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1 	 | 	 INTRODUCTION

Swelling	or	pain	in	the	parotid	region	is	a	relatively	com-
mon	complaint	in	the	clinical	practice	of	otolaryngology,	
internal	 medicine,	 and	 oral	 and	 maxillofacial	 surgery.	
There	are	many	causes	of	parotid	gland	swelling,	includ-
ing	 inflammation,	 viral	 infection,	 sialoliths,	 benign	 or	
malignant	 tumors,	autoimmune	diseases,	and	endocrine	
disorders.	Pneumoparotid	is	one	of	the	causes	of	parotid	
gland	swelling,	which	refers	to	the	retrograde	insufflation	
of	air	inside	the	parotid	gland	or	Stensen's	duct.	The	pneu-
moparotid	was	 first	described	by	Hyrtl1	 in	1865	 in	wind	
instrument	 players.	 Moreover,	 until	 the	 first	 half	 of	 the	
20th	 century,	 pneumoparotid	 has	 been	 recognized	 as	 a	
typical	occupational	disease	in	glassblowers.2–	4	However,	
the	 other	 etiologies	 of	 pneumoparotid	 vary	 and	 include	

self-	induction,5–	11	 abnormal	 habit,12–	14	 coughing	 at-
tack,15–	17	nervous	tic,5,18,19	and	iatrogenic	causes	such	as	
dental	 treatment,19–	22	 continuous	 positive	 pressure,23,24	
and	spirometry.25

Apnea	is	defined	as	the	cessation	of	airflow	(≥90%	de-
crease	 in	 airflow	 compared	 to	 baseline)	 lasting	 at	 least	
10  s.25	 Apneas	 are	 classified	 as	 obstructive,	 central,	 or	
mixed	based	on	the	pattern	of	respiratory	effort.25	An	ob-
structive	apnea	is	associated	with	continued	or	increased	
inspiratory	effort	 throughout	 the	entire	period	of	absent	
airflow.25	 A	 central	 apnea	 is	 associated	 with	 absent	 in-
spiratory	 effort	 throughout	 the	 entire	 period	 of	 absent	
airflow.25	Mixed	apneas	are	associated	with	absent	inspi-
ratory	effort	in	the	initial	portion	of	the	event,	followed	by	
resumption	of	inspiratory	effort	in	the	second	portion	of	
the	event.25	Typical	subjective	complaints	of	sleep	apnea	
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Abstract
Pneumoparotid	 is	 associated	 with	 retrograde	 air	 insufflation	 in	 Stensen's	 duct	
and	the	parotid	gland.	A	57-	year-	old	man	experienced	swelling	and	pain	in	the	
right	parotid	region	after	sleeping	during	a	flight.	Pneumoparotid	and	obstructive	
sleep	apnea	syndrome	were	diagnosed.	Pneumoparotid	was	suspected	as	caused	
by	 increased	 intraoral	pressure	during	sleep;	 thus,	an	oral	appliance	 to	 reduce	
intraoral	 pressure	 was	 effective.	 After	 9  years,	 the	 symptoms	 recurred	 on	 the	
left	side.	The	appliance	was	reinserted	and	helped	substantially.	This	is	the	first	
case	report	of	obstructive	sleep	apnea	syndrome	accompanying	pneumoparotid,	
treated	effectively	with	an	oral	appliance,	with	a	10-	year	follow-	up.
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syndrome	 are	 excessive	 daytime	 sleepiness,	 loud	 and	 ir-
regular	 snoring,	 disturbed	 nighttime	 sleep,	 mental	 dete-
rioration,	and	depression.26–	30	A	recent	systematic	review	
highlighted	 that	 the	 overall	 prevalence	 of	 obstructive	
sleep	 apnea	 ranges	 from	 9%	 to	 38%	 in	 the	 general	 adult	
population.31

Continuous	 positive	 airway	 pressure	 is	 an	 effective	
treatment	 option	 for	 this	 condition.	 However,	 problems	
associated	with	its	use	leading	to	noncompliance	include	
nasal	 congestion,	 discomfort	 secondary	 to	 pressure	 sen-
sation	 and	 air	 leak,	 and	 mask	 intolerance.30,31	 In	 1984,	
Meier-	Ewert	et	al.32	 first	described	an	oral	appliance	 for	
obstructive	 sleep	 apnea	 syndrome.	 Oral	 appliances	 are	
an	 important	 treatment	choice	and	maybe	 the	preferred	
initial	 treatment	 for	 mild-	to-	moderate	 obstructive	 sleep	
apnea	syndrome	or	snoring.

In	 this	 study,	 we	 describe	 the	 case	 of	 a	 patient	 with	
pneumoparotid	 related	 to	 obstructive	 sleep	 apnea	 syn-
drome	 and	 oral	 appliance	 therapy.	 A	 plausible	 relation-
ship	between	pneumoparotid	and	sleep	apnea	syndrome	
is	discussed.

2 	 | 	 CASE PRESENTATION

Pneumoparotid	refers	to	retrograde	insufflation	of	air	in-
side	 the	parotid	gland.	 In	a	patient	with	pneumoparotid	
accompanying	 sleep	 apnea	 syndrome,	 an	 oral	 appliance	
with	an	anterior	opening	to	reduce	intraoral	pressure	can	
be	effective.

A	57-	year-	old	man	was	referred	to	the	Department	of	
Oral	 and	 Maxillofacial	 Surgery,	 Kyoto	 Medical	 Center,	
with	a	chief	complaint	of	recurrent	swelling	of	the	right	
parotid	region.	Four	years	before	the	first	visit,	he	devel-
oped	bilateral	parotid	gland	swelling	and	was	prescribed	
antibiotics	(cefditoren	pivoxil)	by	his	otolaryngologist,	and	
the	symptoms	disappeared.	Three	years	later,	the	patient	
experienced	rapid	swelling	and	pain	 in	 the	right	parotid	
region	 during	 sleep,	 when	 he	 boarded	 an	 airplane	 and	
landed.	The	patient	was	prescribed	antibiotics	in	a	landed	
country.	The	symptoms	disappeared	gradually	and	spon-
taneously;	however,	3 weeks	before	the	first	visit	to	our	de-
partment,	severe	symptoms	recurred	in	the	same	region,	
and	 he	 visited	 an	 otolaryngologist.	 He	 took	 antibiotics	
(cefditoren	pivoxil)	for	2 weeks	without	improvement;	he	
was	advised	to	visit	a	dentist,	following	which	the	dentist	
introduced	him	to	our	department.

The	right	parotid	gland	was	slightly	swollen	and	ten-
der.	He	had	no	 fever,	and	no	abnormalities	 such	as	 red-
ness	were	observed	on	the	skin	of	the	cheek.	Blood	tests	
revealed	no	evidence	of	inflammation.	Crepitus	was	gen-
erated	by	light	compression	of	the	right	parotid	gland,	and	
frothy	 saliva	 with	 fine	 air	 bubbles	 was	 discharged	 from	

the	papilla	of	the	right	parotid	gland	(Figure 1).	Crepitus	
and	swelling	in	the	parotid	region	were	prominent	during	
waking	up.	Computed	 tomography	showed	air	predomi-
nantly	on	the	right	side	of	both	parotid	glands	and	ducts	
and	no	sialoliths	(Figure 2).	The	patient	was	on	oral	med-
ication	because	of	hypertension.	However,	the	history	of	
mumps	 remains	 unclear.	 For	 20  years,	 from	 the	 age	 of	
7 years,	he	played	a	traditional	Japanese	wind	instrument,	
hichiriki	(Figure 3).	He	did	not	snore.	He	had	gained	4 kg	
in	the	last	5 years.	His	body	mass	index	was	24.1.	Because	
the	patient	complained	of	daytime	sleepiness,	sleep	apnea	
syndrome	was	suspected.	A	sleep	study	was	performed	for	
three	nights	at	home	using	a	pulse	oximeter	(Pulsox-	300;	
Konica	Minolta).	The	examination	revealed	a	mean	apnea-	
hypopnea	index	[The	number	of	Apneas	plus	the	number	
of	 Hypopneas	 during	 the	 entire	 sleeping	 period,	 times	
60,	divided	by	total	sleep	time	in	minutes;	unit:	event	per	
hour25]	of	10.3	and	a	mean	minimal	oxygen	saturation	of	
81.0%.	The	patient	was	diagnosed	with	mild	sleep	apnea	
syndrome.

As	crepitus	and	swelling	 in	 the	parotid	 region	were	
prominent	during	waking,	it	was	postulated	that	desat-
uration	events	could	be	related	to	a	rapid	increase	in	in-
traoral	pressure.	Therefore,	an	oral	appliance	to	prevent	
obstruction	 of	 the	 upper	 airway	 and	 reduce	 intraoral	
pressure	(Figure 4)	was	fabricated,	as	described	previous-
ly.29–	31	The	mandibular	position	was	6 mm,	protruding	
from	the	intercuspal	position.	An	anterior	opening	was	
made	between	the	upper	and	lower	incisors	(Figure 4).	
After	insertion	of	the	oral	appliance,	sleep	variables	im-
proved	considerably	(mean	apnea-	hypopnea	index,	2.9;	
mean	 minimal	 oxygen	 saturation,	 90.8%).	 One	 month	
later,	 the	 pneumoparotid	 symptoms	 disappeared	 com-
pletely.	The	patient	was	followed	up	with	the	appliance.	
After	a	few	years,	the	patient	discontinued	the	appliance	
as	the	symptoms	disappeared.	After	4 years,	the	patient	
had	 bilateral	 parotid	 gland	 swelling,	 and	 antibiotics	
were	prescribed	for	1 week	by	an	otolaryngologist.	After	

F I G U R E  1  Air	bubbles	from	the	orifice	of	Stensen's	duct
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9 years,	the	patient	experienced	tenderness	and	swelling	
of	 the	 left	 parotid	 gland.	 The	 patient	 revisited	 our	 de-
partment	for	re-	examination.	The	left	parotid	gland	was	
tender.	 No	 abnormalities	 were	 observed	 in	 the	 parotid	
gland	skin.	Blood	tests	revealed	no	evidence	of	inflam-
mation.	 Crepitus	 was	 detected	 by	 compression	 of	 the	
left	 parotid	 gland,	 and	 frothy	 saliva	 with	 fine	 air	 bub-
bles	was	discharged	from	the	left	parotid	gland	papilla.	
Computed	 tomography	 revealed	 the	 presence	 of	 air	 in	
both	 ductal	 systems,	 with	 more	 prominent	 findings	 in	
the	left	parotid	gland	(Figure 2b).	A	sleep	study	was	also	
conducted.	 The	 test	 revealed	 a	 mean	 apnea-	hypopnea	
index	 of	 10.1	 and	 mean	 minimal	 oxygen	 saturation	 of	

79.8%.	 The	 results	 were	 remarkably	 similar	 to	 those	
9 years	prior.	The	oral	appliance	was	inserted	again,	and	
sleep	variables	improved	(mean	apnea-	hypopnea	index,	
3.1;	mean	minimal	oxygen	saturation,	90.3%).	Symptoms	
related	 to	 sleep	 apnea	 syndrome	 and	 pneumoparotid	
disappeared	completely.	The	patient	was	followed	up	for	
10 years	from	the	first	visit.	Relapse	of	these	entities	has	
not	been	observed	until	now.

3 	 | 	 DISCUSSION

This	study	is	the	first	to	report	a	patient	with	obstructive	
sleep	 apnea	 syndrome	 accompanying	 pneumoparotid	
who	 was	 treated	 effectively	 with	 an	 oral	 appliance	 and	
was	followed	up	for	10 years.

Pneumoparotid	 describes	 the	 presence	 of	 air	 within	
the	duct	system	and/or	parenchyma	of	the	parotid	gland	
secondary	 to	 its	 reflux	 through	 Stensen's	 duct.	 Parotitis	
associated	 with	 pneumoparotid	 is	 referred	 to	 as	 pneu-
moparotitis.	 Pneumoparotid	 has	 been	 observed	 in	 glass-
blowers	until	the	first	half	of	the	20th	century.2–	4	In	those	
days,	6%–	10%	of	glassblowers	had	symptoms	of	suspected	
pneumoparotid.4	 More	 pressure	 is	 required	 to	 produce	
larger	glassware	than	delicate	work	and	is	more	likely	to	
cause	pneumoparotid.3,4	Fortunately,	subsequent	innova-
tions	and	mechanization	have	dramatically	reduced	pneu-
moparotid	as	an	occupational	disease	in	glass	workers.

F I G U R E  2  Axial	sections	of	a	CT	
scan	show	air	in	both	parotid	glands	and	
ducts	at	first	visit	(A)	and	9 years	later	(B).	
Air	in	the	parotid	glands	or	ducts	(arrows)

(A) (B)

F I G U R E  3  Hichiriki	(A)	is	a	
traditional	Japanese	wind	instrument	
with	1400 years	of	history.	The	patient	
playing	the	hichiriki	(B)

(A) (B)

F I G U R E  4  Oral	appliance	to	reduce	intraoral	pressure	in	place
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Previous	 studies	 have	 indicated	 an	 associa-
tion	 between	 playing	 wind	 instruments,	 such	 as	 the	
trumpet,1,33,34	horn,1,8,35	tuba,36	clarinet,8	flute,37	and	re-
corder.38	Stensen's	duct	valve	prevents	reflux	into	the	pa-
rotid	gland	by	the	smaller	diameter	of	the	orifice,	which	
is	covered	by	redundant	mucosal	layers.	The	duct	is	later-
ally	compressed	by	the	masseter	muscle	and	buccinator	
muscle	contraction	with	an	increase	in	oral	pressure.	If	
the	intraoral	pressure	exceeds	the	protective	mechanism,	
pneumoparotid	can	occur.	Hyrtl1 stated	that	when	pres-
sure	in	the	oral	cavity	increases	while	playing	a	wind	in-
strument,	 air	 can	enter	 retrogradely	 from	 the	orifice	of	
Stensen's	 duct.	 He	 added	 that	 it	 is	 easier	 for	 beginners	
to	pull	in	the	air	when	they	blow	with	their	cheeks	full	
and	less	likely	to	occur	when	they	learn	the	appropriate	
embouchure	technique.1

Gazia	et	al.39	reviewed	49	reports	and	analyzed	54	pa-
tients	with	pneumoparotid	or	pneumoparotitis.	The	most	
frequent	etiology	is	self-	induction	by	blowing	the	cheeks,	
which	 mainly	 involves	 children	 for	 conflicts	 with	 par-
ents,	excuses	 for	not	going	to	school,	and	nervous	tics.39	
Antibiotics	and	steroidal	anti-	inflammatory	drugs	are	the	
most	 commonly	 used	 treatments.	 Behavioral	 therapy	 is	
used	to	remove	bad	habits	such	as	blowing	cheeks;	in	some	
cases,	supportive	psychotherapy	is	necessary.7,8,10,11,34

The	 relationship	 between	 pneumoparotid	 and	 sleep	
apnea	 syndrome	 remains	 to	 be	 elucidated.	 This	 patient	
played	a	traditional	Japanese	wind	instrument,	hichiriki	
(Figure 4),	 for	20 years	from	the	age	of	7 years.	The	hi-
chiriki	 is	 made	 of	 bamboo	 and	 is	 small	 compared	 with	
other	wind	 instruments	 (Figure 3);	however,	 it	 requires	
considerably	high	pressure	to	play	and	emits	a	very	large	
sound.	 Kreuter	 et	 al.40	 reported	 the	 intraoral	 pressure	
while	 playing	 various	 wind	 instruments;	 however,	 hi-
chiriki	 was	 not	 included.	 Although	 the	 patient	 had	 sel-
dom	played	hichiriki	 for	30 years	after	 the	age	of	27,	 it	
might	 be	 a	 predisposing	 factor	 for	 enlargement	 of	 the	
orifice	of	Stensen's	duct.	It	was	suspected	that	air	reflux	
occurred	during	sleep,	as	crepitus	and	swelling	in	the	pa-
rotid	 region	 were	 prominent	 when	 waking	 up.	 The	 pa-
tient	noticed	the	first	swelling	in	the	right	parotid	region	
when	he	boarded	an	airplane	and	slept,	and	the	airplane	
landed.	The	sleep	test	indicated	that	the	patient	had	mild	
obstructive	sleep	apnea	syndrome.	Playing	hichiriki	could	
be	a	predisposing	factor,	and	the	first	occurrence	of	pneu-
moparotid	was	triggered	by	an	increase	 in	the	baromet-
ric	pressure	on	the	board.	Given	that	the	patient	boarded	
only	once	and	pneumoparotid	recurred,	an	increase	in	in-
traoral	pressure	could	be	a	plausible	cause	of	developing	
or	maintaining	pneumoparotid.	Cabello	et	al.22	reported	
a	 case	 of	 pneumoparotid	 that	 blew	 severely	 overnight.	
The	patient	 in	 the	present	study	did	not	snore.	He	may	
have	 been	 blown	 during	 sleep.	The	 oral	 appliance	 with	

an	anterior	opening	might	have	helped	prevent	the	oral	
cavity	 from	 increasing	 intraoral	 pressure	 during	 sleep.	
Oxygen	saturation	was	considerably	reduced,	and	intra-
oral	pressure	 increased	during	sleep	apnea,	 resulting	 in	
pneumoparotid	disease.

In	1995,	the	American	Sleep	Disorders	Association	is-
sued	guidelines	stating	that	oral	appliances	are	indicated	
for	snoring,	mild	obstructive	sleep	apnea,	and	moderate-	
to-	severe	sleep	apnea	if	continuous	positive	airway	pres-
sure	 is	 not	 accepted	 or	 if	 surgery	 is	 not	 appropriate.22	
Various	 oral	 appliances	 have	 been	 increasingly	 used	 for	
the	treatment	of	sleep	apnea	syndrome.	Several	random-
ized	 trials	 have	 confirmed	 the	 effects	 of	 oral	 applianc-
es.41-	47	 Recent	 guidelines	 have	 extended	 indications	 to	
patients	 with	 moderate	 and	 severe	 sleep	 apnea	 when	 a	
patient	refuses	continuous	positive	airway	pressure	ther-
apy	after	being	informed	about	the	risks.48	All	appliances	
for	the	treatment	of	sleep	apnea	syndrome	are	constructed	
with	 the	goal	of	advancing	the	position	of	 the	mandible	
and	tongue	to	enlarge	the	airway	or	reduce	its	collapsibil-
ity.27-	31,49	This	may	lead	to	an	improvement	in	the	upper	
airway	 dimensions	 and	 possible	 effects	 on	 upper	 airway	
and	masticatory	muscle	tone.50	Suppression	of	events	that	
increase	 intraoral	 pressure	 in	 patients	 is	 indispensable.	
This	 is	 the	first	 to	report	an	oral	appliance	to	reduce	 in-
traoral	pressure	with	anterior	opening	 for	 the	 treatment	
of	pneumoparotid	 (Figure 4).	Some	researchers	have	re-
ported	 patients	 with	 pneumoparotid	 accompanied	 by	
obstructive	 sleep	apnea	 syndrome.22-	24	Long-	term	use	of	
oronasal	continuous	positive	airway	pressure23,24	or	man-
dibular	 advancement	 devices22	 can	 be	 a	 potential	 cause	
of	pneumoparotid.	In	a	recent	review,39	24.1%	of	patients	
with	 pneumoparotid	 disease	 had	 an	 unknown	 etiology.	
The	average	age	of	the	idiopathic	cases	was	28.6 years.39	
In	some	patients,	pneumoparotid	gland	involvement	may	
be	associated	with	sleep	apnea	syndrome.	Further	studies	
using	polysomnography	in	larger	cases	may	be	necessary	
to	clarify	this	hypothesis.
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