significance was deter-

Figure 1. Typical gross appearance of facial ulcerative dermatitis in a 
mouse.
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phils (Figure 5). The amount of hair varied from few to numerous 
fragments, and in cases where large numbers of fragments were 
identified, hairs often extended into the lumen. The presence of 
hair in the submucosa highly suggests their entry as being ‘from 
inside out’ rather than from the nasal lumen to the submucosa or 
‘from outside in.’

In more than 90% (33 of 37) of the cases of hair-induced in-
flammation, facial UD was localized ipsilateral to the intraoral or 
intranasal lesions (Figure 2).

Discussion
Several authors2,27,30,29,33 have shown that UD lesions in mice are 

pruritic and often located cranial to the abdomen, involving the 
interscapular area, dorsal and ventral neck, base and pinnae of 
the ears, and muzzle. The cause of UD has not been established, 
and it is considered a multifactorial disease.25,27 In general, UD has 
a poor and variable response to therapeutic agents, regardless of 

Glossitis most typically occurred when hair fragments entered 
the duct of the lingual glands at the base of the tongue and was 
characterized by the presence of neutrophils, mast cells, fibrosis, 
and muscle atrophy (Figure 4). Rhinitis was associated with hair 
fragments most typically within the submucosa of the rostral ven-
tral conchae that were surrounded by macrophages and neutro-

Figure 2. (A) Cross-section of mandibular incisor hair-induced peri-
odontitis with ipsilateral ulcerative dermatitis (asterisk). Magnification, 
×4. (B) Higher magnification of the boxed region of panel A shows ex-
pansion of the periodontal space with inflammation, fibrosis, and hair 
fragments (arrows). Also note the scalloping of mandibular bone due to 
resorption and reformation (arrowheads). Magnification, ×10.

Figure 3. (A) Cross-section of maxillary molar with extreme, bilateral 
expansion of the gingival sulcus. Massive amount of hair fragments (as-
terisk) surrounded by granulomatous inflammation and fibrosis. Also 
note the scalloping and discontinuity of the maxillary bone (yellow ar-
rowheads) as well as the amount of bone resorption and new formation 
(arrowheads). Magnification, ×4. (B) Higher magnification of the boxed 
area labeled B in panel A, showing hair-induced fibrosis and bone re-
sorption and reformation (arrow). Magnification, ×40. (C) Higher mag-
nification of the boxed area labeled C in panel A, showing hair-induced 
inflammation with multinucleated giant cells (arrowhead). Magnifica-
tion, ×40.
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that the condition is affected by inflammatory events. These find-
ings are consistent with a previous study,10 in which E-selectin–P-
selectin–L-selectin triple-knockout mice had a lower incidence of 
ulcerative dermatitis than E-selectin–P-selectin double-knockouts. 
Selectins are cell-adhesion molecules, exclusively involved in the 
binding of leukocytes to endothelial cells during margination 
and diapedesis.56 L-selectin is expressed on the surface of all leu-
kocytes and is essential for leukocyte rolling at sites of inflam-
mation42 and it is the only selectin involved in the migration of 
lymphocytes into lymph nodes during lymphocyte recirculation, 
recruitment and maturation. The lack of expression of L-selectin 
compromises the circulation, migration, and activation of lym-
phocytes during inflammatory and noninflammatory events as 
well as neutrophil recruitment.23,26 E- and P-selectins are cytokine-
inducible endothelial adhesion molecules for neutrophils and 
monocytes.57 The effect on leukocyte rolling in E-selectin–P-selectin 
double-knockout mice was insufficient to block leukocyte recruit-
ment notably under inflammatory conditions.8,26

Leukocyte adhesion deficiency in humans,12 canine leukocyte 
adhesion deficiency in Irish Setter dogs,28 and bovine leukocyte 
adhesion deficiency in Holstein cattle36 all are characterized by 
the lack of expression of adhesive molecules of the CD11/CD18 
family in neutrophils, preventing them from adhering to blood 
vessel walls at the site of infection. In addition,129/Sv × C57BL/6J 
CD18-knockout mice were prone to infection and developed 
chronic skin ulcerations histologically characterized by erosions 
and ulcerations with superficial bacteria-laden crusts.51 The in-
vestigators described a dermal inflammatory infiltrate consisting 
of lymphocytes, histiocytes, plasma cells, and few neutrophils, 
suggesting poor neutrophil extravasation. The ulcerated lesions 
in those mice were limited to the face and the ventral chin, lesions 
typical of those noted in C57BL/6 mice with facial UD. However, 
the heads of those mice were not evaluated histologically.

Clinically UD is characterized by excessive pruritus with sec-
ondary self-induced trauma and has been treated by some by 
covering or trimming the nails.27 The itch–scratch–itch cycle is 
known to be induced by the local production of free radicals in 
the skin.1 In cases of human chronic periodontitis, levels of nitric 
oxide and endothelin are elevated, are associated with vasocon-
striction9 and free radical production, and stimulate scratching 
behavior.3,52,55 In addition to pruritus, human patients with se-
vere inflammation-induced periodontal bone dissolution report 
considerable pain,6 another factor that could be associated with 
self-induced trauma in mice with UD. The fact that the source of 
the inflammatory response in mice (in this case, hair) cannot be 

its mechanism of action. Topical, systemic, and environmental 
treatments have been established without a curative option.2,27 A 
recent report29 suggests that hair-induced inflammation is a cause 
of facial abscesses as well as periodontitis and alveolar bone loss 
in mice. From this report, we hypothesized that the inflammatory 
response secondary to the presence of hair in the periodontium, 
tongue, or nose is associated with ulcerative dermatitis. We spec-
ulate that the pain and discomfort from the inflammation results 
in compulsive scratching behavior that then leads to self-trauma 
and ulceration of the skin, with a subsequent cascade of local in-
flammatory mediators.

Although the pathogenesis of UD has not been clarified, the 
numerous clinical reports on treatment regimens suggest that 
the lesions are induced by an inflammatory incident. Treatments 
have included vitamin E,30 cyclosporine,16 caladryl lotion,11 and 
ibuprofen. The pharmacodynamics of each of these treatments 
are as follows: vitamin E is a free-radical scavenger; ibuprofen 
is an inhibitor of the arachidonic acid–cyclooxygenase cascade; 
cyclosporine suppresses the immune system by a specific, revers-
ible inhibition of the cell cycle in T-helper (Th) lymphocytes and 
suppresses IL2 synthesis;44 and the pramoxine HCl of caladryl is 
a local anesthetic that interferes with the transmission of impuls-
es along the sensory nerve fibers.60 Therefore, all of these drugs 
and topical treatments are directed toward the modulation of 
inflammation or directly acting on topical nerve transmission. 
C57BL/6 mice have a dominant Th1 inflammatory response, with 
increased levels of IL12 and INFγ and decreased production of 
IL4 and IL13.58 INFγ activates phospholipase A2 to synthesize 
arachidonic acid from cell membrane phospholipids, for the 
downstream production of prostaglandins, thromboxanes, and 
leukotrienes during inflammatory events. In addition, the bacteri-
cidal activity of C57BL/6 macrophages is greater when compared 
with other strains, resulting in a more effective local response and 
a less aggressive systemic reaction, thus supporting the reliance of 
C57BL/6 mice on a strong Th1-driven immunity.58

Authors studying the inflammatory component of ulcerative 
dermatitis17 showed that E-selectin–P-selectin–Rag1 triple-knock-
out mice had a significantly lower incidence of spontaneous UD 
than did E-selectin–P-selectin double-knockout mice. The Rag1 
and Rag2 genes are essential for the generation of mature B and T 
cells, and as a consequence, Rag1 knockout mice have severe com-
bined immunodeficiency,53 which is potentiated when the genes 
for E- and P-selectins are knocked out. A severe impairment of the 
immune system, secondary to a reduction in Th1 lymphocytes, is 
protective for the development of spontaneous UD, suggesting 

Table 1. Mice (%) in each scoring category according to severity of hair -induced lesions

Scoring category

0 1 1.5 2 2.5 3 3.5 4 4.5

Ulcerative dermatitis of the face 7.5 12.5 5.0 15.0 15.0 15.0 10.0 2.5 17.5
Ulcerative dermatitis of the neck 2.5 17.5 5.0 15.0 12.5 10.0 25.0 5.0 7.5
Ulcerative dermatitis of the torso 12.5 12.5 0.0 6.3 18.8 25.0 12.5 6.3 6.3
All cases of ulcerative dermatitis 6.3 15.6 5.7 15.6 17.2 17.7 20.3 8.3 16.1

Controls 75.0 7.5 2.5 7.5 0.0 5.0 2.5 0.0 0.0

Scoring categories: 0, no lesions; 1, mild inflammatory reaction; 1.5, same as 1 but in multiple areas; 2, moderate inflammatory reaction; 2.5, same as 2 
but in multiple areas; 3, severe inflammatory reaction with or without bone resorption and remodeling; 3.5, same as 3 but in multiple areas; 4, massive 
changes to the architecture of the tissues; 4.5, same as 4 but in multiple areas.
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removed perpetuates the inflammation and thus the production 
of free radicals, pruritus, and pain. In the current study, more than 
90% of the mice with hair-induced inflammation and facial UD  
had ipsilateral lesions. This observation, as well as the statistical 

Figure 4. (A) Cross-section of tongue with hair-induced inflammation at 
the level of the salivary ducts. Magnification, ×10. (B) Higher magnifica-
tion of boxed area labeled B in panel A, showing hair fragment with con-
centric lamination of connective tissue (white asterisk). Magnification, 
×40. (C) Higher magnification of boxed area labeled C in panel A, show-
ing hair-induced glossitis with multiple hair fragments surrounded by 
macrophages (arrowheads). Magnification, ×40.

Figure 5. (A) Cross-section of nasal cavity with bilateral hair-induced 
rhinitis of the nasal meatus and unilateral hair-induced palatitis. Mag-
nification, ×2. (B) Higher magnification of boxed area labeled B in panel 
A, showing hair-induced rhinitis with multifocal hair fragments (arrow-
heads) surrounded by granulomatous inflammation and fibrosis. Also 
note the individual hair fragment within the palate. Magnification, ×20. 
(C) Higher magnification of boxed area labeled C in panel A, showing 
hair-induced granulomatous rhinitis with hair fragments (arrowheads) 
and multinucleated giant cells (arrows). Magnification, ×40.

significance between the presence of UD and hair-induced oro-
nasal inflammation, supports our hypothesis of an association 
between hair-induced intraoral or intranasal lesions and UD.
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or study animal presents with UD, treatment with antiinflamma-
tory agents as well as free radical scavengers may be beneficial, 
as long as this treatment has no effect on the study. Although vi-
tamin E treatment is not 100%-effective for UD, some partial suc-
cess has been reported,30 as previously mentioned.
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lesions, the presence of chronic inflammatory cells, including 
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identified in the present study.

Here we identified several cases of hair-induced nasal inflam-
mation in mice. The involvement of the ventral conchae, sub-
mucosal, and mucosa and the frequent lack of intraluminal hair 
strongly suggested the presence of an oronasal fistula. Oronasal 
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