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'I'here has been general acceptnnce of tlie preinise that the tu- 
berosity injection will anesthetize 2111 the iiiolar teeth, except for 
the iiiesial buccal root of the first perinunent iiiolar, which is 
innervated by the middle superior alveolar nerve (201 211 22, 2 9 ) .  

S m i t h  ( 2 6 ) ,  for exaiitple, stnted (without presenting statistical 
substantiation) that tlie entire first permanent iiiolar would he 
anesthetized in only five per cent of the cases, because in  these 
few teeth the sole innervntion is  tlie posterior superior alveolar 
nerve (p. 426) .  A consideration of the inconstancy of this iiiiddle 
nerve supply, as described in the  literature ( 4 ,  8 ,  8 ,  16, 20, 23, 303 32) is  
a cause to question the classic description of nerve supply. 

Since clinical experience with nerve block technics had indi- 
cated that not only the entire first periii:inent molar, hut  also 
the priinnry iiiolars iiiight often be anesthetized by :I single tuber- 
osity injection, thereby saving time by eliminating iiiultiple in- 
filtrations, a series of such injections was iiiade :is outlined be- 
low. 

>'<) 'This investigation w a s  supported i n  part I)y a IT. S. Public H'ealth 
Service Spcciul I~csc;ircIi Fvllowsliip Aw:tId DF81.56 f r o m  t h e  National I n -  
stitute of 1)cntal 1Iese;ircli. 

a*)  Full)right-Hays Visiting I'rofcssor, 'Thc I ~ o y a l  Dental Collegc, Aarlius, 
Den m a I' k . 



hIATEIiIAL AN[) MWfIODS 

l'hr se lec t io i t  of t h e  method,  ch i ldr rn  triid tcetl i  

The term nnesthesi:i is r o i i i  inonly used in the LJnited S h i e s  
to describe the analgesic effect which follows the deposition of 
local mesthetic solutions about nerve fibers. The technic of in- 
jection of the anesthetic solution here eniployed is known by 
several n:iiiies : the Posterior superior alveolar, the Zygoniatic, 
or the Tuberosity. The latter term most accurately reflects the 
position of the needle :ind its relationship to the bony and soft 
tissues. In children it is necess;iry to  use a needle in  a bent huhJ:) 
to fix precisely the site of deposition of the anesthetic solution. 
Before being able to secure such hubs, thirty-two preliminary in- 
jections were accoiiiplished with a 1 ?& inch straight, tapering 
needle, in  order to :lid in establishing the criteria by which thc 
success of the deposition of the ;inesthetic solutions could be 
judged. l'hese preliininary trials are not presented in the tubu- 
I:itions because the tip of the straight needle could not be :iccu- 
rately guided to  the anatoinic position desired. 

The deposition of anesthetic solutions in  the region of the 
maxillary tuberosity was accomplished with 1 Y' inch tapering 
needles which were hent at  :in approxiniale angle of 4 5 O  by the 
special hub. The hub is screwed t.o the threaded tip of a iiiet;il 
cnrpule syringe (See Fig. 3 )  coiiiiiionly employed in  dental prac- 
tice. 

The children in this study werc froin i i n  area in Southern 
California with ii populution of :ipprnxiiiiately 250,000. The sub- 
jects chosen, over a period of several months, were those who 
required local 2inesthesi:i for the treatment of pathological lesions 
involving dental structures in the posterior quadrants of the 
iiinxillary dental arch. All the children, about whom results :ire 
reported, exhibited :I "nornial" dento-facial complex. They did 
not exhihit signs of any gross irregu1:irities in their total devel- 
opiueiit. In ot.lier words, children requiring pre-operative scda- 
tion or with such abnoriiialities :is a cleft palate, cerebrnl palsy, 
or other serious inc:ipacities were excluded. The eighty-five tu- 
berosity iqiections reported include several instances of b.ilateral 

'lhc t aper ing  nccdlcs nad liuhs wcre iron1 tlic Mizzy, Inc., Clifton Foi,ge, 
V i rg i i i  ia . 
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injections in the s:iiiie individual. The dentitions were full pri- 
mary or mixed priiiinry and peruianent. 

To ascertain whether the extent of nn itijertion of local anes- 
thetic could he determined, l h e  decayed iiiolar, or the iiiost me- 
dial iiiol:ir if several were involved, was opened with :) water- 
cooled 57 cnrhide hur  (ap1)roxiin:ile diaiiieter 1 iiiiii) revolving 
:it iiiaxiiiiiiiii speed in :I Midwest Coi i ipny air-rotor contrniigle 
handpiece. Pain response was usually verbally expressed, but 
:iutonomic reflexes such : I S  the "be:iding" of perspiration upon 
the upper lip, or bridge o f  the nose, were considered to be overt 
signs of fright and possibly pain. If the subject felt no discom- 
fort ,  no injection of local :inesthetic was iiiade. Extractions were 
:in indic:ition f o r  the deposition of' :inesthetic solution. 

T h e  f i i b e r o s i f y  in jecf ion 

The injections were iiiade in  accordance with the measure- 
iiients described by JorycnsPn (17-  I*) .  The height of the maxilla 
was iiieasured by placing a Holey gauge a t  the gingival 1ii:irgin 
of the 1st o r  2nd priiiiary iiiolar and iiiensuring "up" to the in- 
fr:iorbital iiinrgin. To nvoitf injury to the eye, the Roley gauge 
was placed oii the skin , just  below the bony infrnorhital iiiargin. 
The dislance in  iiiillinieters was recorded (See Fig. 1 ). 

The signific:itice of this 1iie:isuring lechnic lies in the fact that 
the iiiaxillary height :it the tuberosity is approximately the saiiie 
:is that  in the infr:iorhital region. The innjority of the posterior 
superior alveolar nerves enter the forauiino of the tuberosity :ip- 
proxiinately h:ilf-way between the gingival Iiinrgin of the fully- 
erupted molar teeth :ind the posterior border of the floor of the 
orbit. Thus, if the anterior inensurcincnt of iiiaxillnry height is 
Iialved (Fig. a ) ,  the  resulting nuinber of iiiilliiiieters represents 
the distance froi i i  the posterior gingivnl in:irgin to the for:iniina 
for lhe transmission of the posterior :ilveol:ir nerves. Ileposition 
of  the anesthetic solution : i t  the area where the largest number 
of nerve fibers :ire concentrated, plus  spread of the solution along 
the supr:i-I)erioste:il surf:ice of' the iii:ixill:i :iccount for the  suc- 
cess of the injection ( 1 1 ) .  

After the preparation for the injection w~is 11i:ide 1)y ascer- 
taining the ni:ixillnry height, : i s  just indic:ited, the recorded niini- 
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the zygoiiintic process. The lip w:is retracted, and the tissues 
prepared for the injection. The tip of the needle WEIS inserted 
in the fornix  of the vestibule, just :I little c1ist:il to the inidpoint 
hetween [lie poslcrior surf:tce of the tu1)erosily : i n d  the posterior 
surf:ice of the zygoiwlic 1)roces;s o f  the in:ixill:i. l'he needle was 
steppet1 siiperiorly : t i id  clisi:iIly, wliilc injrciing :I few t~iiniuis of 
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solution :IS the  iiecdlc w:is adv:iiicetl, until tlic riilher iii:irkcr 
1:iy :it tlic saiii~' lieiglil :is the gingiv:il iii:irgiii of the priinnry 
inolars. I b e  hiilk of  the solution W;IS del)c)sitetl :it the  ter1iiin:il 
position of the needle tip. Aspiration w a s  practiced with all in- 
jections. Approhini:ilely 1 ce of Xfeprylc:iine (Orornine?':) W:IS 

slowly del)osiilect in  the  arc:^ o f  irijcc tion. No  injection was re- 
peated if i t  WIS not iininedi:rtely successful. 

For the p u r p o s e  o f  cv:tlu:tting the results o f  the deposition o f  
:incsthetic soliition, L M O  categories mere recorded: 1 ) :inesthesi:i 
of the tooth or tcclh, nntl 2 ) incoiiiplete, or n o  :ineslhcsi:t of the 
tooth or teeth. 

l'he inesio-huw:il root o f  the first 1)criii:ineiit ino1:ir iiiny in 
soiiic' instance\ I)? :iiie\llielimd by inf'i1tr:iliiig the solutioii in  the 
pira-apical region o f  the Iiiesio-buccal loot. The principles :ire 
those underlying iiifi1tr:ttion :inesthesi:i for any  dental structure. 
A 1-iiicli tnperi n y  need I e i s  eiii ployed. Although this in  j ectioii 
w:is iiiade to accoiiiplish restorative wwrli on soiiie of the patients 



r l  1 u1)crusity injectioiis in ciglily-five r:ises produced the follow- 
ing results: 
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The second test considered the perni:iiient :ind priiiiury iuo1:irs 
a s  two separate groups. 



7‘he Chi square v:ilues of l‘:iblcs 1-3 iutlicate t h t  the oh- 
served difference in  the :inesthesi:i ohtnined in tlie three teeth 
loc:itetl successively nnterior to thc point of injection is signif- 
icant. For Tables 1--2 there is :I 99 %, probability that the dif- 
ferences in :ineslhesi;i were no1 d u e  lo chance. For Table 3 the 
1)rob;tbility w a s  a t  least !I8 ?A. However, t o  determine the effi- 
ciency o f  the tuberosity injection in  terms of clinical practice, 
1\vo ;idditioiiul esliittales were required. First, the fewest i iu i i i -  

her of tiiiies the injection iiiight he expected to  succeed   id 
would this level of success be iiieuningful in tlentul practice? 
Secondly, did the observed anest1iesi:i e c p i 1  or exceed the sta- 
tistically derived estiiiiate of success? Table 4 presents tlie cal- 
cul;ited and the observed v:ilues. 

Since the 99 yo level ci i11)r~~c.e~ three stantlnrd deviations, the 
least estiinated occurrence of nncstliesin is conservativc (even 
for this sm:ill suiiiple), 1);wticul:irly when coi i ipred to  the ob- 
served :ineslhesin. 
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A suiiitti:iriz~itioii of the i x a s u l l s  reported in Tnl)les 1 4 iii:iy 

be stated :IS follows: 1) l l i e  observed occurrence of local :ines- 
thesia in the first permanent ;ind second and first lrriinary 1110- 

lars is not due  to chnncc and, 2 )  the percentage of s~iccessful 
results indic:itecl t l ~ t  thc tuberosity iii,jeclion is  the niethocl o f  
choice for the first perm;inenl tiiolar, 1):irticulnrly when the sec- 
ond and first priinary iuolars require restor:ilion. The tiine-con- 
suniing iiiesi:il-buccal infi1tr:ition is necessary in  the iiiinorily of 
cases, :i1tliougli it is obvious that supplet1ietitai.y :ineslliesi:i will 
often he required :IS the first priimiry 1iiol:ir is appro:iched. 

1)ISCl~SSION 

A review of the litt3r:ilure rcvenled that st ndies of the nerves 
to the teeth have fallen into four genernl c1nssific:itions: (1 ) 
dried bones (8% " o ) ,  ( 2 )  gross and microscopic clisseclion of  fetal 
atid adult speciinens ( 2 '  4, 9, 14. ro, 2 : ~  91 1, (3) histologic sections 
:I nd serial sections with or with o LI t :ice0 n i p  n yi ng reconstr uc- 
tions ( 0 ,  7,  10, I:$, 15, ' X ) ,  :tiid (4)  observations iii:idc froni the :ines- 
thetization of rel;t:iin regions ( 1 ,  :J, 11, 24, 2 5 ) .  Many of the reports 
were parenthetical in nature, :ind inore specific investigations 
usually did not stale two criteria which iii:iy he of iinport:tncc : 
1 ) the age of the specitlien, atid 2 ,  the condition of the dcntition. 
Nerve block technics h a w  proved to hi> :I inethod of oht:iining 
pertinent inforination in ;I iiiucli shorter period o f  liiiie than is 
possible hy 1ne:ins of dissection or reconstrnction. 

From t h e  review of the 1iter:iture one ni:ry stqte lwo gener:il 
obserwtions. First, there wcre sever:rl patterns of innervation of 
the ninxillnry teeth. Secondly, even in the x i m e  individual, the 
innervation in the right Iiitixillu 11i:iy differ froi i i  that in  the left. 
Thc patterns of innervation may Ire suiiiiii:rrized as follows: 

a )  The iiiaxi1l:iry first perin:inent and second priinary ino1:irs 
iiiay be innervated by thc posterior superior alveolar nerw,  while 
the first priniwy liiolnr is supplied by the  iiiiddle and not in- 
frequently the anterior, superior :tlveol:ir nerve. Such :I dislri- 
bution of nerves seeiiiingly predo11iin:ited in the clinical trials 
with loc:iL anesthetics and required that the tuberosity injection 
be suppleinented with infiltration anesthesin for the first pri- 
lllary 1lloI:lr. 
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b)  The iiiaxillwy first perinanen1 molar itlay be innerwtcd 
by tlie posterior superior :ilveol:ir iind iuiddle superior alveolar 
nerves, which latter nerve :itso serves the primary molars. Such 
:I p:ittern requires infiltration anesthesia for the mesio-hucc;il 
root of the permanent iiiolar, :t i id for the priiiiary iiiolars. 

c )  The iiiaxi1l:iry first permanent molar may be innervated by 
the posterior superior :ilveol:ir nerve, :tnd the pr imiry  iiiolars 
by the initltlle superior ulveolar nerves. In this case the priiiinry 
iiiolars inay be anesthetized by infiltration or infraorhitd block 
:i tic s the sia . 

d )  The iiiiddle superior dvcolar nerves may he absent. I n  such 
:I c:ise it is nccess:iry to block the  posterior or the :interior sii- 
1)erior :ilveolar nerves. 

The posterior :md middle superior :ilwol:ir nerves tn:iy leave 
the p r e n t  t runk :it a1 most the s:iinc location. Indeed, the an- 
terior superior alveolar nerve in:iy branch from the posterior ex- 
tremity of the infr:iorbit:il nerve, and it usually leaves the trunk 
posterior to the iiiidpoint, and is :tpparently constant in its dis- 
tribution to the canine and incisors ( ’ t i ) ,  not infrequently sup- 
plying the first priiiinry iiiolars ( 1 3 ) .  There have been several 
reports of the absence of the middle superior alveolar nerves, 
the function o f  these nerves being served by the posterior or iin- 

To determine the extent of :inesthesin it was necessary to 
choose :I stimulus which was adapted to the physiologic and 
psychologic responses evoked by dental procedures. The choice 
of the air-driven carbide bur was bused on the criteria of Htrrd!], 
WoZff cLS Goodell ( 1 2 ) .  Although the chosen stimulus did not meet 
:I I1 the enuiiier:ited requireiiients, it routinely produces tlie nox- 
ious stimulus for which practitioners administer local anesthet- 
ics, and under tlie conditions of the present study it is as valid 
as the more precisely graduated pulp-tester. 

If therc was evidence of pi in  ;I tuberosity injection w a s  given, 
:tiid the bur reapplied. Anesthesi:i w:is deteriiiined by the re- 
sponse of the patient. The results were tabulated and subjected 
to a Chi Square test. The test did reveal :I statistic:illy significant 
result. Under the conditions of the present study, the possibility 
of anesthetizing the inolur teeth w a s  greater than is generally 
accepted by authorities who stated their results after observing 

terior superior :1lyeol~1r nerves (4 .  5 ,  % 1% 20, 23, Y O ) .  



158 JESS IIdTDEN, JR. 

the deposition of :inesthetic solutions on the in:rxillary tuherosity. 
This beconies of iiuportance in clinicd p rx t i ce  because it is often 
iiiipossihle to anesthetize the first 1,eriii:inent molar by infiltrn- 
tion :inesthesia. A n  exninination o f  Fig. 5 will show that the 
first periii:zncnt molar lies directly under the huttress of the zy- 
goiu:itic process of the iiiaxill:i, often called the key ridge. The 
thickness of bone in  this area precludes successful infiltration 
:inesthesi:i. I n  later life, the iiiol:ir iii:iy he :interior to this ridge 
(iiiarlied with the hlnck pointing to the ~iiolars) .  Indeed, :IS 

Jorgensen ('8) denionstrated, exatuinntion of the iiiaxillae of 
children and adults will reveal that the former i w y  have :I much 
thicker external plate of corlical hone. I t i  children this Iliicltness 
of hone iiiay almost obscure tlie outlines o f  the roots of the teeth, 
whereas i t  is not uncoiniiion to see the roots well outlined in  the 
:tdult, and often the apices itre revealed through perforations in 
the bone. 

Although G d d b e r y  d Sntloue (11 ) reported that  the pliiceiiient 
of lhe needle was of secondary iiiiportance to lhe spread of the 
solution, the results of llie present study lead to  the observ, 'I t' 1011 

that the reasons that niost operators failed in  ohtainiiig success- 
ful anest1iesi:i of the first perinanent inolnr by means of the tu- 
herosity injection may be two. First, they did not measure the 
uiuxillary height to obt:iin the proper depth of insertion of the 
needle. Secondly, a s  pointed out hy S m i t h  (2';) they did not eiii- 
ploy a needle in :I curved huh. Without such :in nd:ipt:ition it 
was difficult to pass tlie needle to the foraiiiiiin on the curved 
tuberosity. If the needle was not precisely placed, :i soft tissue 
infiltration anesthetic was the prob:tble result. Because profound 
and lasting anesthesia of soft tissue structures may cause ap- 
prehension in children, with :I possible chewing of the ord  11111- 

cous iiieiiibrane, it is best :tdniinislered in  conjunction with pre- 
inedicntion. The advantage of :I precisely placed tuberosity in- 
jection is th:it there is not In:irlted soft tissue anesthesia, partic- 
ularly in the outer corners of the lips, which children find 
:lnnoying in the case of :I second division or :in infraorbital 
nerve block. 

McDaniel (20) und others (2;s) 1i:ive pointed out  that tlie nerve 
supply to the first premolar may he froiii the anterior superior 
nerve, while that to the first periiianenl iiiolar aiid second prc- 
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iiio1:ir iiiay be from the posterior superior :ilveolar nerve. The 
present investigation supports such :i contention for the priiiiury 
dentition. An exainination of the data presented in the tabulu- 
lion of the results of the present study indicates that the nuni- 
ber of anesthetized first primary niolars is considerably less than 
for the 2nd primary and first per1ii:inent molars. 

CON(;LUSIONS 

1. 'The bony substrate supporting the iii;ixillnry niolal-s in the 
iiiixed and young perinanent dentition ofterl prevents successful 
infiltration anesthesia of these teeth. 

2. The distribution of the superior :ilveol:rr nerves to  these 
teeth follows :I pattern which may wiry ;iiiiong individuals, and 
bi1:iter:illy in  ;I single person. 

3. A precisely placed tuberosity injection, using :I curved 
needle in :i bent hub, has produced anesthesia of the first per- 
inanent arid second priniary iiiolnr with such frequency that it 
inay be suggested as the iiietliod of choice when these teeth are 
to be restored. The first prirnary niolar, in  such cases is usually 
partially and not infrequently totally anesthetized. 

s n r  11 A I ~ Y  

'The nerve supply to the teeth of living children was investi- 
gated by iiieans of nerve block technics. The maxillary first per- 
iiianent and primary niol:irs were opened with 21 dental bur under 
controlled conditions. If the patient expressed pain, the injec- 
tion was given by iiieans of :I precise, reproducible technic of de- 
positing anesthetic solution on the niuxilltiry tuberosity. Eighty- 
five such iiijections were iiiatle and the number of teeth anes- 
thetized was recorded, and evaluated by the Chi Square test. No 
injections were repented. Soiiie subjects received bilateral tuber- 
osity injections, and  it w:is noted that the innervation of the teeth 
in  the two maxillae might he similar, or dissimilar. 
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INNERVATION DE LA PKEMIfCRE MOLAIHE SUI’EKIFXJKE PERMANENTE 
ET DES MOLAIRES SUPfiRIEUHES TEMPORAIRES, D’AI’I1i?S 1,KS INDI- 

CATIONS OBTFNUEY PAR D E P h  1)E SOLUTIONS D’ANESTHESIQUE 
LOCAL: RAPPORT PRI?J.IMINAIHE 

L’innerv:itioii des dents d’cnl’ants viv:ints i i  614 6Ludii.e en pro- 
ckdnnt B dcs  :iiiesthi.sies 1roncul:iires. L:i prciiiiCrc 1iiol:iire sul)4- 
rieiire perni:inente et les 1iiol:iires supi.rieures teinpmiires ont 
4tC ouverles B l’aide d’une fruise dent:iirc d m s  des conditions 
tli.terinini.es. Lorsque le pilien1 se plaignibit de resseiitir unc dou- 
lcur, uiie injection lui h i t  faite, lu solulion anesth6sique 6t:int 
rI6posi.e au  nireau de l a  luh6rositi. d u  iii:ixillaire supCrieur sui- 
v m t  une  technique pr6cise et susceptible d’&tre reproduite. 
Uii:itre-viiigt-ciii(i injections ont :iinsi cite effeclui.es, e l  le noiii- 

hre de dents anesthcsibes :I i.16 enregislrh e l  6v:iluP par le test 
ti11 x‘. Aucune injection n’:i 6ti. rPpi.tcie. Chez quclyues sitjets, des 
injections bilutcirnles ;iu nivc:iu des tuhi.i*ositi.s ont &ti. f:iitcs, ct 
l’innervatioii des dents des tkux  maxillaires siip6rieurs s’est 1.4- 
vdl6e pouvoir Clre seinblahle ou disseiiiblahle. 

Z U SAM hl EN 13.d S S I’N ti 

FESTSTEI,l,UNC, UER INNERVATION DER ERSTEN OIiEREN BLE1HENI)EN 
MOLAREN UND DER MILCIIMO1,AHEN I)lJI\(:€I DEPONIEItUNG VON 

1,OKALANASTHETIKA. VORLWUFIGE MITTEILUNG. 

1)ie Nervenversorgung der Ziihne lehendiger Kinder wurde w r -  
inittcls Nerveiibloc.ltieruiigeii untersucht. Die ersten hleihendeii 
Molaren und die ersten Milcliiiioluren wurden iiiit I3ohrer uiiter 
Itontrollierten Hedingungen gciiffnet. F:ills der P:iticiit Sr1iriier.z 
fiihlte, wurde die Iii,iektion verinittels eines genau reprotluzier- 
1):iren \’erf:ihrens auf dew ‘Tuber 1naxill:ie gegeben. Fiinfundncht- 
zig solche Iii,jelitioiien wurden gegehen, und die Zahl der miisthe- 
sierten Z lhnc  wurde vernierkt und h u t  deiii ”Chi Square test” 
geschltzt. Keine Iiijektionen wurden wiederholt. Einigen Kindern 
wurden hilateriile l’uberinjelc lioneii gegehen, und cs wurde bt- 
ohnchtet, d n s s  die Innervation cler Ziiline der beiden Seiten gleich 
oder verschieden sein lionnte. 
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