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Abstract. Reflectance confocal microscopy (RCM) is a 
non‑invasive tool that provides real‑time microscopic images 
and relatively high‑resolution tissue images. This technique 
provides a link between clinical examination and histopa‑
thology. RCM has been used to detect skin diseases and has 
also recently been applied to diseases of the oral mucosa. 
The present study aimed to explore the features of oral lichen 
planus (OLP) using RCM. A total of 47 patients with OLP 
exhibiting a reticular pattern, were included in the present 
study. The lesion sites and healthy adjacent sites were examined 
using in vivo RCM, with the lesion being histopathologically 
confirmed after RCM examination. The confocal images were 
reviewed, and the features were described. Sensitivity and 
specificity analysis of the RCM features was also performed. 
RCM examination presented parakeratosis, acanthosis and 

connective tissue papillae disappearance, with the presence of 
large melanocytes and roundish inflammatory cell infiltration, 
as well as dilated vessels in the lesion tissue. The sensitivity 
and specificity of OLP for dorsal tongue lesions were not as 
satisfactory as those on other sites. The results implied that 
RCM may be a promising technique to detect OLP non‑inva‑
sively in vivo.

Introduction

Lichen planus is a chronic inflammatory disease that 
effects the skin and oral mucosa  (1). It affects ~1‑2% of 
people over 40 years worldwide (2). As with oral mucosa, 
buccal mucosa, the tongue and gingiva are the main tissues 
affected (3). Oral lichen planus (OLP) is commonly affected 
by bilateral lesions and presents clinically in multiple forms, 
such as reticular, papular, plaque‑like, erosive, atrophic and 
bullous (4). OLP is a potentially malignant disorder of the oral 
mucosa (5), indicating that it may undergo malignant trans‑
formation (6). Repeated biopsies are required for suspected 
lesions. Consequently, a non‑invasive tool for assisting in the 
follow‑up of ongoing diseases is urgently required within 
clinics. A number of non‑invasive techniques have been devel‑
oped, such as toluidine blue and Lugol's iodine vital staining, 
autofluorescence, chemiluminescence and brush biopsy (7). 
The use of these adjuncts is useful and helps to increase 
clinical diagnostic sensitivity and specificity of OLP compared 
to clinical examination alone, even if not markedly (7).

Reflectance confocal microscopy (RCM) is a novel in vivo 
infrared optical detection device that has been widely used 
in the examination of dermatological (8,9) and oral mucosal 
diseases  (10,11) in recent years. RCM provides real‑time 
horizontal frame images at the cellular level, which can reach 
the superficial dermis (12). The contrast of RCM images relies 
on the different refractive index of subcellular components (13). 
A number of studies assessing the application of RCM in 
OLP have been previously reported and RCM cellular and 
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architectural findings have been described (14‑17). However, 
to the best of our knowledge, relevant studies in a Chinese 
cohort have not been performed. The present study aimed to 
observe the RCM features of OLP in a Chinese population.

Materials and methods

Patients. A total of 47 patients (25 males and 22 females) 
who were clinically diagnosed with OLP, with a mean age of 
49.4 years (range, 29‑74), were enrolled at the Ninth People's 
Hospital, Shanghai Jiao Tong University, School of Medicine 
between April 2015 and June 2016 (Table  I). The patients 
received an oral dose of fluconazole 50 mg once a day and 
a 1% sodium bicarbonate mouth wash three times a day for 
two weeks. Inclusion criteria were patients with newly diag‑
nosed OLP exhibiting a reticular pattern, which was clinically 
diagnosed by an oral medicine specialist and confirmed by 
subsequent histopathological examination according to modi‑
fied World Health Organization (WHO) diagnostic criteria (18). 
Exclusion criteria were lesions with erosion and ulceration. 
All patients were informed about the purpose and procedure 
of the study and provided written informed consent. Ethical 
approval for this investigation was obtained from the Ethics 
Committee of Shanghai Ninth People's Hospital, Shanghai Jiao 
Tong University School of Medicine (approval no. 2014038).

In vivo reflectance confocal microscopy (RCM). A commer‑
cial RCM (Vivascope 3000; Lucid, Inc.) with a light source 
of a near‑infrared wavelength (830  nm) stimulated by a 
diode laser at the variable power of 0‑22 mW was used in 
the present study. The system included a 30x water immer‑
sion objective lens with a numerical aperture of 0.9. A tissue 
ring was attached to the lens after ultrasound gel was inter‑
posed between the lens and the coverglass. The images were 
displayed in 1,000x1,000‑pixel horizontal sections. The lateral 
resolution could reach 0.5‑1 µm. The Vivastack mode was 
taken to obtain sequential sections of vital tissue at intervals 
of 5 mm from the superficial layers to the submucosa. Patients 
were examined using RCM and the healthy contralateral sides 
of the lesion area were also examined using RCM as a control.

RCM features, including parakeratosis, acanthosis, lique‑
faction degeneration, inflammatory cell infiltration and dilated 
blood vessels were evaluated. In addition, RCM features were 
analyzed for their sensitivity and specificity for evaluating the 
accuracy of RCM. Sensitivity is presented as the percentage of 
OLP lesions with the RCM features and specificity is presented 
as the percentage of healthy areas without RCM features.

Biospy preparation. Each lesion underwent an incisional 
biopsy (~5x5  mm) after two weeks of treatment, using a 
scalpel blade under local anesthesia (2% lidocaine with 
epinephrine) at the same lesion site that was used for the 
RCM analysis. Biopsy specimens were routinely fixed in 
10% phosphate‑buffered neutral formalin for 24 h at room 
temperature (20‑25˚C), embedded in paraffin and sectioned 
vertically in the traditional manner. Subsequently, 5‑mm thick 
sections were stained with hematoxylin for 5‑10 min and eosin 
for 1‑5 min at room temperature (20‑25˚C). Two experienced 
pathologists performed histopathological evaluations using a 
light microscope (BX51; Olympus Corporation) with a digital 

camera (DP71; Olympus Corporation) under x100, x200 and 
x400 magnification.

Results

Study population. The present study was comprised of 
25 males and 22 females. A total of 47 lesions and 47 perile‑
sional healthy areas were examined: 11 on the lower lip, 
4 on the upper lip, 21 on the dorsal tongue, 5 on the ventral 
surface of the tongue, 6 on the buccal mucosa and 0 on the 
gingiva. A total of 7 patients presented with histopathological 
dysplasia. Table I presents the demographic characteristics of 
the patients that were enrolled.

RCM features. In the healthy tissue sites, keratinocytes were 
identified by their outlines and the rounded highly refractive 
nucleolus was observed within the cells of the thin superfi‑
cial layer (Fig. 1A). At the stratum spinosum, smaller cells 
presented a honeycomb‑like architecture  (Fig. 1B). At the 
level of the epithelial‑connective tissue junction, connective 
tissue papillae and blood flowing inside the vessels could 
be seen in vivo, especially on the lips (Fig. 1C). Connective 
tissue could also be observed in the dermis, although not 
very clearly (Fig. 1D). In the specialized lingual epithelium, 
filiform papillae exhibited elongated sickle‑like structures and 
the taste buds consisted of large, spindle‑shaped cells.

In OLP, at the superficial layers, hyperkeratosis could be 
detected (Fig. 2A). A greater number of layers were identified 
in the stratum spinosum in OLP lesions than in normal sites 
using the Vivastack mode, which meant that acanthosis could 
be observed (Fig. 2B). Keratinocytes presented larger at this 
layer. At the epithelial‑connective tissue junction, the ring‑like 
bright structures disappeared due to necrosis of the keratino‑
cytes. Non‑rimmed papillae were obscured by roundish, small 
inflammatory cells (Fig. 2C). Dark lumen structures with bright 
round cells located inside these structures were visible in the 
papillary dermis, which corresponded to dilated vessels with 
inflammatory cell infiltration (Fig. 2D). Bright large dentritic 
structures, which were interpreted to be melanophages, could 
be seen in the dermis.

Table I. Patient demographics.

Demographic	 Value

Sex (no.)
  Male	 25
  Female	 22
Mean age (years) 	 49.4±13.3
Localization (no.)
  Lower lip (dysplasia)	 11 (1)
  Upper lip	 4
  Dorsal tongue (dysplasia)	 21 (4)
  Ventral surface of the tongue	 5
  Buccal mucosa (dysplasia)	 6 (2)

Data are presented as the mean ± standard deviation.
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Statistical analysis. Sensitivity and specificity were calcu‑
lated. The sensitivity and specificity of inflammatory cells 
were 0.70 and 0.87, respectively. The values of non‑rimmed 
papillae were 0.47 and 1.00, respectively. The sensitivity 
of non‑rimmed papillae of lesions on the dorsal tongue was 
reduced to 0.29 (Table II).

Epithelial dysplasia. In a total of 7 cases, histopathological 
examination revealed various degrees of dysplasia. 
Corresponding features were also identified using RCM 
imaging, such as keratinocytes which varied in size, disarrange‑
ment at the stratum spinosum (Fig. 3B) and multi‑nucleolated 
cells (Fig. 3A) being occasionally detected. Intercellular dark 
spaces and neoangiogenesis were also observed (Fig. 3C).

Discussion

OLP is a chronic inflammatory condition that is caused by 
autoimmune disorders  (19). OLP may manifest in various 
ways, such as in a reticular‑plaque pattern or as erosive lesions 
and plaques (20). The plaque type of OLP can resemble leuko‑
plakia by visual inspection and palpation (21). Furthermore, 
OLP is considered to be a disease that results in a significantly 
increased risk of developing cancer (22). As such, it is essential 
for patients with OLP to visit a doctor regularly. A rapid 
noninvasive tool would be beneficial for clinical diagnostic 

evaluations during patient follow‑ups. RCM has been used 
recently for oral mucosal diseases.

A number of studies have been published investigating the 
applications for RCM in OLP. Contaldo et al (14) reported 
parakeratosis, hypergranulosis, acanthosis, necrotic keratino‑
cytes, disrupted connective tissue papillae and inflammatory 
cell infiltration in RCM images of OLP tissue. Alessi et al (16) 
corroborated these findings and described melanophages as 
bright, large dendritic cells in five cases. In the present study, 
hyperkeratosis, parakeratosis and acanthosis were observed. 
At the level of the epithelial‑connective tissue junction, 
the disappearance of bright ring‑like structures indicated the 
destruction of the basal layer (14), which corresponded with the 
observed histopathological characteristics (23). Papillary rims 
may be obscured by the presence of inflammatory cells, which 
present as brightly refractive, roundish structures, but unlike 
in histopathology it was not possible to further distinguish the 
inflammatory cells (24). Dilated vessels and melanophages 
were also identified in the upper dermis.

Maturational disorders may occur in OLP due to its 
chronic inflammatory condition  (25). Contaldo  et  al  (14) 
briefly described multi‑nucleolated cells and structures that 
resembled keratin pearls, which were identified in two lesions 
upon RCM examination. The WHO has deemed OLP as a 
premalignant disease (25). A previous study also demonstrated 
that the reticular type of OLP had the highest rate of malignant 

Figure 1. Reflectance confocal microscopy horizontal frame section of normal labial mucosa. Keratinocytes were regularly arranged at (A) the superficial layer 
and (B) and stratum spinosum. (C) Keratinocytes and connective tissue papillae were clearly observed at the epithelial‑connective tissue junction. (D) Collagen 
fibers were identified at the lamina propria. Scale bar, 100 µm.
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transformation (26). In the present study, a total of 7 biopsy 
samples were revealed to exhibit various degrees of epithelial 
dysplasia. Cellular disarrangement, pleomorphism, dispersed 
nuclei and large intercellular spaces were also identified. 
In 2019, Contaldo et al (15) reported that the most charac‑
teristic RCM criteria for malignancies were cytological and 
architectural disarray in well‑differentiated oral squamous 
cell carcinoma, as well as cellular pleomorphism, increased 
nuclear‑cytoplasmic ratios and multi‑nucleolated keratinocytes 

in moderately/poorly differentiated oral squamous cell carci‑
noma. These findings were similar to those in the present 
study, which indicated that these features may suggest under‑
lying cancerous changes in OLP lesions. However, only few 
features of dysplasia were detected by RCM in the present 
study. Further work is required to assess the use of RCM in the 
diagnosis of precancerous lesions.

In the present study, the sensitivity and specificity of the 
RCM features on the dorsal tongue were lower compared with 

Figure 3. Reflectance confocal microscopy horizontal frame sections of features of dysplasia. (A) At the stratum spinosum, keratinocytes seemed larger than 
those in normal mucosa. Multinucleolated keratinocytes could also be detected (white arrow). (B) At the stratum spinosum, keratinocytes differed in size and 
shape, and were arranged irregularly. (C) Neoangiogenesis could be observed below the basal layer. Scale bar, 100 µm.

Figure 2. Reflectance confocal microscopy horizontal frame sections of oral lichen planus of the cheek. (A) Hyperkeratosis was exhibited with bright structures 
and parakeratosis (white arrow) at the superficial layer. (B) Keratinocytes were arranged regularly at the stratum spinosum. (C) At the level of the epithelial‑
connective tissue junction, non‑rimed connective tissue papillae were observed. Small roundish inflammatory cells infiltrated through the dilated vessels 
(red arrow). (D) Below the basal layer, connective tissue papillae appeared disrupted and dilated vessels could be detected by a black lumen. Scale bar, 100 µm.
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other sites, such as lips and buccal mucosa, due to the distur‑
bance of the tongue papillae and taste buds. Hyperkeratosis 
and acanthosis also interfere with the display resolution of 
RCM (27). The features of RCM are difficult to identify in 
the deeper layer of the sections due to fact the upper tissue 
layer interferes with image formation (28). It has also been 
reported that in strongly keratinized lesions, images cannot 
be clearly identified (15). Subclinical inflammation and alter‑
ation may be present on the clinically unaffected areas which 
would also interfere with specificity values. Otherwise, it 
has been reported that it is difficult to distinguish between 
the range and type of infiltrating inflammatory cells (29), 
as well as between melanocytes and Langerhans cells (30). 
Furthermore, a more portable device would be helpful 
during manipulation (31). Recently a new video‑mosaicking 
approach was reported for intraoral imaging, meaning this 
technique may be able to overcome the limitation of original 
confocal microscopy (32).

In conclusion, RCM may be a non‑invasive, adjunctive tool 
that can be used to evaluate OLP in real‑time and may be of 
use for the diagnosis of OLP to avoid unnecessary invasive 
procedures. Furthermore, RCM may potentially be used as an 
auxiliary tool to reduce the area of resection required when 
there are epithelial alterations that are not visible to the naked 
eye. The diagnostic value of RCM criteria needs to be further 
confirmed through a blinded evaluation comparing OLP and 
non‑OLP lesions. Further research is necessary to determine 
the characteristics and use of RCM in OLP lesions for future 
clinical applications.
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