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Abstract

Objectives
To characterize and compare line-field confocal optical coherence tomography (LC-OCT) features of
desquamative gingivitis in patients with pemphigus vulgaris and pemphigoid and to assess lesion
distribution and associations with disease activity.

Materials and methods
This single-center retrospective cross-sectional study collected clinical and LC-OCT data from 23 adults
with desquamative gingivitis associated with pemphigus vulgaris (12) or pemphigoid (11). Fisher’s exact
tests with false discovery rate (FDR) correction and Spearman correlations were used.

Results
Pemphigus vulgaris was characterized by presumed acantholytic cells, presenting in LC-OCT as
hyperreflective, gray, drop-shaped elements attached to the cleft roof and floating within the cleft and
erosion (partial-thickness epithelial disruption) (12/12 vs 0/11; FDR-adjusted p < 0.001) and
intraepithelial blisters (hyporeflective intraepithelial cleft) (8/12 vs 0/11; FDR-adjusted p = 0.004).
Pemphigoid was characterized by a subepithelial blister filled with putative fibrin and inflammatory cells
(hyporeflective subepithelial cleft containing homogeneous, mildly reflective material and small bright
particles at the basement membrane zone) (11/11 vs 0/12; FDR-adjusted p < 0.001). Pemphigus vulgaris
involved a wider range of mucocutaneous sites than pemphigoid. In pemphigus vulgaris, epithelial small
bright particles were not significantly associated with clinical activity scores, disease duration, anti-
desmoglein 1 (Dsg1) and anti-desmoglein 3 (Dsg3) antibody levels.

Conclusions
LC-OCT provides real-time, noninvasive imaging features that may support the differential diagnosis of
pemphigus vulgaris and pemphigoid presenting as desquamative gingivitis.

Clinical relevance:
LC-OCT may serve as a useful adjunctive tool to support initial assessment and differentiation of these
conditions, potentially reducing diagnostic delay and guiding earlier targeted therapy.

Introduction
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Desquamative gingivitis is a descriptive clinical term encompassing erythematous, erosive, and
blistering lesions of the gingiva associated with several mucocutaneous disorders [1]. Among
autoimmune blistering diseases, it occurs most commonly in pemphigus vulgaris and pemphigoid, more
frequently in mucous membrane pemphigoid and rarely in bullous pemphigoid [1, 2]. Although their
gingival manifestations may be clinically indistinguishable, pemphigus vulgaris differs from mucous
membrane pemphigoid and bullous pemphigoid in the level of tissue separation: pemphigus vulgaris
results from intraepithelial acantholysis, whereas both pemphigoids are characterized by a subepithelial
cleft [1, 3, 4]. Definitive diagnosis therefore relies on immunopathological examination, particularly direct
immunofluorescence (DIF) of an appropriately selected perilesional or clinically unaffected oral biopsy
[3–5].

Diagnostic delay remains a practical problem in desquamative gingivitis. Daltaban et al. reported a mean
delay of 8.25 months in patients with pemphigus vulgaris who initially presented with desquamative
gingivitis, while Caggiula et al. found mean delays of 8.0 months for pemphigus vulgaris and 10.71
months for mucous membrane pemphigoid [6, 7]. A case report of mucous membrane pemphigoid with
a negative Nikolsky sign described gingival symptoms persisting for 6 months before specialist
assessment, illustrating how subtle clinical findings may further complicate recognition [8]. These delays
underscore the need for adjunctive tools that may support earlier differentiation and guide the diagnostic
workup.

Conventional optical coherence tomography (OCT) has also been used to evaluate epithelial architecture,
tissue reflectivity, and basement membrane integrity in oral mucosal biopsy specimens, further
supporting the potential of optical imaging for the structural characterization of oral lesions [9]. Line-field
confocal optical coherence tomography (LC-OCT) combines vertical and horizontal imaging with near-
cellular resolution, enabling real-time, noninvasive visualization of tissue architecture [10, 11]. Previous
LC-OCT studies in autoimmune blistering diseases have focused on cutaneous lesions and have shown
that this technique can identify the level of tissue separation and provide information on blister
morphology and content [10, 12]. Evidence regarding oral mucosa remains limited, and LC-OCT features
of gingival pemphigus vulgaris and pemphigoid have not been directly compared [11]. Therefore, this
study aimed to characterize and compare the LC-OCT features of desquamative gingivitis in patients
with pemphigus vulgaris and pemphigoid and to examine lesion distribution and selected associations
with disease activity.

Materials and methods
2.1. Study design and patients

Clinical data and archived LC-OCT images obtained between 1 October 2023 and 4 May 2026 were
generated as part of routine clinical care. These data were accessed, extracted, and analyzed for
research purposes only after approval of the study protocol by the Bioethics Committee of the Medical
University of Warsaw on 4 May 2026 (approval no. KB/28/2026). This was a retrospective study.
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For the present analysis, eligible participants were adults with desquamative gingivitis and evaluable LC-
OCT images. The pemphigoid group comprised 10 patients with mucous membrane pemphigoid and
one patient with bullous pemphigoid. Both subtypes were analyzed together because the primary
comparison concerned the intraepithelial versus subepithelial level of tissue separation.

Other causes of desquamative gingivitis were outside the scope of this analysis. Exclusion criteria were
an oral disorder interfering with assessment, active oral infection, systemic immunosuppressive
treatment, severe systemic disease preventing participation, or inability to cooperate. Topical
glucocorticosteroid treatment was permitted. Written informed consent for participation and the
scientific use of clinical and imaging data was obtained from all participants. All eligible patients
meeting these criteria and available by the data cut-off were included. No formal sample-size calculation
was performed. Pemphigus vulgaris (~ 2.83 per million person-years) [13] and pemphigoid (~ 2 per
million per year) [14] are rare autoimmune blistering diseases in which desquamative gingivitis is an
even rarer presenting sign.

2.2. Clinical and laboratory assessment

A standardized form captured age, sex, symptom duration, pain visual analogue scale (VAS), Nikolsky
sign, lesion morphology, and oral or extraoral distribution. Disease severity was assessed using the Oral
Disease Severity Score (ODSS) in both groups [15, 16], the Pemphigus Disease Area Index (PDAI) in
pemphigus vulgaris [17], and the Mucous Membrane Pemphigoid Disease Area Index (MMPDAI) as a
descriptive mucosal activity measure in pemphigoid [18].

The diagnosis of pemphigus vulgaris or pemphigoid was confirmed by DIF of a buccal mucosal biopsy.
Immunoglobulin G (IgG), immunoglobulin A (IgA), and complement component 3 (C3) intensity were
graded from 0 to 3 for exploratory correlations. Routine testing included indirect immunofluorescence
(IIF) and commercial enzyme-linked immunosorbent assays (ELISAs) for bullous pemphigoid antigen
180 (BP180), bullous pemphigoid antigen 230 (BP230), laminin 332, Dsg1 and Dsg3 autoantibodies
(EUROIMMUN, Lübeck, Germany).

2.3. LC-OCT image acquisition and analysis

LC-OCT imaging was performed using the deepLive™ system (DAMAE Medical, Paris, France; axial and
lateral resolutions of 1.1 and 1.3 µm, respectively; penetration depth > 400 µm; stack size 1.2 × 0.5 × 0.5
mm). Vertical and horizontal scans were acquired from one representative gingival lesion between the
canines in sextant II or V. Imaging was standardized to these gingival regions to reduce site-related
variability, as evidence from confocal laser endomicroscopy indicates that oral mucosal architecture and
optical image quality differ across anatomical locations [19]. Integrated videodermoscopy was used to
document the imaging site. Minimal probe pressure was applied to reduce imaging artifacts.

Images were presented in random order. Two evaluators (U.F., M.K.), blinded to the final diagnosis and
laboratory results, independently assessed images using a predefined sheet covering epithelial, BMZ,
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lamina propria, blister, and vascular features. The scoring sheet and the 19 LC-OCT features were defined
before image review. Variables were binary.

2.4. Statistical analysis

Categorical data are reported as n/N (%). Where applicable, categorical variables in patients with
pemphigus vulgaris versus pemphigoid were compared using Fisher's exact tests. Continuous and
ordinal data are presented as medians (interquartile range, IQR). Spearman’s rho was used to assess
exploratory associations between LC-OCT features and clinical or laboratory variables. Interobserver
agreement was summarized as the feature-specific percentage agreement based on the two
independent ratings.

The primary analysis evaluated differences in the prevalence of 19 prespecified LC-OCT features in
patients with pemphigus vulgaris versus those with pemphigoid. There were no missing data for any of
the variables analyzed. The resulting p-values were adjusted using the Benjamini-Hochberg procedure to
control the false discovery rate (FDR), with an adjusted p < 0.05 considered statistically significant.
Analyses of clinical distribution, videodermoscopic features, and correlations were exploratory and were
not adjusted for multiple comparisons. Analyses were performed using Statistica 13 PL and R 4.6.1.

Results
Twenty-five patients with pemphigus vulgaris or pemphigoid were identified as potentially eligible for this
analysis (Fig. 1). Two were excluded based on the clinical exclusion criteria: one because of active
recurrent oral candidiasis and one patient with mucous membrane pemphigoid because of methotrexate
treatment for rheumatoid arthritis. The final cohort comprised 23 patients: 12 with pemphigus vulgaris
and 11 with pemphigoid (10 with mucous membrane pemphigoid and one with bullous pemphigoid). All
23 patients were included retrospectively. Three participants were receiving topical glucocorticosteroids
at imaging (two with pemphigus vulgaris and one with pemphigoid).

Baseline characteristics are shown in Table 1. Median age was 47.0 years in pemphigus vulgaris and
69.0 years in pemphigoid. Women represented 66.7% and 90.9%, respectively. Median symptom duration
before dermatological consultation was 4.0 and 8.0 months, while median pain VAS was 8.0 and 7.0, and
oral ODSS was 36.5 and 25.0. All pemphigus vulgaris patients and one patient with pemphigoid had a
positive Nikolsky sign. Erythema was present in all patients. Erosions occurred in all patients with
pemphigus vulgaris and in 9/11 patients with pemphigoid, whereas visible blisters were observed only in
patients with pemphigoid (3/11).
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Table 1
Demographic and clinical characteristics

Characteristic PV, n = 12 Pemphigoid, n = 
11

Demographic characteristics    

Age, years 47.0 (42.0-
50.5)

69.0 (61.0–82.0)

Female sex 8/12 (66.7) 10/11 (90.9)

Duration of symptoms before dermatology consultation,
months

4.0 (2.5–12.0) 8.0 (6.5–18.0)

Clinical severity    

Pain VAS score 8.0 (7.0-9.5) 7.0 (6.0–8.0)

Oral mucosal ODSS score 36.5 (27.0-
50.5)

25.0 (15.0–29.0)

PDAI score 15.0 (10.5–
25.0)

-

MMPDAI score - 25.0 (20.0–28.0)

Clinical findings    

Positive Nikolsky sign 12/12 (100.0) 1/11 (9.1)

Erythema present 12/12 (100.0) 11/11 (100.0)

Blisters present 0/12 (0.0) 3/11 (27.3)

Erosions present 12/12 (100.0) 9/11 (81.8)

Values are median (IQR) or n/N (%). Pemphigoid comprised 10 patients with MMP and one with BP. PDAI
was assessed only in PV; MMPDAI was used descriptively as a mucosal activity measure in pemphigoid.
Abbreviations: BP, bullous pemphigoid; IQR, interquartile range; MMP, mucous membrane pemphigoid;
MMPDAI, Mucous Membrane Pemphigoid Disease Area Index; ODSS, Oral Disease Severity Score; PDAI,
Pemphigus Disease Area Index; PV, pemphigus vulgaris; VAS, visual analogue scale.

Gingival involvement was extensive in both diseases (Table 2). The upper attached gingiva was more
frequently involved in patients with pemphigoid than in those with pemphigus vulgaris (100.0% vs 58.3%;
p = 0.037). Other gingival comparisons were not nominally significant. In both diseases, the buccal
mucosa was the most frequently affected non-gingival oral site (pemphigus vulgaris, 83.3%; pemphigoid,
54.5%; Table 2). Labial mucosal involvement (58.3% vs 0%; p = 0.005) and genital mucosal involvement
(41.7% vs 0%; p = 0.037) were more frequent in pemphigus vulgaris. Tongue and scalp involvement
occurred only in pemphigus vulgaris, whereas hard palate involvement occurred only in pemphigoid, but
these differences were not nominally significant.
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Table 2
Clinical distribution of lesions Gingival involvement

Site PV, n/N
(%)

Pemphigoid, n/N
(%)

PV-pemphigoid difference, pp
(95% CI)

p-
value

Upper marginal
gingiva

7/12
(58.3)

10/11 (90.9) -32.6 (-65.2 to + 0.1) 0.155

Upper attached
gingiva

7/12
(58.3)

11/11 (100.0) -41.7 (-69.6 to -13.8) 0.037

Upper alveolar
gingiva

10/12
(83.3)

10/11 (90.9) -7.6 (-34.7 to + 19.5) 1.000

Lower marginal
gingiva

11/12
(91.7)

10/11 (90.9) + 0.8 (-22.3 to + 23.8) 1.000

Lower attached
gingiva

11/12
(91.7)

11/11 (100.0) -8.3 (-24.0 to + 7.3) 1.000

Lower alveolar
gingiva

10/12
(83.3)

11/11 (100.0) -16.7 (-37.8 to + 4.4) 0.478

Non-gingival involvement
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Site PV, n/N
(%)

Pemphigoid, n/N
(%)

PV-pemphigoid difference, pp
(95% CI)

p-
value

Buccal mucosa 10/12
(83.3)

6/11 (54.5) + 28.8 (-7.4 to + 65.0) 0.193

Tongue 4/12
(33.3)

0/11 (0.0) + 33.3 (+ 6.7 to + 60.0) 0.093

Hard palate 0/12 (0.0) 3/11 (27.3) -27.3 (-53.6 to -1.0) 0.093

Soft palate 3/12
(25.0)

1/11 (9.1) + 15.9 (-13.9 to + 45.7) 0.590

Floor of the
mouth

2/12
(16.7)

0/11 (0.0) + 16.7 (-4.4 to + 37.8) 0.478

Labial mucosa 7/12
(58.3)

0/11 (0.0) + 58.3 (+ 30.4 to + 86.2) 0.005

Vermilion 4/12
(33.3)

1/11 (9.1) + 24.2 (-7.4 to + 55.9) 0.317

Non-hair-bearing
skin

5/12
(41.7)

2/11 (18.2) + 23.5 (-12.5 to + 59.5) 0.371

Scalp 4/12
(33.3)

0/11 (0.0) + 33.3 (+ 6.7 to + 60.0) 0.093

Genital mucosa 5/12
(41.7)

0/11 (0.0) + 41.7 (+ 13.8 to + 69.6) 0.037

Values are n/N (%). Differences are PV-pemphigoid percentage-point differences with unpooled Wald
95% CIs. P-values are from two-sided Fisher exact tests and are exploratory (no multiplicity adjustment).
Abbreviations: CI, confidence interval; PV, pemphigus vulgaris; pp, percentage points.

LC-OCT findings
All LC-OCT examinations were evaluable. Pemphigus vulgaris was characterized by partial-thickness
epithelial disruption and by hyperreflective, gray, drop-shaped elements attached to the cleft roof and
floating within the cleft (Fig. 2 and Supplementary Figs. 1–3). Both features were observed in all
participants with pemphigus vulgaris and in none with pemphigoid (12/12 vs 0/11; both FDR-adjusted p-
values < 0.001). Hyporeflective intraepithelial clefts were identified in 8/12 participants with pemphigus
vulgaris and none with pemphigoid (0/11; FDR-adjusted p = 0.004) (Fig. 2 and Supplementary Figs. 1–4).
Conversely, a hyporeflective subepithelial cleft containing homogeneous, mildly reflective material and
small bright particles was observed in all participants with pemphigoid and none with pemphigus
vulgaris (11/11 vs 0/12; FDR-adjusted p < 0.001). Among those with pemphigoid, subepithelial clefts
showed two morphological patterns: unilocular in 7/11 and multilocular in 4/11 (Table 3; Fig. 3,
Supplementary Figs. 5,6).
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Table 3
LC-OCT features

LC-OCT feature PV, n/N
(%)

Pemphigoid,
n/N (%)

PV-
pemphigoid
difference,
pp (95% CI)

Raw p /
FDR-
adjusted
p

Interobserver
agreement, %

Epithelial continuity:
partial-thickness
disruption (erosion)

12/12
(100.0)

0/11 (0.0) + 100.0 (+ 
100.0 to + 
100.0)

< 0.001 /
<0.001

100.0

Epithelial continuity: full-
thickness disruption

0/12
(0.0)

2/11 (18.2) -18.2 (-41.0
to + 4.6)

0.217 /
0.318

100.0

Parakeratosis 0/12
(0.0)

1/11 (9.1) -9.1 (-26.1 to
+ 7.9)

0.478 /
0.535

100.0

Hyperkeratosis 1/12
(8.3)

3/11 (27.3) -18.9 (-49.6
to + 11.7)

0.317 /
0.430

100.0

Disrupted epithelial
architecture

11/12
(91.7)

6/11 (54.5) + 37.1 (+ 3.8
to + 70.4)

0.069 /
0.130

87.0

Small bright particles
(inflammatory cells) in
the epithelium

11/12
(91.7)

5/11 (45.5) + 46.2 (+ 12.9
to + 79.5)

0.027 /
0.065

95.7

Altered basement
membrane zone

11/12
(91.7)

11/11
(100.0)

-8.3 (-24.0 to
+ 7.3)

1.000 /
1.000

100.0

Small bright particles
(inflammatory cells) in
the basement membrane

0/12
(0.0)

11/11
(100.0)

-100.0
(-100.0 to
-100.0)

< 0.001 /
<0.001

100.0

Small bright particles
(inflammatory cells) in
the lamina propria

2/12
(16.7)

4/11 (36.4) -19.7 (-55.1
to + 15.7)

0.371 /
0.470

95.7

Villous formation 2/12
(16.7)

0/11 (0.0) + 16.7 (-4.4
to + 37.8)

0.478 /
0.535

100.0

Hyperreflective, gray,
drop-shaped elements
attached to the cleft roof
and floating within the
cleft

(acantholytic cells)

12/12
(100.0)

0/11 (0.0) + 100.0 (+ 
100.0 to + 
100.0)

< 0.001 /
<0.001

100.0

Hyporeflective
intraepithelial cleft
(intraepithelial blister)

8/12
(66.7)

0/11 (0.0) + 66.7 (+ 40.0
to + 93.3)

0.001 /
0.004

100.0

Hyporeflective
subepithelial cleft
containing
homogeneous, mildly
reflective material and

0/12
(0.0)

0/12
(0.0)

11/11
(100.0)

7/11 (63.6)

-100.0
(-100.0 to
-100.0)

< 0.001 /
<0.001

0.001 /
0.004

100.0

100.0

100.0
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LC-OCT feature PV, n/N
(%)

Pemphigoid,
n/N (%)

PV-
pemphigoid
difference,
pp (95% CI)

Raw p /
FDR-
adjusted
p

Interobserver
agreement, %

small bright particles
(subepithelial blister
filled with fibrin and
inflammatory cells)

Subtypes:

Unilocular

Multilocular

0/12
(0.0)

4/11 (36.4) -63.6 (-92.1
to -35.2)

-36.4 (-64.8
to -7.9)

0.037 /
0.079

Blister content:
moderately reflective,
roundish floating
elements (inflammatory
cells and erythrocytes)

2/12
(16.7)

9/11 (81.8) -65.2 (-96.2
to -34.1)

0.003 /
0.009

100.0

Festooning of
connective tissue
papillae at the base of
the blister

0/12
(0.0)

2/11 (18.2) -18.2 (-41.0
to + 4.6)

0.217 /
0.318

95.7

Vessels visible 10/12
(83.3)

8/11 (72.7) + 10.6 (-23.1
to + 44.3)

0.640 /
0.676

100.0

Vessels dilated 5/10
(50.0)

1/8 (12.5) + 37.5 (-1.0
to + 76.0)

0.152 /
0.262

100.0

Values are n/N (%). Differences are PV-pemphigoid percentage-point differences with unpooled Wald
95% CIs. Raw p-values are from two-sided Fisher exact tests; FDR-adjusted p-values use the Benjamini-
Hochberg procedure across 19 comparisons and were calculated from unrounded raw p-values.
Interobserver agreement is the percentage of concordant paired ratings before consensus review. For
vessel dilation, denominators include only participants with visible vessels (PV, n = 10; pemphigoid, n = 
8). Abbreviations: CI, confidence interval; FDR, false discovery rate; LC-OCT, line-field confocal optical
coherence tomography; PV, pemphigus vulgaris; pp, percentage points.

Moderately reflective, round, floating elements within blisters were more frequent in patients with
pemphigoid than in those with pemphigus vulgaris (81.8% vs 16.7%; FDR-adjusted p = 0.009). Epithelial
small bright particles were more frequent in pemphigus vulgaris (91.7% vs 45.5%; raw p = 0.027);
however, this difference was not statistically significant after FDR correction (adjusted p = 0.065). No
other epithelial, lamina propria, and vascular LC-OCT features differed significantly.

Interobserver agreement and correlation analyses
Feature-specific interobserver agreement ranged from 87.0% to 100.0% and was 100% for partial-
thickness epithelial disruption, hyperreflective, gray, drop-shaped elements, and intraepithelial and
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subepithelial clefts (Table 3). In pemphigus vulgaris, no statistically significant correlations were
observed between epithelial small bright particles and DIF intensity, ODSS, PDAI, pemphigus IIF titer, anti-
Dsg1 or anti-Dsg3 antibody levels, or symptom duration (Supplementary Table 1). The strongest
correlation was observed with anti-Dsg3 antibody levels (rho = 0.53; p = 0.074). Correlations could not be
calculated in patients with pemphigoid because small bright particles in BMZ showed no variability
(11/11 present).

Videodermoscopic findings
Curved vessels were more frequent in patients with pemphigoid than in those with pemphigus vulgaris
(72.7% vs 16.7%; p = 0.012; Supplementary Table 2). Other vessel patterns did not differ.

Discussion
Pemphigus vulgaris and pemphigoid showed distinct LC-OCT patterns reflecting their different levels of
tissue separation. Pemphigus vulgaris was characterized by partial-thickness epithelial disruption
consistent with erosion, hyperreflective, gray, drop-shaped elements attached to the cleft roof and
floating within the cleft, interpreted as acantholytic cells, and hyporeflective intraepithelial clefts. In
contrast, pemphigoid was characterized by a hyporeflective subepithelial cleft containing homogeneous,
mildly reflective material and small bright particles, compatible with a subepithelial blister containing
fibrin and inflammatory cells together with small bright particles reflective of inflammatory cells in the
basement membrane. These findings were interpreted in the context of LC-OCT features of cutaneous
autoimmune bullous diseases described by Tognetti et al. [10] and Gellrich et al. [12], as well as OCT and
reflectance confocal microscopy (RCM) findings reported by Mogensen et al. [20] and Ardigò et al. [21].

LC-OCT features of the epithelium
LC-OCT features interpreted as acantholytic cells were observed exclusively in pemphigus vulgaris,
supporting their value as a distinguishing LC-OCT feature. Tognetti et al. [10] reported a similar pattern in
cutaneous pemphigus, with large (12–20 µm), roundish, hyperreflective structures. The presence of
similar structures in gingival lesions may represent an in vivo correlate of keratinocyte detachment
following loss of intercellular adhesion. This interpretation is consistent with the histopathological
mechanism described by Lanza et al. [22] and previous RCM and OCT observations reported by Alessi et
al. [1] and Panzarella et al. [23, 24]. Although intact intraepithelial blisters were also more frequent in
pemphigus vulgaris than in pemphigoid, they were observed less often than acantholytic cells, because
fragile oral blisters rupture rapidly and leave erosions visible as partial-thickness epithelial disruption.

Villous formation was more frequent in pemphigus vulgaris, although the difference was not statistically
significant, and may represent an LC-OCT correlate of papillary projections of the lamina propria lined by
preserved basal epithelium after suprabasal acantholysis. This interpretation is supported by Alessi et al.
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[1], who described preservation of the basal epithelial layer, with a clearly visible keratinocyte rim around
the papillae in pemphigus vulgaris.

Intraepithelial small bright particles were also more frequent in pemphigus vulgaris than in pemphigoid,
but this difference did not remain significant after FDR correction. Alessi et al. [1] described similar
bright structures within the epithelial honeycomb pattern in pemphigus vulgaris and interpreted them as
inflammatory cells.

The attached gingiva is masticatory mucosa covered by keratinized or parakeratinized stratified
squamous epithelium and adapted to mechanical function, as described by Dawson et al. [25]. Therefore,
focal hyperkeratosis or parakeratosis, which did not differentiate pemphigus vulgaris from pemphigoid,
may reflect reactive keratinization associated with chronic epithelial injury and local friction rather than
disease-specific LC-OCT features, consistent with observations by Mignogna et al. [26] and Müller [27].

In pemphigus vulgaris, intraepithelial small bright particles showed no statistically significant
correlations with mucosal ODSS, PDAI, IIF IgG pemphigus level, ELISA anti-Dsg1 level, or disease
duration. The correlation estimate for ELISA anti-Dsg3 level was moderate and positive, which is
noteworthy because Weiss et al. [28] reported that anti-Dsg3 levels may reflect disease activity in
pemphigus vulgaris. However, the estimate did not meet the conventional threshold for statistical
significance and should be regarded as a potential signal requiring evaluation in a larger study.

Intraepithelial small bright particles also showed no statistically significant correlations with DIF IgG, IgA
or C3 intensity in pemphigus vulgaris, providing no evidence in this study that they track immune-deposit
intensity.

LC-OCT features of the BMZ and subepithelial
compartment
On LC-OCT, altered BMZ was common in both pemphigus vulgaris and pemphigoid, but the associated
findings differed. In pemphigoid, it was accompanied by small bright particles at the junction between
the epithelium and connective tissue. These particles were present in all participants with pemphigoid
and absent in those with pemphigus vulgaris. They may represent inflammatory cells and contribute to
the altered appearance of the BMZ. In pemphigus vulgaris, altered BMZ may instead result from
suprabasal acantholysis and intraepithelial blister formation, which disrupt the optical appearance of the
junction rather than indicate primary BMZ involvement.

Correlations between BMZ small bright particles and DIF intensity, clinical activity scales, or circulating
anti-BMZ antibodies could not be calculated because these particles were present in all patients with
pemphigoid and therefore showed no variability. Rashid et al. [4] also noted that circulating BMZ
autoantibodies are often absent or detectable only at low titres by standard IIF, which may further limit
correlations with serological measures in small samples of patients with mucous membrane
pemphigoid.
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The subepithelial location of the blisters was the principal LC-OCT feature distinguishing between
pemphigus vulgaris and pemphigoid and reflected the expected level of tissue separation. Both
unilocular and multilocular patterns were observed, complementing the OCT findings of Panzarella et al.
[24], who described multilocular, subepithelial blisters as characteristic of mucous membrane
pemphigoid. The homogeneous, mildly reflective material may represent fibrin, whereas the moderately
reflective, roundish, floating elements likely represent cellular components. Because LC-OCT did not
allow reliable differentiation between inflammatory cells and erythrocytes, these elements could
represent either cell type or both. This interpretation is consistent with Tognetti et al. [10], who described
fibrin bundles, erythrocytes, and inflammatory cells within cutaneous mucous membrane pemphigoid
blisters, and with Ardigò et al. [21], who correlated mildly reflective homogeneous material in pemphigoid
lesions with fibrin deposition.

Small bright particles in the lamina propria interpreted as inflammatory cells did not clearly differ
between pemphigus vulgaris and pemphigoid. As Laurell et al. [29] showed that inflammatory cells may
also be present in clinically healthy gingival connective tissue, this finding should be regarded as a
nonspecific inflammatory feature.

Festooning of the connective tissue papillae was rarely observed and did not distinguish pemphigus
vulgaris from pemphigoid in our cohort. Histopathologically, festooning describes preserved papillary
projections extending into the blister cavity, as reported by Calonje et al. [30] in subepidermal blistering
disorders.

LC-OCT and videodermoscopic features of blood vessels
Vessel dilation was more frequent in pemphigus vulgaris, but the difference was not statistically
significant. Alessi et al. [1] described dilated vessels in both pemphigus vulgaris and mucous membrane
pemphigoid gingival lesions using RCM. Kurzeja et al. [31] reported multiple dilated blood vessels in
cutaneous pemphigus vulgaris. These observations support the occurrence of vessel dilation in
pemphigus but not its specificity for differentiating pemphigus vulgaris from pemphigoid. On
videodermoscopy, curved vessels were nominally more frequent in pemphigoid than in pemphigus
vulgaris, whereas looped, serpentine, coiled, and arborizing vessels did not differ significantly.

Clinical distribution of lesions
The present study assessed the marginal, attached, and alveolar gingiva of the maxilla and mandible
separately.

In pemphigus vulgaris, gingival involvement was substantial but not uniform. The lower marginal and
attached gingiva were most frequently affected, followed by the lower and upper alveolar gingiva. Direct
comparison with previous studies is limited because Scully et al. [32], Sultan et al. [2], and Mignogna et
al. [33] generally reported desquamative gingivitis as a single clinical category rather than by specific
gingival region.
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The buccal mucosa was the most frequently affected non-gingival oral site in pemphigus vulgaris,
involving 10/12 patients (83.3%), comparable to the 90% reported by Fernández et al. [34]. Other sites
included the labial mucosa (58.3%), tongue and vermilion (33.3% each), soft palate (25.0%), and floor of
the mouth (16.7%), supporting a disseminated pattern of oral involvement. These sites appeared more
frequently involved than in the study by Sultan et al. [2].

Extraoral involvement was also notable in pemphigus vulgaris: non-hair-bearing skin and genital mucosa
were each affected in 41.7% of patients, and the scalp in 33.3%. Cutaneous involvement was more
frequent than the 24% reported by Scully et al. [32]. Genital involvement was similar to that reported by
Kavala et al. [35] (44.1%) and Akhyani et al. [36] (51%). Scalp lesions were less frequent than in the study
by Sar-Pomian et al. [37] (65.2%). Together, these findings support the diffuse mucocutaneous
distribution of pemphigus vulgaris.

In all patients with pemphigoid, extensive gingival involvement was observed (Table 2), consistent with
the findings of Sultan et al. [2] and Bagan et al. [38]. Among patients with pemphigoid, the buccal
mucosa was the most frequently affected non-gingival oral site, with lesions in 6/11 patients (54.5%).
This is comparable to the 58% reported by Sultan et al. [2]. Hard and soft palate involvement occurred in
a minority of patients. No involvement of the tongue, floor of the mouth, or labial mucosa was observed,
consistent with reports by Sultan et al. [2] and Bagan et al. [38]. Extraoral involvement in pemphigoid was
limited.

Limitations
The small sample from a single-center study limited the precision of the findings. Histopathological
examination was not performed at the LC-OCT imaging sites, preventing direct correlation between
imaging and tissue findings. The inclusion of one patient with bullous pemphigoid introduced limited
clinical heterogeneity. Therefore, the findings should be interpreted as applying to the pemphigoid group
and not as specific to mucous membrane pemphigoid, although the principal subepithelial LC-OCT
pattern was present in all 11 patients. The generalizability of these LC-OCT patterns to disease stages or
imaging protocols requires confirmation in multicenter cohorts.

Conclusions
Line-field confocal optical coherence tomography may serve as an adjunctive method by providing
useful real-time, noninvasive information that supports differentiation between pemphigus vulgaris and
pemphigoid presenting as desquamative gingivitis. The characteristic pemphigus vulgaris pattern
included features interpreted as acantholytic cells, partial-thickness epithelial disruption, and
intraepithelial clefts, whereas pemphigoid was characterized by subepithelial clefts containing
homogeneous, mildly reflective material and small bright particles. Pemphigus vulgaris showed more
extensive mucocutaneous involvement, whereas pemphigoid predominantly affected the gingiva, with
the buccal mucosa as the most common non-gingival oral site. This difference in lesion distribution may
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provide complementary clinical clues. Prospective longitudinal studies should determine whether LC-
OCT can also be used to monitor disease activity and treatment response.
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Figures

Figure 1

Patient flow diagram. Twenty-five patients with an immunologically confirmed diagnosis of pemphigus
vulgaris or pemphigoid were identified as potentially eligible; two were excluded (active recurrent oral
candidiasis, n=1; methotrexate treatment for rheumatoid arthritis, n=1). The final cohort comprised 23
patients: 12 with pemphigus vulgaris and 11 with pemphigoid (10 with mucous membrane pemphigoid
and 1 with bullous pemphigoid); all 23 patients were included retrospectively. Following a standardized
assessment protocol, LC-OCT imaging revealed distinct differentiating patterns: putative acantholytic
cells and intraepithelial clefts in pemphigus vulgaris, and subepithelial clefts in pemphigoid.
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Figure 2

Pemphigus vulgaris. LC-OCT image in the vertical plane. Scale bar = 100 µm. Yellow arrows indicate
hyperreflective, gray, drop-shaped elements interpreted as acantholytic cells; red asterisks indicate
partial-thickness disruptions of epithelial continuity; the yellow asterisk indicates an intraepithelial blister

Figure 3

Pemphigoid. LC-OCT image in the vertical plane. Scale bar = 100 µm. Orange asterisks indicate a
subepithelial unilocular blister; red arrows indicate blister content consisting of moderately reflective,
roundish, floating elements compatible with inflammatory cells and erythrocytes; gray arrows indicate
homogeneous, mildly reflective material and hyporeflective elongated structures compatible with fibrin
deposition; orange arrows indicate an altered basement membrane zone with small bright particles
interpreted as inflammatory cells
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