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Abstract

Background: With transitions in the disease concept of orthokeratinized
odontogenic cyst (OOC), the pathogenesis and etiology have not been suffi-
ciently elucidated. Objectives: OOC cases were reclassified and observed to
understand the clinico-histopathological characteristics. In addition, literature
review of OOC was performed to better organize the pathology. Materials and
methods: Subjects with jawbone cysts lined by keratinized stratified squamous
epithelium from 2005 to 2018 were reclassified, and clinico-histopathological
findings were analyzed. Previous reports of OOC/orthokeratinized-type
odontogenic keratocyst (OKC) from 1980 to 2019 were organized. Results:
Five cases of OOC were diagnosed, representing 2.1% of odontogenic deve-
lopmental cysts (total, 239 cases). Mean age was 37.6 years, with a female
predominance. The mandibular molar area was the frequent site, and all
cysts were solitary. Sixty percent involved an impacted tooth. Mean maxi-
mum diameter of the cyst was 2.2 cm. Histopathologically, 4 cases were un-
ilocular, and partial palisading of the basal layer and scattered epithelial
islands were observed in 2 cases each and formation of daughter cysts was
noted in 3 cases. Previous papers described that most were unilocular and
related to impacted teeth. Mean age ranged between 20 and 40 years, and
the mandibular molar region was dominant. Recurrence rates were low.
Conclusion: OOC shows a different biological attitude to OKC and is clos-
er to dentigerous cyst. Meanwhile, OOC shows a similar histology of epi-
dermoid cysts accompanying the granular layer. We thus surmised that
OCC represents an independent concept as an odontogenic developmental
cyst.
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1. Introduction

Discussion of the diagnosis and classification of jawbone cysts has been contin-
uing since Robinson first described classification based on the occurrence of ep-
ithelial tissue [1]. Orthokeratinized odontogenic cyst (OOC) has been consi-
dered as a type of odontogenic keratocyst (OKC). This concept, independent of
odontogenic developmental cyst, has been inherited by the WHO classification
of Head and Neck Tumours (WHO) [2], because of the many single cystic cases,
involving an impacted tooth in around half of the cases and a lower frequency of
postoperative recurrence. OOC was therefore defined as an odontogenic deve-
lopmental cyst relined by orthokeratinized stratified squamous epithelium with a
granule layer [3].

In recent years, the disease definition of OOC has been clarified. As a result,
previous studies may have included some cases that should not have been in-
cluded cysts with orthokeratinized cells in part of the lining epithelium of the
OKC. With the transitions in the disease concept of OOC, the level of elucida-
tion of the pathogenesis and etiology is now inadequate. Accordingly, jawbone
cysts lining with keratinized stratified squamous epithelium were selected and
reclassified in terms of OOC cases in accordance with the WHO [3] to clarify
clinical and histopathological characteristics. In addition, a review of previous
case reports and original papers on OOC was performed to better organize the

pathology.

2. Materials and Methods

The present study was conducted in two parts: clinico-pathological and litera-

ture review studies.

2.1. Subjects

Subjects with odontogenic developmental cyst lined by keratinized stratified
squamous epithelium in the jawbone were selected from the data files of the De-
partment of Pathology at Nihon University School of Dentistry at Matsudo for
the period from April 2005 to March 2018. With respect to clinical findings, age,
gender, sites of occurrence, presence of impacted teeth, cyst form and size, and

prognosis were analyzed.

2.2. Histopathological Analysis

Surgical materials were fixed in 10% neutral-buffered formalin solution accord-
ing to the usual method and embedded in paraffin. Specimens were prepared
with a thickness of 4 um. Specimens were stained then stained with hematoxylin

and eosin (HE) and the cyst wall structure was observed in detail. Observation
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and reclassification of all cysts was performed by 3 oral pathologists in a blinded
manner. Cysts partially covered by parakeratinized stratified squamous epithe-

lium were categorized as OKC [3].

2.3. Review of Literature

Previous reports of OOC or orthokeratinized-type OKC were identified from a
search of MEDLINE (National center for biotechnology information) for the pe-
riod from 1980 to 2019. All the literature that was extracted was analyzed.

2.4. Compliance with Ethical Standards

Informed consent was obtained from all individuals included in the study. All
procedures performed in studies involving human participants were in accor-
dance with the ethical standards of the Committee on Studies Involving Human
Beings of Nihon University School of Dentistry at Matsudo (EC18-16-025-1)
and with the 1964 Declaration of Helsinki and its later amendments or compa-

rable ethical standards.

3. Results
3.1. Comparison of OKC and 00C

Odontogenic developmental cysts lined by keratinized stratified squamous cells
was composed of OKC and OOC. OKC was identified in 234 patients (mean age,
43.0 years; range, 8 - 90 years), comprising 133 males (56.8%) and 101 females
(43.2%), with a male-to-female ratio of 1.3:1. The site of occurrence was maxil-
lary in 54 cases (23.1%), mandibular in 148(62.7%), both maxillary and mandi-
bular in 3 (1.3%) and unknown in 29 (12.9%).

In the present study, the total number of cases of OOC was 5, representing
2.1% of the 239 odontogenic developmental cysts lined by keratinized stratified
squamous cells. Mean age was 37.6 years (range, 21 - 50 years), with 1 male
(20.0%) and 4 females (80.0%), and thus a male-to-female ratio of 1:4. There
were no complications in all patients. The site of occurrence was the molar area
of the mandible in 4 cases (80.0%), and the anterior maxilla in 1 (20.0%). All the
cysts were solitary. No associated with basal cell nevus syndrome was observed.
Three cases (60.0%) involved an impacted tooth. Mean maximum diameter of

the cyst was 2.2 cm, and all cysts were <4 cm in diameter.

3.2. Histopathological Findings

Representative histopathological findings are shown in Figure 1. In all cases, the
cystic wall was lined by orthokeratinized stratified squamous epithelium with the
appearance of the granular layer, and the cyst cavity were filled with feathery
squamous material resembling the stratum corneum (Figure 1(a)). Four cases
were unilocular, and one case was multilocular (Figure 1(b), arrow). Concern-
ing the lining epithelium, the surface of the cyst wall was flat in 3 cases and wavy

in 2 (Figure 1(c), arrow). The thickness of the spinous layer varied depending
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Figure 1. Representative histopathological findings of orthokeratinized odontogenic cyst
(a-f, h) and odontogenic keratocyst (g) (H.E. staining). (a) The cyst cavity was filled with
feathery squamous material resembling the stratum corneum (x10); (b) Multilocular cyst
was separated by thin cyst wall lined by hyperkeratotic epithelium (arrow, x4); (c) The
wavy surface of the cyst wall (arrow) and epithelial island in the connective tissue (arrow
head) (x4). (d) 7 - 8 layers in the thick walllined by orthokeratinized stratified squamous
epithelium with the appearance of the granular layer (x40). (e) Palisading and mild dropwise
extension of the basal layer (arrow) was observed in the mixed type of cyst wall (x10); (f)
A morphology similar to stratified squamous epithelium of the basal layer (x40); (g)
Greater concentration, swelling and palisading of the nucleus in odontogenic keratocyst
(x40); (h) Formation of daughter cysts (arrow) was noted in the cyst wall (x10).

on the case, with 2 - 3 layers in the thin type (Figure 1(c)), and 7 - 8 layers in the
thick type (Figure 1(d)) and mixed type (Figure 1(e)). In terms of the mode of
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arrangement of the basallayer, partial palisading was observed in 2 cases (Figure
1(d), Figure 1(e)), and 4 cases showed a morphology similar to stratified squam-
ous epithelium (Figure 1(f)). In cases of palisading, mild dropwise extension of
the basal layer was observed (Figure 1(e), arrow). No cytologic atypia or mitosis
was observed in the basal layer of any cases. Further comparison with the basal
layer of OKC showed greater concentration of nuclear material, swelling and pa-
lisading of the nucleus (Figure 1(g)). Large peripheral nerves and blood vessels
containing muscle fibers in the walls were not observed in the subepithelial con-
nective tissue, but scattered epithelial islands were seen in 2 cases (Figure 1(c),
arrowhead) and formation of daughter cysts was noted in 3 cases (Figure 1(h),
arrow). The degree of inflammatory cell infiltration varied from mild to high.
Granulation tissue with cholesterin crystals was seen in 2 cases. No skin appen-

dages were apparent in the cyst wall of any cases.

3.3. Review of Literatures of OCC

Case reports of OCC are shown in Table 1 [4]-[11]. Ten cases were single, and

Table 1. Case reports of orthokeratinized odontogenic cyst.

Refference No.
Year
Cases Patinents (n)
Cysts (n)
Average age
Sex
Location Lower
Upper
Unkwnon
Relation of BCNS*
Cystic character Single
Maltiple
Form of cysts Unilocular
Multilocular
Relation of
impacted teeth Present
None

Size of the cyst Over 4 cm
Under 4 cm

Recurrence rate (%)

4 5 6 7 8 9 10 11
2012 2013 2013 2014 2014 2015 2016 2017
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 2 1 1 1 1
40 25 73 27 61 23 30 46 50 41

female female femake female male male female male male male

Molars - ramus 1 0 1 1 1 2 1 1 0 0
Incisors - premolars 0 1 0 0 0 0 0 0 0 0
Molars 0 0 0 0 0 0 0 0 0 0
Incisors - premolars 0 0 0 0 0 0 0 0 1 1
0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 0 1 1 1 1

0 0 0 0 0 1 0 0 0 0

1 0 0 1 1 2 1 1 1 1

0 1 1 0 0 0 0 0 0 0

1 0 0 1 1 2 1 0 1 0

0 1 1 0 0 0 0 1 0 1

1 1 - - - - - 1 1 0

0 0 - - - - - 0 0 1

0 0 0 0 0 0 0 0 0 0

*: Basal cell nevus syndrome.
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one involved bilateral cyst. Meanpatient age was 41.6 years (range, 23 - 73 years),
with no apparent gender difference (5 men, 5 women). Site of occurrence was
the mandibular molar area in 8 cases, the mandibular anterior premolar area in
1, and the maxillary anterior premolar area in 2. Nine unilocular and 2 multilo-
cular cysts were reported. Seven cases included an impacted tooth in the cyst
cavity and 4 cases showed no tooth involvement. Cystsize was >4 cm in 5 cases,
<4 cm in 1 case, and unknown in 5 cases. No cases were associated with basal
cell nevus syndrome, and no recurrences were observed.

Details of OCCs in the original papers are shown in Table 2 [12]-[18]. Iwa-
buchi et al and Mizuda et al. described cases of multiple cysts, but most were so-
litary [14] [15]. Mean age ranged between 20 and 40 years, and gender differ-
ences were sometimes observed, depending on the report. Wright [12] described
the cases involving the lower jaw was superior, and Crowley ef al [13] and
MacDonald et al. [16] mentioned the advantage occurs in the posterior region.
By contrast, many case reports [4] [6] [7] [8] [9] and original papers [12] [14]
[15] [18] mentioned the site of occurrence as between the mandibular molar

area and mandibular ramus.

Table 2. Original papers of orthokeratinized odontogenic cyst.

Refference No. 12 13 14 15 16 17 18 Iwai
Year 1981 1992 1996 2008 2010 2010 2010 2019
Cases number Patinents (n) 59 55 6 7 192 5 61 5
60 55 7 8 192 5 5
Average age 354 33.8 278 2decade 349 34.2 389 376
Sex ratio (male:female) 3.2:1 3:2.3 1:2 - 2:1 2:3 2.6:1 1:4
Location (%) Molars - ramus 71.4 100 1.0 75.4 80.0
63.3% 70.7%
Incisors - premolars 14.3 0.0 0.0 14.8 0.0
73.6¢ 26.4¢
Molars 14.3 0.0 0.0 1.6 0.0
33.3% 29.3°
Incisors - premolars 0.0 0.0 0.0 8.2 20.0
2.0 0.0 0.0 0.0 - 0.0 0.0 0.0
Relation of BCNS* (%) 0.0 0.0 0.0 0.0 - 0.0 0.0
Cystic character (%) 100.0 0.0 83.3 87.5 - 0.0 100.0
0.0 0.0 16.7 12.5 - 0.0 0.0
Form of cysts (%) 98.3 0.0 100.0 - 93.0 60.0 87.0 80.0
Multilocular 1.7 0.0 0.0 - 7.0 40.0 13.0 20.0
Relation of impacted teeth (%) 72.0 75.7 16.7 100.0 69.4 60.0 50.0 60.0
28.0 24.3 83.3 0.0 30.6 40.0 50.0 40.0
Size of the cyst (%) 72.0 5.9 cm 83.3 - - - - 0.0
Under 4 cm 280 (mean) g7 - - - - 1000
Recurrence rate (%) 1.7 2.2 0.0 0.0 4.2 unknown® 0.0 0.0

a: Unkwon of the location of the lower; b: Unknown of location of the upper; ¢: Molar area to ramus and tuberosity (unknown to maxilla or mandible); d:
Anterior to premolar (unknown to maxilla or mandible); e: 4 cases were no recurrence and 1 case was no follow-up.
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Many reports described unilocular lesions, although Wright [12], MacDonald
etal [16] [17] and Dong et al [18] reported multilocular cases. In terms of the rela-
tionship with teeth, only Iwabuchi et a/ mentioned predominant non-involvement
of impacted teeth [14]. No associations with basal cell nevus syndrome were ob-
served. Recurrence rates were low, at 4.2% [16], 2.2% [13], 1.7% [12] and 0.0%
[14] [15] [18].

4. Discussion

Primordial cyst (PC) and OKC were classified as independent pathological enti-
ties in 2005 WHO classification of head and neck tumors [2]. Orthokerati-
nized-type PC has been suggested to be more appropriately named OOC [19]
[20]. Further, PC, OKC and OOC are all described independently in the classifica-
tion of Neville et al [21]. Meanwhile, cases with mixed para-and orthokeratinized
stratified squamous cell layers are treated as keratocystic odontogenic tumor
(KCOT). Because a high rate of recurrence is seen with the mixed type [15], dif-
ferentiation from OOC is important in planning treatment and follow-up.

Several theories have been advanced regarding the frequency of OOC, with
only 9 cases reported over a period of 20 years in Malaysia [22]. On the other
hand, Mizuta et al. [15] reported that in a study classifying KCOT/OKC based
on the characteristics of the lining epithelium, 9% of tumors represented
orthokeratinized OKC, that is, OOC. Similar reports have mentioned OOC as
representing 10% of KCOT/OKC [18], and about 1% of all odontogenic cysts
[12] [13]. Iwabuchi et al reported OOC as making up 19.4% of KCOT/OKC, a
substantially greater frequency than other reports [14]. A frequency of 2.1% was
seen in the present study, and additional statistical information needs to be ac-
cumulated in the future incorporating the changes in disease concept.

OOC occurs over a broad age range, with a predilection for 30 - 40 years old,
and has been described as showing a male predominance in previous studies
[18] [24]. On the other hand, other reports have described 57% of patients as in
their 20s [14] [15], and previous reports [16] [24] with a mean age of 37.6 years
and a female predominance. Average age in the present case was 42.9 years, and
a slight maledominance was seen. Site of occurrence was reported as the lower
jaw molar area to lower jaw branch in 71.4% by Iwabuchi et al [14] and 100% by
Mizuta et al. [15], respectively. Site of occurrence in the present study was the
mandibularmolar area in 80.0%. Both theories have been described in terms of
the presence or absence of impacted teeth [4]-[11]. Although many previous re-
ports have involved impacted teeth [12]-[18], Iwabuchi et al reported a lower
frequency of 16.8% [14]. In the present study, an impacted tooth component was
present in 60.0% of all cases.

Cyst shape was often described as unilocular, although Wright [12] and
MacDonald ef al. [16] [17] have reported multilocular cases. In this study, all
cases were unilocular. Cyst size in both previous reports and the present were as

small as <4 cm. Moreover, no relationship with basal cell nevus syndrome was
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seen in any cases in the present study. These results were consistent with those
of the literature [4] [5] [6] [7].

Histopathologically, the average thickness of the lining epithelium was 4 - 8
layers, with partial thickening observed in 17% of all cases [12]. Concerning rete
ridges, 10% were flat and in contact with non-inflammatory connective tissue,
and 23% were extended and showed contact with inflammatory granulation tis-
sue [12]. These histopathological findings in the present study were consistent
with previous findings [12]. Wright [12] described 2% of cases as showing no
granular cell layer, whereas all cases were accompanied by that layer in the
present study. Diagnostic evidence for OOC is a covering of orthokeratinized
stratified squamous epithelium over the granular layer. Locally, OOC is atte-
nuated keratinocyte by inflammatory change, it was described that must be
merely local [12]. Stroma essentially comprised dense fibrous connective tissue,
with variations in the degree of inflammation observed between cases. Concern-
ing about the basal cell layer of OOC, cuboidal and squamous cells were often
mixed [12], and this character was similar to the present results. Conversely,
neoplastic characteristics of the basal cells are poor; Ze., no palisading and poor
bud-like proliferation and daughter cyst formation [12] [23]. However, these
findings were also observed in some cases in the present study.

Reports have described varying recurrence rates for OOC, of: 0.0% [14] [15],
1.7% [12], 2.2% [13], and 4.2% [16], generally showing a low value. In the
present study, the postoperative observation period was generally short and
there was a limitation, but the recurrence rate was 0.0%. Accordingly, treatment
of OOC using cystectomy was not discussed. Mostcases of OOC have emerged
as a painless swelling [13] [18], and many cases are discovered incidentally on
x-ray examination. OOC typically appears as a unilocular cyst accompanied by
an impacted tooth in the half as dentigerous cyst (DC) [13] [18]. OOC shows a
different biological attitude to OKC and is closer to DC rather than OKC,
namely. Meanwhile, OOC shows a similar histology of epidermoid cysts accom-
panying the granular layer [12] [24] [25]. Besides, the pathogenesis is also re-
ferred to as aberrant ectodermal tissue due to trauma [26], but it is unclear. We
thus surmised that OCC represents an independent concept as an odontogenic
developmental cyst. However, Siar ef al. [27] have reported squamous cell carci-
noma accompanying OOC, facilitating early detection and appropriate treat-
ment.

Although OOC and PC show similar predilections, discussion of the genera-
tion of both has been left. Li [23] described the origin of OOC as the tooth crest.
However, Takeda ef al. [28] have reported the presence of dermoid cyst arising
from the jawbone. Consequently, basis for deciding on an odontogenic deriva-
tion for all jawbone cyst with orthokeratinized stratified squamous epithelium is
insufficient. In addition, 2 cases of OOC that occurred in the gingiva have been
reported previously [29] [30]. In the future, elucidation of the pathogenesis
based on the accumulation of further cases and clarification of the molecular

pathology will be needed.
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5. Conclusions

Within this limitation of this study, the following could be concluded:

1) OOC was occupied 2.1% of odontogenic developmental cysts with the
mandibular molar area predominance in the present study.

2) Previous papers described that most were solitary, unilocular and related to
impacted teeth.

3) OOC shows a different biological attitude to OKC and is closer to DC ra-
ther than OKC.
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