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The Results of Dental Therapy in 50 Cascs of Acrotitis
Media in Submarinc FPersonncl
Bascd Upon
A New Functional Concept of Eustachian Tubc Blockage*

William J, Kclly, Licut, Comdr, (DC) USNR

I. Summary.
In accordance with BulMcd Projcet X-434 (Sub, No.

90) (b) Acrotitis Mcdia in Submarine Personnel: Rclation cf
Dental Defects and balocclusion to Eustachion Tube Failure,
work was undertaken to demonstrote the e¢ffidtivencss of
duntal measurcs leading to the corrcction of defcets so-
that the man could cqualize nir pressurc and thus prevent
the occurrence of acrotitis medin,

In the proesont paper the problem is defined and
the history of previous work is completcly analyzed, The
principal diffecrence between the preosent approach and that
uscd by previous investigators is the analyzing of all cascs
in function, Thc mcthods of diagnosis, x-rnys in open and
closcd position, models mountcd upon a moveble articulator
follow this concept of motion. The trcatment had for its
objcetive the restoration of unstraincd muscular activity
and this was accomplishced by frecing the lower jaw in
functional occlusion to permit unhampered movements in
all cxcursions,

With this rcestoration of unstraincd muscular
activity normal function was rcstored to the supcrior
pharyngeal constrictor duc to 1ls interrclation with the
buccinator through thc pterygomandibular raphc, thercby
stimilating lymph flow from thc Eustachian tube and middle
car, rclicving congestion in this arca and restoring
voluntary tubal patency, permitting cqualization of the air
pressure in the middle cer and in the surrounding atmospherc,

The mcasurc of success in this experiment was
entircly objective by means.of a complete cxamination by a
disinlcrcsted otologist.

Forty-six out of fifty .carcfully studicd cascs
were successfully treated by this method.

*From the Médicel Rescarch Department, U, S, Submarine Base,
New London, Connccticut.
e



II. Definition.

Aerotitis media is the condition that results
from a difference between air pressure in the middle ear
and in the surrounding atmosphere. It is the difference in
the two pressures, not the absclute value of either pressure,
that calls forth the series of tissue changes known collect=~
ively as aerotitis media, Equalization of pressure normally
occurs by the passage of air throuth the Eustachian tube
during its momentary opening as in the act of swallowing or
of yowning. ITnabiliiy or failure to opcn the tube voluntarily
at freouent intervels during a rapid change in pressure of
the surrounding atmosphere is thus the inciting cause of the
pressure differcential that is the immediate cause of the
lesions of aerotitis media., All cfforts to prevent aecrotitis
media must therefore be directed toward maintenance, or
restoration, of normal functioning of the Eustachian tube. (1)

I1I, History of Precvious Work,

The possibilities of the denbal corrcction of ear
desturbances cansed by variations in air prossure was first
investigated by ¥Willhelmy(2). He rcported that the inscrtion
of splints '™ copen the bite!” in a small group of aviators
with overclosure of the mandible appeared to give relief
from distressing ear gsymptoms incident to rapid altitude
changes, This samc approach was used by Lowery (3) with a
larger group (thirty-thrce) who had loss of intermixillary
distance, Of the twenty-six men submitted reports, nine
stated that thoy were symptom frée, fourteen felt some
benefit from wearing the spliats, and threc derived no be~
neficial rcsults. Teod (4§ in a’study of subjccts at the
Submarine Base, New London, following runs in the¢ rcecompression
choember, wrote "iWillhelmy belicved that overclosure of the
mandible might affect the proper functioning of the tube., In
this scerics {seven hundred and cight) no such instance was
recognized...,I doubt very much if this condition could be
classcd among the causes of custachian tubce obstructiont,

Other investigators (5) at a Maval Air Station
stated thet "the occurance of car block on low pressurc chamber
descents was found to occur five times as freguently in in-
dividuals with mal-ocelusion as in individuals with normal
occlusion'.



Harvey and Morant (6) of the Royal Air Force stated
thet their oxperiments do aot confirm these findings. They
Tound that 2ir creows with mal-occlusion outnwrbercd those
with normal occlusion and that the incidence of otitie
barotrauma (acrotitis msdin) was no morc provelent aniong
men with mal-occlusion. Cascs of otitic barotraumna hod
been fitted experimentally with "tuoth splints" for flyings
but none showed any resulting improveament, Cnses of otitie
barotrauna rcecovered without splinting ofter x-ray theropy
to the lymphoid tissue ot the orifice of the oustechian tube,

Captein C, W, Shilling (2€) USN (7), in charge of
the Mcdical Reseorch Loboratories, Submoranc Basc, Nuew London,
sugeested that an eflort be mrde to achieve a clarification
of these divergent vicws., One of the writcers was therefore
ordered to duty at this activity to conduct a thorough in-
vestigation of the possibilitics of the dentol corrcction of
the couses of acrotitis media.,

IV, Background oif Present Projcct,

The rigid physicel oxominations and screening tests
cmployed in submrince oxamining ot the Hedical Resenrch
Laboratorics oxeluded all candidates except young healthy
normel. meles, Included in those oxeminotions were audiometrice
studics of cvery man by thoe Sound Laboratory of Medical Rescarch
and o loss of morc than 20 decibels in 2ll toncs below 4096
doubl v vibrations per sccond wos considered couse for rejuction,

Thus many extroncous foctors wore initially eliminnted
and a wealth of good clinic»l material was avallable in that
all candidotes for submarine troining are required to take 50
pounds alr pressurc in a recompression chember to qualify for
instructior in the use of the cseape lung. o This is threc times
the pressurc thnt any aviator could possibly be exposcd to on
descent and thercfore would provide a bhorough test of any
corrcetive measurcs employcd., The first step in the projcet
was to review availnblce articles (&) on Avintion Dentistry
rclating to acrotitis media, This roview revealed o number of
points comuon to all articles as follows: (a) 21l conclusions
were bascd upon subjecbive symptoms, relying on whothir the
man stoted his cars had or had not improved following treatment;
(b) that thc clossificntion of mal~occlusion was based upon
a stobic rolotionship of the jaws; (c) cases were scleeted with
overclosure of the mandible; and (d) that x-rays of the
tomporomandibular articulation in open and closed positions
wore not wtilized as dicgnostic nids.



With thesc péints in mind and to rule out as many
variables as possiblec, this investigation was accomplished
as follows:

(2) those men with any interfercnce in mandibular
functien who showed acrotitis medio following cxposurc to
pressurc were tcken at random for treatment. No effort was
made to sclcet edscs on ony other basis,”such as amount of
adecnoidel tissue, history of ear discase, cte,

(v) subjectite symptoms were not used as 2 criterion
of success or feilure, as thcy might<be unrcliable, That only
objective symptoms would’count, i.c., the appearance of
previously affccted cnrs, otoscopically, when repressured
following dental trcailment,

(¢) all results werc checked by an otologist,
indepundently of this investigntor.

(d) all mon werc given uniform instruction in the
valsalva mancuver to clear their cears, beforc going into the
chamber,

(¢) successful cascs, (if any) werce to be rechecked
through the chamber some months later to dectermine whot degree
of permoncncy was afforded by the treatmant.,

(f) 211 cascs of accrotitis medis were graded from O
to 5 depending upon thc améunt of ear damage shown otoscopically
after cxposurc to pressurc, and thot this some clossification
be uscd for dectermmining the success or faoilurc of treatment,
This classification follows:

Grade O - Normal,

Grade 1 - Retraction with rcdness in Shrapnellts
membranc and along the manubrium,

Grade 2 - Retraction with’redness of the entirce drum,

Grade 3 - Samc as grade 2, plus evidence of fluid
and hcmorrhage in the drum,

Grade 4 - Hemotympanum; perforation of the drum of
both.,

Grode 5 -~ Drum bluc black in color and tymponam
filled with a sero-sanguinous fluid, but
no cir bubbles,

(g) 211 cases be checked with 2 nasopharyngoscope, as
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an otoscope, before and after treatment,
(h) control groups were cstablishcd as follows:

(1) an untreoated group that did not have acrotitis
media on the first chamber fun, to be re-
pressured at intervals,

(2) an untreated group that did show nerotitis
media on the first chamber run, to be re-
pressured at intervels,

V. Functional Conccpt of fustachian Tube Blockoge,

The sceond step, ~fber sctiing up the project was to
consider previous btheorics advonced o5 to why o chonge in jaw
relationship could favorably alfeet stenosis of the custochian
tube,

The rationale for the methods used by Willhelmy and
Lowery was bascd upon thc Costen hypothesis (9) which postulates
that in coscs of overclosurc of the nandible the internal
pterygold relaxcs and crowds the soft tissue ageinst the
pharyngeal 6pening of the custachian tube, causing o riechanieal
obstruction, and that the inscrtion of splints to restore
this lost dimension corrceted this condition enabling the men
to ventilate the middle car.

Scaver (10) believed, that as the tensor palati muscle
(considercd ns the mest important of the three ruscles opuening
the tube) reciived its cnoervation from the fifth cranial ncrve
it will be affected by peinful stirm}-tion of the scnsory
distribution of the fifth nerve, espceially the mondibular
division, and tliab this painful stimulation would be present
in mal-occlusion, He further stoted Mas stuffiness of the
middlc ear is a cowion comploint in mal-occlusion it is assuned
that the function of the tensor palati muscle in opening lhe
tube may be inhibitedt,

These theoorics did not completely satisy ithe re-
quirements of this projcet os the onc (Costen's) was controversial,
and the other did not allow for casecs of mal-occlusion that
showed no acrotitis mecdir~ as reported by Horvey and Morent,



Doctor Staccy Guild of Johns Hopkins thon suggestoed
to one of thec writers, that as there is usually dome cdema of
the custa chian tube in cases of acrotitis media, this con-
gestion might be due to stasis of the lymphaties draining the
tube and that mal-position of the jaws micht be a foetor,

This sounded likec a logiecal possibility and a review
of the available literature on the lymphaties revealed the
following:

Most (11) states that #the lymph vesscls in the middle
car conncet through the lymph capillarics of the custachian
tube with those of the lateral pharyngedl wall,...that they
pass the rcar circumfcerence of the tube, through the cartilagenous
wall ~nd travel between it and the bone to the laterz2l pharyngeal
gland which lics in thc bucco-pheryngeal fascia., THE LATTRAL
PHARYNGEAL GLAND IS THT FIRST AND !iOST IMPORTANT LY!PH NODE
DRAINING THE EUSTACHIAN TUBE AND :IDDLE ZARM,

Grays Anatomy (12) shows that thc superior pharyngeal
constrictor forms the laterzl wnlls of the pharynx and thet
the lymph channels passing to- the lateral pharyngeal lymph
nade arc affceted by the movements of this muscle.

Concerning the relation of this rmuscle to the muselces
of mastication Shapiro and Truex (13) have this to say "In
werking with this speeimen we were particularly impresscd with
the alternate tense and lax condition of the superior pharygeal
constrictor musclc as the mandible was moved from side to side,
When it is reecalled that this muscle is continaous with the
buccinator through the pterygomandibular raphe, tonscness of
the constructor is rcadily understood as playing a sccondary
rolc to the pull of the buccinator during movements of the
mandiblec!,

As to the rclation of muscle activity to the flow of
the lymph, Starling (14) has written this "The only part of
the body which has a continuous flow of lymph during rest is
the alimentary canal,,..sincc the lymphotics arc all provided
with valves the offect of oxternel presdurc on them is to causc
the lymph to flow in onc dircction only, towards the thoracic
duct and grcat veins, HENCE WE MAY LOOK UPON FUSCULAR ACTIVITY
AS THE GREATEST FACTOR IN THE CIRGCULATION OF LYMPH,®
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From this material we concluded that any conditions
that intcerfercd with the normal function of the buccinator
would in turn affcet the suporior pharyngeal constrictor, and
by inhibiting its movemcnts might producec a congestion of
the custachian tube due to a stasis of the lymphaties causcd
by insufficicnt muscular activity.

The next consideration, then, was thot we werc dealing
with motion and any attomp to approach the problem from a
static concept might end in failure,

VI. Experimental Technique Used.

After o sclection of a patient with aerotitis media
and following’the concept of motion, x~rays of both temporomandibular
articulations, using thc mastoid approach from the opposite'sidc,
were taken in both open ond closed positions,

With o suitable material, impressions of both jaws were
token and casts run up in stone., It wes then nccessary to sclect
an instrument upon which thc models could be placed so thot the
rclationship of the jaws could be studiced in motion and the
findings corrclated with the x-ray plotes.

Beecause the tomporomandibular articulation is an
arthrodialdiathrosis joint, its movements are ncecssarily very
caaplex and no instrument has yet beoen developed that fully
reproduces all thesc movements, A Hanau articulctor was
sclected because it produces cquivalent movements of the
mandible which proved quite satisfactory for this purpose, due
to its simplicity and accuracy.

The next step was to transfor the upper cast to the
articulator with the aid of a faee bow. The purpose of this
was to have the upper caso in the same relation to the hinge
of the articulator as thec maxilla is to the temporomandibular
articulation,

The mounting of thec lower ¢ast is important in that
all rcgistrotions should be taken in unstrained positions for
accuracy. This is ncecessory because the magnitude and direction
of force 2nd their points of appliecation during a registration
arc beyond the control of both the operntor and potient, It is
logical to assume, thereforc, that mcthods to record jaw
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reiationshdps with prodsart moy be unrcliable. Of all the
magnitudes, dircctions, and pcints of application of forces

that a patient con possibly wxcrt, thére is only one relicble

and definite combination, and that is, the magnitude of the

force Zero, a foree which has no dircetionor point of applieation.

With this in mind, the patient was pldced in a ro-
laxed, upright position, instructed to swallow, open to a
rest position, and allow a thin picece of low fusing 'wax to
be inscrted between the arches, and then instructed to close
gently until the first point of contac¢t was made through the
wax by any two or morc opposing tceth, but no further closure
was permitted, The wax was then chilled and carefully re-
moved, This was rcpcated until two or more "bites" agreed,

It is rcalizced that biting into wox requircs the
application of sémc force nnd in order to reduce this as
much as possiblc, a very soft heated wox was usced ond the
patient instructed to closc gently.

The ¢ondyle paths on the articulator werce then sct
by having the paticnt protrude the lower jaw and mode now wax
registrations in this position and the articulator adjusted
accordingly, Laterpl sctfings on the articulator were determined
by the formula L + §+ 12, where:

L is the lateral condylc inelination in degrees;
H is the horizont~l condyle inclination in degrees
as established by the protrusive rclotion;
(2 full explanation of the operation of this formula
is contained in thc instruction book (15) accomponying cach
Hanau Articulator).

A study was then made of this relationship on the
articulator and thc points of prematurce contaet were marked and
compared in the mouth, The models were then run through all
paths of excursion and any point of interfcercnce noted.

Thesc points were then ehecked in the mouth by having
the patiocnt duplicotc the movements with carbon paper between
the tceth, The inclined planes of the teeth around the point
of premature contoct were studied on the models and in the
mouth, Then with a sm2ll stone interfering inclined plones
were reduced to provide unhampered excursions,
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The vertiéal dimensioen in static occlusion was not
altcred in any way, since the cuspal points or occlusal sulei
were not touched, Only plances which offercd resistance to free
exeursion werce reduced,

A1l cascs were carcfully studied for possible over-
closure or loss of intermaxillary distance by the following
mcthods:

(a) Appearance of the patient;

(b) Possible superior displaccment of the condyle
herds in the fossoac as revealed by the x-rays;

(¢) Cnathodynamotric readings (16) to locate that
oeclusal relationship (vertical dimension) which allowed the
moximum biting force to be rcgistered, less the normel free
way spacc;

(d) Missing posterior tcceth which often pointed to a
possible loss of this dimension.

The previous dental approach to this problem has
dealt almost exclusively with the insertion of splints to
"opcen the bite’, We feel that the widely divergent vicws as
to the efficady of this proccdurc and poor degree of success,
or lack of it, in thc hands of somec investigators may be
attributcd to the fact that splints werc used in cascs where
they were not indicdted and by over~oponing incrcasced strained
articular rclations, thus further aggravating an alrcady
abnormal situation,

We beligve that the usc of splints is a definlte
adjunct to the dental trcatment of acrotitis media in some
cases, Splints should only be omployed, however, where indicated
and grcat carc must be oxercised not to opon beyond normal
limits and to mrintain o corrcet frec way space. Over opening
of this distanec due to tilting and drifting of tceth and/or
other causcs was earcfully wotched for.

VII, Fxperincental Results,

Over a period of ten months, fifty cases of acrotitis
mcdia were treoled using the forcgoing technique, Following
dental treatment the men were given 50 lbs pressure ond when
they amerged from the chamber their cars werc cheeked by the
Mediendl Rescarch Otologist, otoscopically.’ Any man showing a
#1 car, cither wnilaterally or bilaterally, was rcgorded as
an unsuccoessful case,
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This was a very high standard to mcet as a #1 ear
shows only a pinkness around thc periphery of the drum and
along the handlec of the malleus and a man could give himself
this typc of car while under pressure when exccuting the
valsalva mancuver if therc was the slightest degrce of -
eustachian tube blocknge. Forty-six of the fifty cases,
however, camc through preossurc after trecatment with absolutely
negative or #0O ears, whereas before trecatment the cor damage
had ranged from #3 to #5 cars cither unilaterally or
bilatcerally,

In thesc 46 successffl cases the conclusions weré
bascd upon objcctive findings, i.c, otoscopic examination,
which is the only rcliablc criterion of the success or
feilure of any trcatmont for acrotitis media, We found
that little recliance could be placed upon subjective symptoms
because many men took 50 lbs pressurc and on leaving the prcssure
chamber stated that their cars felt normnl. and that they
had no pain or discomfoft; even when otoscopic cxamination
showed that they had #3, #4 or #5 cars., This could be
partially accountcd for by the universally high motivation
among the candidates, and fear of disqualificotion for
submarine duty,

In this scrics of 46 cascs we found 5 where there
was an overopening of the intermaxillary distance causcd by
the carly loss of six year molars and the subsequent tilting
and drifting of other tceth in the molar region., These
cases werce treated by the reduction of the occlusal surfaces
of the offending tooth or teceth or by the ramoval of third
molafs so thot a morec normel verticrl dimenslon was restored;
this, plus the removal of lateral promatures, was sufficient
to crecate a succeossful case, These 5 cascs were of great
interest to us as the possibility of overopening of thc inter~-
maxillary distanec had ncver previously been considercd as a
possible factor in acrotitis mcdia, Following any other
concept but a functional onc this frclor would have been
ignorcd and we beliceve that this aceounts for failurcs where
splints arc used indiscriminatcly.

In only 3 of the 46 cases werc splints employod., In

cach of these a number of molar tecth were missing and superior
displacement of the condyle hsads could bc demonstrated in
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the glenoid fossac radiographically, In each case post
opcrative x-rays werc taken as a cheek, The splints in

cach casc were so constructed that the resulting occlusal
planc was in harmony with thc rmechonieal and physiological
rcquircnents of the tcemporomandibular articulation thus
permitting unhamperoed cxcursions of the mandible and complcte
function of the buccinator.

Figurcs #1 through #2 show the x-rays of one of the
threce eases and illustrate the importance of properly projected
radiogrophs in the diagnosis and treatment of thesc conditions.,

In this group of cases all types of adcnoids were
found, ronging from cnormous to small, In 20 of the paticnts
the adcnoids were cnormous ond”covercd the ostium of the tube,
Because of this we have foiled, so far, to find any corrclation
between the type of lymphoid tissuc found in the nasopharynx
and the success or failure of a dental treatment that follows
these methods of diagnosis and proseription,

L number of the cascs of acrotitis media (ten) judged
according to the stondard stetic concept of occlusion would
be classed as normal, but when studicd in motion pronounced
prematures ond interfering contacts could be demonstrated
causing the condylc heads to assume strained articular
rclations, motivated in many instances by aberrant inclined
planes found on large occlusal inlays and amalgam restoration.
Reduction of the inclined plancs to provide unhampered
movenent in 2ll oxcursions was sufficicent treatment,

It was further noted in this series thet where thcere
was unilateral acrotitis media, that the occlusel intcerfercnce
in lateral cxcursion was always on the side awey from the
affected car, while in latcral movement on the side away
from the normal coar there was little interferconce. These
cases were treated by simply removing the latersl prematures
on the one side,

There werc four of the fiftv cases that were classed
as unsuccessful, Therc of the four yielded to radium thorapy
applicd to the pharyngeal orifice of the Iustachian tube,

In the fourth gasc radium therapy was as unsuccessful as
dental treotment,



1. Rilght side, closed position before treatment,
the condyle head is superiorly displaced in the
glenold fossa.

2. Right slde closed position after the insertion
of g dental splint. Note how the condyle head hsgs
begun to assume a lower and more normal position
in the fossa.
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3. Right eide open position before treatment. The
condyle head 1s unable to leave the fossa, possibly
blocked by a traumatized meniscus or disk caused by
continued occlusal disharmony.

4, Right side open position after the insertion of
the splints. The condyle now 1s able to make an ex-

cursion and assume a position below the articular
eminence.



DIRECTION OF
MOVEME
;%} )

o

5, Left gide cloged position before treatment. The
condyle head has a superlor displacement in the fossa.

DirecTiON OF
MOVEMENT

6. Left slde closed poslition after the insertion of
the splint. The condyle head i1s now lower and in a
more normal posltion in the fossa.



7. Left gide open position before treatment. The
condyle ig unable to leave the fossa and 1s. impacked
against the anterior wall of the fossa. This position

posslbly accounted for a recurrent otalgla complalned
of by the patient.

8. Left silde open position after the insertion of
the gplint. The condyle is now able to make a more

normal excursion and the symptoms of otalgla have
subsided.



Included in the serics of 46 cascs were two thal had
a number of radiunm treatments but still showed aerotitis
medio when repressurcd these responded to dental trcatment,

Control Groups:

1, The untrecatced grour that did not have aerotitis
media on the initial chamber run was repressurcd at intervals
with no significant deviation, This hcld true as well for the
untreated group thal did show aerotitis media on the initial
run,

2. In an attempt Lo rulc out any psychio factors in
dental treatment a group of ten men was taken who had experienced
so much discomfort in the pressure chamber thot they were
rclensed before resching 50 lbs. showing #3 to {4 ears
bilaterally. Nothing was donec to change the cxisting jaw
rclationship but thc men were unaware of thisg they were led
to believe thot a thorough dental treotment had been earried
out, The group was then repressurced and on leoving the chamber
all showed the same type of cars as they had on the first run,
The only diffcerence was that five of the men "stuck it out®
to 50 lbs, We wecre able to get five of the men and institute
rcgular dental proccdurcs and then reprcessure them, Bx-
amination of the cars showed them all to be negrtive, This
led us to a conclusion that any psychic factof involved might
assist a man to withstand pressurc to 50 1lbs., but would not
affeet the degree of acrotitis media,

3. We were able to représsure 10 of the 46 cases,
somc four months after treatment, and the ears were still
negative and we were led to believe that the effccts of the
treatment arc permonont in nature,

VIII. Additional Obscrvation,
Mal-Occlusion both Static and Functional, but no Acrotitis

Medias
Many cascs were scen {not in this scrics) where there was
definitc static and/or functional mol-occlusion and the men came
out of the pressure chamber with unaffeeted cars. All types of
adcnoidal tissuc was prescent, Temporomandibular x-rays of a
number of thesc cases {twenty-five) in both open and closed
positions disclosed uniformly flat fossae, prescnting ro
mechanical problem to any sort of movement,
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CONCLUSTONS

1. Successful trcatment of acrotitis meédia, using
thosc dental methods of diagnosis and trcatment, has beon
demonstrated in 46 out of 50 cases wherc the problam is
approachcd on the basis of funetional rather than static
oeclusion,

. 2., Beecuse one control group with aerotitis nedia on
their initial chamber run, continucd to show opproximstely
the same degree of ear damage when repressured at intervals
aftcer a complete rccovery and without any corrcctive treate
ments we bélieve that the scriss of 50 cases, reported in
this paper, would hove continucd to show acrotitis media on
repeated chamber runs if no doental treatment had been instituted,

3. We believe we have shown thot’the climination of
functional restrictions of the buccinator, and hence the superior
pharyngeal constrictor duc té their interrclation through
the pterygo-mandibular raphe, by dental cquilibration and/or
restoration of a normal verticel dimension of the jaws;
re-astoblishes the "milking" action on the lymphatics, thereby
stimlating their drainage and thus reducing edemo and congestion
of the sustachian tub¢é and nilddle ear,

L, We also believe that further substantiation of
the theory of lymphotie stasis is borne out by the faect that
the amount oi lymphoid tissuc had 1ittle bearing on the
success or failure of this method of dental trcatment.

5+ In coscs where the glenoid fossae are flat, there
appears to be little mechanical interfercnce with mandibular
motion, dcspite the type of malocolusion present, either
functional and/or static with slight cvidence of lymphatie
congestion shown,
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