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Abstract 

Purpose: Oral lichen planus (OLP) and leukoplakia were included as an oral potentially 

malignant disorders (OPMDs), defined as clinical presentation carrying a risk of cancer 

development in the oral cavity in the new World Health Organization Classification of head 

and neck tumors. Diagnosis based on histopathological features is important for planning 

treatment. However, microvascular appearance was not regarding highly to pathological 

diagnosis. To analyze changes of intraepithelial papillary capillary loop (IPCL) patterns as 

the utility for pathological diagnosis, IPCLs of OLP, leukoplakias (histologically squamous 

cell hyperplasia, with low-or high-grade dysplasia, and oral squamous cell carcinoma 

(OSCC)) had performed. 

Methods: Subjects for study 1 were selected from 42 cases (9 males, 33 females, 64.6 ± 9.1 

years) clinico-histopathologically diagnosed as OLPs. Subjects for study 2, 40 cases (21 

males, 19 females, average age 58.6 ± 3.8 years) clinically diagnosed as leukoplakias, 

histologically consisted 5 groups; each 10 of squamous cell hyperplasia, low- or high-grade 

dysplasia, OSCC (study 2) were selected. And normal mucosae were used as control in 

both studies. The IPCLs morphological measurements were performed in sites adjacent to 

the lesion, prominent areas and erosive areas of OLP (study 1) and the most prominent part 

of the lesion (study 2). The indexes of microvascular morphology were average areas and 

capillary loop angles (study 1), the area, shortest diameter, proximity to the basement 

membrane and circularity (study 2) were measured using Win Roof version 3.4 and ImageJ 

(Mitani Corporation, NIH) under microscopic observation.  Statistical analyses were done 

by Kruskal–Wallis and Steel–Dwass tests. Values of p < 0.05 were considered significant. 

Results:  In study 1, area of IPCLs was larger than those in prominent areas of OLP 

(p<0.001). Capillary loop angles were 26.6 ± 19.3°, 84.5 ± 17.8°, 30.2 ± 22.4°, and 34.4 ± 



19.3° for normal mucosa, sites adjacent to the lesion, prominent areas of OLP and erosive 

areas, respectively. Significant differences were observed between normal 

mucosa/prominent areas of OLP and site adjacent to the lesion (p<0.001). IPCL angle 

tended to be larger at sites adjacent to the lesion than at the erosive areas. Characteristic 

IPCL patterns were identified in the present study despite reticular/erosive type. In study 2, 

larger vessel diameter/areas, more extension and smaller circularity with dysplastic grading 

were observed, and OSCC showed the most prominent of them. In short, the changes in 

vessels of IPCLs in high-grade dysplasia and OSCC involve two factors: increased vessel 

diameter and prolongation of IPCLs toward the surface. 

Conclusions: Characteristic and change of IPCL patterns in this research thus suggested the 

utility of pathological diagnostic criteria of OLP, leukoplakia and OSCC. 
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Introduction 

Oral potentially malignant disorders (OPMDs) are defined as clinical presentation 

carrying a risk of development to OSCC, according to the new WHO classification of head 

and neck tumors [1]. Since many conditions that exhibit clinically hyperkeratosis on the 

oral mucosae, the clinical oral examination of oral mucosal lesions including oral lichen 

planus (OLP), leukoplakia with/without different dysplastic grading, and oral squamous 

cell carcinoma (OSCC) has limitation to predictive of pathological diagnosis [2]. 

   OLP is a chronic inflammatory disease without a clear pathogenesis [3], and the 

diagnosis of OLP is based on both clinical and histopathological features. OLP clinically 

shows six classical clinical presentations, as described in the literature [4]: reticular, erosive, 

atrophic, plaque-like, papular and bullous. In contrast, results of biopsy should be described, 

particularly when white striae are ill defined, plaques are present, or regions appear in any 

other way unusual [5]. Even though clinical and histopathological standardized criteria for 

OLP have been unified [6], the potential for disagreement between clinical and 

histopathological diagnosis has been discussed for various other disorders clinically 

resemble OLP [3]. 

Oral leukoplakia is a clinical term used to describe white plaques is the most common 

potential malignant disorder of the oral mucosa [7]. This is the manifestation of 

hyperkeratotic white plaques with or without histologically changes of the squamous 

epithelium, including dysplasia and invasive carcinoma. Presence of oral epithelial 

dysplasia is the most important prognostic factor for malignant transformation of 

leukoplakia, but a specific clinical appearance is not usually apparent [8]. The degree of 

dysplasia or carcinoma in every case of leukoplakia can be hard to determine before biopsy 

[2]. 



  Whereas, they were included in OPMDs in WHO 2017 [9], and the clinical significance 

of these early detection is very valuable. One approach to overcoming this problem is 

endoscopic narrow-band imaging (NBI), an optical image enhancement technology that 

enhances the contours and patterns of vessels in the mucosa surface by employing the 

characteristics of the light spectrum. Superficial blood vessels in the lamina propria 

mucosae are branching vessels that immediately extend horizontally; forming single loops 

referred to as intraepithelial papillary capillary loops (IPCLs) [10]. Lots of clinicals studies 

using NBI of dysplasia with oral leukoplakia and OSCC has been described [11-14]. 

Argument is also left in observation in NBI to oral lesion with keratinization, the study to 

histopathological microvascular architectures is necessary anyway. However, the 

microvascular appearance has not been regarded as highly relevant to the pathological 

diagnosis of OLP, oral leukoplakia and OSCC, and the histomorphological characteristics 

of IPCL have yet to be clarified.  

The present study therefore undertook a comparative histomorphometric analysis of 

IPCLs in OLP, Leukoplakia and OSCC to investigate the potential for use as diagnostic 

criteria.  



Material and Methods 

1. Subjects 

Subjects were selected from the pathology files of the Department of Oral Pathology at 

Nihon University School of Dentistry at Matsudo. 

(1)     Study 1 (OLP) 

The characteristics of subjects in this study are summarized in Table 1. Forty-two 

patients with OLP (9 males, 33 females, 64.6 ± 9.1 years) were selected. The patients with 

clinical and histopathoalogically proven OLP cases according to diagnostic criteria [9,15], 

and the materials does not lack all macroscopic view record, digital pictures of oral cavity 

and biopsy specimen which comprised an area at the boundary part of the most prominent 

lesion and an adjacent area of normal mucosa, were included in the study. The normal oral 

mucosae were obtained through polypectomy from the perilesional areas of fibrous polyps 

without epithelial dysplasia to constitute the control group (5 males, 5 females; 7 buccal 

mucosae, 2 tongues, 1 gingiva). 

Patients with history of exposure to dental materials, drugs etc. [16], any treatment for 

lichen planus or drugs associated with lichenoid reaction before biopsy, any malignant or 

viral involvement in mouth and pregnant women were excluded from the study sample.  

(2)     Study 2 (leukoplakia and OSCC) 

The characteristics of subjects in this study are summarized in Table 2. Specifically, the 

40 cases of clinically hyperkeratosis of gingivae (21 males, 19 females, 58.6 ± 3.8), which 

histologically constituted 10 cases of squamous cell hyperplasia (68.3 ± 9.5), 10 cases of 

low-grade dysplasia (66.3 ± 3.9), 10 cases of high-grade dysplasia (72.0 ± 7.3), and 10 

cases of OSCC (74.6 ± 4.7). And mucous epithelium around fibro-epithelial polyps of 

gingivae after polypectomy was used for normal mucosa without inflammation (5 males, 5 



females). Pre-operative examination identified no metastasis, including lymph node 

metastasis, and no patients had received prior anticancer treatment. 

2.     Gross findings 

(1)     Study 1 (OLP) 

Oral examination was performed by the same oral surgeon for 42 patients, and a total of 

96 sites were enrolled in the study, because patients with OLP at multiple sites were 

included. OLP was clinically diagnosed by the oral surgeon with well-defined looping and 

intersecting white lines/striae/patches with or without erosions and ulcerations [3,5,9,17].   

1)  Clinical examination 

Classifications for the most prominent site were made by 2 oral surgeons and 3 oral 

pathologists based on Andreasen’s 6 types and Brant’s 2 types independently [18].  

2)  Biopsy specimens 

Biopsy specimens were obtained for all 42 patients by the same oral surgeon, sampling 

an area at the boundary part of the most prominent lesion and an adjacent area of normal 

mucosa.  

(2)     Study 2 (leukoplakia and OSCC) 

The 40 cases of clinically diagnosed as leukoplakia of gingivae by oral surgeons were 

clinically diagnosed.  

1)  Surgical specimens 

Surgicopathologic specimens were obtained for all 40 patients at tumorectomy. 

3.     Histopathological and immunohistochemical specimens 

Serial sections (each 4 μm thick) were prepared for hematoxylin and eosin (HE) and 

immunohistochemical staining. For immunohistochemical staining, the primary antibodies 

shown in Table 3 were used. For the detection of these proteins, the EnVision +Polymer 



System (Dako, Glostrup, Denmark) was used following manufacture’s protocol. Sections 

were developed in a solution of 3,3'-dianibobenzidine tetrahydrochloride. Finally, all 

sections were counterstained with Mayer’s hematoxylin. Muscle tissue and granulation 

tissue were used as positive controls for CD34 and SMA, respectively. For evaluation of 

the immunohistochemical staining technique, mouse and rabbit universal g-negative 

controls (Dako) were used as negative controls during the staining procedure instead of 

primary antibodies.  

4.     Histopathologic criteria 

(1)     Study 1 (OLP) 

Histologic specimens included in the study were selected according to definite 

histopathological criteria according to the American Academy of Oral and Maxillofacial 

pathology: ) presence of a well-defined band-like zone of cellular infiltration consisting 

mainly of lymphocytes in the superficial part of the connective tissue; and ) signs of 

“liquefaction degeneration” in the basal layer; and ) absence of epithelial dysplasia [15].  

(2)     Study 2 (leukoplakia and OSCC) 

Degrees of epithelial dysplasia were determined according to WHO criteria [1]. In 

addition, cases accompanied by secondary inflammation with ulcer/erosion were excluded. 

(3) Histopathologic and immunohistochemical diagnosis 

Two or more oral pathologists blinded to the biopsy material made the histopathological 

diagnosis and the assessments of immunohistochemical staining. Histopathological and 

immunohistochemical evaluations were identical among 2 or more oral pathologists. 

5.     Evaluation of microvascular morphology 



Sections with CD34 and SMA immunoreactivities (1 section each) were used to decide 

fields for microvascular morphological observation. After immunohistochemical 

observation, entire sections with CD34 and SMA reactivity were scanned microscopically 

at low power ( 40) to identify hot spots, as the areas with the highest number of 

microvessels. Individual regional microvessels were then counted under high power ( 200) 

and calculated as the average value ± standard deviation of 3 fields to evaluate 

microvascular morphology. The CD34/SMA positive vessel area was converted into a 

binary format image and changes in microvessel area and the morphology of microvascular 

in the submucosa were estimated. Morphological analyses were using Win Roof version 3.4 

image analysis software (Mitani Corporation, Tokyo, Japan) and ImageJ (NIH). 

(1)     Morphological indexes 

1)  Study 1 (OLP)  

) Capillary loop angles: angle of the course of the capillaries to the virtual basal 

membrane (Fig. 1) 

) Average IPCL area: areas of IPCLS under the basement membrane 

 2)   Study 2 (leukoplakia and OSCC)  

) Capillary shortest diameter: the smallest diameter between the medial surfaces of 

endothelial cell  

) Average IPCL area: areas of IPCLs under the basement membrane 
 

) The proximity to the basement membrane: the distance from the basilar membrane 

to the most epithelial side of the blood vessel, IPCL extend horizontally, and 

smaller proximity indicates extension of the loops. 



) Degree of circularity: irregularity of the vascular lumen, which is the relative ratio 

when making perfect circle 1.0 and a decline of the ratio means a rise of irregular 

degree 

6. Statistical assessment 

All statistical analyses were performed using SPSS for Windows version 14.OJ (IBM, 

Tokyo, Japan). Statistical analyses were performed using the Kruskal-Wallis test and 

Steel-Dwass test. Values of P<0.05 were considered significant. 



Results 

1. Study 1 (OLP) 

(1)     Clinico-pathological findings 

The distribution of clinico-pathological findings is shown in Table 1. Details of the 

most prominent areas at 73 sites were the buccal mucosa in 70 (95.9%), lip in 2 (2.7%) and 

tongue in 1 (1.4%). Brant’s classification was white in 43 (58.9%) and red in 30 (41.1%). 

Andreasen’s classification was reticular in 60 (82.2%), erosive in 6 (8.2%), erosive 

+reticular in 5 (6.8%), atrophic in 1 (1.4%) and reticular and white patch in 1 (1.4%). 

(2)     Histopathological and immunohistochemical finding 

Histopathological findings are provided in Table 4. Representative images of OLP and 

characteristic findings focused on IPCLs are shown in Figures 2 (a-f) and 3 (a1-d1, a2-d2), 

respectively. Appearance rates of histopathological characteristics were keratinization, 

100.0%; frequent saw-toothed rete ridges, 69.0%; and Max Joseph spaces, 16.7%. 

Figure 3 shows Microscopic images focused on IPCLs (HE; a1-d1, a2-d2) and 

immunohistochemical staining using SMA antibody (a3-d3). Regardless of the 

classification from clinical inspection, IPCLs ran obliquely to the basal membrane at the 

sites adjacent to the lesion (Fig. 3b1, 3b2).  

(3) Evaluation of microvascular morphology 

capillary loop angles (Fig. 4a) and Average areas (Fig. 4b) of normal mucosa, sites 

adjacent to the lesion, the most prominent areas of OLP, and erosive areas are shown in 

Figure 4. Mean Capillary loop angles were 26.6 ± 19.3°, 84.5 ± 1 7.8°, 30.2 ± 22.4°, and 

34.4 ± 19.3° for normal mucosa, sites adjacent to the lesion, prominent areas of OLP and 

erosive areas, respectively. Significant differences were observed between normal 



mucosa/prominent areas of OLP and site adjacent to the lesion (p<0.001). IPCL angle 

tended to be larger at sites adjacent to the lesion than at the erosive areas. 

IPCL areas were 978.0 ± 523.7 μm2, 1537.1 ± 1061.4 μm2, 689.0 ± 351.9 μm2 and 

1092.1 ± 153.3 μm2 for normal mucosa, sites adjacent to the lesion, prominent areas of 

OLP and erosive areas, respectively. Significant differences were observed between 

prominent areas of OLP and sites adjacent to the lesion (p<0.001). Area of IPCLs tended to 

be larger in sites adjacent to the lesion than in normal mucosa. 

2.  Study 2 (leukoplakia and OSCC) 

(1)   Histopathological and immunohistochemical finding 

Representative images of normal gingival and mucosal lesions are shown in Fig. 

5a1-e1). Microscopic images with immunohistochemical staining using CD34 antibody are 

shown in Fig. 5a2-e2: 200X, a3-e3: 400X. More IPCL extension toward the basal 

membrane and IPCL dilation with dysplastic grading, and OSCC showed the most 

prominent of them.  

(2)    Evaluation of microvascular morphology 

Average capillary shortest diameter in normal, hyperplasia, low-grade dysplasia, 

high-grade dysplasia and OSCC groups were 8.79 ± 0.84, 9.29 ± 1.06, 21.15 ± 1.31, 23.98 

± 2.11 and 25.97 ± 2.13μm, respectively (Fig. 6a). A significant difference was seen among 

the 5 groups (p<0.01). Larger diameters were seen with high-grade dysplasia and OSCC 

when compared with normal mucosa and hyperplasia (p<0.01). Average IPCL areas in the 

5 groups were 41.19 ± 1.90, 52.75 ± 3.64, 540.93 ± 189.92, 639.37 ± 173.53 and 848.33 ± 

135.71μm2, respectively, again showing a significant difference between groups (p<0.01) 

(Fig. 6b). Larger areas were shown with high-grade dysplasia and OSCC when compared 

with normal mucosa, and with OSCC when compared with hyperplasia (p<0.01, each). 



Capillary vessels in low-grade dysplasia showed a larger area than in normal mucosa 

(p<0.05). The proximity to the basement membrane in the 5 groups was 19.78 ± 1.53, 16.36 

± 1.22, 14.51 ± 1.08, 12.03 ± 2.01 and 8.65 ± 2.00 , respectively (Fig. 6C). A significant 

difference was seen among the 5 groups (p<0.01). A lower degree of proximity to the basal 

membrane, that is, more extension of IPCL was observed in OSCC compared with normal 

mucosa and hyperplasia, and in high-grade dysplasia compared with normal mucosa 

(p<0.01). As a measure of irregularity of the vascular lumen, the degree of circularity in the 

5 groups was 0.82 ± 0.04, 0.79 ± 0.03, 0.62 ± 0,07, 0.54 ± 0.05 and 0.43 ± 0.07, 

respectively (Fig. 6d). A significant difference was seen among the 5 groups (p<0.01). 

Smaller circularity was shown in high-grade dysplasia and OSCC compared with normal 

mucosa and hyperplasia (p<0.05). 

 

 

 

 

 

 

 

 

 

 



Discussion 

The clinical condition of OLP changes according to disease progression and its site. 

Patients presenting with mucosal alterations and a region distribution fully consistent with 

OLP may thus only require a single tissue sample for histopathological evaluation. 

Conversely, the number of tissue samples to be obtained is guided by several considerations. 

Besides, histopathological cases of “suspected OLP” lack the characteristic features of 

“liquefaction degeneration in the basal cell layer” and “Civatte body formation”. In addition, 

termed “interface mucositis,” which is also encountered in oral regions of lupus 

erythematosus and in additional oral lichenoid conditions [19,20]. Namely pathological 

diagnosis of OLP is difficult, particularly clinically diagnosed erosive OLP [21]. 

The precision of diagnosis is therefore regarded for these reasons as a problem in OLP 

biopsy, and supplementary examination methods are needed. Concerning the 

histopathological evaluation of microvessels, some studies have evaluated microcirculation 

characteristics in the presence of OLP [22-27]. Microvessel density in OLP regions was 

observed to be significantly higher than in control specimens in previous studies [26,27]. 

However, López de Blanc et al reported the number of blood vessels was not increased, but 

the increased vessels area indicated that OLP is a more congestive region [25].  

Regarding the relationship between IPCL and clinical condition of OLP, angiogenesis 

and expression of vascular endothelial growth factor correlated closely with the different 

clinical forms of OLP regions [28-30]. However, no histopathological studies appear to 

have examined the morphology and course of IPCLs in OLP. In the present study, average 

capillary angle and area is much higher between normal and sites adjacent to the lesion and 

not between normal and prominent/erosive areas. In prominent/erosive areas, epithelial

regeneration starts from basal cells located near the erosion/ulcer caused



by chronic inflammation, and granulation tissue is formed in the mesenchymal tissue. 

Therefore, small new vessels and elongated IPCLs by congestion were intermingled for 

tissue repair. Meanwhile, IPCLs around those pathological changes were expanded and ran 

obliquely in both reticular and erosive types of prominent areas. IPCLs in neighboring 

normal areas might extend and supply the prominent areas with oxygen. In addition, 

thirteen cases in this study showed microhemorrhages on histological examination. 

Erythrocytes were conjectured to have leaked due to dilation and hyperpermeability of 

IPCLs. 

OLP shows histopathologically non-specific inflammatory changes under clinical 

conditions, and the pathological diagnostic criteria need to be discussed. By contrast, IPCLs 

are expanded and run obliquely to the basal membrane at the sites adjacent to the lesion. 

Consequently, characteristic IPCL patterns were identified in the present study irrespective 

of the reticular/erosive type, indicating the utility of IPCL patterns as the pathological 

diagnostic criteria. 

Generally, intraepithelial squamous dysplasia may progress to carcinoma in situ and 

eventually to invasive carcinoma, and the higher the grade of dysplasia, the greater the 

likelihood of progression to malignancy [31]. To judge the presence of dysplasia and/or 

OSCC before biopsy, changes in IPCL patterns as observed under NBI have started to be 

studied for oral leukoplakia [13,32,33]. Usefulness of NBI to detection of squamous 

precursor lesions and early-stage SCC in the oral cavity was described in the previous 

studies [11-13,32]. Studies of IPCL morphology by histopathological image analysis using 

resection materials are scarce for oral lesions, even though blood vessel numbers and 

densities with progress in the grade of dysplasia have been discussed [34,35]. Incidentally, 

oral mucosae have some particularities, such as, height subepithelial papilla, keratinization 



degree different depending on parts and without muscularis. The study to histopathological 

microvascular architectures isn't enough, though arguments are also left in observation by 

NBI to oral lesion with keratinization. However, keratotic whitish lesion frequently 

concealed macroscopic diagnosis. [12,32,36]. Clinical hyperkeratosis was selected in this 

study to analyze IPCL morphological change under the keratotic oral mucosae. In short, 

changes in vessels of IPCLs in high-grade dysplasia and OSCC involved two main factors: 

increased vessel caliber and prolongation of IPCLs toward the surface. Histomorphological 

results of the present study could not admit contradiction with NBI’s findings of oral 

leukoplakia and OSCC in the previous studies [13,32,33]. These vascular changes were 

assumed to be associated with increased atypia of blood vessels [10]. Alterations in 

microvascular structures represented by IPCL irregularities occurred with architectural or 

cytological abnormalities in squamous epithelial lesions. An increase in blood supply is 

necessary for any type of epithelial proliferation [37,38]. Since IPCLs are located near the 

epithelial basement membrane, changes in IPCL patterns are thought to reflect alterations in 

the structures of the epithelial basal layer. 

Regarding IPCL, in the first step, IPCLs with dilation arise during basal cell hyperplasia, 

then expand and elongate in low-grade dysplasia. Next, microvascular irregularities with 

branching of IPCLs are observed in high-grade dysplasia and OSCC in this study. In this 

study, 2 kinds of blood vessels should be intermingled in the surface observed; normal 

IPCL with expanded and extended change which exists in the lamina propria mucosa and 

juvenile IPCL like blood vessels led by neovascularization in high-grade dysplasia and 

early invasive squamous cell carcinoma. The change of IPCL patterns can be of help in 

detecting oral leukoplakia with higher grade dysplasia or invasive carcinoma.  

 



In conclusion, IPCLs are extended and run obliquely to the basal membrane at the sites 

adjacent to the lesion of OLP in study 1. Besides, characteristic IPCL patterns were 

identified despite reticular/erosive. In study 2 of leukoplakia and OSCC, the microvascular 

irregularity and proliferation composed by IPCLs and IPCL like abnormal capillaries were 

observed pathologically in squamous epithelial lesions of the oral cavity. The changes in 

vessels of IPCLs in high-grade dysplasia and OSCC involve two factors: increased vessel 

diameter and prolongation of IPCLs toward the surface. 

This research thus suggested the utility of these patterns in pathological diagnostic 

criteria. 
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