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Qualitative and Quantitative Bvalustion of Pulpsl Pathology
and

Its Relationship to Pulpal Healing Following Vital Pulpotomy

The gtumbling block in consistently successful therapy of the
dental pulp is faulty disgrnosis, The problem centers sround an ing-
bility to assay clinlcally the degree of Inflasmation and degenera=~
tion present in the pulp %Yissue st the time of trestment, Thermal
and electric tests and evaluation of radiographs are unrelisble indi-
cators of the pulp status (44, 58, 64, 76). The more precise histo-
pathelogic method has been used for evaluating pulpal tiseue in
extracted teeth — in effect, a "post-morten” disgmosis of the suo-
rificed unit.

It is noteworthy that the most important aspect of cancer
therapy is early snd scecurate diagnosis, Tissue biopsy amd subge-
quent histopathologic exanination determine not only the identity
of the neoplasm bub, to a significant degree, the course of treat-
ment, This technic is used to verify the clinicsl diagnosie of
other diseases. In operative dentistry, however, il has never been
uged despite the fact that for over one-hundred yesrs biopsies have
been svailable from teeth subjected to vital pulp therapy.

In the vital pulpotomy technic, the coromal portion of the
pulp that is removed representis a biopsy specimen, available for

histopathologic evaluation, The presence or absence of inflammation



and/or degeneration ean be determined, Utilizstion of such informa-
tlon suggests a possible diegpostic nethod, Any means of establishing
more accurate criteria for the treatment of diseased dental julps
deserves conslderation,

The purpose of this study was 1) to nake a quantitative and
qualitative histopathologle evaluation of the inflasmmatory status of
the coreonal pulpal tiseune in primary meolars, and 2) to determine their
relstionship to the healing response following ?iﬁsl pulpotomy using
calcium hydroxide,

V3 the Literatur

The historicel background ci wvital pulpotouy therapy provides
a basls fer understending its rationmsle., An examination of the litera-
ture alee permits an sssesmment of the eriteris utilized in sgelecting
teeth for this therapy as well as the basis for judging success of the
treatment. Knouledge of the response of dentel pulp to caleium
hydroxide, the influence of enviromental factors on the response,
and significence of celluler changes within the tissue, as reported
In the literature, helps us comprchend the evenis following vital
pulp thersny.

The vital pulpotomy method dates back to the empirical efforts
of such men as W.W. Allport, whose work was reported by Allen (1).
Allport amputated the exposed portion of the pulp and peeled 1t away
from the merging in order to cause its recession within the chamber,

Atkineon in the discussion followling &llen's paper sdvecated this



tecknic end advised the careful treantment of amputated pulp horns by
temporery fillings. Permanent restorations wvere recormended after
healing lv assured. He concluded that "the grost majority of exposed
pulpe will be preserved for indefinite periods!® Brockway (16) in
1868 vas more specifie in expleining the use of itreatment Tilling,
recomunending capping with a small plece of lead to encourage a new
deposit of dentin., In the ssme yeer Atkinson (3) advised using creo-
sote followed by oxychloride of zine cement over the pulp before
placing & restoration,

ixelsion of the pulp was favered by snother conteuporary, G. F,.
Foote, vho contributed to the discussion of Allen's paper (1). Foote's
concept of the physioleogy of healing the pulp, particularly as related
to blood clot formation; was remsrkably astute, He bellieved that the
pulp's best covering is the blood, which he regarded as s non-conductor
lying ¥in perfect harmony with the pulp.” His warning that sll escha~
roties should b avoided represents a modern concept in pulpal therapy.
Perhaps Foote was influenced by Wadsworth (86) whe wrote, in 1852, that
the best method of troatment is to eliminate the pulp mechanically with-
out using any chemical agents,

About 1890, Davis (26) inadvertently began to perform vital
pulpotomies while engaged in root csmal treatments., Thirty ;-srs later
he evaluated the resulis by radioc raphic examination., Of 100 root
canal treatments recorded, 12 had s pulp camal filling which did not
extend to the apex, nor in some instances, even into the root canal
itself, The pulpal tissue was removed surgicslly and no devitelizing

agont was used.
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Leonard {54) wes impressed by the "inherent recuperative povers
in the dental pulp." Beginning about 1905; he treated seversl hundred
primary teeth by extirpating only the coromal portion of the pulp,
dressed the remeining stumps with an asepiie end mildly disinfectent
paste, and sealed the cavity with & permsnent resteration at the same
sitting. 4&pplieation of the paste gently and without undue pressure
wag arphasized, In view of the recent interest in physiclogie {(indireet)
pulp capping; leonard's recommendations stamp him ss 2 pioneer in en-
lightened pulp therapy., A part of good surglcel judgment, according
to leonard, includes the use of & pre-operative pallistive to reduce
inflamaation and congestion, This, in turn, would encourage the re-
suaption of normel function so that the operation may be performed as
nearly ae possible in healthy tismue,

Congidering the mesger scientifie informetion svallable at thet
time; Leonardis rationale for vital pulpotomy teechnie is umuisuslly
perceptive. He stressed the following advantages in cutting away the
coronal portion of the pulps 1) most of the infected tissue is re-
moved; 2) the site of the operation amd healing is extended into a
sterile area of the denting 3) the remaining vital pulp tissue in the
root canals is relieved from back pressure of the congested coronal
portion; and 4) the same vescularity ia the root caenmals supports e
greatly lessened amount of pulp tissus.

In the 1920%s Hopewell-Smith (39) and Thoms {€1) advocated the
opposite in pulp trestment., The former believed that, since the injurea
or degenerated pulp hed little chance of recovering and could never be

completely rehabilitated, it should be extirpated., Thoma believed that,
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except for the early stages of hyperemis, there is only one trestment
for dlscased dental pulp and that is removal,

A specific explanation of the basie purpose of vital pulpotomy
vas given in 1939 by Zunder (48), namely, thet it csuses the pulp to
produce dentin st the amputstion site in order to insulate the pulp
canals from the cavity. OSupport for vital pulpotomy procedure appeared
in a 1950 stetement by Hees (37) that every method of trestment which
maintalns vitality of the dental pulp is better than the best root

camal £illing becasuse it keeps the periapicel tissues heslthy,

Ratiopsle and eff
otomy therapy: Sinee its introduction in the literature in this country
by Teusher and Zander (80) in 1938, calcium hydroxide has bsen coumenly
used 55 a pulpal dreseing, Brimdgen (15) moted that it was first used
for this purpose by Hermawnn in Germany in 1936, The medicement was
compounded with selle known to be present in the humen blood serum,
secording to Castagnola and Orlay (23) and was marketed under the name
Calwyl, Hermann (1930) ecited by Berman (10) also first demonstrated
the formation of s true dentin bridge by means of histologic sections.

Zarder (88) in 1939, on the baels of histologic evidence, sug~
gested the use of calelum hydroxide in deeclduous térath where resorption
is taiing place becsuse of the rapid formstion of the dentin barrier,
He suggested thet this medicament provided a source of easily lonized
caleium iong which, when in contact with vascular tissue whose blopd
is normally seturated with Ca’ ami PO,® ions, caused a precipitation

of calcium salts, Csleium hydroxide slso created an alkaline reaction
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due %o its pl of 12.4. OSince bone alkaline phoéphata;se acts best in an
alksline medium and this enzyme liberates phosphate ions from the blood
or tissue, "rapild precipitstion of caleium phosphate might be expect.ed'.'

Berman and Massler (11), on the other hand, stated that "all
evidence points to the vital pulp tiseue as the 'reasctive’ zone and
the source of the calcium lons necessary for the csleification of both
primary and permanent (dentin) lridges.” They found only miner differ-
ences in pulp reactions under caleium hydroxide snd zine oxide-sugensl
in rat molars subjected to experimental pulpotomy. "These differences
vere cornfined entirely to the first 14 days amd were related to the
rate of healing - not the quality of heeling,®

The findings of Herman and Massler (11) contradict those of
0'Malley (65) who alse used rats in performing experimental pulpotomies.
G'Hulley ilmplanted the blood elot over the pulpal tissue with gelatin
sponge, various calclum compounds, amd zinec oxide-eugenol paste. Histo-
logic study 14 days after treatment showed that direct injury alons,
and all medicaments tested except zinc oxide-cugensl csused similar
changes, The zone adjacent to the smputation site was an sres of
coagulation neerosis, vwhile the subjacent zope shovwed acute inflamms~
tion end scar tissue which ineluded formwation of an osteodentin that
tended to close the pulp cavity. The zone basal to it was mildly in-
flamed, but the rest of the pulpal tlissue was essentislly normal. The
zine oxide-sugenol paste produced a moderate inflimmatory and hyper-
plastic resuohse, tut did not lead to the formation of osteodentin.

Bxtonsive dentin bridging wes seen by Hunter (41) to occur under

zine oxide-eugenol in tests with dogs; histologiec studles resulted in more



freguent hridging vith both calelwm and magnesium hydroxide, which
he atitributed to an elevated ph,

Berman and Mussler's study on rat molars wae sssentially the
gnme as that done by Glass and Zander (32) who unsed 40 human teeth
subjected to pulp capping. Both the rat and human pulps revesled
odontoblastic differentistion in 14 deys end new dentin formation
in four weecks with celeium hydroxide, Zine oxide~sugenel produced
results similar to caleium hydroxide in rate; however, in hunan
teeth there wae no evidence of bridging even elght vweeks after the
operation, only a wall of chromic inflammatory cells on a bage of
normal pulp, |

Mitehell {61) noted that "caleium hydroxide, magnesium hydrox-
ide, end plaster of Paris have a peculisr osteogonie potential which
other druge studied do nob.”

Caleimm hydroxide with radiecactive 3345 vag uged as a pulp
dressing after pulpotomy treztment in dog's teeth by Fletke (31},
The Cays ions penetrated the necrotic layer and were present in the
nevly formed bridge of secondary dentin, but mot obgerved in the un~
differentiated pulp tlssue or odontollasts.

Other investlgators have reported the clinical effectivensss
of caleium hydroxide in vital pulpotomy therapy in permanent teoth
(24, 28, 75). Similar reports regarding both permanent and primery
teeth have been made by Brown (17) and Strange (79). Based on histo-
logie studies, additionsl favorsble evidence has been submitied by
Restarski (71) inm 1940, Berk (7) im 1950, Prindsen (15) in 1955, and
others. (8, 9, 37, 45, 64)
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Conversely, studies within the last sevem years by Via (84),
Law (53), and Porter (66) indicate that caleium hydroxide has been
agseoclated with a high rate of fallure in vital pulpotomy in permanent
teoth and a higher rate ia deciduous teeoth. |

Shroff (76) in 1959 contended that "the clinical problems
essociated with healing of pulp woumls sre threefold: 1) removal
of existing irritants, m«inly bacteriel; 2) the provision of a seal
which willlprotect the healing wound from the orsl enviromment; and
3) the incorporation, either in or beneath such & seal, of a really
biologic wound dressing which will encourage mormal snd natural growth
and healing processea,” He declared that calelum hydroxide faulls far
sho¥t of the ideal because it actunlly destroys more tissue rather
than acting as a biologle dressing,

in challenging the rationale of using caleium hydroxide in
vital pulpotomy, Buomocore (18) in 1960 commented om the "relatively
large amount of tissue destruetion which results frem its appliestion.®
Such destruction is an important factor in attempls to seve the small
strands of pulp tlssue in the root canals gnd msy superimpose on the
exisgting injury such irritants ss the indigenocus bagteria omd tissue
toxins from the area of necrosis., The result is "further tissue loss

and/or the establishment of a chronic inflammstory condition,”

igthods of luating success and failure of vital pulpetomy

tregtments Wide differences in the success rate of vital pulpotomy

in deciduous teeth have been reported iy various investigators (6, 53,

bhy Ob, 84, 87), owing pasrtly to differences in eriteris used for
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accepting teeth for treatment. By the same token, me@niugful evaluge
tion of the teeth after irestnment is Jecpardized Ly different standards

of success and failure,

phie findings such as the presence of calcified nasses in the pulp
indicates pulpel degeneration, aceording to recent imvestipators (58,
68, 87), law (53) rejected teeth with this finding in his 1956 study,
Hill (38) in 1934 emd Ian.gelami (52) in 1947, hovever, showed that
calelfic masses are found in asymptomatic, apparently normal permanent
teeth from an early age., Thickened pericdontal nenbrene and periapicsl
or bifurcetion bone loss faclors, apparsntly, sre regarded as contra-
indicating factors by all invegtigators, but very fgw instances are
found in the literature where these changes are established aw criteria.
MeDonald (59) eited their importance and Strange (79) used these crie
teria in her pulpotomy study. Internal resorpiion detected radiograph-
ically has been used as a treatment-rejecting criterion (66) but rarely
stated, Guthrie (34) in 1960 found by histologic examinatlon that
internal resorption was assoclated with a degree of pulpal inflamms-
tion which rendered such pulps "poor cendidetes” for itrestment. DPeeil-
uoug teeth showing advanced root resorpiion are not recomended for
vital pulp therapy (14). The rediograph, although a valuable aid, un-
fortunately does not show evidence of early periapicel infeetion (78,
58) .

In 1955 Prophet and Miller (68) compared the histologie findings

in 55 primary teeth with a history of poin, Intact odontoblasts and no
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inflammatory signs were found in 10 asymptomatic teeth (carious or
filled), Twenty teeth with severs pain of less than 24 hours duration
bad dilated blood vessels and destroyed cdontohlasts. The authors
stated (without providing evidence) that clinical experience showe
that a sedative dressing relieves pain but will not save the pulp.
Tuenty-five teeth with psin of more than 24 hours durstion exhibited
soute end chronic pulpal inflammestion and necrosis,

Teath judged severely inflamed by histologic examination were
found by Guthrie (34) to have » higher incidence of pain than less
inflamed teeth., Iaw (53) end McDomald (59) stated that spentaneous
pain during day or night, or prolonged pain after thermal stimulation,
eontraindicates vital pulpotomy, Aalthough supportive evidence is
lacking, pain sssoclated with mastication does not rule out accepting
teeth for trestment (53, 59, 87). In order to test the reaction of
cariously exposed pulps %o various calelum end antibiotic compounds,
James, Englender, end Massler (45) in 1956 accepted teeth with or
without a history of pein, Ishibashi (44) in his histologic study
of clinlecal material demonstrated a lack of conformity between pain
and pulp tissuve status stiributable to the subjective expression of
pain by children and their parents,

4 pin point exposure is accompanied by less pulpal inflamma-
tion than a larger exposure, according to the histologic study by
Hobonald (58). Wittich (87) advocated (without supporting evidence)
that 2 pulp with one millimeter or more exposure, or multiple exposures,

quglifies for vital pulpotomy.
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Normal bleeding at the slte of amputation vaz s prerequisite
of vital pulpotomy by Englander, Massler and Carter {29); Rapapert
and Abremson (70}; and Wittich (87). Law (53) noted that healthy
pulps yield 1ittle hemorrhage. BExcessive bleeding was sssociated
with hyperemia ard inflesmation in studies by Guthrie (34) and Me-
Donald (58)., These investigators, therefore, considered pulps with
profuse bleeding poor risks for vital pulpotomy.

4 tooth which ylelds u watery exndate or pus gt the exposure
wite has been shown to exhibit, by histologic exsnination, severe
inflanmatory and degenerative changes which contraindicate vital pulp~
otomy treetment (34, 58), This diaguostic criterion was used by
Castagnola and Orley (23), Law (53) and Strange (79) in their studles.
A few contemporary investigetors, however, heve accepted for treatment
teeth with neero is in the coromel portion of the pulp (63), a proce-
dure reported as acceplable by Crowell (25) in 1868,

Sensitivity to percussion indicates inflamuatory changes in
the periapical reglon and, thersfore; is amother criterion for ex-
cluding a tooth for vital pulpotomy procedure (59). Ishibashi (44)
in his histologic study showed that a negative response to percussion
is not necesserily sssogiated with absence of inflammstion,

Mobility is & criterion so comsonly accepted and used that it
rarely is mentiomed specifieally (59}).

Gross clinlcal soft tiegsue chaenges which represent one or more
cardinal signs of inflammation dictate against pulpotowmy treatment of
deciduous teeth, according to Prophet and Miller (68).
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Regional lympbedenitis may be sssociated with en infectious
process of dentel origin (74). Apperently Prophet and ¥iller (68) are
the only investigastors who have suggosted this criterion,

Chronic illnese and/or debiliteting discases have long been
congidered unfavorable conditions in sccepting teeth for pulp therapy,
but apecifically stated as criterion (59, 79) ohly occacionsiiy, And-
mal studies by Glickman and Skhlar (33) in 1954 provided evidence of
the influsnce of systenmlc disturbances on the pulp cells.

In the realn of objective elinical tests electricily is widely
usged. Cartledge, Cooke and Rowbotham {22) stated that ¥the pulp
toster 1e the method of cholcs for sll teeth®, whereas Thome (1)
asserted that "the vitality test is of very little veluve.® Utephan
(78) in 1937 reported the following responses of pulps to elsctriesl
stimull: normal pulp, varisble response; atrophied and dogenersted
pulp,; avarage response (but may give variable or no response); acutely
inflemed pulp, average rosponse, but may vary; necrotic pulp, may test
pogitive if cunales contain liquid. Vargus and Vivaldi (€3) using two
currents of different time-constants, measured the two threshelds for
gach tooth tested and designated ‘t;}.m ratio botween the thresholds as
the sccomnndation index, In deeth judged normel and pathologie (hy
subsequent histologlc swtamination) the sccomuodation indices wers shouwn
to be statistically different for esch group. Via {85) pointed out
the many variables in electrilecally testing tooth vitelity; namely,
thickness of enamel and dentin, posiition of electrode, molisture on

tooth and electrode, and uetallie restorations, MeDonald (58)
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asserting that c¢hildren are eapprehensive of this testing procedure,
showed that the elesctric test is an unreliable means of predicting
early inflammatory and degenerative changes in the pulp. Schaeffer
(72) found primary teeth especially difficult to test and the results
inconclusive. This information supports the cbservation by Hartsook
(36) that failure of an injured tooth to respond to electric tests is
not an "adequate criterion of pulp death.®
In 1941 Austin and Waggener (L) recommended the use of ice inm
testing pulp vitality, especislly in children because it does not
make the patient apprehensive. Other advantages are its availability,
constancy of the temperature delivered to the tooth, and fewer false
responses elicited. Via (85) also preferred the use of cold (to heat)
because of fewer negative responses, but neither investigator presented
supporting evidencs. WNevertheless, Via (85) in 1957 advocated the use
of a thermal agent in diagnosing pulp necrosis caused by gas~producing
bacteria, the resultant pain being relieved by cold. He concluded that
the use of thermal stimulants is the method of choice for pulp testing.®
Ishivashi's (LL) study in 1958 revealed that pain in response to thermal
stimli deoes not provide an accurate means of diagnosing pulpitis.
Prader (67), originator of the hemogram, cited his 1549 study
in which he analywed the white blood cells from the exposure site to
estimate pulp tissue status. In 1960 Quthrie (34) used this technic
and found a signifisant relationship between high neutrophil ecounts
and marked pulpal inflammation. Therefore, the pulpal hemogram was
congidered an aid in diagnosis, although it could not accurately determine
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pulp health. This study indicates that when the pulp is not severely
inflomed the white blood cell count has no dlagnostle value, The pulp
tissue, then, may show s mild or mederately scute inflammetion, or anmy
degree of chronic inflemmation, without eignificantly detectable changes
in the mmber of white blood cells at the site of exposure, Apparsnily,
the hemogram does not give any indication of the degree of degeneration
in pulp tissues,

The literature reveals with regrettable frequency such nebulous
terms as "vital teeth®, asymptomatic®, or "normal response’ as eriteria

for accepling teeth for treatuent,

e O ‘;j’..

sulpotomy tregiment: Thickanad pericdontal membrene, periapical or
bifurcetion bone loss, and abﬁamal root resorption ém mésm;emia%
eriteria for judging suceess or failure., FHErown (17) considered abnor-
mal bons and root loss as criteria of failure, Via (84) used "loss
of periradicular tone to judge failure and normal width of periodontal
mezbrane, normal lemina durs and bone to judge success." lNyborg (64)
noted that of 23 teeth judged histologically as exhibiting an unfavor-
able hesling réapnnse, 16 had no radiographic change; Out of nine
teeth judged to have healed, one had & thickened periodontal membrane
and another root resorplion by radiographic examination, lyborg

based success or failure on histologle, not radiographic, findings
and demonstrated thal permanent teeth showing root resorption may
have normal cementwa and periodontel membrane. MeDonald {59) quee-

tioned an cbserver's ability to distinguish betueen abmermal and
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physlologic bone loss in primary teeth,

Internal root resorption was fouml by Via (84) in 69 percent
of the teeth vhich feiled vhom trested with calcium hydroxide. Cabrini,
Hoiste, and Manfredi (19) drew sttention %o the high rate (28,5 percent)
of internal rescrption of dentin which coineides with pulp amputstion
in testh troaoted with caleiuvm hydroxide, Rebimowiteh (69) claseified
(without supporting evidence) internal resorption following pulpotomy
ag a sequel of excessive trauma, infectlion, or strong medications, but
did not associate i1t with svccess or fallure, HMassler, James and Eng-
lander (56) found that en increase in severity of inflamsation was
assoclated with incresced internal resorption, These findings were
rot reported as deternining siccess or failure. Buomocore (18) pointed
out than many clinical guccesses show svidence of internsl resorption.

Formation of & dentin bridge was first suguested as evidence
of success by Glsss and Zander (32). Viewed radiographicelly, thie
gtructure indicates a suceessful pulpotomy according to Cooke and
Rowbotham (24), Brown (17), ¥alnins (48), Via (84), and Jumes, Eng-
lander and Masslor (45). However, by probinmg the amputation site
Brindsen (15) found only 66 percent agreement between radiographic
end elininal evaluation of evidence of bridging.

411 these recommendations and finmdings, reported during the past
15 yesrs, muggest that there sre no clesrly defined guantitative radioc-
graphic means of judging the status of dental pulp. However, no inveg
tigator has suggested that the radisgraphic evidence of thickened
periodontal membrane, perispical or bifurcation bone loss, sbnormel

root resorption and internsl resorptioh, individuslly or in combination,



uarrents judging tha treatment successful,

heute or prolonged posbt-operstive pain is interpreted as
fallure of the trestment, and sbsence of pain ss success, Nitchell
sod Tarples (62) verified histologically the velue and sccuracy of
post-operative pain., They found microscopie evidencs of pulpitis in
-every tooth which had a history of pain after treatument, but no corre~
lation between severity of pain snd emtent of pulpal involvement. 4
significant finding by Mitchell and Tarplee was occesional evidence
of pulpitie In asymplomatie teeth. In his histelogic study of perman=
ent mon-carious teeth tregted with caleium hydroxide, Hyborg {(64)
found that of 46 teeth with ebscess formation or marked inflammstion
41 geve mo history of pein. In a microscopic study of pulp changes
after cavity preparation, Hori (40) found that lack of pain for a
long perlod afterwsrds does not slways mean that the pulp tissue is
healed or is healing., The absence of psin, then, either pre-operatively
or post-operatively, is not a relisble diagnostic tool.

Byborg (64) found no instence of & marked response to the per—
cussion test. In 31 testh showing higtologie evidence of fallure after
pulpotomy troatment, 27 g&vé no regponse snd only four exhibited slight
tenderness,

The presence of mobllity, ipeo faclte, suggests failure. It 1s
& universal eriterion with no known attempt hsving been made to corre-
late it with failure,

Leonard (54) in 1925 indicated that rodness or swelling of soft
tissue was the major eriterion to judge sucoess of vital pulpotomy in

primsry teeth.



Ho author has been found who egpecifically mentions using in-
volvenent of lymph nodes as & postecperative criterion, although it
may be assumed that Prophet and Miller (68) who suggested its use
pre-opersiively, would sssent to ite inclusien,

Ho corenel tispsue is present in the pulpotomized tooth, amnd
the well-insulsted redicular tissus is remcte {rom the site of testing,
Heverthelens, the electric test uvse used to evaluate the succers of
vital pulpotomies by Cooke and Rowbothem (24 apd Kelnins (48). &
tendency for lower threshold valuss wee noted in teeth with favorable
ticoue healing after pulp capping trestment with caleiunm hydroxide hy
Hyborg (64), but he concluded that "eome lnconsistency is evident,®

Although dentin hes a low thermal conduetivity, according teo
Iigenti and Zerder (55) and the potentially resctive pulp tissue is
insulsted and lies well beyond the confinee of the crown after pulp-
otomy treatment, thermsl testing was ured by Unglander, Massler and
Carter (29) in 1956, Uven after pulp capping, a process which leaves
mogt of the coromal tissue intact, pulpal injury could rarely be de=-
tected by thermal test according to Hyborg (64). Vitsl pulps , come
firmed by histologic exsuination, always responded to thermel stimmli,

The bacteriologic statue st the amputation site one year after
treatment with caleium hydroxide was reported by Haslick (27), BEight
asymptomatic teeth hed negative cultures while the two painful testh
had positive eultures,

Coocke and Fowbothem (24) judged a vital pulpotomy sueccessful
if it met certain eriteris ons or wore vears after treatment., Via's

study {84) established & minimum interval of nine months., Histologie



studles have been made al various intervals after treatment in order
to study the stages of healing (32, 64},

&s noted previously, mmerous investigators have made micro-
seopie examination of pulpal tissue in extracted teeth for the purpose
of evalusting dentin bridge formastion amd status of the underlying
tissue (7, 8, 9, 15, 37, 45, 64, 71, €0, €8).

Since no two investigators heve used the same criterias for
acceplting teeth for treatment, or judging sucecess or faillure, and
gince & large subjective factor is inhersnt in judging each criterion,
it is small vonder that diverse manifestations of healing ere reported

following the pulpotomy technigue.

@gg;ggﬁ;gﬁkgg the factors inmvolved in the heellng recponge of
the deciduous pule: A4s in tissues elsewhere in the bedy, considera-
tion of the healing process in the dental pulp involves an evaluation
of the role of bacterial, chemicel, snd mechanicel irritants and their
inter-relationship with certain “resistance® factors. The unigue as-
pect of the mature dental pulp is ils enviromment, the unylelding
walls of dentin, Let us exsmine the answers given by various investi-
gators to the guestion, "ihat factors affect pulpal healing?" and
particularly, healing of the primary pulp after vitel pulpotomy using
calcium hydroxide,

In enmerating reasons for feilure after pulp therspy, Heses
(37) stated that an aseptic {sterile cavity, instruments, and capping
materials) must be maininined, Perhaps he wes influenced by Carrel,

cited by Cameron {21), who stressed the iaportance of sepsis as a
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ra‘tatﬁing factor in any psrt of the animal body., DBacteremis as a
pogeible sequela of vital pulpotomy was investigated by Deechen, Iaston
and Carbarino (5) in 1956, The coronal poriion of 22 primary end one
permanent teeth tested produced positive cultures, Blood cultures
token one and ten minutes post-operstively were negative for sll ex-
cept one tooth., In this instence; conmtamination was suspected because
different bacteris were cultured from the hlood than from the pulp.
Haglick, Wilbur end Crowley (28) eclaimed complete correlation between
bacteriologic examination and previous cliniesl and radiographic
findings in ten teeth., Hrown (17) and Porter {66} however, found

no significent relstionship between maintenance of asepsis and the
cutcome of vital pulpotomy. Contaminstion by sslive wes not considered
by Bergh snd Martensson {6) as s contraindicstion in tresting 1,100
deciduons teeth by vital pulp amputation, Nevertheless, all these
authors agreed that sseptie methods are adviseble in order to keep
bascteria at the amputetion site to a nminimm, HNo dissenting opinions
have been noted in the litersture,

Anpther factor contributing to failure, according to Hess (37),
ie the "use of cuusgtic sgents or of agents damaging to the tisaué...“
He cited Zander (88) es having shown that zine oxide-eugenol paste ws-
a dameging agent {based on the presence of chronic inflamsation in the
pulp eight weeks after treatuent). Paradoxieally, Zsnder and Glass
(89), using histologic sectioms, found that "the use of phemol (s
caustic agent) prior to capping of expoged demtal pulps (with either

zine oxide~ougenol or csleium hydroxide) does not interfere with nor
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does it enhence the healing process.®

With the possible exception of Kalnins snd Frisbie (49), in-
vestigators have mot engaged in histelogic studies of sufficient
mubers of deciducus teeth to offer velid conclusions regurding
hesling factors. This team, however, used 22 normal primery and 24
uormal permanent teeth in an ettempt to learn the effeet on healing
of dentin fragments accidentally inserted inte the pulp wound during
applicntion of ecalelum hydroxide paste., Their findings indicated a
50 percent ghanca of dentin fra gnente contamlnating the pulp during
the pulpotomy treatment. OUnly one of the 22 teeth showed an absence
of reaction to dentin chips;, and only five had non-inflamed pulps,
The authors stated, "it is possible that the contradictory reports...
for the effectiveness of varicus pulp eapping agents nay largely be
occasloned by the presence o relative absence of dentin chips left
in the pulp while operating,” The status of those pulps without
dentin chips vwes not discussed., Huysen and Beyd (42} found pulp
inflem ation weocinted with impaction of caleium hydroxide or dentin
chips direetly into the pulp. In the sxperimental pulpotomies in _
normal rat molars, Berman and Hassler (11} admitted that their attempte
to remove dentin splinters with an air spray wvere revealed as unsue—
cessful by the histologic ssctions. In a clinical study of primery
and permsnent teeth exposed by caries, Hess {37) found healing of
pulps treated with dentin powder in only 50 percent of the testh treated.
He conjectured that the failures were dus to conteminstion, noting thet

in practice sterility is not always possible,
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& significantly higher rate of healing in primary teeth treated
by vitel pulpotomy was found by Porter (66) in the three to five year
old group than six to eight year olds,

hccording to Cameron (21), locel resistance would be reflected
by the "vascularity of the wounded tissue with maintemance of the in-
tegrity of the blood supply te the dameged arss, and the oceurrence
of sseondary infection,® Thess factor:s plus the "state of the geméral
cireulation and the bleod... all play their part in wound healing®,the
author concluded. It ig apperent, however, that locsl reslstence is
not a factor separate from gsneral resistance sinee the bloed is the
eomnon denominator of esach,

Glickman and Shklar (33) noted that degencrative chenges occurred
in the pulps of nop-carious teeth in gnimals exhibiting induced systemiec
illnesses, such as proteln deficiency, alloxan diabstes, starvation,
and rgsﬁanse to repeated Yalarm resctions.” Irclamd (43) suggested
(without presenting evideuce) that a relationship existe betweon a child's
health and ability of the pulp to form secondary dentin, HeDenald (58)
influenced perbaps by the findings of Glickman end Shilar and Ireland
ptated that “children with chronie illness or & loversd resistance
should not be considered for vital pulp therapy.® Some additional
support was provided for this tenei by twe recent Investigators. Kozan
and Burnatt (51) exswmined the pulps of unhealthy animsls end found clxw-
culation usvally subnormal. Seltzer (73) in éiscussing the nutritional
factors in "repsrative dentinogenisis®, stated that vitamin 4 deficiency

gauses a fallure of pulp cells to differemtiate into odontoblasts, or
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failure of proper slignuent of the cells resulting in ivregular dentin,
Lack of vitamin € leads to irregular and delayed dentin formation, due
to poor formation of intercellmlar substences.

To sunnarize: the foregoing survey indicates that surprieingly
1ittle work has been done to evaluate the hesling resvonse of the pri-
zz»ary pulp, end even less regarding the response afier vitel pulpotomy
treatment velng esleium hydroxide. The noints in question have been

largely discussed by the suthorities with wnsupported evidence.

Sigmificance of white blood cells in dgmaged pulpel tissug: It
has been noted ‘t;ha;t’. the diegnostic methed used in seleecting teeth for
vital pulpotomy included history of pain, rediographs, size of exposure,
hesorrhage, necrosis, mobility, redness or swelling of soft tissue,
involvement of lymph nodes, percussion, electric tests amd the hemogram,
The purpose of these tests is to select testh whose pulp tiszue is as
free as possible from gross inflammatory end degenerative changes in
order to attain as high & suecess rate as possible in the healing
response. OSinca any one or combination of these tests does not offer
a reliable mesns of judging the status of the pulp, an additional
disgnostic nethod might prove useful.

Teeth selected for vital pulpotomy treatuent are sssumed to
have damaged pulps. &n injured tissue responds, irrespective of the
demaging agent, by exhibiting inflammation. Haden (35) stated that
¥in eveluating & white blood count, we try to determine from the mun-
ber and type of cells present how grest the stimulus for the formation

of new colls is snd thus determine the severity of a toxic procese,”
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Nyborg (64) im his histologic study of teeth treated with caleium
hydroxide remanrked that "most importsnt is the inflemmatory state
exprossed in termg of the type and degree of cellular infiltration
and of the consequent damege to the tissue.® Suith and Gault (77)
defined inflam.etion aa "the sum total of action and reactions of
-the body against an irritant introduced from without or gemerated
withing with the purpese to fix in situ, destroy, neutralize, or
remove the injurious agent, thus paving the way for restitution to
normal by regeneration or repelr,." They added that inflamsation
therefore includes, among other factors, "the complicsted vascular
and cellular response locally at the site of injury,"

A deseription of the various inflenmatory cells serves as 1)
s brief review of the eytologic and pathologic aspects, and 2) a
frame of reference for consideration of procedures employed, finde
ings, snd discussion related to this study.

Three types of cells may be identified inm the inflamatory
tissue cellular response. The total mmber of these cells in the
normal blood varies from 5,000 to 9,000 per cmm, & dii‘far‘ential
count shous distribution as follows: I. Gramulocytes: polymorpho-
miclear neutrophils, 60-70 percent; polymorphonuclear eosinophils,
2~4 percent; polymorphemuclear basophils, 0.5-1 percent; II, ILympho-
eytes, 2030 percent; and III. Monocytes, 5-10 percent.

Heden (35) states that the greuulocytes, ranging from 10 to
12 microns in diameter, are the most Lmportsnt white cells; further-

more, that the ecomponents of white blood ecells are only using the
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blood stream as s highwey te travel from marrox, spleen, or lymphoi?
tissues to the site of localization and function in the tissues. They
constitute the first line of defense ageinat ﬁueterial invesion., The
exclusive presence of granulocytes inm the tissue is pathognomonie sf
acute inflammation exeept in such caaés as leukemis or allergy.

Granulocytes, and particularly neutrophils, have the abllity
to ingest and digest microorganismg and foreign perticles, provided
that these are of smell size (12), Some of these cells can ingest other
cells, and even particles of very large size. Brythrophagoeytosis amd
leukophagocytosis have been noted microscopieally.

Granulocytes also bhave the gbility to undergo dispedesis and
exhibit & speecial chemotaxis which allows them to pass into tissue
spaces snd so to be drawn to pathogeniec bacteria (57); they are mo
doubt stiracted by one or more of the constituents of the bacteria
(i.e., polysaccharides), The length of 1life of the mature gramulo-
eytes is estimsted to be three days (12),

Neutrophils may be recognized readlly by thelr deep-staining
segmented and lobed muelel. The cytoplasm steineg e faint greyish
pink with eesin-hemeotoxylin, The ¢ells contain s proteolytic snszyme,
leukoprotease, which is effective only in a narrov smphoteric pi
range.

The nueleus of eosinophiles is usually composed of two (occa-
gionally three) lobes conpected by rather broad bands. The easily
identified cytoplasm contains coarse, intemsely red, ecsin-staining

gremiles, Thelr presence is of diagnostic value in Hodgkin's disease
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and various parasitic and zllergic stales (77). TBosinophil gramulo-
eytes have the ability to Ingest particles, although to a lesser extent
than neutrophils; thelr ability to asct as phagocytles, houevex*; can be
quite clearly demonstrated (12).

The basophils are more difficult to recognize, being morpho-
logically similar to eosinophils, and exhibit eosin-steining cyteplasmic
gremiles which are lerger tut less numerous than in eosinmophils, To
date, the function of the basophils is quite obscure (12, 77).

vhether €y or 15y, small and large lymphocytes may be ldentified
readily by thelr nuclel which tend to be centrally placed, The chroma-
tin stains intensely with hematoxylin amld exhibits a peripherel distri-
bution, giving the mucleus a typical "cart-wheel® appesrance. The
cytoplass, barely visible in the small lymphocytes but more prominent
in the large forn,.stains vather clear bright pink with the ecein-
hematoxylin methed. Their functions are not well understood, but oceur
in all chronic inflammatory reactichs, Iymphocytes possees a digestive
ferment, lymphoprotease, which aets only in an acid medium (77) and is
very sensitive to variations of pH (12), They may be transformed into
macrocytic phagecytes. Some euthoritles attribute the production of
immune bodies to these eells (77).

In 8 normal individuval 10 billion lymphocytes are formed daily.
Thelr 1ife iz short, not over 24 hours, end oven much less. Flasma
eslls, for practical .urposes, may be considered as modified lymphocytes.
They are 10=-1Zy in diameter with the "cert-vheel® mucleus surrcunded by

a pale crescentic zone of cytoplasm (77). More recent evidence indicates
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that the formation of antibodies and other gasmus globuline is sssociated
with the plasma cells rather than the lymphocytes (12, 13, 47, 82).
Hopocytes, 15-20 microns in dlameter, are usually identified
by the nnelems‘whitﬁx has a horseshoe shapa in the adult form, The
cytoplasm stains a grayish pink similar to that of neutrophils. They
originate from the reticulvendothelial apparatus of the bone marrow.
The monseytes! functions are similar te those of lymphocytes
with the sdded capacity of phagocytoszis. They act as scovenger cells
vhich come into almpet every inflamatory situation following acute
leukocytie response. They phagoceytize and digest the desd or wounded
polymiclears and lymphoeytes, Uhen distended with ingested dead cells,
bacteria, cell detris, or other foreign material, these cells may
enormously increase in size up to 40 or 50 mierons in dilameter (77).
The type and severity of ecellular response are conaidered in-
dicative of the type amd severity of the inflammation (35). Therefore,
to obtain a quantitative evaluation of the inflam atory statue of pulp
tissue, it would be necessary to identlfy and count the white blood

cells in the sections oblained from the pulp biopsy specimens,
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MATERIALS AID HETHODS

Eelection of the Sample: Primary teeth trested with vital
vulpotemy theraples by undergraduste studente in the Dental Glinie

vere selected when they met all of the following criterias ({a)
pre-gperative radiographs showed no abmormal bone changes in the
periapical; redicular, or bifureation areas, nor evidence of intermal
resorption of the roots (Pigure 1); (b) radiographs were no more

than three months old at the time of trestment; (e) teeth exhibited

no mobility, sensitivity to percussion, redness or swelling of soft
tissue on clinicel exemination, nor history of severs or prolonged
pain; (d) calecium hydroxide paste was used to cover the pulp stumps;
(e) treated teeth were examined clinically and rsdiographically one
year or mors after treatment, or a record vas available of the clinieal
and rediographic evidence which led to the extraction of treated

teoth vhere loss cceurred prior to the one-year interval; and (f) speci-
mens of the pulp tissue vere svailable for histologic examingtion, A

gample of Tifty-eight primery wolars met the criteria deseribed.

spts The elinieal

253 Halll
and radiogrephic evidence used in selecting teath for treatment waas
also employed to determine sucecess or failure of the pulpotomy treate
ment. Bxamples of variation in treatment outcome ere presented in

Figures 2 through 5,
Figure 2 sheows a radiograph of 2 lower left first primary molar
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with subtle evidenece of bifurcation bone changes three months after
the operation, Thickened periodontal mesbrane and decroased bone
density in this srea are noted.

Figure 3 depiects a sequela of vital pulpotomy therapy using
calelum hydroxide, The distal root of the first primery molsr
exhibite Internal resorption six weeks after trestment.

Figure 4 is a rediograph taken seven months posteoperatively,
of a molar which was accopted for treatment amd shown previously in
Flgure 1. There is evidence of internsl resorpticn and bons loss,.

Figure 5 demonsirates & successful vitsl pulpotomy treatment
in an upper first primery molar viewed one year post-operatively.

Distribution of trestment faillures by dispnostic criteris is
presented in Table J~i; these 25 failures represented 43 percent of
the sample,

In the belisf that many testh exhibiting internal resorption
are clinically successful (18}, an alternate sst of criteria was
used to evaluate the data previously presented in order to rule out
this blas. Teeth showing radiographic evidence of internal resorp-
tion vwera changed from failure to sueccess category, The resuliting
digtribution is shown in Table I-B, The 20 failures represented 34
percent of the sample. The date in Tables I-& and I~B are not sult-
able for statistieal evaluation.

The semple wse evalusted to determine If any clindcal factors,
such as age, sex, lecation of trested teeth, or extent of rwtoré‘hicn
had influenced the itreatment outcome., Using the Chi square eriterion,

the factors were found not to be significant in thelr effect on the
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treatment outcome (Table II-A). The same data were tested using
internal resorption as a criterion of success :‘méteaﬁ of fallure
in order to rule out bias (fable I1-B), The rosult failed to deson-
strate significant difference in ouvtcone Qh@n internal resorption
was uged asg a criterion of success,
Higtological treatument of the semple: During trestment the
sc}raml portion of the pulp was removed with a spoon excavator and
placed in a sclution of ten percent formalin., The specimens were
imbedded in paraffin, sectiomed st six microns, snd stained with
Hematoxylin snd Eoein as well as by the Brown and Drenn modification
of the Gram stein for bacteria in tissues,

Juali-

tative evaluations of the tissue sactions wers recorded on en sunalysis
form (Figure 6). 4 scale of O {zero or nome), 1+ (mild), 2+ (mederate),
or 3+ (severe) was used to judge the following characteristics: (a)
nev hemorrhage, "laking" of red blood cells; (b) disintegrated red
blood cells amd/or hemosiderin deposits; (e¢) degres and prevalence

of engorged and dilated blood vessels; and (d) inflamation (relative
amounts of cellulsr elements in the tissue).

The mmercus gramloeytes often seen in s meshwork of fibrin
were considered a result of surgical hemorrhage and not included in
the analysis,

Seven non-carious primary teeth were remove. (for orthodontic
reazons) and sectioned for histologic evaluation in order to serve
a8 controls for the qualitetive evalustion, Figures 7, & and 9

represent typical sections examined., Figures 10 through 20 are
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photomicrographs of tissue sections representative of verious quali-
tative evaluations, |

Significance of the differences in the trestment outeome in
relation to the qualitative messures wae tested mr‘ing the Chi-sgquare
eriterion. The investigetor's ability to make qualitative Judgments
was tested and the coefficient of wmiatémy was consldersd matlis-
factory.®

Quantitetive evalustion of demtal pulp pathelogy: The number
and relative proportions of white blood cells ere sssumed %o be
related to severity of pulp tissue change (64, 77}, In order te
aspess these changes, a quantitaetive system was devised uaing the
actunl count of 1) scute inflammstory cells (meutrophils, eosinophils
and basophils) and 2) chronlc inflamsatory cells (mmell and large
lymphoeytes, plamus cells, monmocytes and maerophages) within e stane-
dard area. A representative tlssue section wes selected from the
12 to 16 Hewotoxylin and Fosin steined sectlons of esch pulp specimen
after scanning with low (approx. 50X) anmd high (approx. 430X} magni-
fication,

in arc-microprojector uas first used to project the sectiouns
to facilitate cell identification and count. Despite enlargement,
cells were difficult to differentiste, particularly fibrocytes (in
eross section), lymphoeytes, and plassms cells. The need to record
the cell lmage became spparent.

A mirror-prism wss then adjusted to projeet the slide materidal

® Ln, K.H., Personal communication, May 23, 1962,
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on a paper piaced next Yo the micmmope. Gross sections vers oule
lined at low power {approx. 50X} and representative sites of inflmm~
nation magnified about 430X, White blood cells were outlined, but
identification of cell types ageln became a problem, A&ttenpls to
verify the identity of recorded cells through the oculsr eyepiece
required such drastic changes in the nirror-prisa systes that it was
virtually impossible to reproduce the originsl locstion and clarity
of the image.

The method finally edopted was to view each section through
g camers lucida attschment in order to record s low power outline
of the tissue on graph paper (Pigure 21). Areas considered most
representative of the inflammatory tissues were recorded at high
pover on ancther peper (Figure 22), Uutlines of the white blood
celles snd lendmerks were recorded and verifiled by alternate use of
the camera lucida and ocular eyeplece.

by employing a grid in the oeular eyepieces with the same
degree ol magnificatlion, lhe same ares wes recorded for each speci~-
men, sSxuct locgtion of each camers lucida recording was moted using
the fleld-finder cooxdinstes, A% low power the cauera lueida pro-
duced sn outline of sbout &7X megnification (Figure 21); using a
434 lens and 10X eyepiece resulied in an enlargement of about 577
times (Plgure 22),

Relatlonship of the number of scute and chronic inflammstory
celle to success or failure of ireatinent uas evalusted by “discri-
minant analysis.” Certain weights vere applied to factors related to

success or failure and all possible combinations of cell counts that
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might indicete & significant relationship to the healing response
were tested,

The relationship of the number of inflommatory cells associated
with each of the three degrees of degeneration categories was tested

uging the Chli square criterion in a Folisson type distribution.



Figure 1

Lover second primary molar evaluated as

"normal” prior to treaiment,
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Figure 2

Iover first
prinary molar
thres months

after treatment.
Subtle bifurce-
tion bone changes,

Pigure 3

lover first primery
molar six veeks
after treatsent,
Internal resorp-
tion of distal
root,




Figure 5

Upper first primary |
molar. Successful |
vital pulpotomy one
yoar after treatment,
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Figure 4

Iover gecord
primary molar,
Bone loss and
internal resorp-
tion, OSeven
months after
traa‘tnun’b.
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Table I-A

DISTRIBUTION OF RADIOCRAPHIC DIAGNOSIS alD TIMB
OF RECOGHITION OF PULPOTOMY FAILURES

(Teeth with internal resorption alone included in fsilure category. )}

Radiographie Time of Radiographic Recognition in Mos, Total

Diegnogis Bombey
03 3=6 __ 6-9 O=12 1224 Failures
Internal
Resorption 1 1 - 1 2 5
{alone)

R e S S e am MR S0 NP T G A0 SN S0 M e B M ER B B W @D W Ep S WD S BB e S B

Internal Resorp-

jon and Bona logs - 1 3 = 3 7
Bone loss ) ! 3 - 5 A 13
(alone)

Total 2 5 3 & 9 25

¥Represent 43 percent of the 58 treated teeth,



Table I-B

DISTRIBUTION OF RADIOGRAPHIC DIAGHOSIS AND TIME
OF RECOGNITION OF PULPOTOMY FalLURES

(Teath with internsl resorption alone included in success category.}

Radiographic Time of Rediographic Rgeognition im i.onths Total

Diagnosis Hanber
=3 3-6 69  9-12  12-24 Fagilureg

Internal

Hesorption - 1 3 e 4 g

& EBons lose

Bone Loss X 3 - 4 4 12

(alone)

Total 1 4 3 4 g 20

"Represents 34.48 percent of the 58 treated teeth,



Takle II-A

TREATMERT OUTCOME IN RELATION TO UNCONIROLLED CLINICAL FACTORS

(Teeth with internsl resorption alone ineluded in failure category)

Cliniesl Pactors Ireatnent Outecome Chi-square Significance
Succoss Failure Value and of Difference

Degrees Freedom 5% lLevel

Primary lolars

Fﬁ.rﬁt e ® v % ° ® 9 10
va 1.018 none
Geoomd. . & . o 24 15 (lﬂf) '
dreh location:
E"f&x&llé‘}w . 5 e » l& 10
vs Ouddl none
Mgndituler , . . 17 15 (1af)
Molay Ipcation:
Right 1 . + « + » 13 D
ve 1349 none
left . ¢« o 0 o s 20 12 (1af£)
Age at Treatnent:
3""6 y BETE 4 & ¢ o 21 16
8 0.001 none
69 yoarse « « o o 12 9 {1af}
Gonders
Hile . . ¢« « » « 20 14
ve 0124 none
Female o+ « o+ o » 13 p o 4 (ldf)
Surfaces Hestoreds
Two or less . » . 16 12
v 0,000 none

Three sruore . « 16 1z (14£)




Table I1I-B

TREATHAENT OUTCOME IN RELATION TO UHCONTROLLED CLINICAL FACTORS

(Teeth with internal resorption slome included in success category)

Clhinical Pactors

Tregtment Outcomg

Chi-sguare

Significance

Value « Degrees of Difference

Success Failure Freedon 5% level
Primary Molars
Firﬁt * E 3 L] * L] lﬁ 9
vs 2,0767 one
Seeond . . . . 28 11 (ldf)
Arch Iocation:
E‘hxill&ry v 18 8
Vg 00,2876 none
Hondibuler . , 20 12 (14£)
Molsr location:
Right . . . » & 16 10
vs 0,6231 none
Ieft . . & « & 22 10 {1df)
b4ge at Treatment:
36 yoBYs o o 26 11
ve : 1.0218 none
69 years .+ « » 12 9 (1a£)
Gender:
:’f&lg e @ ® 2 » 22* m
va 00239 none
Femagle . » « » 16 g {14f)
Surfaces Regtored:
Two or less » - 19 i0
ve G U84 none
Three or more . 18 9 (14£)




Findings

DENTIN: Carious /_/ Non-carious /_/

Dilated blood vessels
Engorged blood vessels

PULP: 014 hemorrhage / 7 N;; hemorrhage C?

INFLADMATION: Polys, numew D

few

scattered D

concentrated

Lymphocytes, Numerous / 7
Plasma cells, few ﬁ
Macrophages scattered £7

concentrated / 7

DEGENHZRATION: Nucleus frsgmentatisn
Cellualar fragmentation

Granular appearance / 7
Honogenous masses (necrosis) / ,7

CTHRIA:
Peripheral: value =1 igia is only distribution,

Intracellular: single colonies
Extracellular: single colonles

Cocel /_/ Rods /_/ Vibrio /_/ Filementous /_/

None
Namg Jooth Slide # Chart #

Pigure 6

Analysis form for qualitative evalustion
of pulp tissue sections,



Figure 7

Control #1. Bxtracted primary cuspld {coronal portion),

{Approx, 106X)

Hormal young type comnective tlssue.



Figurs 8
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Control #5. Extracted primary cuspid, Hadicular portion show-

ing normal young type connective tissue surrounding large pulp
stone and mmerous dilated blood veisels. (Approx. 204X)
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HVWN .

Figure 9.

Control #l. BExtracted primary cuspid., lNormal

young type connective tissue,

Figure 10

#60=-177-1, HNormel young type
tissue, {Approx, 112K)

(l.pp!'o:ta 4“)

eonnective

62

MAR
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Figure 11

#59-1788, An exsmple of "normsl® pulp tissue, Dense
fibrous connective tissue, Ho inflemmation, Iittle or
no degeneration. (Approx. 204X)
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Flgure 12

#60=176-1
Inflameation: O
Degenerations 1+

- gramlar cytoplasm
(Approx. T70X
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Pigure 13

#60=-103B=1
Inflsamations O
Degenerations 2+

= granuiler cytoplasm
-~ pome karyorrhexis
{Approx. T70X)
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-~ geattered neutrophils and lymphocytes

Degensration: 1+
(&pprox. 315X)

Figure 14
#60-128-1
Inflamsation, subacute: 14



Figure 15

#60=130-1,

Inflamnation, subacute: 1+
Degenerations 24

{apprex, 520X)
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Figure 16-a

#60~1=1

Inflasmation, chronie: 14
Degeneration: 1+

(approx. 136X}



Figure 16~b

#60-1
Inflammation, chronles: 14

= geattered lymphocytes
Degenerations 1%

{Approx, 315X)
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Figure 17

#59-147~1

Inflamiation, chronies 2+
Degensration: 2+

(approx, 315X)
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Figure 18

#59-237=1

2%

Inflamuation, chronie:
Degenerations 3+

(approx, 315X)
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Figure 19-a

F60w18~1

Inflamation, subscutes 2+
Degeneration: 3+

~ homogeneous pink eonnective tissue
= disintegrated fibrocytes

{Approx, 310X)
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Figure 19-b

#60=181
Inflameation, subacute: 24
~ woderately heavy scattering
of neutrophils and lymphocytes
Degeneration: 3+
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Figure 20-a
#60~38

Inflammation, acutes 3+
Dogenergtions 3+
(dpprox. 310X)
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Figure 20-b

#60-38--1

Inflammation, acute:r 3+
Degeneration: 3+
(approx. 520X)



10X + 5X CHAS. PHILLIPS
60130 (1) 3rd from label

PERIPHERAL FIBRIN,
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AND DEGENERATED

ESSENTIALLY
NORMAL
EXCEPT THIS
SMALL AREA

Figure 22

Camers lucids high power

10X + 43X

60 = 130(1) 3rd. from label

FRAGMENTED

outline (one~half seale) GRANUL AR
= . CYTOPLASM
of area of inflamnation, IN THIS ONE
Swall blue markings re- gm& AREA

present lymphocytes, The
large blue marking is a
dentin fregment., Poly-
morphonuclesr leucocytes
are represented by red
circles; netrophils,
mall; eosinophils, lsrge.

TISSUE DEBRIS

Figure 21

Low power outline
(one~half scale) of
pulp tissue section
obtained by means of
the camars lucida
attachment to the
niernscope,

CHAS. PHILLIPS

3 POLYMORPHS
EOSINOPHIL

A4
4
2 LYMPHOCYTES

b HIGH POWER
L FIELD FINDER
SETTING

28 + 6.1

N+ 5.1



FINDINGS

The relationsghip of the qualitative factors (new and old bhemoyr-
rhage, dilated and engerged blood vessels, bacterial invasion, and
degree of degenoration) to success zmi. fallure of the wvital pulpotomy
treatment is shown in Table III-A with internmal resorption as a eriterion
of failure, and in Table IIl-B with internsl resorption included inm the
success category. Using the Chi square criterion, the presence or
absence of each of the qualitative factors, evaluated in the tissue
sections, vas shown %o bear no significant relationship te success or
failure of trestment,

The schematic distribution curves, Figure 2/, illustrate the
distribution of deta relsting the mmber of ascute snd echronic inflaw-
matory cells in samples of coronmal pulp to success or failure of vwital
pulpotony treatment,

Une curve represents the distribution of cell counts (either
scute or chronic inflamiatory cells or their combinations) in tissue
sections from teeth which exhibited suceessful treatments, Similarly
the other curve represents the digtribution of cell counts in the
failure group, 7The midpoints of the distribution curves; the means,
are in close proximity to each other with severe overlapping. The
horizontal goldd line lsbelled "DM" represents the difference of the
two means, The two horizontal dotted limes labelled SEM represent
the standard error of the mesn for success (8) and failure (F). The
stendard error of the means was shown to be greater than the difference

of the means by znalysig. This finding demonstrates that the distrilution



of inflammatory eell counts in one group cannot be distinguished from
the other.

Tables IV-4 and IV-B present the relstionship of the nusber of
the acute and chronic inflasmmgtory cells to the degree of degeneration
of coronal pulp tissue, The differences between means indicste signi-
ficant differences between the mmber of acute inflsmmatory cells in
each of the categories of degeneration (Table IV-4), The mean mmber
of chronic inflamuatory cells of category 1+ (Table IV-B) ies signifi-
cantly different from those of 2+ and 3+, The mumber of chronie
inflammatory cells in categories 2+ and 3+ do not diff'er significantly,
The Chi squere values for the acute and chronic inflammatory cells
in each of the. three categories of degencration demonsirate that there
is great lsck of uniformity of cell counts within each category. This
is easily visuelized in the raw data in Table V In the appendix,

Figure 25 shows data sbout patients who have received more
than one vital pulpetomy trestment, Six of the seven patients exhibit

either all sucecessful or all unsuceessful trestments,
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Table Iil=4
TREATMENT OUTCOME IE RELATION TO QUALITATIVE EVAINATION

OF COROMAL PULP TISSUR 4T T1ME OF TREATWEIT

(Teeth with internal resorption included in failure eategory)

Tissue Factors _Treatment Oul : Chi-mquare :“ignif}c&ncs
Evaluated Success Failure  Value & g

D Difference
Frosdom 5% Level
Hou Hemorrhsge
Ab&'el'it. ¢« ¢ % B B3 & @ 13 16
vs 2.7663 none
Present ¢« ¢« o o o o & 16 g (14
T
'&bﬁeﬂtn " 2 5 © & & 2() 16
va Q. 0549 none
Present ., , . . . .+ » 10 7 {1af)
']
dbgent or Slight, . . 18 18
vs 0,776'7 none
Moderate or Severe. . 10 6 (1a£)
Bacterisl Invasions
4dbsent or Peripheral. 13 11
vs 00,5176 none
Intre~ and/or (1af)
Ixtracellular 21 12
Degree of Degeneration
R . 9 7
vs
Moderate {24} , . ., . 13 14 2. 4977 none
Vs (2df)

Severe (3‘*‘) ¢ € m % w 11 F A




Table 11i-B

TREATMENT OUTCOME IN RELATION TO QUALITATIVE EVALUATICH
OF CORONAL PULP TISSUE AT TIME OF TREATMENT

(Teeth with internal resorption included In success category)

Tiasue Fgotors Treatment Outeome Chi-square CSignilicance
Evaluated Suocens Failure Value & of
Degrees Difference
Preedom 5% Level
ley_Henorrhage
Adgott - « & « ¢ 4 & % 17 12
ve 15708 none
Prosent ., « ¢« » « « i8 6 (iaf)
Abmam® - & & « 5 5 & & 24 12
ve 0.0198 none
Prﬂsenﬁ ¢ *+ 5 @ ® €& W 1}- 6 clﬂaf)
D &
Hlood Vegsels
Absent or Sliﬁ'ht: . . 24 )
ve , 0,3481 none
¥bderate or Severe, . 3 | 4 (1af)
absent or Periphersl. 13 11
vs 2,1016 none
Intra- and/or (1a5)
Fxtracellulsay o « o o % 9
Depgroe of Depenorution .
M8 §3%) ¢ v o « « & 11 5
ve
Moderate (24) . &+ « » 17 1l 0,5764 rone
ve {2ar)

Hevere (3”*‘) * 8 = 8 & 10 ‘é«
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DISCUSSION

In evaluating the healing response of ampuleted pulp tissue
treated with calcium hydroxide, the interaction of multiple veriables
as well as the relisbility of methods used must be considered, luch
is known about the effect of caleium hydroxide on amputated "normal®
pulp tissue (11, 31, 65, 71, £8), However, in tismue which is not
normal® the response to this medicament is s matter of speculstion,
Furthermore, status of the radicular portion of the pulp is not kmown
vhen cariously involved coromal tisesue is removed prior to using
calcium hydroxide., Ome of the purposes of thies study was to test
the relationship of the coromal pulp tissue to the healing response
of the remsining redicular pulp tlasue.

The course of pulp healing under caleium hydroxide in Pnormal®
humsn teeth has been followed for varlous intervels., Glase end
Zander (32) examined 40 pulps from one day to 12 months after treat-
ment, In a study of 77 permanent teeth Nyberg (64) evaluated six
after one snd one-half years and one after 32 months, Although these
investigators have reported sstisfactory healing after prolonged |
troatment perieds, 1t rust be emphawsized that a) only a fow teeth
were tested, and b) the trestments were on norwal; surgleally trau-
matized pulp tissue. The findings contribute 1little to answer the
question, "Houw does the acutely or chronicelly inflamed pulp respond
to caleium hydre ide sfter smputation?® Zander (88) reported treating
150 carious teeth, but histologle evidence was presented for only one

primery tooth three and one-half months after treatment. To date, no
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eontrolled study has been performed to evsluate the response of
inflaned or degenerated pulp tissue to vitsl pulpotomy. The deter-
rent aspect i loss of the control conditions onee the tooth is
treated,

The status of the coronmal tissue ia best evaluated Ly the
histologic method; however, this necessitates sacrifice of the trested
teoth, Although removal of teeth wes unnecessary with the pulp biopsy
method, inherent limitations were present. Tissue sections lacked
peripheral dentin landmarks for orientation to sites of exposure and
root stumps, The desirability of this orientation has been demonstrated
by Mitchell and Tarplee (62). It was lmpossible to determine, for
exzmple, if an ecutely inflamed portion of tissue wss from an srea
remote from or adjacent to the root,

Pulp blopgy may not include all the coronsl tissue. Tissue
may be lost while dentin is removed te gain sccess %o the pulp chamber,
Curstiage may produce fragmentation of degenerated pulp tissue and
even normal tlssue, resulting in further tissue loss. Other portions
may be lag% in processing. OFf 300 or more sections examined while
obtaining material for this study, specimens were noted to vary greatly
in gize., This may reflect the range in pulp chamber size as weoll as
problems inherent in pulp biopsy. Nevertheless, it was sssumed for
the purpoee of this lavestigetion that a glven tissue section was
reprosentative of coronal pulp.

To ecompare the results of thie investigation with those studies
utilizing permanent teeth is hasardous., A4 physioclogie difference

between permsnent and primary teeth 1s the latter's resorptive process



leading to exfoliation, Vital pulpotomy faillures in primary teeth
are often characherized by marked internal resorption, This osteo-
clastie activity represents s pathologlc process which may be cone
sidered an exaggerated response of the normal resorptive process,
triggered by the action of celeivm hydroxide, with or without the
presence of Iinflesuwation,

Clinical assesement of pulp stetus ie characterized by further
variebles, Previous imvestigators have shoun thgﬁ no objeective or
subjective clinieal disgnostiec test 1s capable of reliably determining
degrea or type of puthosis in pulp tlssue, Radiographic evidenee is
congidered s proraquisite of velid pulp studies., It serves a dusl
purpose for judging teeth for eligibility snd outcome of treatment.
Yot radiographic evidenes has beon shown to be neither s good detector
of sarly perispiecal infaction assoclated with infleomed and degenersted
pulp tlseue (78), wor of success end failure based on histologic evie
dence (64). Tuwe investigetors (17, 84) obtained grossly different
evaluations of the same pulpotomy desta because of the effect of time,
nte of different sets of rediographic eriteria, or beth, Thus; the
varlables are manifold: poor correlation of radiographls evidence
with histopathologie status of pulp, lack of standardization of redio-
graghic eriteria for suceess and fallure, and lack of standardized
gquality of rediographs themselves. The question arises whether the
suceess or failure of the vital pulpotomy using ealeium hydroxide is
dotermined wore hy the actual tissue regponse or by ite radiographile
interpretation.

Shortcomings of all other elinical tests were evident in the
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review of the literature, Howsver, certaim areas hold promlse for
the future. The method of electric pulp testing of Vargas and Vivaldi
suggests betler correlation with histelegic findings than has been
presentad by other investigators who hém not used thelr apparstus

or sccommodatlion index, NMurther itesting by this methed iz to be en~
couraged. Thermal tests in children have definite sdvantages (4),

but their relisbility is poor {44; 64). Reference to the relation-
ship of pulp response to pulp pathosls usling devices capable of
delivering msasurable thermal stimuli has not been found in the liter-
ature, OSuch a study aight result in & valusble addition to diasgrostic
methods, especlilly as & pro-ireatment test for testh which sre candi-
dates Tor vitel pulpotomy,

Further speculstion regarding vitael pulpotomy outcome eceuters
around caleium hydroxide-treated pulp tissue. Zander (88} belleved
that slkalinity apd celeiuan iong of the drug contribute to the repid
formation of the demtin tridge. Cameren (21, p.220) pointed out that
alksline solutions with pH 9+9,6 dissclve nuclear mesbrane, and that
with increasing alikalinity the mucleslus disappears and the cell per-
siste in an abnormsl form for hours after alkall removel. Calcium
hydroxide used in vital palpotomy therspy 1s not only left in place
but produces slkalinity of 12,5 (88), perhaps higher (60). The action
of calecium hydroxide then produces necrotic tissue,.

Cameron {21, p. 348) referred to the phencmencn in vhich cal-
ciua is deposited in dead or dying cell. or inmbercellular cbruchures
a8 "dystrophic caleification”, He noted thet ealelum salts infil~

trate any devitslized tissue which is not rapldly absorbed; and thet

N
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sear tissue im an ldeal site for caleification, This phenomenon is
-explained as s deposition of calelum phosphate erysinls which, once
begun, upsets the equilibrium in the body fluids resulting in further
precipitation., Acceplonce of his statement that ®ihe emphasis in
pathological caleification is on damaged or dend cells or thelr pro-
ducts® warrante clessifying formetion of the primexry dentin bridge,
formed under a coustic dresping such as celeium hydroxide (with or
without prior application of another caustic agent such as phenol),
as a pathologic phenomenon,

Fletke, Hayden and Winkler {31), using radioisotopes, showed
that calcium jons from the calelum hydroxide dressing appeared in
the dentin bridge but not in the adjecent pulp tizeue, Bermen and
Massler (11) observed dentin bridge formation under zinc oxide-~sugenol
in rat molsrs and eoncluded that the only source of caleium iona necw—
essary are those derived from the viable pulp tissue, Shroff (76)
shoved that in untrealed teeth the pulp attempts to wall off the
inflemed tisgue at the exposure site by mesns of dentin bridge forms-
tion, Hence, the production of the dentin bridge cannot be atiributed
to the direet action of calcium hydroxide.

In this regard sn interssting observation by Davie {26) in 1921
wae, "In all cases of partial pulp camal filling with en absence of
rarefied aress, there seemed to be an obliteration of the pulp camal.”
This phenomenon was mentioned by othor investigetors (28)., Poste
operative radiographs in this study revesled complete or partial obliter-
ation of a mumber of canals of primsry teeth treated by vital pulpotomy

with caleium hydroxide., However, Devis used ro caleium hydroxide;
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therefors, once sgnin the justifiable conclugion is that caleifie
deposites may, and often do, occur without the use of this drug.

The nature of the test animal and its tissue sensitivity may
alge interfere with essessment of healing, Pulp tissue of rats mey
react quite differently than humen pulp te celeium hydroxide or zine
oxide~eugenol, Kiryati (50) found that cortisone did not impair
healing in rat molars, bul he did not state thet human teeth might
renet differently, However, Regan, cited by Ashoe-Hansen (2, p. 133),
fourxi rate the most resistant and humens the most sensitive to effects
of cortisone on wound healing, Cortisons hag bsen shown by Ragan to
delay wound healing in commective tissue (2, p. 171). If connective
tisena of rots and humans differ in response te cortisone, then might
net they differ in response to calelvm hydroxide, zine oxide-eugencl,
or any other test drug? Desplite the faect thet ell tissues in the
animal kingdom show identical wound healing characteristics (2, p.162)},
we are not justified in sssuming that the pulp tissue of ret, human,
or other test snimal will respond similarly teo the same druge, Cabrini,
Maisto, and Nanfredi (19) imvestipated histochemiecal differences in
pulpal healing under both cslelum hjdroxide and zinc oxide-eugennl.
Glycogen was found in the hesling ares under caleium hydroxide, but
not in the corresponding cells under zine oxide-eugenol. Whether or
not this finding reflecte a physiologic or pathologic environmental
change is & moot question,

The difference in pulpal response to various dressings may be
related to oxygen consumption of treated tissue. OUxygen consumption

of rabbit tissue trested with cortisome was redused 66 percent (21).



Fisher, et al (30) showed that eugenol significantly reduced oxygen
consumption of bovine pulp tlssue, surpassing caleium hydroxide in
this respset. Composition of the two dmugs suggests a probable dif
ference in duration of effect; the slkaline cslelum hydroxids abimue
lates buflering action and forms a neereblotie barrier while the aro-
matic lydrocarbon (even aw o constituent of zine oxide-cugensl paste)
parsists as gn inseluable sand volatile oil. If these drugs sct in 2
compsrable manner on humen pulp tissue, the delayed or inelfecilive
dentin bridge formation may be a manifestation of decressel oxygen
consumption, The drugs may exert different "antl hysluronidsse sffects®
(2, p. 108} on the sdjacent tissue resulting in varying degreece of
Bapreading” of tissue and bacterisl toxine or the drugs theuseolves,

During vital pulpotomy treatment, dsmtin chipe often conteme
inate and irritate the trested pulp (11, 48); hence they represent
another varlsble in the healing responsge,

A variable which characterizes this study, as well sv others
(17, 85), is the multlplicily of operators. Amittedly, this sibua—
tion lg not eonducive to consistent handling of coronsl and/er redi-
cular pulp tissue. A single operator is recommended for studies of
this type in order to sssure optimm relisbility.,

In sumasry, the variables isherent ln the evaluation of the
responge of suputated pulps treated with caleium hydrexide in this
study may be related to: pretreatment status of radicular pulp ("nor-
wal® or pathelogic), ampunt and location of tissue available (whole or
corenal pertion), reot resorption, effect of dentin chips, and manifold

operetors. Additionsl varisbles which may effect different remults
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betweon this and other studies are: time Interval between troatment
and eveluation, tissue sonslitivities of tsest mubjecis, altered oxygen
consumption, and different spreading reactions,

In the course of making entries on the IEM data sheet {Appen-
dix) several pamemé vere noted Yo have recelved more than one pulpe
otomy treatment. An sdditional separate dats sheet wae prepared for
these patients (Figure 23, Appendix). The results were provacative,
bocause all cetegories exceplt suceess and failure lacked uniformity.
8ix patients had either all successes or all failures, including one
patient with three trestments, The sample size was too small to per-
mit statistiesl evaluation, btut the data suggests that other factors,
perhaps those related %o "genersl resistence® may be the determining
factors in pulp response., Of interest in this regard is the comnent
wade by Zander (88) over 20 years ago after evaluating 150 pulps
treated with caleium hydroxidas, "It is not kpown whether 1t was the
condition of the pulp at the time pulpotomy was performed, the technique
suployed or the difference in the vital reaction of the Individual.”
Faturs studles should be designed to eveluate the relationship of pulp
responge to specific systemic factors that are known to affect tissue
healing, such ar endoerine imbalanees and gvitanineses {33; 2, p. 170).

If standard texthook description of inflammation and degenera-
tion coincides with the interpretetion of the data im Tables IV-4 and
IV~B, ther the histopatheleglc findings may be assumed to be walid,

That “"the exception proves the rule® ig evident in the finding
that o similer mesn number of chronle inflamnstory cells exists in

24 and 3+ degeneration, vhereas the mean mmber of acute inflamustory
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cells is significantly different for all categories of degeneration.

In the severe acute inflammatory reaction, 3 degeneration is
likely to result because this reaction is usually eliecited by bacterias
which cause rapld and extensive tissus breakdown. Chronic inflammation
is a response to less virulent and/or less numsrous bacteria or other
mild irritants. This chronic situation may be sesn as an original
response or a8 a late develomment of acute inflammation ("prolifera=-
tive® fibrosis). This response to milder irritants would be expected
to be related to a milder degree of dageneration. It 12 possible that
the cell counts in tissues with severe 3¢ degeneration are comparabls
in numbar to those at the lower level of 2 degeneration, because they
are on either side of what is a "pesk" of reaction for chronic inflame
matory cells. We may spsculate that in coronal pulp tissue this "peak®
oceurs in tissnes which border between 2 and 3f degeneration.

The use of the 0, 1 , 24, 3¢ scale is a common methed of desig~
nating the severity of a condition which has been subjeetively evaluated.
It should be emphasized that although pulp response has been assessed
using various indexes, such as the I, D. Index of Jemes, Schour and
Spence (L6), the application of a number to0 a qualitative factor does
net render the data quantitative in character.

The findings pertaining to the quantitative aspect of this study
were disappointing, but negative findings are not without value. The
information pertaining to the number of acute and chronic inflammatory
cells in samples of coronal pulp as shown in Pigure 23 indicates that
there is no specific number of cells which can demarcate the dividing

gone bstween tyeatmant success and failure. The reason relates to the
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fact that many of the successful pulpotomies exhibited coronal pulps
wvhich had high ¢ell counts., Conversely, many of the failures had

few, if any, acute and/or chronic inflammstory cells. The statistical
method used evaluated every possible eell combination as they related
to success and failure and no significant differences were found,
Therefore, thiz study provided mo quantitative means to predict the
success or failure of iteeth trested with vital pulpotomy using cal-

cium hydroxide.
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SUMMARY

Specimens of coronal pulp tissue from 58 primary molars were
qualitatively and quentitsetively analyzed by histopathologic methods,
Ability of the investigator to make relisble qualitative judgments
vas tested,

The histopathologie findings were compared to treatment oute
come after vital pulpotomy therapy using caleium hydroxide. Success
srd faliure were judged by clinicsl and radiographie criteria.

Effects of elinical factors (age, gender, tooth location, ex-
tent of restoration) were tested and found non-contributors to treat-
ment outeome., Internal resorption es a criterion of muccess or
failure was aleo eliminated as a possible biasing fsctor.

From the histologic findings, a delerminstion was made of the
relationship of each degree of degenerstion to the mmber of scute
and chronic inflammatory cells in that category.

A discussion was presented coneerning some of ﬁhe pharmaco-
logie, phyeiologie, and pathologic aspectm of vital pulpotomy therapy
using caleiuvm hydroxide, as well as varlables inherent in this and

pther similar studies.
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CORCLUSIONS

Healing response following vital pulpotomy using ealeium

hydroxide (judged by clinicsl and radiographic eriteria) cannot

be predieted by histepathologic evaluation of coronsl pulp tissue

on the bagis of:

1,
2,
3a
e
5e
6,

The presence of new or old hemorrhage.
Dilated and engorged blood vessels,
The extent of bacterisl invasion.

The degree of degeneration.

The mumber of acute inflammatery cells,

The number of chronie inflasmmatory cells.
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