
0099-2399/83/0901-0008/$02.00/0  
JOURNAL OF ENOODONTICS 
Copyright �9 1983 The American Association of Endodontics 

Printed in the U.S.A. 
VOL. 9, NO. 1, JANUARY 1983 

Histological Appearance of Pulps after Exposure by 
a Crown Fracture, Partial Pulpotomy, and Clinical 
Diagnosis of Healing 

Miomir Cvek, DMS, PhD, and Margareta Lundberg, DDS 

Pulps removed from a series of 21 crown-fractured 
incisors, which had been treated by partial pulp- 
otomy and which had been clinically judged as 
healed 12 to 95 months (mean 52 months) after 
treatment, were examined histologically. In five 
pulps a few, scattered lymphocytes were seen, and 
in one pulp there was a slight infiltration with lym- 
phocytes and a few plasma cells. In 10 pulps calci- 
fications were present, either round with a lami- 
nated structure or irregular with an amorphous ap- 
pearance. A moderate decrease in the number of 
cells and a moderate increase in collagen content 
were present in a portion of five pulps. 

In a previous study a high frequency of pulpal healing 
was reported after partial pulpotomy and dressing 
with calcium hydroxide of pulps exposed by an acci- 
dental crown fracture (1). Criteria for such treatment 
were the presence of vital and/or  hyperplastic tissue 
at the exposure site and no signs of luxation injury. 
Superficial layers of the pulp were removed by a 
gentle surgical technique (2) to a depth of about 2 mm 
below the level of the exposure. This was the depth of 
inflammatory reactions found in pulps of experimen- 
tally fractured monkey incisors at intervals up to 7 
days after exposure (3). Healing to the procedure was 
evaluated using clinical and radiographic criteria. Sen- 
sitivity of the pulp and continuity of hard tissue in the 
exposed area were tested for clinically. Radiographi- 
cally, the teeth were evaluated with respect to the 
presence of pathological changes, the formation of a 
hard tissue barrier, and the continued root develop- 
ment of immature teeth. 

Since partial pulpotomy involves only a limited loss 
of pulp and crown substance, the need for pulpectomy 
and a post retained restoration of the crown is not 
required for the majority of treated teeth. It is, there- 
fore, important that the value of clinical diagnosis of 
pulpal healing in these teeth be assessed in order to 
avoid undertaking pulpectomy routinely as has been 
recommended for pulpotomy treated teeth, after de- 
velopment of the root had been completed (4). 

The purpose of the present study then was to eval- 
uate the histological appearance of pulps exposed by 
an accidental crown fracture that had been treated by 
partial pulpotomy and judged clinically healed after a 
minimum postoperative period of 12 months. 

MATERIALS AND METHODS 

The 21 teeth studied in the present investigation 
formed part of a series of 123 incisors which had been 
treated with partial pulpotomy at Eastman Institute in 
Stockholm 15etween 1963 and 1979 following acci- 
dental crown fracture and exposure of the pulp. All 
teeth were maxillary incisors, that had sustained a 
crown-root fracture or loss of crown substance to 
such an extent that pulpectomy and post were nec- 
essary for restoration of the crown. 

The pulpotomy was performed 1 to 192 h (mean 29 
h) after the injury, with a diamond bur in an air turbine, 
using short cutting periods and ample flushing of the 
instrument and the exposure area with sterile saline. 
After pulpal bleeding had stopped spontaneously, a 
dressing of calcium hydroxide (Calasept, Scania Den- 
tal AB, Knivsta, Sweden) was placed over the wound 
and the crown was restored with a composite material 
using an acid-etch technique. At the time of treatment, 
13 teeth had immature roots while eight were mature. 
Distribution of the material is shown in Table 1. 

Following pulpotomy the teeth were assessed after 
3, 6, and 12 months and then annually. During the 
follow-up period, six teeth were involved in additional 
injuries so that previous restorations of the crowns 
were lost or fractured and had to be replaced. At the 
end of the follow-up period teeth were judged clinically 
as healed if they met the following clinical and radio- 
graphic criteria: (a) no clinical symptoms; (b) no radio- 
graphically demonstrable intraradicular or periradi- 
cular pathological change; (c) a continuous hard tis- 
sue barrier at the site of surgical excision, radiograph- 
ically seen and clinically verified; (d) continued root 
development of immature roots; and (e) sensitivity to 
electric stimulation. 

Pulpectomy was performed 12 to 95 months (mean 
52 months) after the pulpotomy treatment when the 
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TABLE 1. Distribution of 21 crown-fractured incisors according to the tooth maturity and occurrence of crown-root fracture at the time 
of injury; time intervals: between injury and pulpotomy treatment (hours); additional accidental injury and pulpectomy (months); 

pulpotomy treatment and pulpectomy (months); and histological observations in the removed pulps* 

Teeth 12 12 11 1t 11 11 11 11 11 11 11 21 21 21 21 21 21 21 21 22 22 

Maturity of the tooth I I I I I I I I M M M I I I I M M M M I M 
Crown-root fracture ~- t t t t t t t 
Interval from accident to 4 24 48 3 54 14 40 72 17 19 16 49 24 192 2 1 2 4 15 24 4 

pulpotomy (h) 
Additional injury pulpec- 17 19 10 44 24 10 

tomy (m) 
Interval from pulpotomy to 80 28 84 50 55 44 35 95 12 85 53 65 48 60 39 64 42 24 48 58 24 

pulpectomy (m) 

Histological observations 
Lymphocytes f f f f s 
Plasma cells t 
Calcifications L LA LA L LA L LA LA LA A 
Number of cells n n n n n n n md n n n md md md n n n n n md 
Collagen content n n n n n n n mi n n n mi mi mi n n n n n mi 

* Maturity of the tooth: I, immature; M, mature. Inflammatory cells: f, few, scattered; s. slight infiltration. Calcifications: L laminated; A, amorphous. Cellular and collagen content: n, 
normal or nearly normal; md, moderate decrease in number of cells; mi, moderate increase of collagen content. 

patients were 14 to 19 yr old. During preparat ion of 
the access cavity for the pulpectomy, care was taken 
to ensure that as litt le pulp t issue as possible was lost 
during the removal of the dentin a n d / o r  the hard 
t issue barrier. The pulp was cut about 1 mm from the 
apex with a blunted Hedstr6m file, after wh ich the pulp 
was removed from the pulp chamber with a barbed 
broach using the path previously  made by the file. The 
pulps were f ixed in 10% neutral buffered formal in, 
embedded in cel lo id in-paraf f in  and sect ioned serial ly. 
Sect ions were cut to a th ickness of 5 to 6 /~m and 
stained with hematoxyl in  and eosin. Light microscopy 
was used for evaluat ion. 

The pulps were classi f ied accord ing to the presence 
and number of inf lammatory cel ls as fol lows: (a) pulps 
with no inf lammatory cells; (b) pulps with a few, scat-  
tered inf lammatory cells; and (c) pulps with an inf i l t ra- 
tion of inf lammatory cells. In respect to ce l lu lar  and 
col lagen content the pulps were compared with pulp 
tissue of intact teeth that had been extracted for 
orthodont ic reasons. Fol lowing compar ison the pu lps 
were judged as (a) pulps with normal cel lu lar  and 
col lagen content and (b) pulps with a moderate de- 
crease in number of cel ls and a moderate increase in 
col lagen content.  

R E S U L T S  

The histological observat ions are presented in Ta- 
ble 1. 

Inf lammatory cel ls were seen in six pulps, and in 
five of these, there were only a few, scattered lympho-  
cytes. In the remaining pulp a sl ight inf i l t rat ion with 
lymphocytes was observed adjacent to a blood vessel, 
while further away there were a few plasma cells. Five 
of the pulps conta in ing inf lammatory cel ls had been 

FIG 1. Round calcification with a laminated structure (original mag- 
nification x 200). 

removed from teeth which had suffered an addit ional 
injury. Three of these had had a crown-root  fracture 
where the subgingiva l ly  exposed dent in was not cov- 
ered with temporary crown restorat ion dur ing the fol- 
low-up period. 

Calc i f icat ions were seen in 10 pulps. These calcif i-  
cat ions were ei ther round with a laminated structure 
(Fig. 1) or i rregular with an amorphous appearance 
(Fig. 2). The round, laminated calc i f icat ions or pulpal 
denticles, wh ich were observed as s ingle (Fig. 3) or in 
a group (Fig. 4), varied in size, and, at most, one 
single dent ic le occupied approx imate ly  one-hal f  of the 
pulpal width in the radicular part of a pulp. Irregular, 
amorphous and darkly stained format ions wh ich  re- 
sembled dyst rophic  calc i f icat ions were smaller, about 
capi l lary size or sometimes s l ight ly larger. These cal- 
c i f icat ions were usual ly seen adjacent  to the wal ls of 
blood vessels, several in the same pulp but never in 
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FtG 2. Irregular, darkly stained calcifications of amorphous appear- 
ance adjacent to the walls of a blood vessel (original magnification 
• 400). 
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The changes observed in the pulps of the present 
material-- i .e, the presence of lymphocytes and in one 
instance plasma cells, calcifications, and changes in 
the cellular and collagen content - -do not seem to 
differ in extent or frequency from those found and 
recognized as normal histological variations in the 
pulps of intact or conservatively treated teeth (5-9). 
An explanation for the presence of these changes can 
only be speculative since, besides the initial injury and 
treatment, various other factors could have been re- 
sponsible. For example, three of the six pulps contain- 
ing inflammatory cells were removed from crown-root- 
fractured teeth in which the subgingivally exposed but 
not covered dentin could have been the reason for the 
slight irritation of the pulps. Furthermore, five of these 
pulps were removed from teeth involved in additional 
injuries that may have also caused inflammation in the 
pulp. In animal experiments it has been shown that 

FIG 3. Coronal part of a pulp with a normal cellular and collagen 
content and a single pulp denticle (original magnification x 50). 

large numbers (Figs. 2 and 5). No reactions to calci- 
fications were observed in the surrounding tissue. 

The cellular and collagen content was judged as 
normal or nearly normal in 1 6 pulps (Figs. 3 to 5). A 
moderate decrease in number of cells and a moderate 
increase of collagen content was present in the apical 
portion of four pulps. In the remaining pulp these 
changes were more pronounced and present in most 
of the pulp. 

D I S C U S S I O N  

Since pulpotomy-treated and clinically healed per- 
manent teeth are not usually available for histological 
examination, the pulps removed from such teeth must 
be used for histological evaluation of pulpal healing. 
Removal of the pulp, however, implies that some of 
the pulp tissue must have been unavoidably lost when 
access into the pulp chamber was made. The present 
results should, therefore, be evaluated bearing in mind 
the possibility that an inflammatory change may have 
been present in the lost tissue layers. 

FIG 4. A group of denticles of similar size in the radicular part of a 
pulp (original magnification x 50). 

FIG 5. Average size and appearance of amorphous calcifications; 
note their relation to the blood vessels (original magnification • 
100). 
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inflammatory cells may be present in pulps several 
months after an injury (10). 

It is generally agreed that no single clinical criterion 
can be regarded as proof of pulpal healing. Healing 
can, therefore, never be proven accurately by clinical 
means. However, it is logical to assume that the prob- 
ability of a correct clinical diagnosis increases if sev- 
eral criteria are satisfied. Furthermore, the probability 
level or percentage of correct clinical assessment of 
healing may vary with preoperative conditions, such 
as in pulps exposed by caries or accident, and with 
treatment procedures, such as the surgical technique 
or the drug used as a pulp dressing. In the present 
material the clinical evaluation of healing corre- 
sponded well to histological conditions of examined 
pulps. 

Summing up then, it is our opinion that the changes 
observed in the pulps of the present series of teeth do 
not represent sufficient histological evidence to sup- 
port the use of routine pulpectomy after partial pul- 
potomy treatment of exposed pulps in accidentally 
crown-fractured teeth. 

SUMMARY AND CONCLUSION 

The purpose of investigation was to histologically 
assess clinically healed pulps which had undergone 
partial pulpotomy treatment for exposed pulps in 
crown-fractured incisors. The pulps were removed for 
prosthetic indications from 21 such incisors which 
were clinically judged as healed, 12 to 95 months 
after treatment. Histological observations confirmed 
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the clinical diagnosis of healing, and it was, therefore, 
concluded that the routine use of pulpectomy after 
partial pulpotomy treatment of exposed vital pulps in 
crown-fractured teeth does not appear justified. 
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