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Abstract: Objectives/Hypothesis: The purpose of this study was to document histologic features of the herniat-
ed sublingual gland (SLG) and investigate the histologic correlation between herniated SLG and plunging ranula. 
Methods: One hundred half-heads from 50 adult cadavers (21 females and 29 males) were included in this study. 
The presence of SLG herniation and the histologic features SLG were analyzed. The histologic features were ana-
lyzed according to the part: intraoral, junctional, and herniated parts. Hematoxylin and eosin (H&E), periodic acid 
Schiff reaction (PAS), and Alcian Blue (pH 2.5) staining were performed. Results: SLG herniation was found in 42 of 
100 half-heads. Non-herniated SLG and the intraoral part of the herniated SLG were mainly composed of mucous 
acini and a few mixed acini. Junctional and herniated parts were mainly composed of serous acini and showed fatty 
change. PAS and Alcian blue staining showed that both acidic and neutral mucinous acini of junctional and herni-
ated parts were decreased. However, there was no pseudo-epithelium at any site of herniation. Conclusions: The 
histologic features of herniated SLG are different according the portions. The herniated part showed fatty degenera-
tion and the remaining acini were mainly serous. We cannot confer any correlation between plunging ranula and 
the herniated part of SLGs.
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Introduction

The sublingual space is bound by the genioglos-
sus and geniohyoid muscles medially and the 
mylohyoid muscle inferolaterally. The mylohyoid 
muscle is a crucial structure forming the floor of 
the mouth. It separates the sublingual space 
from the submandibular space [1]. Frequently, 
there is a dehiscence in the mylohyoid muscle, 
and the sublingual gland (SLG) may pass 
through this defect to reach the submandibular 
space. This is called a sublingual herniation [2].

Salivary glands are made up of secretory acini, 
forming round secretory units. The acini can be 
of serous, mucous, or mixed types [3]. The com-
position of acini is different according to the 
type of gland. Acini of parotid glands are mainly 
of the serous type, producing a thin, watery, 
and amylase-rich fluid. As compared to the 
parotid gland, the SLGs are of mucous type, 
producing thick, viscous, and mucin-rich saliva 

[4]. However, there is no study that analyzed the 
histologic features or secretory characteristics 
of the acini in a herniated SLG. 

Previously, the authors have reported the prev-
alence of sublingual herniation in Korean ca- 
davers. However, we did not also study its histo-
logic features [5]. Therefore, in this study, we 
tried to analyze the histologic features of SLG. 
The histologic, morphologic, and secretory fun- 
ctions of the herniated SLG were analyzed. In 
addition, we investigated the presence of a 
pseudocyst in the herniated part, which is the 
critical histologic feature of a ranula.

Materials and methods

Donors

The study was performed following the provi-
sions of the Declaration of Helsinki 1995 (as 
revised in Edinburgh 2000). Specimens ac- 
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quired from a previous study were analyzed [5]. 
A total of 100 half-heads from 50 adult cadav-
ers (21 females and 29 males) were included in 
the study. Herniation was found in 29 (58%) of 
the 50 cadavers or 42 of the 100 half-heads. 
The mean age of the donors was 71.9 ± 15.7 
years. These cadavers had been donated to the 
Chonnam National University Medical School 
for research and education in human anatomy, 
and the university ethics committee had app- 
roved of their use for research. 

Histologic analysis

The SLGs were divided into two groups: non-
herniated SLGs (Group A, Figure 1) and herni-

lution FL/Auto, IMT i-solution Inc, Daejon, 
Korea).

Statistics

Continuous variables such as age and the ratio 
of the dyed area are summarized as mean ± 
standard deviation. Categorical variables such 
as sex are summarized as proportions. The 
independent sample t-test was used to com-
pare continuous variables, and Chi-squared 
tests were used to analyze categorical vari-
ables. Statistical analysis was performed using 
SPSS ver. 20.0 (IBM Corp, Armonk, NY, USA). 
Two-sided p values < 0.05 were considered 
significant.

Figure 1. Hematoxylin and Eosin (H&E) staining of non-herniated sublingual 
gland (SLG). In non-herniated SLG, the mucous acini were markedly devel-
oped. However, serous acini were not recognized. Mucous cells showed 
pale-staining and bubbly cytoplasm. Mixed acini with serous acinus, forming 
a serous demilune around mucous acini, were noted. They were histologi-
cally similar, regardless of the location. (B) Left upper area of SLG on (A); (C) 
Right upper area of SLG on (A); (D) Left lower area of SLG on (A); (E) Right 
lower area on (A).

ated SLGs (Group B, Figure 2). 
In addition, the SLGs in Group 
B were divided into three 
parts: intraoral part (Panel C 
and D of Figure 2), junctional 
part (Panel E of Figure 2), and 
herniated part (Panel F of 
Figure 2). 

The donated cadavers had 
been fixed by arterial perfu-
sion in 10% v/v formalin solu-
tion. From each of the cadav-
eric heads, we prepared tis-
sue blocks of the SLGs. After 
performing the routine proce-
dures involved in paraffin-em- 
bedded histology, serial sec-
tions were prepared and stain- 
ed with hematoxylin and eosin 
(H&E) to identify whether they 
were composed of mucinous 
acini or serous acini. In addi-
tion, sections were stained 
with periodic acid Schiff reac-
tion (PAS), and Alcian Blue to 
identify the characteristics of 
mucin. 

For microscopic analysis, a 
digital image-capture comput-
er system (Aeperio CS2, Leica, 
Wetzlar, Germany) and a bin-
ocular microscope (DM3000, 
Leica, Wetzlar, Germany) with 
a 20× objective were used. 
The images were analyzed us- 
ing appropriate software (iSo-



Histology of sublingual gland herniation

4305 Int J Clin Exp Pathol 2019;12(12):4303-4308

Results

H&E stain

Staining patterns of acini were different accord-
ing to the type of acini. Mucous acini had abun-
dant cytoplasm with clear mucin and well-
rounded basal nuclei, and they were arranged 
around empty lumina. In mixed acini, serous 
demilunes were formed around mucous acini. 
Serous acini contained distinctly eosinophilic 
zymogen granules in their cytoplasm, and their 
nuclei were spherical in appearance [4].

In non-herniated SLG, a large number of 
mucous acini and a small number of mixed 

0.001, P < 0.001 respectively). Both acidic and 
neutral mucin containing acini were decreased 
in the herniated part.

Discussion

The SLGs are the smallest, the most diffuse, 
and the only unencapsulated major salivary 
gland. They are located beneath the membrane 
of the floor of the mouth, anterior to the sub-
mandibular gland [6]. They are not covered by a 
capsule and are therefore more dispersed 
throughout the surrounding tissue. They pro-
duce only 3~5% of the total salivary volume. 
These glands secrete more viscous saliva that 
contains mainly mucus [7].

Figure 2. Hematoxylin and Eosin (H&E) staining of herniated sublingual 
gland (SLG). An SLG is herniated through the mylohyoid muscle (A, asterisk). 
Histologic analysis is performed according to the part (B). The yellow line in-
dicates an imaginary line representing the mylohyoid muscle. H&E staining 
of the intraoral part (C, D, upper two marked areas on panel B), junctional 
part (E, rectangular area on a yellow line on panel B), and the herniated 
part (F, lowest marked area on panel B) are analyzed. The intraoral part was 
mainly composed of mucous acini and mixed acini. The junctional and herni-
ated parts were composed of primarily serous acini. Serous acini contained 
distinctly eosinophilic zymogen granules in their cytoplasm, and nuclei were 
spherical in appearance.

acini were detected, whereas 
serous acini were rarely found. 
In addition, there were no his-
tologic differences in the H&E 
stained sections of the non-
herniated SLG according to 
parts (Figure 1). However, her-
niated SLGs demonstrated 
different cytologic features 
according to the part. The 
intraoral part was mainly com-
posed of mucous acini and 
mixed acini. On the other 
hand, the junctional and her-
niated parts showed fatty 
degeneration of mucous acini. 
They were composed of main-
ly serous acini (Figure 2).

Characteristics of mucin 

In addition to H&E stain, we 
performed Alcian blue and 
PAS staining to evaluate the 
characteristics of mucin. The 
ratio of stained area in non-
herniated SLG was 64.0 ± 
18.0% by PAS (Figure 3; Table 
1), and 49.3 ± 16.5% by Alcian 
blue (Figure 4; Table 1). The 
characteristics of mucin were 
similar in the non-herniated 
SLG and intraoral part of her-
niated SLG. However, the 
staining pattern of the junc-
tional and herniated parts of 
herniated SLG were statisti-
cally different from that of 
non-herniated SLG (Figures 3, 
4; P = 0.003, 0.018 and P < 
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Figure 3. Periodic Acid Schiff (PAS) reaction of the herniated SLG. PAS stain-
ing of the sublingual gland (SLG) was performed: the non-herniated SLG (A) 
and the herniated SLG (B: intraoral, C: junction, D: herniation). PAS staining 
showed a strong magenta color reaction with neutral mucin present in the 
mucous cells in the non-herniated SLG and the intraoral part of the herni-
ated SLG. However, a gradual decrease in the junctional and herniated parts 
of the SLG was revealed. Magnification, 20×.

SLG herniation is a common condition. In a 
European cadaveric study, mylohyoid hernia-
tion was found in 45 out of 100 adult cadavers, 
and 25 of these herniations were palpable [8]. 
In a Korean cadaveric study, the incidence of 
herniations was similar to those reported in 
European studies. Forty-two out of 100 SLGs 
were herniated and showed a female predomi-
nance. Of the total herniations, 63% were found 
in the anterior portion of the mylohyoid muscle. 
In addition, 86% of the herniations were of the 
marginal type that slip between the mandible 
and the mylohyoid muscle [5]. In addition, the 
previous study found that the gross features of 
herniated SLGs included smaller size and less-
er weight compared with the non-herniated 
SLGs [5]. However, there were no reports on the 
histologic features of herniated SLGs.

In this study, we analyzed the histologic fea-
tures of herniated SLGs. The herniated SLGs 
show histologic features that differ according to 
the part. The intraoral part of herniated SLGs 
was histologically similar to that of the non-her-
niated SLG. However, the junctional and herni-
ated parts of herniated SLGs were different 

from that of the non-herniated 
SLG. On H&E staining, the 
ratio of mucous acini was 
decreased and the ratio of 
serous acini was markedly 
increased in the junction and 
herniated parts. This was due 
to fatty degeneration in 
mucous glands. 

We supposed that a degener-
ative change of mucous acini 
resulted from the pressure 
exerted by the mylohyoid mus-
cle. The mylohyoid muscle 
pressed on the herniated  
part of the SLG. Subsequen- 
tly, it may have caused dam-
age to the duct and nerve  
supply of the herniated por-
tion of the SLG. Several stud-
ies have indirectly shown the 
possibility of this phenome-
non. Harrison et al. reported 
that salivary gland atrophy 
was induced by ligation of  
the excretory duct and the 
nerve in the excretory duct, 

together [9, 10]. Takashi et al. also demonstrat-
ed that chorda tympani resection induced atro-
phy of the acinar cells with a reduction in cell 
size [11].

Additional PAS and Alcian blue staining were 
performed to identify the cause of the de- 
crease in mucous acini. Both stains can identi-
fy the nature of mucin. PAS and Alcian blue 
staining can differentiate acidic mucin from 
neutral mucin. Acidic mucin was stained with 
the Alcian blue technique, and neutral mucin 
was stained by the PAS reaction [12]. Special 
stains showed that the junctional and herniat-
ed parts were significantly different in terms of 
acid and neutral mucin secretion, when com-
pared to those of the non-herniated SLG and 
the intraoral part of the herniated SLG. Special 
staining showed that degenerative changes 
were present in both acidic and neutral mucin-
secreting acini.

Some authors have reported a relationship 
between SLG herniation and plunging ranu- 
la [13]. A plunging ranula is a mucous extrava-
sation pseudocyst arising from the SLG that 
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penetrates the mylohyoid muscle and extends 
into the submandibular space as an SLG  
herniation [14]. Jain et al. reported a high inci-
dence of plunging ranula on both the affect- 
ed and the contralateral sides, as observed 
during diagnostic sonographic examinations  
of plunging ranula [15]. However, we could  
not find a pseudocyst (lacking epithelial lin- 
ing) at any site of the herniation, which is  
the key histologic feature of a ranula. There- 
fore, we concluded that the plunging ranula 
had no association with the herniated SLG and 
was not likely to develop within the herniated 
SLG. 
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Table 1. Comparison of PAS and Alcian blue stained areas according to the part of sublingual gland

Non-herniated SLG*
Herniated SLG* 

Intraoral part Junctional part Herniated part
PAS (%) 64.0 ± 18.0 56.8 ± 18.9 44.8 ± 18.2 28.6 ± 15.2

(p = 0.194)† (p = 0.003)† (p < 0.001)†

Alcian blue (%) 49.3 ± 16.5 49.4 ± 20.7 32.2 ± 22.8 19.5 ± 16.0
(p = 0.982)† (p = 0.018)† (p < 0.001)†

*SLG: sublingual gland; ±: standard deviations; PAS: Periodic acid-Schiff. †Student’s t-test was used to analyze the histologic 
difference between the parts.

Figure 4. Alcian blue staining of the herniated sublingual gland (SLG). Alcian 
blue staining was performed on the non-herniated SLG (A, SLG) and herniat-
ed SLG (B: intraoral, C: junction, D: herniation). Alcian blue staining showed 
a blue color reaction with acidic mucin present in the mucous cells. The ratio 
of the stained areas was similar in the non-herniated SLG and intraoral part 
of herniated SLG. However, the staining patterns of the junctional part and 
the herniated part of herniated SLG were statistically different from those of 
the non-herniated SLG. Magnification, 20×.

Conclusion

The main histologic feature of 
the herniated part of the SLG 
was degenerative change of 
mucous acini. The degenera-
tive change affected both 
acidic and neutral acini simi-
larly. However, no pseudo-epi-
thelium was found in the  
herniated part. We cannot 
infer a correlation between 
the plunging ranula and herni-
ated SLG.
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