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The lateral wall of the pteryoomandibular space
is that portion of the medial surface of the ramus bounded
inferiorly by the dissected insertion of the mediazl ptorys
goid muscle and superiorly by tho lower border of the
latoral pterygeid ﬂiﬂﬂﬁfﬂ:‘l%f The medial fibres of the latier
miscle can be noted passing posteriorly from thoir origin
on the lateral surface of the lateral plerygoid plate 1o
be inserted into the front of the neck of the mandible
and the capsule of the temporo.mandibular joint.

The mandibular nerve enters the infratemporal fossa
via the foramen ovale and lmmediataly gives off the small
neryus spinesus, a long branch @é% ing to the medizal aspect
of the medial pterygoid musecle and branches o the tensor
tympani and tensor palati museles, before dividing inte
anteripsr and posterior parts. The pésterior trunk gimsb
off, by bwe roots, the zuriculo-temporal merve and dnds by
dividing into the iaferior alveolar and lingual nerves.

When viewed in ¢oronal section, both of the latter
branches fpllow o ¥lat S~shaped course as they run firstly
over the medial surface of the lateral pterygoid muscle
and then curve around iis inferior horder %o approximats

the bony contours of the ascending ramus on either side of
the lingula (Fig. 5).

In this way the Ainferior alvetlar nerve enters the
mandibular suleus and gives off the mylo-hyeld nerve before
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Figure 5,
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Fig. 5 - Photograph of the region illustrated in fig. 4.
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entaring the mondibular foramon, In 1E8 rogion of closost
fpm:ﬁi;éﬁ? to bong, the Infordior alveslar norve 18 shiﬂéﬁzai
by the prominence of the linaouls frem pessible trousa
during intra~oral block injection. |

The lingual peres, medizl fo the lotoral ploryonid
muscls, is jolined by the chorda tympani branch of the facial
nerve and passes anbtordezdy to the Iingula. It i3 in closo
proxinity o the ridge of bone known 2 the tomporal crost
{Sichoy 1965). A small veln accompanies the Lingual nexve
on if6 lateral aspoct,

Bogouse of the sontour of the wmedisl surfaoo of
the asconding ramus, the Inferior alvenlsr nerve is situnted
TOre iméfa ily then the lingusl nazve and for this reason,
soth nerves gon ke ansesthetised along the ong, obliocusly
directed, noodle pathway, This pathway aspproximately
coprosuonds fo an Imaginary iine drawn paraliel fo the
lovar border of the body of the mendible zt a level |
sliohtly sbove the mandibular forsmen and extonding fron
the posterior boundary of the mandibular sulous to the
promolar region of the opposite side, This Is smphesized,
broause 1t is the route by vhich the inforicr alvaslary and
lingusl nerves are ansosthetised using the dirset intraw
pral soprsach, |

This investicetion is primszily concornod v t?& tho
rolotion of this neoedle pathwy o blood voepsels of
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sufficient calibre to permit partial or complete entry
of the bevelled point of the twenty~five gauge nesdle
commonly used for infoerior alveolar nerve block injection.

Ihe veins of the ptepvaomandibular space,

. The two large maxillary veins, which drain the
pterygoid venous plexus surrounding the maxillary artery
and lateral ptervgeid muscles cross the neck of the
mandible and join the posterisyr facisl velin. This layge

_ rvessel has aizléaﬁy been nobed within the parotid gland,

_ //}a;mmg the postercemedial limit of the plerygomandibular
) - / space,. Another smaller vein, possibly assogciated with
’ j that portion of the plerygoid plexus on the lateral sunface
 of the medial pterysoid muscle was noted passing directly.

packwards in contact with vone at the level of the
méﬁéim‘iax fﬁz‘aﬁm‘-& to join the posterior facial vein alse,
The inferior alveolay veins drain inko thase fributaries
of the posterior facial vein, all of which are in clogs
relation to both bone and to the needle pathway meniioned.
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The external carotid arptery is situated medially
to the posterieor facial vein in the retromandibular fosss
and is not closely related to the pterygomsndibular space.
However, it furhs sharply laterally behind the mandibalar
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neck and ends by dividing into the superficial temporal
and maxillary arteries. The first pért of the maxillary
artery therefore, lies medially to the neck of the mandible
with the maxillary veins and spheno-mandibular ligament on
1ts madial aspect,

In this dissection, the inferior alveolar artfsﬂ
arese as a direct branch of the external cearotid artery
Just before its terminal divi sion. Whether the inferier
alveolar artery arises in this unusual way or in the normal
mannery as a branch of the first part of the maxillary
arteryy it is situated &lose to bone at its origin and
during its wursé through the mandibular sulsus %o the
mandibular foramen, Here it gives off (a2} the mylo=hyoid
artery which pseses downwards with the myloehyeid nerxve in
the groove of the same name and (b} a small lingual twig
which accompanies the lingual nerve {Cunningham 1953).

Gf the remaining branches of the first part of
the maxiliary artery, viz, the deep auricular, anterior
tympanic, accessory meningeal and middle meningeal arteries,
only the latter was traced in its upwards course between the
two rdots of the auriculo-temporal nerve %o the foramen

The second part of the maxillary artery usually
runs upwards and forwards either superficial to the lateral

plerygold or between that muscles deep surface and the
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branches of the mandibular nerve (Cunningham 19953) .
Sicher {1965) desecribes the artery as occasionally passing
modially 4o the branches of the maﬁﬁimﬁa:: NeIve as was
tho tase in this disscction.

The following branches of the second part of the
maxillary ariery were noted. {a) The postetior deep
tomporal and massetoric arteries arising by a common trunk
which passed around the inferior border of the lateral
phoryecid musele, {(b) the anterior deep tewporal artery,

(¢} omsll ptervooid branches,

The important structures within the pterygomandibular
space are then, the infexisr alveolar norve, ariory snd |
veins, the lingual newve and the sphencemandibular ligament;
the intorstices being filled with loose connective tissue
sontaining some fat. This type of areclar tissue would not
be expected to roquire a large blsod supply end histological
oxamination of the prepared sactions z:f the fﬁ%@g smandibue
lar space (Figs, 7=l4}, rovealed no extensive fﬁagaii;law
netiork such as was seon in the paletal spocimons éxamined
(Fig. 6}. |

{34k the exception of the spheno-tndibular ligament,
all the important structures within the pterygomandibular
space arc oither passing through %o tholyr sites of distribu.
tion {nerves and arteries) or zeturning from thelr source
(voins), there baing only a relatively small circulatory bed




-,

Fig, 6 - Coronal section 2-3 mm anterior to the greater
palatine foramen showing the junction of the palatine and
alveolar processes of the maxilla together with the overlying

mucoperiosteum, Haematoxylin and eosin, 14 magnifications.

"A" represents the comparative size of a 26 gauge needle.




Figures 7 = 14;

Serial horizontal sections of the pterygomandibular

space from the level of the maxillary artery to the

mandibular foramen, Haematoxylin and eosin. 8

magnifications.,

(A)
(B)

inferior alveolar nérve

lingual nerve

maxillary artery

inferior alveolar artery

inferior alveolar veins
spheno-mandibular ligament
repreSentsﬁthe‘position and comparative

size of a 25 gauge mandibular block

needle (Fig. 12).
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to supply the loose connective tissue of the space itself,
Postoriorly, the posterior facial vein and its tributaries,
the maxillary veins, skirt the pterygomandibular space,

38,  DISCUSSION OF ANATOMICAL AND HISTOLOGICAL
OBSERVATIONS .

The following extract from the report of an
investigation of the effect of site of injection on the
subseguent plasma level of local analgesie drugs {Scott
1964) ; may also apply to the pterveomandibular space.

*The results oblained in this study show that much
higher plasme levels follow intercostal block, compared

with cpidural block. This uould indicate that the epidural
' space Is relatively avascular. The amount of blood flow
through capillaries, is of course, the most imporiant factor
in sbsorption of depesited drug and though the epidursl
space gontalrns an extonsive network of veins, much of the
blood in these veing is diverted from gutside the space
and is not, therefore, sble to absorb local snassthebics,®

Harris {1957) in o survey of the results of
aspiration before injection of dental locsl anaesthotics,
writes, "where there iz living tissue, thore is vascularity
and the smaller branches aye asbundantly and randomly
distyibuted.®

His observation secoms loss applicsble to the losse
connedtive and fatiy tissue of the plerygomandibulay space
than te ather parts of the oral environment. Ag proviously
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montioned, histological examination rovesals miaﬁxr&iv'
forr small bronches, vhereas the course of the large
vesgels s influonced by bony landmerks such as the
mandibular neck and foramen and iz, theraforo, faiﬁ?
pradictable.

Sicher {1965} mentions. "3t is surprising, in
mandibylar snacsthesis, how often the neadle is found %o
heve endered o veln. The yesson for the high porcentage
of vonous Injuries scoms to be the course of the infexior
dental artery and veins. This ceurse does not dopend on
the pesition of the msxillsry artery snd velns In the region
of the mandibular necks The Jowsr alvenlar vossels sve In
all individuals such closer te the lnner surface of the ramus
than to thoe lover alveclar nerve. The inferdoy alveoloxr
artery and velins thezefore are slvays clossly related to
bong and thus onp of the veoins is freguently punciured.”

In blooking tho inforior alveslar nerve contact
should be made with the bonwy landwark provided by the
posterfor bewndary of the mandibuler sulcus {Nevin ang
Putorbaugh 1938, Sicher 1965}, Flgure 12 demonstrates the
angle at which the mandibular block needle approaches the
tnforior alveblar vessels and the adjacent bone of the
mandibalar sulcus, to vhich they are ¢losely related, It
scems reasonsble to suppose that, vhen wvascular Injury
does ogour, the inferior alveolar vossels have been ezught




ﬁ%ﬁﬂ

between the needle point and bonie, and punciured. Althotigh
this type of acclident would occur more easily to the flabbg
thin-walled veins, the artery, despite its thick clastic
walls and tough slippery surface, is alse vulnerable.

Using the acceplted direct intra-.sral technique of
inferior alveslar nerve block, occaslonal injury to the
vessels within the pierygomandibular space, and mors
particularly, within the mandibular sulcus, is unavoidable.
The incidence of wvascular injury associated with this
injection has been the subject of 4 number of independent
investigations. |

Figures indicating the incidente 6f vascular injury
with the mandibular block injeqtion, vary from as low a3
346 percent (Harris 1957}, and 4.1 percent {Forsest 1959),
to 11 percent (Schiano and Strambi 1964) znd 12 percent
(Frye 1968 and Shira 1962}, |

Individual differences in technigus probably account
for the differences in the #a sulis of the aspiration SULVeys
cited. If the results of an 'ﬁﬁgiraﬁm sarvey are to have
practical spplication, detalls of the way in which the
survey is performed should be known. Therefore some of
the variables which may influence the results of those
surveys should first be considered. Then a technioue of
investigation can be devised which will indicate not only
the incidence of vascular injury associated with mandibular
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block irnjection, but alse the location of such injury and
the manner in which it ocours,

Clinical observation suggesis that vaseular injury
in YItself is not a serious complication of the mandibulax
block injeetion. If however, as a resulh of such injury
the needle point pootpies the lumen of a blood vessel while
ivcal anaesthetic solution is deposited, inbcavascular
injection ocours. Therefore, it is of morve practisal
importance 1o know the froguency with which vasculsr injury
geeurs at Ehe inf ﬁzriﬁi? alveoiar and lingual nerve injectisn
sites as well as at any other sites within the plerynoe
mandibular space whers local ansesthetic is deposited., The
value of applying the aspiration test prier io injecilion,
as & means of limiting leoal snaeuthetic systemic texicity
and reducing snpesthetic fallures, can Be assessed Ffrom.
such information.

r-7. RISSECTION OF TME HARD PALATE,

An incision was made along the crest of the
edentulous alveolar ridge and the epitheliszl layexr
separated from the underlying lamina propria of the
HUCOS8 s

Over the anterior region of the hard palate angd
along the palatine raphe and crest of the ridge, the muct
periosteun iIs thin and closely applied %o bone, In the
molar region, tho space betveen the lamina prepria of the
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mugosa and the periosteum covering the palatal and
alveolar progoszes of the maxilia videns; to asoume a
roughly triasnguler shape vhen viewsd in soronal section.
The angle between these twe bony surfaceds Lecomos |
nrogressivaly loss obtuse farther posterionly so That
the triangular submucosal spage is of maximum depth
just anterior to the greater palatine foramen. The
submucous layer contains the blood vessels and nerves
which supply the palate enclosed in loose connective
tissae which is therefors most voluminous around and
immediately in front of the grester palatine foramen
{Sichor 1963},

The submueoszl layer in the molar-presmolar region
is traversed by fibrous bands which join the lemine propzia
to the perisstoum thereby subdividing the Inltervening space
inko compartuonts. According to the content of these come
vartoonts, the palate is further subdivided inle an
afrcerclateral fatlty zons and a posterolatersl glandulay
zone (Orban 1968), It is necessary to sever thess densc
fibronus attachments to remove the loming propriss

The spetial relationship of the vasculature in
the pesterior part of the hard palste is that the venous
potwbrk is superficial to the arderial trusks (Maher and
Suindle 1962}, Here the submicesal netwoerk of fine velns

was dissected from the survounding glandular and loosc

o
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Figure 15,
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sonnactive tissue in an attemdpt teo isolate the main
collocting vessel ﬁhigk,gwaviéaéthé"vanﬂﬁs=ézaina@@*ﬁﬁj,;;
that half of the hard palste. |

ngﬁ gfﬁaﬁér'yaiaﬁiﬂafﬁiﬂ%@ﬂfmayﬁa logoted 3«4 g
in front of the posterior border of the hard palate or In
line with the aistal half of the third molar vhen the -
iﬁitﬁfiﬁgﬁégﬂﬁ%i As the foramen was approached, the
grester palatine artery was noted emerging and coursing
forvard in the grooave in the bone belween the palatal and
alveolar processes of the maxills. The greator palatine
nerve folloved a similaxy though slightly more superficial
Courses No venous counierpart of the greater palatineg

riezy was Found in the region surrounding and fmmodizbely
antexior to the forames.

Maher and Suindle {1562) stato that ¥the venous
drainage of the palats is fo twa%maiﬁ“ﬁaiia%%iﬁg yeins
that lead %o a ceoarse vencus network in the seft palate.
This network iIs located quite pestexlior to the level of
tho entrance of the greater palatine arteries.® The
severed onds of several small velins can be poted behind
the groater palatine foramen superflicial to the artery
and nerve (Fig. 15}. Hicroscopic examinotion of proparzed
erngs-soctions of the other half of the hard palate
immediately in front of the greater palatine foramen,

showad the main trunk of tho gregoter palating artery and




several of its brarnches in close proximity to beng with

the nerve at a slightly more superficial level., No main
collecting vein was apparent and the largest of the veins
present were of similar crosswsectional area te the arterial
branches meniioned.

The main blood supply of the hard palaie is derived
from the greater palatine arlery. Laxgoey branches pass
medially and smaller branches laterally fvom the main
arterial tzunk te form an srcade system of arterial anasw
tomoses (Maher and Swindle 1962), so that the entire
subnucesal layer contalns an aﬁaﬁsive ¢apiliary network,
Lateral branching progrossively redusss the size of the
main trunk g5 it courses forward, In the anterslateral
region of the p4dlate the spatial relationshlp of the blood
vassels is reversed with arterial trunks superficiszl 1o
mary venous anastomoses (Mgher and Swindle 1962). Further
anteriorly the submucous layer can ne 3@;3%# he distinguished
from the lamina propria or perlesteum and here the small
ferminal portion of ‘the greater palatine artery anastomoses
with minobe ferminal branches of the spheno-palating artery
which has entered the oral cavity via the lateral inclisive

fOrameity
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48. DISCUSSION OF ANATOMICAL AND HISTOLOGICA

Complete unilateral anaegthesia of the hard and
soft tissuss of the palate and adjacent alveclar prmzé*sa@s
may be officiently accomplished in twd ways.

&) One injection blocking the maxillary nerve trunk
ard sphentwpalatine ganglion in the pteryge-palatine fossa
will desensitize one half of the pslate since there is

. 13ttle nerve anastomosis with the opposite side {Corbett
and Helmore 1948, Sicher 1569).

b) Teo injections blocking the two nervss which supply
the hard palate near their points of entry onfo its oral
surface will sccomplish the samg result, These injection
sitos arete

{1)

point 2-3 mm anterior to the greater palatine foramen so

-y 'm ] -+ - - -ll i - k F3 \ = - d .
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a5 to avoid snaesthotising the lesser palatine nerves
which supply the soft palate. The area ansesthetised by
this injection includes the palatal tissues as far forward
as the canine region. |

iii) the naso=palatine neyve (lﬂﬁg spheno-palatine

nerve) 1s blécked in the incisive fossa, This is the most

suitable anterior injection site as the T0ssa provides a
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limited zegion of loesc connecitive tissue containing

bloed vessels of mindmal size. The injection ansesthetizes
the palatal tissues snterior to the canine region. The
Latter region is, therxcfore, the fringe area supplied by

both the palatine and naso-palatine nerves, and raquires
elther dual nerve block or lssal infiltration for desensitizaw
tion (Bllis and Mclarty 1963).

- A notable feabure of the greater palatine nexve
injection site is that the region immediately beneath the
lamina propria, while containing an extensive cavpi liagyy
network, is devoid of blood vessels of sufficient calibre
to admit the twenty six gauge needle illustrated [Fig, 6.
It i¢ also significamt that the larger vessels, which are

those likely to admit the twsnty six gauge nesdle, are

- 9ituated deeper in the submucosal layer. Fig. {6}, of

Course depicts only the post mortem asppearance of +the blood
vesselds in their collapsed state,

M the ncedle poink is sdvanced %o bono, ons of
these vessels may be caught between the two and punckured,
For exampls, heavy contact with the bone of the grogve
enclosing the greater palatine artery is likely to injure
this vessel, ‘

It is suggested therefore, that in performing the
greater palatine nerve injeciion the needle only be inserted
to a position immediately beneath the lamina propriaz of the




mucosa, 2«3 mm anterior to the greater palatine foramen.
A fow drops of local anagsthetic solution deposited slowly
in this position will anagsthetize the greater palatine
nerve trunk with minimal risk of vascular injurv.
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AN _INVESTIGATION OF SOME ASPECTS OF VASCULAR INJURY ASSOCIATED

I, AN INVESTIGATION OF THE INCIDENCE, TOCATION, AND CAUSE
OF _VASCULAR INJURIES ASSOCTATED WITH THE MANDIRULAR
BLOCK INJECT ION.

A, PURPOSE OF THE INVESTIGATION,
B, MATERIALS AND METHODS,

{a) Variable factors associated with the mandibular
block Injection which may Influence the resulis
¢f aspiration survevs.

(b} Description of the injechtion technicque used,

C. SURVEY OF THE INGIDERCE AND LOCATION OF VASCULAR

INJURY ASSOCIATED WITH THE MANDIBULAR PLOCK INJECTION,

(a) Explanation of the way in which the aspiration
survey was sarried ouk,

{b) Some pertinent aspecis of the aspiration survey.

B, BRESULTS.
B, DISCUSSION OF RESULTS AND RECOMMBNDATIONS.

2. A.SURVEY OF THE INGIDENCE OF VASCULAR INJURY ASSOGIATED

WITH FREQUENTLY USED LOCAL ANAESTHETIC INEILTRATION

PROCEDURES IN THE MAXIL A AND MANDIBLE, WITH PARTICULAR

REEGRENCE TO PALATAL TECHNIGUES. |

A. THE PURPOSE OF THE INVESTIGATION.

B. MATERTALS AND METHODS.
C. RESULTS.
D. DISCUSSION OF RESULTS AND RECOMMENDATIONS.




s ~SHNVESTIGATION OF THE INCIDENCE, LOCH
GAUSE OF VASCULAR INJURIES ASSOCIATED WITH THI

MANDIRULAR BLOCK INIEGTION.

[ION . AND

A PURPOSE OF THE INVESTIGATION.

The anatomy of ﬂie plterygomandibular gpmé supports
the hypothesis suggosted by clinical experiesnce, that the
most frequent sites of vascular injurxy in mandibular block
injegtion are the inferior alveolar vessels and that such
injury is caused by these vessels being caught between the
needle point and the bone of the mandibular sulous. Therew
fore, it was decided to garzy ocut a detailed aspiration
suxvey in gonjunciion with mandibulax block injection, the
object being to provide additional informaticn on this
controversial aspect of local anaggthesia.

The aims of the investigation wexre

&) To test the abovementioned theorv.

b} To detexmine otheor sites of vascular injury

within the pteyxygomandibular space.

¢) To apply this information, if possible, to

the avoidanse of intxravasecular injection,
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ATERIALS AND METHODS,

So os o eliminste the probable cause of the
pidely varying results recorded in previous mandibulax
aspiration surveys, factors influencing those surveys
wore oxamined so that a standardised technique of
investigation could be established.

_, o

ot aspiration Survevs.

(1) In mendibular block injection there are two noural
target areas adjacent to the lingual and inferisor alveolar
nerves respectively. Therefore aspiration must be atiempied
in, at least, these two positions for sssh mendibular blesck
injaction.

{1i) Provious aspiration surveys do not Indicste vhother
the test was performed with the necgdle point in contast with
the bone of the mendibular sulcusy the inferior alvesnlar
target arcs described by Nevin and Puberbaugh (1938): or
just ghort of the periostoum, which is the correct injection
site {Kemp 1965).

Az mentioned proviously, Sicher {1986%) considers
vascular injury £o be a frequent complication of mandibuler
anaesthesia and adds that, because the inferior slveolar
artery and agcompanying velns ave closely reolated to hone,
one of the veins is freguently punctured. If has been
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suggesiad in the previous chapter that a probable cause of
guch vascular fnjurzy is that the blood wvessel 1g pinned
betwesh the needle polnt and the bone of the mandibular
gulcus and punctured. If thls were so, 2+3 mm withdrawal
from gontact with bone, which is the corract %a'rgat arsa,
ghould also digengage the punciured wegsel and thus 1nﬁua nee
the result of agpiratimm.
(111} . In addition, Nevin {1952) cauples the posterior
facial vein with the inferior alveslar vessels as common
sites of vascular Lonjury during mandibular injection.
Due to slight differences in regiomal smatm? or incorrect
iocal anaesthetic technique, the needie may be advanced
medially to the posterior boundary of thoe mandibulay

- suleus and enter the retromandibular space, pazticularly
it penetration is too deep {Blaxter 1967, Amwandter 1944).
Here the parotid gland is gntersd and the snclosed posterior
facial vein frequently injuved because of its size and
prominence (Nevin 1952, Nevin ard Puterbauch 1938).
Furthewmore, If the puncturs point fs too higk, or the
needle is directed superiorly, ecne of the maxillazy velns
may be entered. ‘The influence of the bevellsd pefnt in
deflecting needles finer ihan 25 gauge from their fntended
course may also contribute to this complication {(smith 1963 A).
However, the incidence of injury to sither the posterior
facial or maxillary veins depends mainly on the ability of
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‘the ¢liniclan to agcurately assess the anatomy of the
ptexygomandibular space. This introduces another variable
whigh affecis tThe results of aspirstion surveys.

in this type of aceident to the blood vessels
which boxdexr the piexygomandibular space, theye is no
visk of intravascular injecition being made if bone has
not been c¢ontagted, singe waﬁaﬁt with bone is mandatozy
in inferior alveolar nerve block technique. Therefore, if
logal anaesthetic is not deposited intravascularly as a
result of such injurieg they haﬁé no effect on local
ansesthetic systemic toxicity and this distinction should
be made in yecording the resulis of aapiraﬁi@nhsazﬂaysg
Nevextneless, whenever it is possible that the yetrow
mandibulaxr space has been entered, sspiration of bleod
should be attempted at that position to defermine whether
the posterior facial veln has been injured. This is
important begause, injury to the lavge posterior faei ai.
vein or one of its tributaries, and subseguent haemoxrrhage,
seems Lo produce a "pooling® of blood within the mandibular
suleus which may result in a false positive response to
aspiration at the inferior alveolar nerve injection site on
repositioning the syringe {Forrest 1959).

An explanation of why posterior faeclal vein
Anjury seems to be assoclated more frequently with this

phenomenon than injury to the inferior alveclar vessels
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niay be that, whereas the posterior fagial velin may beo
vorn in advancing through and past it, if penetration

is too deep, the Inforier alveolar vessels, lying close
to bone, are usually only punctured causindg less axiravasa-
tion of blood.

(iv) High sspirating prossures shonld be avoided to
minimise the risk of collapsing a penetrated vessel, vhich
would lead %o 2z false negative rosuli, Furthoroors, if
fine gauge nesdles (28 and 3 gavgs) are used, it is
advisable to maintain low sgpirating pressure 'fﬁz saveral
seconds before assessing the response (Smith 1968, B}.

{v) To eliminate the contingency of 3 false negative
rosponse resuliliag from the wall of the punclured vessel
being drawe across and oacluding ihe needle lumen during
aspiration, if has beon suggested that the barrel of the
syringe be rovelved, Kemp (1953) and Epstein {1958)
advocate that aspiration be performed in two planes at
right angles to cach other shile Foldes and MoNall {1962)
recommend aspivation in all four plancs.

This refinement of tochnique would appoar %o bo
of more practical significance when venepurichure teeurs
with theo nesdle slmost parsllel te the long axis of the
vessel. It has alroady been noted that the inferier
alveolar block necdle approsches the mandibular sulsus
and closely related inferier alveclar vesscls obbusely,
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Furthexrmore, if a vessel was lightly caught between the
needle point and bone, revolving the s*yriﬁge gould
setually cause venepunciure.

(vi}  The delicacy of toush with which the anaesthetist
explores deep bony landmarks must also influence the

number of vasgeulay injuries recorded.

b} Desgriotion of the Iniection technigue used.

The technique of mandibular block injsction used
in this survey was the direct intra-oral appreach. The
puncture peint is ldentified se as to allow uninterrzupted
passage of the nsedle between the anterior border of the
medial plerygoid muscle and the tendinocus insextion of the
temporalis muscle. As previcusly mentioned, the needle
pathway approximately torresponds 4o an imaginaxy line
drawn parxallel to the lower bordexr of the body of the
mandible at a level slightly above the mandibular foramen
and extending from the posterior boundary of the mandibular
suleus to the premoelar region of the opposite side.

In blocking the inferior alveolar nerve, the
deep tissues are explored with the necedle point to
identify the posterior boundary and floor of the
mandibular gulcus at a level glightly above the mandibular
foramen. It has been sstablished that when the mouth is
widely opened, the infexior alveolar nerve is closely
related 10 a needle in this position (Sicher 1946),




The needle is then withdrawn 2 ~ 3 millimetres from

bone and he:t:é the logal anaesthetlie solution, usually
1e5 mlay ls d@?ﬁﬁitﬂﬂ; The lingual nerve is blocked
along the raama needle pathway by depositing approximately
+5 ml at g position & mn deep to the pungture 'ﬁﬂinﬁ#
Fraquently it iIs possible to use legs than 1.8 mls for
the infexlor alveolar nerve block and if the target area
hag been coxrectly assessed, labial paracsthesia is
almost instantaneous and nexve biask rapidly ensuas.

The teshnlgue of depositing a *Exall”™ of local
anaesthetic fyom the mandibular suleus o the puncture
point (Locke 1962, Kobayashi 1968) is less efficlent
*thm;ﬁ the orthodox technique althoughy as will be
 demonstrated latery, there is less likelihood of intra-
vagseular injections However,; an imfzwtg nt principle of
local anassthesia is %o use the minimum quantity of
suitable concentration logal anaesthetic solution
consistent with the desired result (Harris 1960, Haywood
1962.). This purpose is best served by emplﬂying:; & mﬁc;i S0
teehnique based on established gnatomical landmarkss

When infexior alvedlar nerve block injection is
given corzectly; most of the losal anaesthetic seclution
is deposited in two distinct positions. Intravasculay
injegtion in either of thege positions will cauge

i} 'increased systomiec toxieity of the loeal
anaesthetic solution (Shotwell 1948, Sadove 1952},
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ii) anaegthetic fallure (Forrest 19%59). Harrls
{1957) found that the incldence of both these gomplications
can be reduced by ensuring that injections are made extrae
vascularly.
Therefore the incidence of vagsculay injury at the
two injection sites for inferior alveslar and lingual
neive block is of particular significance.

Furthermore, as some glinlcians prefer 1o deposit
a little logal anaesthetiec in advance of the needle to
minimise the pain of injestion, the likelihood of intravenous
injection at othey poinbs slong the needle pathway should
be considerad also (Helmoze 1963). "

 Fipally, the possibility of punctuze of the

mste::im: fagial weln with ﬁtzhsequan*@ ﬂpe&iingﬂ of blosd
in the mandibulax sulcus has baen m&ﬁt:iﬁnam As this may
gauge difficulty in subsequently intezpreting the results
of aspiration at the correct Injection site, it also is
worthy of investigationy |

OGIATED WITH FHE MANBIRULAS

An which the

3 -




The aspiration survey to be described was cone
ducted on private patients receiving mandibular block
injoctions for routine dental ftrsatmont. MNumford and
Geddes {1959} consider that the extra manipulation
aaﬁmﬁaﬁéﬁ with aspiration increases pstient approhension
disproportionately to the small numbex ﬁf‘ vascular injuries
disclosed. In the survey described in this paper; aspirse
f&iﬁn was usually attempted four times during cach mandibular
block iﬁjﬁ@éiﬂﬁ « While a high percentage of vascular
injuries was apparent, abnormal approhension was not, in
fact, only the continued wellebeing of the patisnts made
the survey practicable,

Mandibular black injections were porformed an
1,000 pegasions by the direct intrs-oral routs, employing
solutions of 2 percent lignocaine with 1:%0,000 sympathin
and 2 percent lignocaine with 1:100;
Aspiveting caytridoe svringes of 2.2 ml. capacity, fitded

OO0 sdeonsling.

with 25 gauge ¥ 1.5/8% noedles of 18 degree bevel were
uged. The sartridges wore of the highly officiont
aspirating plunger type (Glover).

The oral muycoss was prepared and punctured, and
the needle advanced about .5 cm into the pterygo-temporal
spaco whore an aspiration test was performed.




This position was designated "pesition 1Y, After
depositing .5 ml. to ansesthetise the lingual nexrve the
syringe vas inserted a varisble distance gauged for sagh
patient and usually varyving between I and 1.% om. This
position was designoted "pesition 2" and was froguently
found to by only 2 or 3 mu short of bone., Here again,
aspiration of blood was atiempied before zdvanting the
noedle to feel for the bony landmark provided by the
mandibular suleus. On contacting bone, desighated
*position 3%, aspiration wag again performed befors
wvithdrawing 2«3 om, designoted Yposition 4%, vhere 1.5 ml.
wag depdsited near the inferior alveslar nerve, The
injection was made slewly after first aspirating o snsure
that the local ansesthetic solution was not being adninis-
tered intravasoularly,

If the thoory is cerroct that the main sités of
vascular injury in the ;;ﬁerygm@imim Spate arg Tho
inferier alveolar vessels, and that injury follows thoir
eompression between the nesdle ;5&:1 nt and the bone of the
mandibulay sulcus, then this should be confismed by the
mm};#s of aspiration at pesition 3. |

in actual fact, as was previeusly mentioned, a
needle in position 2 was frequently found to be just
short of bone and it was the noxt movement of 2.3 mm
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t¢ the mandibular sulcus (position 3) which resulted in
pungiure of a blood vessel and consequent positive response
to aspirations Withdrawal of the syringe 2~3 mm, with

two exceptions, released the needle fyom the vessel rasultw
ing in negative aspiration. It was possible to confimm
the relation of the in:‘iumé vagseld to bone by alternately
adyvancing and withdrawing the needle while noting the
resulis of aspiration in sach position.

Furthermore, in advancing from position 2 to
pogition 3, it was sometimes pogsible o feel the Eﬂ,ﬁﬁf.ﬁﬁ
of a blood vessel as it was gaught bhetween the needle
point and bones In such cases vasocular Injury could be
confidently predicted and subsequently confirmed by -
as;ﬁxaﬁ ione. Whenever a glean ptm@i;:ure of a vessel in
cuntact with the bone of the mandibular sulsus cccurred,
and it was possible %o release and reenter the vessel,
this was vegazded as evidence supporting the proposed
hypothesis of injuzy and the aépimﬁim result was
designated *classical®.

{b) Several pertinent aspects of the aspiration
gurvey should be mentioned.

(i) Where aspiration of blond has occuxrred, the
neadle lumen still retaing a small amount of hlood
which ghould be allowed fozr in subsequent aspiration
testse |
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(i1}  Although aspiration of blood into a cartridge
does not affect the anaesthetic potency of the gontained
solution {Forrest 1959, Kennedy 196%), its discolouration
dogs ogeasionally obscure the results of subsequent
asplration atiempis and it"ié then advigable to reinject

using a fresh cartridges

{iii) On sevemal occasions only 2 small guantity of
blood could be aspirated and it was not possible to
re~enter the vessel once released. Presumably a small
blood vessel was. involved whigh may have admitfed only

portion of the needle bevels

(iv}]  On one occasion, with the needle point in light
contact with bone, a negative aspirzation wag obtained, The
- syringe was xevolved through ninety degrees and subseguent
aspiration yielded a positive result. The possibility
that a vessel was already lightly held between the ngedle
point and bone when the initial aspiration was perfommed |
‘was considerede Rotation may then have produced the
venepungture evidenced by a positive response to the

second aspiration.
{v) Four of the 58 positive aspirations recorded at
positien 3 followed an initial penetration which was

too deep, bony contact having been misseds Agpiration
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was not attempied at ﬁhe; insorract position and on
correctly repositioning the syringe, it was found difficult
to obtain a negalive aspiration response, It is possible
that the posterior facial vein, or one of its tributeries
had been punctured initiasllyv and that the resultant
extravasation haﬁi praduced a "pooling® of bloed in the
adiacent mandibular sulcus, |

Therefore, these aspiration resulis were ¢lassified
fdoubtful®, although they were obtained in the mandibular
sulcus. Subsequently, as 3 result of these experiences,
vhenever it was judged that peneiration was too deep,
aspiration was perfcrmed at that position 40 ascertsin
the condifion ﬁf‘ the posterior facial vein before procesding.
This technigue subsecuently vielded ons positive &sg:é;?faﬁaﬁ
which probsbly resulted from injury %o this vessel.s

The results of the aspiration survey feor 1,000
mandibular block injectionsare resorded in Table II.
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T 1@ ngedio gevepal times (D easos)
Of 1000 mandibular block injections, 66 vielded a positive
zesponge t6 asplration from vessels punctured within the

r pterygomandibular space. Three of thege 66 injections yielded
; mn?ﬁima regponses to aspiratlon as follows:

8} at pogitions 1 & Z. (L) at positions 2 & 3.
. g7 At positionyg 3 8 4.

-
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on five ocsasions, positive response to aspiration at
position 3, followed possible injury t6 vessels lying
putzside the pterygomandibular spa aé; viz the posterioer
' facial veing.

The overall figure for vascular injury associated
with 1000 mandibular block injections was found to be 7.1
persent,. Tontributing to this figure were The five
Ydeubtful® cases where po ﬁiti?a sspivation in the mandibular
suleus had followed too deep penetration with probable
injury to ‘B&@ posterior facial vein and subseguent “pooling®
of blood. | ‘

‘Where small doses of local ansesthetic are adminise
tered, as is the case with nost dental procedures, manifes-
tations of systemic toxicity usually follow yvencpuncture at |
an injection site with resultant infravasculsr injeciion
{toore 1955). In mendibular block injection the reiromans
dibular gpace is not an injection site and therefore,
injury to the posterisr facial ’ﬁfﬁiiﬁ should ot be rogarded
as a contributing facter in increasing local ansesthotic
 EoxicitVe

Gongecuently, zn analysis of the figures for vasculax
injury sctuslly ocourring within %hé pterygomandibulay space
viclds a figure of 6.6 percont.

One thousand and bwenty aspiration attempts al
position 2 (in the mandibular sulcus but not in contact
with bone}, yielded B positive rosults.
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One of thegse was obiained 5 mn short of bonay
it being possible to alternastely leave and re-enter the
vassel by advancing the needle t¢ bone and then withdrawing
it a similar distange,  Prosumably the vessel had been
transfixed, " Another occurpyed 2 mm from bone when it was

suspecked that only a small vessel was involved as

{a) initiallye little blood could be aspizated.
{b} an advancing the needle to bone the vessel wag

raleased bul gould not be subsequently re=entered,

Gne thougand snd seven aspliration attempis at
position 3 (the bone of the mandibular sulcug) vieldgd
58 positive responses of whi#ﬁ 63 gonformed to the
fglassical® pattaen indicstive of a vessel eaught betwean
the needle point and bone befors being punctured.

By this is meant that one or more of the following
signs was assogiated with each g0 called “glassical®
vengpunsture,

(al The vaseular injuzy occurred in contast with bone,
it having already been ascertained that no vessel had heen
engountexed just short of bone {position 2},

{b) in proceeding from position 2 to position 3, it
was possible to feel the needle point puncture the vesssel
as it was held against bone.

(c) the injured vessel could be disengaged by with=

drawing tho needle several millimotres from bone and
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re~entered by re-ingerting to bons.

The remaining five “doubtful® responses have
previously been discussed.

It is worthy of mention that pzofuse response to
aspiration was obtained in niéat of the gases obscrved,
indicating that the needle lumen lay well within the
lumen of the injured vessely

One thougand two hundred and ninety twe ,aééiratim
ﬂaf;ti‘em}im at position 4, the ﬂeﬁm}. target azea for inferior
ﬁlﬁféﬁi ar blogk, vielded enly 2 positive responses. 23:;
one instance the iﬁj&mﬁ vasaél had been penetrated at
#ﬂsii:im 3 and .ank}sa@ﬁeﬁﬁ withdrawal 2-3 mm from bone haﬁ
failed to release the needlé point from the vessells lumen.
In the other, the vassel was transfixed 2 mm from bene,
it being possible to pe-gntop it by withdrawing s similar
distance from bong. * |

Of the remaining 52 vaseular injuries regorded
at position 3, (in contact with bone), all vielded a
negative response to aspiration at pogition 4, indicating
that withdrawal ok the needle point 2«3 mm from bone had
disengaged the injured vessel.

B, DISCUSSION OF RESULTS AND RECONMENDATIONS.
a} These ¢linical results confizm the hypothesis,

advanced as a result of clinical and anatomical obsexrvations,
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that the most frequent sites of vasculax injury in
mandibular block injection are the inferior alveolar
vessels, and that such injury is caused by the vessel
being caught between the needle point and the bone of
the mandibular sulgus. H
b) If the results of thig survey are to be applied
clinically 1t is fixst necgessazy to clearly establish
what is the correc¢t technique of intra~oral mandibular
block by the direet route, In the correct teghnique,
there are two distinct neural targets where the
anaesthetic gsolution is deposited.

(1) adjacent to the lingual nerve aspproximately

5 mm deep to the puncture point,

(11) - adjacent to the inferior alveolar nexve

2=3 mm from the bone of the mandibular sulcus

(Kemﬁ-L?éﬁ},

Variations on the standard technique are:

(iii) to inject for the inferior alveolar nerve

with the needle in contact with the bene of the

mandibular sulcus.

(iv)  having reached the position described in

{iii} to deposit a Mbrail® of logal anaesthetic

solution from there to the surxface as the needle

is withdrawn (Locke 1961). |

{v) to deposit a little local anaesthetic solution
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abead of the needle as it is advanced into the

tissues to minimise discomfort (Orinjer 1949).

It is proposed to consider each of these techniques
in the light of the information gathercd and to make
Yegommendations accordingly..

e s . . _ | ] { & )
agpnbed teshnique of mandibular block.

If aspiration is not practiced, the risk of
intravascular if&iéﬁﬁiﬁﬁ associated with this technique
ig 15 pergent at the inferior alveolar nerve injection
éiﬁﬁi and .89 g&mmﬁ at the lingual nexve injention site,
Both figures are extremely small.

However, as all the logal anaesthetie is depeosited
at these two positions, aspiration bafore injection is
.easgnﬁai Lo ensure ‘that a concentrated *slug® of loeal
anaﬁﬁh&ﬁq solution is not released dirxectly into the
genersl circulation as a wesult of rapid injeckion (Paton
1960, Crawfoxd 1966). Ihtravagcular injecition would
cause marked increase in systemic foxicity of the lossl
anaesthetic solution and absence of iméﬁk anaegthetic aeffect.

i

ARQUNLGUES \Ziile If the needle is in gontact
with the bone of the mandibular suleus while the inferior

alveolar nexve injegtion is made and if aspiration is not
perfommedy the likelihood of intravaseular injection is a
much higher 3.2 percent. Therefore, it is recommended

-
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that aspixation of blood be not attempied in this position,
but that the needle always be withdrawn a distance of 2«3
mm from bone before the test is applied prior to injection.

There are thyee reasons why this is desirable.
(1) The sensitive blood vessels and perlosteum are
thereby avoided.
(2) Unlike the inferior alveolax vesgels, the nerve
does not lie in contact with the ramus except at the
mandibular foramenwhere the lingula offerg it protectisn
from needle trauma (Sicher 1965).  Accordingly, a position
just short of bone should be gloger to the inferlor alveolar
neIve. | |
fS} - The contents of the cartridge will alwavs be g¢lear
when the ﬂéural target area is reached gince blood will
not dnvoluntaxrily enter the syrings should vasciolar injury
occur in contact with bone (Kennedy 1965, Shotwell 1948,
Harxis, 1957). | |

1 {iv}. This tachnique has the inherent
deficlency ﬁh&t it fulls to use the avallable logal
anaesthetic solution o the best advantage. However,
the risk of depositing more than a fow minimg of local
anaesthetic intravascularly is small, as the needle

point is continually moving and the position where
venepunciure igs most likely to ogour is left at the
start of the injection.
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Goldman and Gray {1963) in a trial of a new local
anaesthetic agent, sﬁaﬁéd that asplration prior to
injegtion influenced nelther the grade of anaesthesia
nor the incidence of side reactions, Kennedy (1965)
Tightly disputes this c¢laim which is hard to justify |
when applied, for example, to the sbovementioned acgepted
ﬁeqhnique-ﬁfméﬁdibalar block injection.

Howevern, if the majority of %hg 67 é&ntisﬁa
engaged in this suxvey favoured technique (iv) it is
possible that satisfactory though somewhat legs ﬁhaa-
uiﬁéai results could have been_ééiaineélwiﬁh lit%ie risk

of side xéaetlag degpite the lac of. preventlve.maasureag
Goldman and Gray {1963) recognised the limitations of
their method of iﬁ#estlgatianHWEieh suffered fyom lack
ﬂf'rigid control dﬁe ta'the'lagge Mmberx g? operators
inv&lved¢ A eritical appraisal of evary aspect of l@eal
anaesthetzc,1nveatigati@n$ is fecessary bafaré agseribing
fundue sagnmflaaﬁce ta thedr resulis. |

Every 1ﬁaaluanaesthetie;injeaticﬁ:$h¢uld-ba.
approached as an exercise in anatomy and not merely as a
stereotyped procedures The advantages gained thereby, in
texms of rapidity and depth of anaegthesia with freedom

from local and systemic complications; are abundanily obvious.

-




1963) as a strong argument agalnst the technique of
injecting as as the needle Is advanced, that aspiration
should be pexformed whenever the needle peint Is moved
within the tissues.
- dhe results of this investigation indicate that

a degree of safely from Intravasculay injection exisis
g long ag the needle point is aa%: :m contast with Bo ne
while the inj action ié being mades  Howevex, Br absclute
safety, aspiration should bo a*ﬁt&@ﬁ&d wherevay ansesthetic
is deposited as the needle is advanced ox withdzawn,

| One aspect of mandibular anaesthesia relating to
systemnig i@ﬂ@*&;& which fﬁe;ﬁfi’;‘s furthey study is the rate
of ahaﬁzgaﬁim of local amaesthetic solukion from the
pterygomandibular space and the influence on this of
vasoconstrictor drugs (Dhuner et al 1965),

r L . -i- ,.-r.“': . J - ~ Y iﬁ :. - X ;:*” 1";“!- iy --'- v 1_ "':. ﬁ tiﬁﬁ*‘
. A SURVEY OF THE INCIDENCE OF VASCULAR THiis
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The puxpose of this investigation was to determine
the incidence of vassular injuxy associzted with those
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local anaesthetic infiltration proceduress both maxillaxy
and mandibular, which are most commonly used in genexal
dental practice (Kutscher and Mercadante 1958). These

arve the lablal, buccals lingual and palatal infiltration
injections and also the greater palatine and naso=palatine
nexve injections. Although the last two mentioned could
ke glassified as regional procedures, for convenience

they were grouped together with the infiltration injections.

B - MSEEREALS AND MBTHOIIS,

In conjunétion with the routine treatment of
dental patients in private practice, a zegoxd of the
results of aspiration with the abovementioned local
anaesthetic procedures was made.

For this purpose agplrating carxiridge syringes
of 2.2 nl gapacity, Fitted with 25 gauge ¥ 1* needles
were useds The cartridoss were of the aspirating plunger
type {Glover). The noedle bevel was always faced towaznds
bone and the aspiration Yest was applied at the injection
site prior to deposition of the golution.

With maxillaxy, labial and bugcal infiltration
injections, the aim iIn ecach instance was to deposit the
local anaesthetic over the apical region of the tooth to

be anaesthetised, Althouch 54 infiltzation injections
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wexe given in the lower anterior region, most were for
deglduous extraction and therofors not deposited deeply
in the mental fossa, & site in which vascular injury has
cccasionally been obgerveds  {Personal obgservation,
Schiano and Strambl 1964, Forrest 195%).

The nagowpalatine nerve was blocked in the incisive
fogsa and the lingual and long buccal submuecoszal injections
were deposited superficially, adjagent 4o the appropriate
“tooths |

| The greater palatine nerve injestions were given
just beneath the lamina propris of the mucoss as described
pmvwesély s0 as to keep well away from bony gontact. In
infiltrating on the palatal aspect of the maxillary premolar
and canine teeth, frequently it was not possible to aveid
gontaciing hone as here the submucosal layer is often thin
and the mugoperiosteun dense and rigid. Eﬁﬂhemaiz@ the
blocd vessels axe fimmly held between the periosteun
and lamina propris and are cons aqﬁmi: iy exposed to the
Likelihood of it}j’uzy by the needle #ﬁi 0t .

G« RESULIS.

The results of the asplration survey on infiltration
injections are rocorded in Table IIT.
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SGUSSION OF RESILTS AND RECOMNENDATIONS

E {a) when using a 25 gauge needle, venepunoture iz an
infrequent complication of bugcal, labial asnd lingual
infiltratdon injections in the maxilla and mandible.
{1} Because of the distribution of blood vessels in
the sub-mucosa adjacent to the grester palatine foramen,
shallow injection hers minimises the incidence of vascular
injurys Fhis bao the dual advantage of reducing the Iikew
libood of, nok only intyavascular injeciion with iis
undegirable sequelae, but also the esbarrassing hasmorthage
which follows the punctusing of a large palatal vessel.
Sichexr {1965} in dealing with the greater valatine
nerve injection, states "it is the lack of resistance during
this injection which is a 3ign that ihe neadle has been

-




introduced at the yight place¥. However, complete lack
of rusistance is strongly suggestive of intravasculsr
ing actina; and this sign reguires careful interpretation
whather the aspiration test has proceded injection or not.
The pslatal injection sites also provide signs
chich are useful oids in avoiding intravascular injection.
Uith intraveneus iInjection, the vasoconstrictor component
of locazl anaesthetics produces enly a transient blanching
‘at the injection site due to the solubtion beling rapidly
dispersed into the general circulatisn. Intrawarterisl
injection, on the other hand, aaigsé& immadiate widespread.
vasoconstriction of the arferial branches distsl to the

if trunk invelved. Therefore, the puncture peint should be
in view throughoat the Infiltrstien procodure. Slow
injection then sllsws time for appropricte praventive

measurss, should these signs of intravasculsr injection
bt chsorved.

{¢) The palatal tissues adjacent o the zsanine and
premolar teoth present & poor site for Injection. In this
region, there is often little depth of investing soft
tissue inte which an injection can be made withoud causing
prossure and pain, and possibly injury to the palatal
vasculature lyving therein. Therefore, if possible this
region should be avoided as an iﬁizm{:iﬁg sito. |

-
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The greater palatine nepve injection blogks
afferent impulses avising from the tissues on the palatal
aspests of the molar and premoldy teath. Infiltration
of logal ansegthetic palatally to the promolars is neifhex
necessary nor advisable, sinece it is both moxe painful and
productive of more vascular injuries than the greater
palating nerve injection. It shauiﬁ ba stressed hmgmﬁ
that the latter injection be given as recommended,
Immediately beneath the lamine propriz to ninimise the

- xigk of vascular injury, and 2«3 mm in front of the greater

palatine foramen to aveid atigesthesia of the regions
innexvated by the lesser palatine nerves.

~ VWhen palatal anae sthesia for the canine %ooth
only is requiyed, shallow Jocal iﬁfﬁi&f&*ﬁmﬁ is indicated.
However, when other anterior teeth are also involved fox
wileh a nasowpalatine nexve infeation has already been

given; the greater palatine neyve injection should be

considerad as an aliemnative o logal infilization fox
establishing palatal angesthesia of the canine ve GLOe

The removal of sound deciducus mazillazy canine
teeth for orihodontic reasons often produces little trauma
to the palatal gingiva. Palatal anaesthesia in thesge
¢ases can be accompllished by topieal application rather
than logal infiltration, which in this reglon, produces
congldexrgble discomfort to the patient and some xisk of
vascular injury.
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Where excessive pressure is used to deposit logal
anaesthetle in the donge palatal tissues of the canlnes
premolar region, the rdbber plunger of noneaspirating
type gartridges is Frequently distorteds When pressure
on the plunger is xeloased, 1lts slasticity creates guction
within the cartridge which is often sufficlent to aspirate
blood fyom a pungtured vessel {Cowan 1959). Although the
combination of high injection pressure and venepuncture
geens gonbradictory, the two situations may coexist
presumably where the long bevel of the needle only
partially enteys the luman of & gmall blood vessel.

This phenomenon has been cbserved personally,
both in teaching c¢liniecs and in private prsctige, though
never with a glass syringe, and may explain the reports
of spontaneocus aspiration of blood peporited in the
litexature (Shotwell 1948, Goldman and Gray 1963),

{d) The surprisingly low incidence of vassulax
Injury asgsoclated with the greater ' palatine canal |
approach to the pherygoepalatine fossa {Corbet: and
Helmore 1948, Personal obgervation], may be explained

by the abgsenge of greater palatine velns from the ¢anal.
The findings of thig dissection support the observation
of Maher and Swindle (1962} that the maln venous drainage

of the hard palate iz via colleeting vessels fo a coarse
network in the soft palate.




() The small calibre of the texminal blood vossels
oecupying the inclsive fossa reduces the likelihood of
vascular injuxy assocliataed with the nagsowpalatine injection,
(£) Ag 26 gauge needles wexe preferved te the laxger
2% gauge recommended for satlsfaclory aspiration studies
(Foldes and McNall X962), this test was discontinued for
infiltration injegilons on completion of the short survey
:e"ep@xﬁeﬁ in Table IXI,.  Recent lnvestigations indicste
nowever that aspivation ¢an be successfully azsomplished
with finer than 25 gauge peedles (Wittrock and Fisher 1968,
Smith 1968 B). Since completion of the survey, a laxge
number of greater palatine injections have been given as
recommended, Jjust beneath the lamina propria of the mucosa,
2=3mm in fzont of the greater palatine foramen. The
incidence of successful anaesthesia has not been adversely
affegted by this teghnique and the gemplication of blood
flowing from the puncture point has been entirely eliminated.
Furthesmore, it is consideved that all the injections were
deposited extravascularly. This claim is based on

(£} the appearzance of the injoctien site duzing -
infiltration of a local anaesthetic solution containing
31:100,000 adronaling,

(i1}  the incidence of satisfactory anacsthesia

degpite the small amounts of solution usad,
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INTROPUCTION
LOGAL EFFECTS OF VASOCONSTRICTORSs

A  Sympathefic vasomobor sontrol.
By Tha abgorptive capillavy bede

SYSTEMIC EFFECTS OF VASOCONSTRICTORS.

A+  Cardiovascular effectss
Be Gentral nerxvous system affects.




ihe term "local anapsthoesia® describes that state
of localized insensibility to pain, without loss of cohe
sclouspness, achieved by the application of deugs £6 SORSOTY
neurenes in which they reversibly depress conduction of
afferent impulses (Current Clinical Dental Terminslogy
1963, Woud~-Smith and Stowart 1962). Therefore the obiect
in local anaesthesia is to doposit and. retain the ansese
thotic selulion within a small cirzcumseribed aves around
the nerves to be sneesthetised. A% all loecal anaesthetic
agents, except. the natural alkaleid cocaine, sre vasos
dilators (Glover 1968, Braid and Scott 1985, Dhunor and
Lewis 1966}, they hasten their owo absorption ints the
generai circulation. Thelr vasodilatory offect is
undesirable, nok only because of the fleeting snaesthesia
it produces vhen the anaesthetic is used alone ¢ bt alse
bagause rapid disscmination of the drug markedly increases
its systemic toxicity. {Foldes 1966, Novin 1952, Thoree
fore a vasogonstrictor agent is usually included in loeal
anaesthetic preparations to provide a “chemical fourniquet®
effect vhich delays their absorpiion (Moore 19551, '
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Although added to delay absorptioh and thus reduce
the toxicity of the potent locsl anzesthetisc component,
vasoconstrictor drugs themselves have a strong systomic
toxic potential. However, the maroin betwsen %heir
thorapeubic and toxic dosages is wide and it is the
incidence of side reactions v;h‘isﬁ; causes most concern, It
1s gonexrally mccepted that the vasoconstrictor reduces tho
toxicity of the totazl proparation In submuicosal injection
{Dabbs and Kader 199%0). The depesition of local ansesthotic
solution directly inte the blood stresm as a result of

accidental venopuncture iz, of course, conirary to the

mﬁaeiét af local anacsthesia,

There are two aspects of vasoconstricter actisn
which influence the systemic toxicity of the leoecal anzose
thetic selutions in which they eocurn,

{a) The local effect of increasing smooth muscle tone
in the walls of blood vessels, thoreby produsing vasocone
striction. This is the principal thorapeutic action of
Gental vasoconstrictors.

{b) The systomic effect of vascconstrictors, on
ontering the blood stroam, vhich is an undosirable side
affoct of the dental vse of thess drugs,

in recent yoars the vasvconstrictor contont in

dental logal ansesthetic preparations has boon stoadily
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decreasing. This trend has been influenced by the introw
duction of the anilide local anassthetic agents which
exhibit high ansesthetic potency and penetrating ability
and therefore require less vasoconstrictor to snhante
thely offect. Collegtively they are less vasodilatory
than their ester count erpayts and ave thersfors more sasi iy
retained at the injecltion site (Dhuner and Lewis l%ﬁ};

In addition, it has besn recognised that thewye is an
individual vasoconstricter concentration suited, not

only to each local ansesthetic agent but slse to sach
procedure for which it is used (Harris 1961). For example,
the duration of ansesthesis can be reduced by docressing
the vasoconsiriedor content although, i*t sheuld bs realised
that, in sb deing, lecal anaecsthetis foxicity is indxres z-;aﬁé:i
becstse of more rapid sbsorpiion.

An important influence on the trend towards
decreasing vaseconstrictor soncentration is the clinfcal
impression that signs of systemic disturbancs fol lowing
the injectlon of local anascsthetlic selutions, are
frequently those for whish adrenazline mav be responsible.
When signg of emotional alevtness as evidenced by, fear,
anxiety, restlessness and tremors are observed in &
proviously calm patient, the vasoconstrictor component
is more likely to be the cause than the local anaesthetic
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agent itself (Everett 1949, Mooze 1955, Fisher 1965),
Surveys involving ester local anaesthetic agents (Kutscher
and Merecadante 1958, Costich 1956)y revealed an increase
in reachkions under iﬁﬁ&l ama&ﬁh&s& with ingreage in
vasoconstrictor congentrations However, although certain
loval anasesthetics derived from para=aming benzolce awid
potentiate the agtion of adxenaline, this effect has not
been observed with the amides (Wiedling 1954).

Adrenaline is xzegarded as the prototype vaso-
congtrictor drug (’Gmmz; and Gilman 1966) and,; for the
f:;m:p@sﬁs of this paper, unless s pegifi cally stated olherwise,
the twp texms “adrenaline® and "vasoeconsizigtoz® have been
regaxded as é}fmmmus « Of the geveral gympathomimetic
agents available for use as denial vasoconstrictors e.g.
cobefyin, neosynephrine, noradrenaline and adpenaline,
there is a dizect velation between therapeutic efficiency
and systemic toxicity {Dille 1963, Glover 19%4). Therefora,
although adzenaline is the most potent vasoconstyictor
agent (Holroyd ¢t al 1960}, it has aleo the greatest
systemic effect (Dobbs and Kader 1950). Begause of this,
it is not only possible but pften desirable to reduce its
concentration to the minimum level which satisfies the
raguirements of the gontemplated proceduxo.

Assoniated with the reduction of vasoconstrictor
content of dental loeal anaesthetic solutions, is the
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need for paxticular attention to two aspects of their
administration: (a) mwate of injection. (b) extra«
vasgular injection.

(a) Rate of Injection.

Although vagsogonstrictor concentration has been
progressively decreased over a period of some years; the
Local anaesthetic gomponent has shown a trend towards
greater systemic potenéy.

(1) because of the intrinsic potency of the

newer agentg themselvesy particularly the anilide

dﬁugﬁg

(i) because of the higher concentrations in

which they are sometimes used,

The result is a local anaesthetis preparation
which is potentially more toxic, and therefore it is
necesgary to observe a glowexr rate of deposition, so
that the vasoconstrictor can exexrt i%s maximum therapeutic
affect of logalizing the selution to the injection site.
Rapid iaﬁeétiéﬁ increases the spread of the solution,
allowing gregter dilution by tissue fluid, and thus
reducing the local efficiency of both the anaesthetic
and vagoconstrictor components. As & result of the
larger absoxptive area and the reduced vasoconstriction,

the dxugs are rapidly absorbed into thé bloodstream.
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Blowing the zate of ontyy into the general eizculation
reduges the possibility of producing a toxic blood

level of druyg and allows larger amounts of local anaesthetic
agent to be used with safety, In addition metabolice of
snall amounts of some zeadily hydrolyzable local ansesthetic
agents, e«g. meprylcaine (Glover 1965, Poldes 196G}, and

a small pxoporiion of the vasoponstriclor content, commences
in the ’%;is,aﬁ%, Turther mininising thelr systenic effects
{Crout 1968, Foldes 1966). A rate of injection of 1 ml
each 30 seconds is generally yegarded as satisfactory for
dontal progodures (Glover 1968). |
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{b)

Altnough a more intense systemic zesponse may be
obtained from local anaesthetic prepavations vontaining
sarenaling; that ig, the patient may feol moze nervous
or apprehensive than when the vascconstrictor is omitted,
the threat of serious géngﬁqﬁenmg is much lass when
this agent is present (Diek 1953, Wallace of al 1956,
Holroyd et &l 1960}, Thls opinien Is basod mainly on

(1}  the vaseconstrictorts ability to delay

absoxption of the moxe toxic logal anassthetic

component when deposited extravascularly,

(1i} EBvidence indicating that the addition of

- adyeonsline inocreased the lethal intravenoug dose
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of estor Lype local ansesthelics, in experimental
animalasy by 50 tu 100 percont dver that xegorded
for the plain Local anseasthetic drug. Following
intravenous injection, the vasocensiricior’s
ﬁ%ﬁmﬂa‘hﬁw effoet on the caxdiovagcular gystem
presumably maintained vital cegebral function
while lavger amounts of local anaesthetic drug
were detoxified (Tainter and Throndson 1933,
Tainter and Throndson and loose 1938).

Subseguently, with the advent ¢of the anilide
loeal anagesthetic agents and theiy use in combination
with lower congentrations of adrenaline, the incidence
of cardiova 3@1“&: gide effects é:%f a stinmulatory nature
due to the ﬁ&éa{:ﬁﬁﬂ?ﬁﬁiﬁiﬁﬁ agent, has been yeduceds
Qne xeason for the decreased cardiovagculax response
is that %;ﬁé local anaesthetic and vasoconstrictor agents
are, to gome extent, pharmacologicsl ankagonists in their
direct toxic manifestations on the heart and blood vessels.
{Wiedling 1964, lew York Heart ASsote 1958)s; Prosumably
the addition of adrenaline fo anilide local anaesthetic
solufions is not as effeective in ﬁjbimmiéﬁing the gaydio-
vasgulay systen and rveduging the intravencus toriegity of
the overall preparation, as with ester drugs. Fupthemmore,
since the beart is the {irxst organ reached by drugs deposited
intravenously in dentistry, the characteristic depressant
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offect of local anaesthetic agents on the cardiovascular
system in general, and the myoccardium in particular, should
be avoided by injecting extra-vascularxly. This is
espesially important when using soncentrated solutions of
plain local ansesthetic drugs

pLS
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To understand how sympathomimetic agents limit
%ﬁﬁﬁ:ﬁy by éeiagiag the absorpiion of losal ansesthetic
ATUGS, iﬁ ig nocessary o ﬁx&%ﬂiﬁa soms aspects of the
a k;aﬁﬁmy anc thﬁﬁﬁﬁg? oF

{A}  Sympathetic vasomotor control.

(B}  The absoxptive gapillary bed.

Post é}éngliﬁﬁié fibres of the sympathetic systen
acgompany most blood vessels, with which they ave associated
in the fomm of a perivascular slexus; an azrangement which
pernits sympathetic contrsl of vascular tone {Mason 1968,
Cunningham 1953)s Evidence of pirasympathetic influence
on the mandibular egirculatory bed has boen presented by
Bishop and go-wozkexrs (1961), but it is genarally agresd
that vasgular tene Is regulated by a pressoxr amine liberated
at the terminals of sympathetic nerves in response to
sympathetic outflow, The pepiphersl transmitter

-
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substance liborated at sympathetic nerve terminzls is
noradrenaline {Goodman and Gilman 1966), which acts as |
the chemical wiedistor between the neurone and tho receptor
gite which, In this instance v 15 situated in the smopth
myscle component of the vaseular wall.,

Roceptor sites are hypsthotical eniitiss vhich
conveniently explain some aspecis of drug astion {(Paten
1960, Foster 1966). Furthermore, 1t is suggosted that
the excitatory postsynaptic potential is transmitted
from recepltor sites to further muscle fibres as a resulk
of functional contact between them, snd that not all smooth
muscle fibres have receplor components capablo of dirset
stimulation. |

{a)
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Perlvasculay sympathetic axons are sxionsions of
noxve cells sentrally located within sympathetic ganelia,
The postyanglionie axon terminates in an enlargoment called
the synaptic knob which is ¢ structurs designed o deliver
guantitics of the chemical transmitter substance novadronaline,
inte the synapiic cleft which separates the symaptie kneb
from the receptor sifte in the smooth muscle component of
the vascular wall {Becles 1065, Batz 1961). Adrensline is
also liberated from sympathetic norves In smaller gquantities.




Sympathonimetic or adroncraic dougs uscd as
vaspoonstrictors in dontistyy are so called butauso, by
acting drectly on the sympathotic roceptor sitos, thoy
wroduce &ffocts similar Yo thoso f:.af_ abinulation of poie
ganglionic sympathetic nerves,  Othor sympathomimotic
drugs {ol0s ophodring, -mhétaﬁziaé} . Droduce their thorae
poutic effect by stimulating the release of endogonous
noradrenalinge from stores within the sympathotic axon
{Trinker ob al 1967, Bllis ot sl 1967}, Those storos of
aoradeenaline are logslnd within the cytoplasm of the
axon sid in granulsr varicesitios of the nitethondria
chich aro more prevalent nesy the synaptic kaoh. Sypathetis
stimulation couses the roleass of noxadrenaline frem cithor
tho eytoplasm roscrves oy siorage grantles into the oyboe
plasm and thencs to the synspiic eleft and recepbor sites
a physicloglcal pyoocsss which 1o contimially epersting st
subethreshold levels o melatain normal vascular tons.
Moradrvenaline is melabolized in the cytoplase of the nerve

whcaming oxidase and IF this process iz
inhivited, tho axon sosevvs of nporadronaline is incxoancd
ff;f;mi and Trinker 19586, Foster 1D66).

Torminstion of sympathotie ﬁffﬁﬁ’:ﬁ is not broucht
absut by onzymatic destyuction of noradrenaline at the
synapse bk by (1) ze-aboorptics into thoe sympatholic
axon vhere It is cither mo¥sbolized by monoaning oxidaso
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or stored.

{ii) diffusion away from the sife and metabolism
mainly in the liver by the enzyme catechol-o-mathyl
trangferase. |

As previously mentionsd, injected sympathomimetic
dryuas, such as adrenialing and noradronalineg, Have thelr
sites of action at the neurt-effector junction, and this
action 15 torminated by the same processes as thelir
endogenous counterparts {Greens 1068).

The offest of sympathomimetie drugs can be blosksd
by sympatholytic agents vhich have an sffinity for, but
produce np stimulus in, the sympathetic receptor silte, c.g»
dihydroergotamine and phentolaming {Ariens 1963, Goldberg
1064} . Whersas certaln sympathomimetic amines, s.ge
amphetaming and ophedrine, rely on the releasse of stored
ﬁ%ﬁéﬁ:&ﬁaﬁm to indirectly nmediate thelr sympathonmimetic
offect, others impalir the binding of noradesnaline within
the axen (Rand and Trinker 19066, Trinker ot al 1967, Ellis
ot al 1967). |

Potentiastion of the effect of some gympathomimetic
agents may be taused by other drugs which prevent the
re-uptake and binding of noradrensline within the axon,
which 1s the nosmal avenue for terminstion of sympathetic
ackivity., OCocalne inhibits the uptake of noradronaline




witel rosulits in tho potentiation of adronorgls roSponsosd,
ineluding the unique vasoconstrictor characteristic of
this deug (Greene 1968). Monoamine oxidase inhibitor
grugs aafm*a,;ﬁez $iesus stores of adrenaling and noradronaline
in the brain and othor organs by inhibiting deaminat Lot
within the neurons cvtoplasm. Uhen tissus stores of
noradrenalinge are saturated, terminmation of the effegt
of alithor injected or relessed sympathomioetic dengs Dy
uptako, 15 inhibited. Potentlation of thelr offect deponds
o this alone (Ells et al 1967). h

Sos ldborg (1964} Elis ot 2l {10587}, and Teioker
ot al (1967}, constder thet IADI drugs do not potentials
the offests of the catacholawines adrénaline and
noradronalineg. How aming oxidase inhibltoxs bring out

the pharmacolosical effects of clrculating novadrensling
%5 mot elearly understond {Rebson and Stacy 1962).
However the pationt under MAOZ therapy 1z poorly prepared
for the additional stress of dental procoduras and the
pussible cardisvascular offucts of Injegted advenaline
{Burch ot al 1966).

Ba Iho absurptive Lapllliary LKl

Gpinions differ on iﬁ% galibre of blood vessols
affocted by vasosonstrictor atction. Abrashamsen {1962)
stotes that injoctod adrennline will produse vassow
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congtziction of all vessels in the region containing
smooth muscles Goodman and Gilman (1966) ceonsider that,
although ciapillaries have no muscular eoat, they also
may be affected, but Abrahamson {1962}, and Pulton ot al
(1958}, folled to substantiate this concept experimentally.
The latter investigators obtained constriction of artericles,
precaplligry sphinctexs and muscular venules in the buceal
pouch of hamstors by the toplcal application of both
adrenaline gnd noradeenaline, but neither anmine nroduced
any detectable change in the calibre of true capillaxies.
In a similar experiment using a rubefacient {eugenol),
the dilatory rosponge was limited to the artexioles and
musculor yvemgles. fhe azea of vessels involved was
Larger than the polint of application indicating a
conduction system with nerve~iike properties. Possibly
the noo-myelinated vexivascular plesms was responsiblo
{abrahamson 1962).

it is interesting to note that, although smooth
musele is absent from the walls of capillazies and smsll
venules, vasoconstriction may bs possible oy changes in
the lining endothelial cells which may vary in shape
from flattened to golumnar, thoreby reducing the lumon
size. Large bundles of filaments, which may be sontractilo,
are found within the cyioplasm of those cells {Abrshamson
1962},
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Increase in physiological tone of most blood
vessels ls effedgted by the action of noradrenaline
iiberated on stimalation of the pexivassular sympathetic
plexus. A simllax response vcours in such vessels to
analagous exogenous sympathomimetic amines, which also
a¢t through the adrenergic zegeptor site. In conirast,
the pegterior pituitary hormones vasopressin, and its
synthetic derivative felypressing act directly on the
contractlle slements and are not impeded by adreneraic
blogking agents such as phentolamine (Light 1965).
Although capillariss may be contractile, they 40 not
contain smooth musecles. Neither do small vemules and it
ie doubtful if either is affected by sympathomimetic
drugs or posterior pituitsry derivatives.

Only blood reaching the capillary bed can serve
in the process of exchange essential for cellular
metabolism. The ftilssue ¢ells are bathed by an intexs
mediazy tissue fluid which zets as an exchange medium,
ﬁs;ﬂpiﬁying nutrients and receiving the products of
metabolic activity. The lymphatic system is also invelved
in this processs Like the blood vessels, the lymphatics
are, for the most party closed vessels and lymphatic
caplllaries have the same relation to tissue apaces as have
blood gapillaries. Lymphatics are absént from thoe central
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nervoug system and bone maxrzow. In voluntary muscle they
are found only in the faselal pianea and are generslly
not as prevalent as blood vessels. The larger lymphatics
are contragtile, reacting to hoth %ﬁmm 1ing and agetyleholing,
and even smaller Iymphatics show contractility in z;exﬁaié
conditions {Abrahamson 1962). |

The blood pressure necessary for adequate oxygenw
ation of the tissues is responsible alse for transudastion
of protein from the capillaries and this ocutflow is fiormally
balanced by the resultant oncotic pressure in the tissue
spagese It 1ig the function of the lymphatic system to
maintain proper cellular envizemment by elearing the tissuc
spaces of substances which have leaked out and not been
xeabgorbed by the bloods. For example, approximately 40
pexcent of cizculatory protein escapes and has to be refurned
‘tothe blood streams A pressure gradient exists from the
interstices to the lymphatic capillaries wherein tissue
fluid becomes lymph. Singe the lymphatic capillaries
ave freely permeable t0 macromolocules; asecaved cireulatory
protein, metabolic biproducts, and foreign substances,
including logal anaesthetlcs are returned to the general
circulation with minimal logs (Abzahamson 1962). Both
iymphatic and blood capillaries are involved in this
process of clearing the tlssue spaces.
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Blood vessels of zll sizes from fhe aords down
wo the smallest arterioles possess a muscular coal and
are, therefore, susceptible to the actlon of vasoe
constrictors. Bishop ot al (1961), claimed that the
addition of a vasoconstricter to a local anagsthotic
solution deposited in the plervosmandibulay space, did
nob cause g desresse in blosd Tlow through the inforior
alveslar artery. Perhaps whon appliecd locally ot the
concentration used in dental local ansesthetics, the
vaspoonstrictor dees not affect blood vessels of a size
comparable to the inferior slveclar artery.

Howesyoer the vasoconstyictor is added te dental
local annesthetics do {4) logalize the solution and (if)
delay ita absprption, Boith these processes invaelve the
vasoulature at capillany level and, since it is doubtful
that caplliscies are tonivatiile, interesst thevefore

centres on the vasoconstricter's gffect on the artericles
and precaplillazy éph_;ﬁntéz:% « Vasgconstriction In the
arderinles and precapillary sphincters reduses cepillary
blood flow thereby retasrding the proccss of metabolic oiw
change tecsssary four absorption of local snaesthetic from
the tissue spaces. In addition, lymphatic abserption is
impeded by the reduced blood flow and resulfant decrsase in
pressure gradient from the tissue spages o the lymphatic
gapillaries, The possible pressor effect of vasocenstrictors
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on the smaller lymphatics may also contribute (Abrahamson
3-@62) i
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Having consldered the local action of vasoconstrictor
drugs which, by regulating the rate of absorption, limits
the systemic toxicity of local anaesthetic preparations,
the systomic effects of these drugs on entering the blosd
stream should be discussed, The systemic effeets produced
by cireulatory vascconstrzictor drugs are principally on
the cardiovascular system and, to a minor degree, on the
centtral nervous system.

With the small amounts used, signs of toxicity
from dentally administered adrenaline ave seldos observed
unless influenced by rapid absorption into tho blood stresm,
When deposited slowly extravascularly, the vz socongsiricios
delays its own absorption, a‘ﬁﬂwiﬁg some of the dpug te
be metabolised in the tissues at the injection site. The
remainder 1$ slowly absorbed and, although tolatively stable
in the blood a%mam; is taken uwp by other tissues, mainly
the liver; in which it is rapidly m@taﬁaﬁ sede The greater
part of & dose injected in man is excreted by the kidneys
after inactivation by catechol.o-methyl transforase and,
to 2 lesser extent, moncamine oxidase {Creut 1968, Green
1968, Foster 1966, Goodman and Gilman 1966, Trinker et al
1967).




w 130 -

Vasoconstrictors are as complex in thelr pharma-
cologieal actions as any drugs in use today (Monheim 1961}
yet a grest deal iz known of the way iIn which they act.
They are usually sympathomimetic drugs. That Is to say
'téze;r prodice the same response as f ollows the stimulation
of post ganglionic none-medullated fibres of Tthe ﬁympaﬁizg‘&m
nervous system. ©Ff the sympathomimetic vasogon strictor
drugs suiteble for use in combination with lecal anaesthetic
agents, adrenaline and noradrenaline are most often used.

The autonomis nervous syster is primarily cenceracd
with the regulation of the body's internal environment and
the meintenancs of it ataihiiﬁm When confronted with
stimull such as fear, emotion, or pain, the sympathetic
somponent responds by f;x%gayitxg the internal shvironment
to meot the changed external circumstances (Livingston
19%3). Adrenaline ang noradrenzline ia;re the physiplegical
agents which mediate the efiect of sympathetic outflow and
are always present in variable amounts in the blogd stream
and at sympathetic neurc-sffector junctions. In addition
some sympathetic activity is mediated by acetylcholine
{(Foster 1966). Adrenaline, and to a lesser extent its
adrenal precurser noradrenzling, are seorsted “ dirvgctly
into the circulstion from the adrenal medulla (Goodmen
angd Gilman 1966).
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Horadyenaline dorives sainly from the sympatholie
norve temminals of synapses in physiclogicsl amounts
vnichy under nérmol gonditions ave sufficient to mointain
vascular tonge  Sympathetic stisulstion gouscs the
release of neradrenalineg from the adrenerpic axon in
fich larger aomounts so that the threshold level necessaxy
foxr vasoconstxriction is attained.

ihe degree of stress assocloted with dental
procedures can ke gouged from the ingrease in plasma
ievel of storeids which ocours in pationts awaiting tyoats
ment (Shannon ot al 1961). The response of the sympathotic
norvous gystem fo stimeli such as styess, fTear, pain ohce,
is Lo prepore the body for activity. Roflex reoulation
of cardiovascular perfoxmance to incroase cardiac ouiput

is the main aufonomic offoct by which this is adoomplished.
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ihree basic factors influence sardiac outpui.
{a} cardiae function, (b} periphexal zesistance,
{¢) degree of £illing of the circulatoxy system.
(a2} As a pump, the heart is directly rzesponsible for
cardize ocudtputs bub rarely works 4o the linit of its
capacitys and does not achually rogulote output oxecopt
urkigr abnormal conditions. Sympathetic stimulstion and
parasynpathotic inhibition gause an inerease in rabto and
force of vontraction {of the heart) ond thus pumping capncity

L8 Anezeasods.






