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Abstract The stylopharyngeus plays a critical role in the

clearance of the piriform recess. We dissected 78 sides of

the pharynx from 55 donated cadavers and observed his-

tology of another seven sides of the pharynx from seven

cadavers. The stylopharyngeus consistently comprised (1)

a descending muscle bundle surrounding the piriform

recess and (2) an additional short sheet inserting into the

tonsillar bed. Histologically, the former bundle connected

to a thick fascia providing the lateral glossoepiglottic fold,

extending along the submucosa of the piriform recess, and

covering the thyroid cartilage, whereas the latter sheet

intermingled with other pharyngeal wall muscles at and

near the tonsillar bed. Notably, in 44.4% of female speci-

mens, the additional sheet occupied a greater proportion in

cross section than the descending muscle bundle. Given the

different directions, the additional sheet seemed to check

clearance function of the descending bundle for the piri-

form recess. Thus, particularly in women, interindividual

differences in pharyngeal clearance were likely to depend

on whether the additional sheet is strong or weak. Chin

down in combination with tilting and rotating the head may

represent effective exercises of the stylopharyngeus that

could compensate for the disadvantages of additional

insertion.
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Silent aspiration or postdeglutitive overflow aspiration

represents a major mechanism for dysphagia in elderly

patients [1–4]. Longitudinal pharyngeal muscles, namely,

the stylopharyngeus, palatopharyngeus, and salpingopha-

ryngeus, are responsible for pharyngeal shortening and,

thus, play a critical role in pharyngeal clearance to avoid

postdeglutitive overflow aspiration [1, 2, 5]. In particular,

the stylopharyngeus exhibits a specific topographical rela-

tionship with the piriform recess, with muscle insertions

surrounding the piriform recess according to the figure in

Gray’s Anatomy (Figs. 11–26 in [6]). A lateral margin of

the piriform recess, i.e., the lateral glossoepiglottic fold [6]

or pharyngoepiglottic fold [7], is composed of the stylo-

pharyngeus with the palatopharyngeus. The piriform recess

is well known as the largest pocket that provides postde-

glutitive retention, in addition to being the major route for

pharyngeal swallowing. Of the three longitudinal pharyn-

geal muscles, stylopharyngeus contraction seems to be the

most effective for pharyngeal clearance.

Taken together, we hypothesized that interindividual

anatomic variations in stylopharyngeal insertion, if present,

are committed to pharyngeal clearance function. However,
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little information is available on interindividual anatomic

variations of the stylopharyngeus, particularly, in elderly

individuals. The present study, therefore, aimed to (1)

describe anatomic variations in the stylopharyngeal inser-

tion and (2) discuss treatment of patients depending on

anatomic limitations to pharyngeal clearance.

Materials and Methods

For macroscopic observations we dissected specimens of

the pharynx in 78 sides of 55 donated cadavers (38 left

sides and 40 right sides; 42 sides from 30 male cadavers

and 36 sides from 25 female cadavers). Bilateral observa-

tions were made in 23 of the 55 cadavers. These cadavers

had been fixed with 10% formalin and the mean age at

death was 76.4 years (range = 52–98 years). The cadavers

included three that were less than 69 years old (52- and 66-

year-old females and 64-year-old male). These specimens

included the pharyngeal opening of the auditory canal, soft

palate, and the extrapharyngeal part of the stylopharyngeus

superiorly, and the epiglottis, thyroid cartilage, and piri-

form recess inferiorly. After bisection of the pharynx along

the midsagittal plane and removal of the pharyngeal

mucosa, the palatopharyngeus and salpingopharyngeus

were observed first. We then opened a slit between the

superior and the middle constrictors of the pharynx and

made sure there was a continuation of the extra- and int-

rapharyngeal portions of the stylopharyngeus.

In addition to the aforementioned 55 cadavers, seven

specimens that included the stylopharyngeus, tonsillar bed,

and piriform recess were processed for routine paraffin-

embedded histology (seven sides of seven cadavers, four

males and three females; mean age = 75.8 years). For easy

identification in histology, the stylopharyngeus was labeled

with carbon particles at the entrance to the pharyngeal wall.

These specimens for histology were immersed in 5% nitric

acid for 1 week to decalcify the hyoid bone. Semiserial

sections with 0.5- or 1.0-mm intervals were prepared and

stained using hematoxylin and eosin.

The protocol for the present research project did not

include any specific issue that needed to be approved by the

Ethics Committees of our institutions. The present work

conformed to the provisions of the Declaration of Helsinki

in 1995 (as revised in Edinburgh 2000).

Results

Macroscopic Observations

During and immediately after passing through a slitlike

space between the superior and the middle pharyngeal

constrictors, the stylopharyngeus consistently divided into

(1) a major muscle bundle descending toward the piriform

recess and (2) a short muscle sheet extending into the

dorsoinferior part of the submucosal layer at the tonsillar

bed (Fig. 1A). Because the latter insertion into the tonsillar

bed had not yet been described, this was termed the

‘‘additional insertion’’ (Figs. 1–3). This insertion com-

prised superficial (mucosal side) and superior components

of the extrapharyngeal stylopharyngeus muscle fibers. The

additional insertion into the tonsillar bed was sometimes

very thin (Figs. 1B, 2B; 15 of 78 sides and 12 of 55

cadavers). In the tonsillar bed, the insertion was located in

the superficial or mucosal side of the styloglossus and

constrictor pharyngis superior. The styloglossus was

sometimes located in a wedged position between the

additional insertion and descending bundle of the stylo-

pharyngeus. The major descending muscle bundle usually

formed the medial or ventral aspect of the lateral glosso-

epiglottic fold in combination with the palatopharyngeus

for the lateral aspect (Fig. 2). In the lateral glossoepiglottic

fold, the stylopharyngeus was thicker than the palatopha-

ryngeus in almost two thirds of the 78 specimens.

In addition to forming the fold (see above), dorsal or

lateral parts of the descending muscle bundle, when

developed well (26 of 78 sides of the pharynx), ran infe-

riorly along the lateral margin and/or bottom of the

piriform recess toward the thyroid cartilage (Fig. 1B). The

salpingopharyngeus was adjacent to the lateral or dorsal

side of the well-developed descending bundle along the

recess. Figure 3 shows an example of a well-developed

stylopharyngeus.

In the cut surface of an extrapharyngeal portion of the

stylopharyngeus outside the pharyngeal wall, 19 of 78

specimens of the pharynx (24.4%) displayed the additional

insertion that occupied a greater area than the descending

muscle bundle (Fig. 1A; Table 1). In another eight speci-

mens of the pharynx, the tonsillar bed insertion shared

equally with the descending bundle. Conversely, the

descending muscle bundle was evident in the remaining 51

of 78 sides of the pharynx. Notably, in 16 of 36 sides of the

pharynx obtained from female cadavers, the additional

insertion displayed a greater area than the descending

bundle (44.4%), in contrast to 3 of 42 sides of the male

pharynx (7.1%).

We performed statistical analysis using the Mann-

Whitney U test on the size distribution of the additional

insertion between the male and the female groups and

derived significant differences with respect to gender (p \
0.01, Table 1).

The present population included three cadavers that

were younger than 69 years old; these three cadavers were

examined unilaterally after bisection along the midsagittal

plane, as the other halves were dissected by students. One
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Fig. 1 Variations of the

stylopharyngeus, viewed from

the medial side of the right half

of the pharynx. A A strong

additional insertion to the

tonsillar bed in an 82-year-old

male. Almost half of the entire

muscle fiber of the

stylopharyngeus (SP)

contributes to the additional

insertion. The descending

bundle runs along the lateral

glossoepiglottic fold (SP to

fold). B In contrast, a 78-year-

old male exhibits a relatively

strong descending bundle (SP to

cartilage) lining the piriform

recess (PR) and running

inferiorly toward the thyroid

cartilage. The palatopharyngeus

(PP) was divided to show the

SP. CC, cricoid cartilage; CPS,

constrictor pharyngis superior;

PT, palatine tonsil; TONG,

tongue (cut); UV, uvula

Fig. 2 Left/right differences in

the stylopharyngeus. All four

panels display the same

specimen of a 93-year-old

female. A From the dorsal side

of the pharynx. EPI, epiglottis.

B The left side of the pharynx

exhibits a strong descending

bundle of the stylopharyngeus

going inferiorly toward the

thyroid cartilage (SP to

cartilage). C, D The right side of

the pharynx shows a relatively

strong additional insertion and a

weak descending bundle (SP to

fold) running along the lateral

glossoepiglottic fold (LGEF).

The mucosal membrane was

absolutely removed in D. CC,

cricoid cartilage; CPS,

constrictor pharyngis superior;

PT, palatine tonsil; TONG,

tongue (cut); UV, uvula
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of these three specimens displayed a strong tonsillar bed

insertion, while the other two showed a strong descending

bundle.

We bilaterally examined 23 cadavers, most (19) of

which displayed no laterality in stylopharyngeus insertions.

However, in the remaining four cadavers, a significant left/

right difference was found in proportion to additional

insertion and descending bundle. The additional insertion

was thicker than the descending bundle in the left sides of

two cadavers (Fig. 2), and vice versa in the right sides. In

two cadavers the descending bundle was thicker unilater-

ally and almost equal on the other side of the pharynx.

Histologic Observations

The tonsillar bed insertion or additional insertion was

composed of superior parts of the stylopharyngeus and

displayed a short recurrent course to intermingle with the

constrictor pharyngis superior and palatopharyngeus

(Fig. 4). At the entrance of the stylopharyngeus into the

pharyngeal wall, fascia existed between the additional

insertion and the constrictor pharyngis superior, but no

fascia was present between the stylopharyngeus and the

palatopharyngeus (Fig. 4D). The additional insertion was

thin in two of seven specimens for histologic examination

(Fig. 4) and was thick in five of seven specimens (Fig. 5).

At the lateral glossoepiglottic fold, the palatopharyngeus

was located on the superficial or mucosal side of the sty-

lopharyngeus, although no definite fascia existed between

these muscles. However, in the inferior part of the fold,

both muscle fibers intermingled mutually to provide a

single conjoined muscle plate in the submucosal tissue. In

the superficial and deep sides of the plate at the piriform

recess, clear thick fasciae were evident. In particular, a

definite fascia lined the deep side of the muscle plate. The

fascia clearly separated the conjoined muscle plate from

the constrictor pharyngis medius. These fasciae continued

inferiorly and loosely covered the thyroid cartilage. Pha-

ryngeal mucosal glands were seldom embedded in the

stylopharyngeus in contrast to abundant glands inserted

deeply into the palatopharyngeus (not shown).

Discussion

According to present histology, a thick fascia was evident

between the constrictor pharyngis medius and the

descending bundle of the stylopharyngeus. This observa-

tion indicated that stylopharyngeal function differed

substantially from the function of the constrictor pharyngis,

and that contraction of the descending bundle of the sty-

lopharyngeus effectively flattened the piriform recess. The

descending bundle thus seems effective for clearance of the

piriform recess. Pharyngeal mucosal glands were seldom

embedded in the stylopharyngeus, in contrast to abundant

glands inserted deep into the palatopharyngeus. This

morphology also seemed to suggest much greater con-

traction for the stylopharyngeal muscle than for the

palatopharyngeal muscle. In addition, a thick fascia

underlying the conjoined muscle plate of the stylopharyn-

geus and the palatopharyngeus continued inferiorly and

covered loosely the thyroid cartilage. The classical

description ‘‘the stylopharyngeus inserts the cartilage [6,

7]’’ thus appears to be imprecise, as the muscle fibers

themselves did not connect directly to the cartilage.

The present study demonstrated an additional muscle

sheet of the stylopharyngeus inserted into the tonsillar bed.

In 19 of 78 sides of the pharynx (24.4%), the additional

insertion was stronger than the descending bundle running

in and around the piriform recess. Notably, the significantly

Fig. 3 Schematic representation of the well-developed descending

bundle of the stylopharyngeus with the additional insertion to the

tonsillar bed. Right side of the pharynx viewed from the medial side

after bisection in the midsagittal plane. The lateral glossoepiglottic

fold comprises the stylopharyngeus (SP) and palatopharyngeus (PP).

The PP is also divided into two bundles. The salpingopharyngeus

(SA) occupies a large area in the dorsal side of the piriform recess.

CC, cricoid cartilage; CPS, constrictor pharyngis superior; PT,

palatine tonsil; UV, uvula
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high incidence of strong additional insertion was observed

in females (44.4%) compared with that in males (7.1%).

The descending bundle seems to play a critical role in

pharyngeal clearance, but the additional insertion seems

unlikely to contribute to this function because this is likely

to pull the tonsillar bed dorsosuperiorly. Moreover, the

tonsillar bed might be fixed at the deep side by the

stylohyoid ligament. Indeed, the strong additional insertion

does not seem to always correlate with the reduced clear-

ance function of the stylopharyngeus, because the strong

descending bundle is able to compensate.

The additional insertion was likely to cause left/right

differences in pharyngeal clearance (Fig. 2). In fact, non-

pathologic left/right differences in pharyngeal swallowing

Fig. 4 Histology of the

pharyngeal wall and

stylopharyngeus. A-C A

longitudinal section of the

pharynx. D A higher-

magnification view rotated 90�
clockwise of the square outlined

in C. Panel A (along the lateral

glossoepiglottic fold) is the

most medial, while panel C

(along the piriform recess) is the

most lateral or dorsal.

Additional insertion is weak

(D). Note a thick fascia (arrow,

panels A-C) lining the

stylopharyngeus (SP). CPS,

CPM, and CPI, constrictor

pharyngis superior, medial, and

inferior; HB, hyoid bone; M,

mucosal membrane; PP,

palatopharyngeus; TC, thyroid

cartilage
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[8] and in the size of the piriform recess [9] have often

been reported. According to the present results, almost

20% of elderly patients seemed to unilaterally have

reduced function of the stylopharyngeus due to the rela-

tively strong additional insertion. Moreover, tonsillectomy,

which is now performed even in elderly patients for control

of some immunologic disorders [10], might induce scar-

ring that involves the additional insertion and pulls up

on the stylopharyngeal descending bundle. However, the

incidence of muscle variation seems likely to differ

between human populations as seen in pharyngeal con-

strictors [11]. Consequently, the additional insertion of the

stylopharyngeus seems to represent an ‘‘unfavorable vari-

ation’’ against pharyngeal clearance, particularly in elderly

women in whom muscle function is reduced.

Why did previous studies not mention this additional

insertion to the tonsillar bed? Identification seemed to be

difficult in gross anatomy because, according to the present

histology, muscle fibers of the additional insertion were

short in course and intermingled with the palatopharyngeus

and constrictor pharyngis superior. Although muscular

lamination of the tonsillar bed has been described in dif-

ferent ways [12–15], the stylopharyngeus was excluded

from those components. Ohtsuka et al. [16] described the

parts of the muscle that took part in formation of the ton-

sillar bed; this corresponded to the major descending

bundle in the present study. We speculated that nobody

paid attention to the additional insertion because in

younger specimens it should be present but much smaller

than the descending bundle. Thus, the relatively strong

insertion to the tonsillar bed, as often seen in females

(44.4%), was likely to be a result of aging, with degener-

ation of the descending muscle bundle. Conversely, the

additional insertion, even when replaced by collagenous

fibers with degeneration, could change the direction of the

longitudinal pharyngeal muscle. Unfortunately, however,

we were unable to retrieve specimens from younger sub-

jects to confirm this hypothesis.

Of the three longitudinal muscles of the pharynx, the

stylopharyngeus is the only muscle with an origin outside

the pharyngeal wall (i.e., the styloid bony process). Thus,

because the topographical relationship between the stylo-

pharyngeus origin and the point of insertion changes

depending on the posture of the head, stylopharyngeus

contraction or pharyngeal clearance function are likely to

be easily influenced by posture of the head. Flexion of the

head enhances closure of the laryngeal vestibule [17]. In

the face-forward position, the opening diameter of the

upper esophageal sphincter is increased and pharyngeal

retention in the piriform recess is decreased [18, 19]. When

the chin is tucked or in a chin-down position, posterior shift

of the anterior pharyngeal structures occurs in combination

with narrowing of the distance from the epiglottis to the

pharyngeal wall [20–26]. This distance nearly corresponds

Fig. 5 Histology of the stylopharyngeus and additional insertion. A

longitudinal section along the piriform recess. Arrows indicate the

strong additional insertion. The space labeled by asterisks represents

an artifact made during dehydration process. SLA, superior laryngeal

artery. CPS, CPM, and CPI, constrictor pharyngis superior, medial,

and inferior; HB, hyoid bone; M, mucosal membrane; PP, palato-

pharyngeus; TC, thyroid cartilage

Table 1 Size of stylopharyngeus additional insertion

No.of sides [DB Almost same as DB \DB

Male 42 3 4 35

Female 36 16 4 16

Total 78 19 8 51

DB = descending bundle of stylopharyngeus
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to the working distance for the descending bundle of sty-

lopharyngeus along the lateral glossoepiglottic fold. Thus,

a chin-down position does not seem good for pharyngeal

clearance by the stylopharyngeal descending bundle. In

fact, according to Logemann et al. [18], in contrast to head

rotation, the face-forward position decreases pharyngeal

retention in the piriform recess. In the present study we

hypothesized that interindividual and left/right differences

in pharyngeal clearance ability are likely to depend on

whether the additional insertion of the stylopharyngeus is

strong or weak. Conversely, exercise for the stylopharyn-

geus should be effective for the descending bundle, not for

the additional insertion. Overall, we would like to try a

chin-down position in combination with lateral tilt and

rotation of the head for acceleration of pharyngeal clear-

ance and exercise of the stylopharyngeus.
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