Canines Erupted Through Grafted Alveolar Cleft Defects in Patients With
Alveolar Clefts: A Pulp Testing Evaluation Study
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An electric pulp tester (EPT) was used to evaluate the pulpal response of
erupted canines in 75 patients: 16 patients with unilateral cleft palate who
received autogenous bone grafts to correct their alveolar cleft defects before
canine eruption; 35 patients without cleft palate whose canines erupted spon-
taneously, but who required orthodontic treatment for alignment; and 24 pa-
tients without clefts whose canines required surgical uncovering and ortho-
dontic assistance for eruption. Thirty-one percent of the erupted canines in
the patients with grafted unilateral clefts did not respond to EPT, whereas all
canines in the contralateral noncleft side responded to EPT. There was no
clinical or radiographic evidence of pulpal pathosis of the canines that had
erupted through the grafted alveolar clefts. However, these teeth had a high
incidence of nonresponsiveness to pulp stimulation, therefore necessitating
close follow-up in case they show eventual signs of pulpal degeneration that

may require endodontic intervention.
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Alveolar clefts in patients with complete clefts of the lip
and palate present a problem for the clinician faced with the
restoration of function and aesthetics. Bone grafting of al-
veolar clefts has been advocated after partial eruption of the
secondary dentition, but before eruption of the permanent
canines (Boyne and Sands, 1976; Hall and Posnick, 1983;
Turvey et al, 1984; Eskeland et al, 1985; Pedersen and
Engmark, 1985; El Deeb et al, 1982, 1986). El Deeb et al
(1982) reported that the prognosis for canine eruption
through alveolar bone grafts is most favorable if the grafting
is performed after one-quarter to one-half of the canine root
has formed and the patient is between 9 and 12 years of age.

The permanent teeth that erupt into the dental arch adja-
cent to the nongrafted cleft area are often deficient in bony
support along the root surface proximal to the cleft and have
inadequate periodontal support for normal longevity. The
teeth of patients with clefts show a higher plaque index
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when compared with patients used as a control group (El
Deeb et al, 1986). Canines that erupt through grafted alve-
olar defects have more than 90 percent of their possible
levels of clinical attachment intact, which indicates that
grafting of alveolar cleft defects results in a clinically satis-
factory periodontium to support the canines as they erupt
through the osseous grafts (El Deeb et al, 1986).

The longevity of canine teeth in cleft sites also depends
on the status of the dental pulp. Factors that may affect the
pulp of canines that erupt through a grafted alveolar cleft
include, but are not limited to, the surgical grafting proce-
dure, surgical exposure and orthodontic assistance for erup-
tion, orthodontic treatment to achieve alignment (Burnside
et al, 1974), and the periodontal condition (El Deeb et al,
1986). Damage to specialized structures within the pulp
may affect the ability of the tooth to survive the effects of
attrition, trauma, and caries in later years (Hutchinson and
MacGregor, 1972).

To date, there has not been a long-term study evaluating
the response of canines erupted through grafted alveolar
cleft defects. The purpose of this study was to evaluate and
compare the results of the response of maxillary canines in
the following groups: (1) canines that have erupted through
autogenously grafted alveolar clefts in patients with unilat-
eral cleft alveolus; (2) canines that have erupted through a
normal alveolus in the noncleft site in patients with unilat-
eral cleft alveolus; (3) canines that have erupted on their
own in patients without clefts, but which required orthodon-
tic treatment for alignment; and (4) canines in patients with-
out clefts that required surgical uncovering and orthodontic
assistance for eruption.



METHODS

Subjects

An electric pulp tester (Analytic Technology Corp.) was
used to evaluate the pulpal response of maxillary canines in
75 patients, grouped as follows:

Group A: Sixteen patients with complete unilateral cleft
lip and palate who have had autogenous bone grafts to
their alveolar clefts before canine eruption. The teeth
adjacent to the grafted alveolar clefts were also tested for
their pulpal response. Seven of the unilateral cleft sites
were located on the right side, and nine on the left side.
The mean age of patients with cleft palate at the time of
surgery was 11 years. The mean postoperative observa-
tion period was 4 years, with a range of 2 to 8 years. The
mean age of patients at the time of examination and the
duration of orthodontic treatment are shown in Table 1.

Group B: Twenty-four patients without clefts whose ca-
nines required surgical uncovering and orthodontic assis-
tance to erupt.

Group C: Thirty-five patients without clefts whose ca-
nines erupted spontaneously, but required orthodontic
treatment for alignment.

All orthodontic treatment for the patients with cleft palate
and the control patients without clefts was administered at
the University of Minnesota School of Dentistry. The treat-
ment of each of the 16 patients with cleft palate evaluated in
this study was planned and monitored by the University of
Minnesota Cleft Palate Team.

The alveolar clefts extended between the canine and the
lateral incisor in all patients with clefts. All patients with
clefts had undergone alveolar bone grafting that utilized an
autogenous graft from the iliac crest covered with either a
mucogingival or mucobuccal flap, using surgical techniques
similar to those described by El Deeb et al (1986). At the
time of grafting, the maxillary canines were present but
unerupted in all patients with clefts. The canines on the cleft
side were located high in the alveolus. The lateral incisors
in the cleft area were congenitally missing or had been
extracted before or at the time of surgery because of inad-
equate bone support. Therefore the focus of the pulp testing
evaluation was the maxillary canines that had erupted
through grafted alveolar cleft defects. Surgical uncovering
of the affected canines and orthodontic treatment were com-
pleted, as needed.
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Canines in all subjects were asymptomatic, without his-
tory of trauma or restoration and without any evidence of
discoloration. There was no radiographic evidence of peri-
odontal or periapical changes, and all canines showed com-
plete root formation.

Experimental Procedure

After the procedures were explained to the patients, the
teeth were isolated and dried, and the electrode of the digital
analytic pulp tester was placed 4 mm from the gingival
margin. Five readings for each tooth were recorded. To
minimize the possibility of false responses, the highest and
the lowest readings were omitted, and the average of the
three remaining readings was recorded. Whenever a tooth
gave a negative response, it was tested with ice; if the
results did not coincide, the patient was excluded from the
study. All pulp testing evaluations were performed by one
investigator, and all data were collected and statistically
analyzed.

RESULTS

Five of 16 (31 percent) canines that erupted through the
grafted alveolar cleft in patients with unilateral cleft palate
did not respond to pulp testing, whereas all of the canines
that erupted through normal alveolar bone on the contralat-
eral side did respond (Table 2). McNemar’s test showed
that this difference was not statistically significant at the
0.05 level (p=0.0625).

As seen in Table 3, the mean age of patients with cleft
palate who showed a normal response of canines to pulp
testing was 16.1 years, compared with 16.2 for patients
whose canines did not respond to pulp testing. The average
time elapsed since surgery was 5.2 years (+0.11) for those
with canines that responded to pulp testing, and 5 years
(£0.24) for those with canines that did not respond. The
average time elapsed since the canine eruption was 3.3
years (+0.11) in those with canines that responded to pulp
testing, and 3.0 years (0.11) in those with canines that did
not respond to pulp testing. Statistical analysis showed that
none of these characteristics were associated with nonre-
sponsiveness to pulp stimulation (see Table 3).

Table 4 compares the response to pulp testing of canines
erupted through grafted alveolar clefts in patients with uni-
lateral cleft palate with that of orthodontically treated ca-
nines in patients without clefts. Five of the 16 cleft associ-
ated canines had a negative response, whereas all of those

TABLE 1 Characteristics of Participants in Pulp Testing Study by Treatment Group

Group A* Group Bf Group Ct
Characteristic Statistic (n=16) (n=24) (n=35)
Age at surgery (years) Mean (SEM)$§ 11 (0.08) Na! NA
Age at examination (years) Mean (SEM) 16.2 (0.07) 16.8 (0.04) 16.6 (0.05)
Duration of orthodontic treatment (years) Mean (SEM) 3.1 (0.06) 2.8 (0.02) 3.0 (0.04)
Duration of orthodontics to accomplish eruption (months) Mean (SEM) 8.8 (0.24) NA 11.7 (0.08)

* Group A, patients with unilateral cleft alveolus.

t Group B, patients whose canines needed surgical uncovering and orthodontic assistance to accomplish eruption.
t Group C, patients without clefts whose canines needed orthodontic assistance to accomplish final alignment.

§ SEM, standard error of the mean.
I NA, not applicable.
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TABLE 2 Response of Canines to EPT in Patients With Unilateral
Cleft Alveolus*

Response Cleft Associated Contralateral Control
to EPT Canines Canines
Yes 11 16
No 5 0
Total 16 16

* McNemar’s test two-tailed p=0.0625.

TABLE 3 Characteristics of Respondents (Yes) and
Nonrespondents (No) to EPT Whose Maxillary Canines Erupted
Through Grafted Alveolar Cleft*

Response to EPT

Variable (Years) Yes (n=35) No (n=11) p Value
Age (Mean+=SEM) 16.1 (*0.13) 16.2 (+0.26) 0.74
Time since surgery

(Mean+SEM) 5.2 (x0.11) 5.0 (£0.24) 0.22
Time since eruption
(Mean+SEM) 3.3 (%0.11) 3.0 (%0.11) 0.39

* Among 16 patients with unilateral cleft alveolus.

TABLE 4 Response of Canines to EPT in Patients With and
Without Clefts*

Group
Response
to EPT Group At Group C# Total
Yes 11 35 46
No 5 0 5
Total 16 35 51

* Fisher’s exact two-tailed p=0.0019.

+ Group A, patients with unilateral cleft palate.

% Group C, patients without clefts whose canines required orthodontic assistance to
accomplish final alignment.

from orthodontic patients had a positive response to pulp
testing. The difference was statistically significant
(p<<0.002).

For the cleft associated canines, Table 5 shows the rela-
tionship of surgical uncovering to the responsiveness to
stimulation by pulp testing. Eight canines (50 percent) re-
quired surgical uncovering to help the canine reach a func-
tional occlusion. Three of those eight canines (38 percent)
did not respond to pulp stimulation. On the other hand, two
canines (25 percent) of the group that did not require sur-
gical uncovering did not respond to pulp stimulation. Sta-
tistical comparison revealed that surgical uncovering is not
significantly associated with the responsiveness of the ca-

TABLE 5 Relationship of Surgical Uncovering of Canines Erupted
Through Grafted Alveolar Clefts to EPT in Patients With
Alveolar Cleft*

Surgical Uncovering

nine to pulp stimulation in a unilateral cleft lip and palate
(p=0.5).

The effect on pulp response of orthodontic assistance of
canines to erupt through grafted alveolar clefts is shown in
Table 6. Of the cleft associated canines that showed nega-
tive response to pulp testing, 60 percent (three of five)
required orthodontic assistance for their eruption, compared
with 27 percent (three of 11) of canines with positive re-
sponse. The difference was not statistically significant
(p=0.242).

The comparison of rates of response to EPT for canines in
patients without clefts who required surgical uncovering
and orthodontic assistance with those who required ortho-
dontic alignment is shown in Table 7. The response rate for
the former was significantly lower than that for the latter (75
percent versus 100 percent, p=0.003).

Table 8 shows the relationship of surgical uncovering of
canines to response to pulp stimulation in patients with and
without clefts. The differences were not statistically signif-
icant (p=0.398).

The combined effect of surgical uncovering and ortho-
dontic assistance on the response of the erupted canines to
EPT was evaluated by comparing the response in Group C
(patient received neither surgical uncovering nor orthodon-
tic assistance) with the response in the group formed by all
patients in Group B (n=24) plus the six patients from the
group with cleft palate who received both surgical uncov-
ering and orthodontic assistance. The response rate in
Group C was 100 percent, and in the latter it was 30 percent
(nine of 30). The difference was statistically significant
(Fisher’s exact test p=0.0004).

DiscussION

The longevity of any tooth depends on the status of its
periodontal support and its dental pulp. A healthy dental
pulp may exist in the absence of a positive response to
vitality testing, but it cannot exist in the absence of an
adequate blood flow to the pulp and supporting tissues.
Therefore, dental response to vitality testing depends on the
integrity of the neuronal elements and it gives no indication
of tooth viability, which is more closely related to the state
of vascular integrity.

Many factors are associated with an abnormal response of
the dental pulp to electric and thermal stimulations. These
factors include a history of trauma with changes in tooth
coloration, dystrophic calcifications, or both; evidence of
radiographic, periodontal, or periapical changes; the stage
of root formation; and the presence of a large restoration or
full crown coverage. None of the canines studied showed

TABLE 6 Relationship of Orthodontically Assisted Eruption to
EPT Response in Canines Erupted Through Grafted
Alveolar Clefts*

Orthodontically-Assisted

Response Response
to EPT Yes No Total to EPT Yes No Total
Yes 5 6 11 Yes 3 8 11
No 3 2 5 No 3 2 5
Total 8 8 16 Total 6 10 16

* Fisher’s exact test two-tailed p=0.50.

* Fisher’s exact test two-tailed p=0.242.



TABLE 7 Relationship of Surgical Uncovering and Orthodontic
Assistance of Noncleft Associated Canines to EPT Response*

Response
to EPT Group Bt Group Ct Total
Yes 18 35 53
No 6 0 6
Total 24 35 59

* Fisher’s exact test two-tailed p=0.003.

t Group B, patients without clefts whose canines needed surgical uncovering and
orthodontic assistance to accomplish eruption.

¥ Group C, patients without clefts whose canines needed orthodontic assistance to
accomplish final alignment.

TABLE 8 Relationship of Surgical Uncovering of Canines to EPT
Response in Patients With and Without Clefts*

Response
to EPT Group At Group Bt Total
Yes 5 18 23
No 3 6 9
Total 8 24 32

* Fisher’s exact test two-tailed p=0.398.

T Group A, patients with unilateral cleft alveolus.

¥ Group B, patients without clefts whose canines needed surgical uncovering and
orthodontic assistance to accomplish eruption.

any evidence of these factors. The periodontal status of
canines used in this study that erupted through a grafted
alveolar cleft defect was clinically acceptable and has been
reported as such elsewhere (El Deeb et al, 1986).

Aging has an adverse effect on the number and quality of
blood vessels supplying the pulp. Blood vessels of aged
pulp undergo arteriosclerotic changes which result in dimin-
ished blood supply to cells of the coronal portions of the
pulp (Avery, 1976). Aging also causes a reduction in the
number of cells in the pulp, possibly as a consequence of
reduced circulation (Orban, 1936). However, at the time of
evaluation the ages of the three groups of patients partici-
pating in this study were similar (see Table 1).

Of the canines erupted through grafted alveolar clefts, 31
percent did not respond to pulp testing for a mean period of
4 years postsurgically. This might indicate some changes
within the pulp of these teeth. The nonresponsiveness of
this 31 percent, which had no clinical, radiographic, or
periodontal evidence of pathologic disorder, implies a pos-
sible traumatic cause. History revealed no evidence of
trauma by the patients in this study. The traumatic nature of
the surgery, the possibility of neurovascular changes in the
alveolar cleft area, and the orthodontic treatment may all
have contributed to the nonresponsiveness of the 31 percent
of canines in cleft sites.

Surgical exposure of the canines in subjects with clefts
had no effect on responsiveness of a canine. On the other
hand, surgical uncovering and orthodontic assistance of
eruption of canines in the control group without clefts did
significantly affect the pulp response of the erupting canine.
The difference between the results for these two groups
might be related to the small number of canines (n= 8) from
the group of patients with cleft palate. When we added the
effect of surgical uncovering in canines erupted in both
patients with and without clefts, the results suggested that
both surgical uncovering and orthodontic assistance might
have a significant effect on the responsiveness to pulp stim-
ulation.
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In the subjects with clefts, bone grafting had been per-
formed before the eruption of these canines into the cleft
area, so that an etiology of direct trauma to the canines is
highly unlikely. The absence of root resorption and discol-
oration in the canines that had erupted through grafted al-
veolar clefts suggests that an adequate blood supply had
been maintained during the course of surgical and orthodon-
tic treatment.

Periodontal problems were also ruled out as the etiology
of the lack of pulp response. There was no evidence of
unusual pocket depth, tooth mobility, or wear facets.

The effect of orthodontic forces on dental tissues may
vary, depending on the magnitude, duration, and direction
of the applied force. Graber (1967) has stated that intense
forces can cause irreversible pulp damage and that mild
forces cause temporary hyperemia and hyposensitivity dur-
ing treatment. Graber (1967), Orban (1936), and Stuteville
(1938) all reported that the extremely low incidence of pul-
pal death caused by orthodontic treatment is due to the
results being well within the recuperative capacity of most
dental pulps. One orthodontic technique was utilized for all
patients treated as part of this study. The orthodontic forces
applied in this study to help the erupting canines in the
grafted clefts and in noncleft control areas were extrusive in
nature. It has been suggested that extrusive movements of
teeth may predispose to pulp involvement (Stuteville,
1938). Stenvik (1971) found that minor reactions related to
the circulatory system in the pulp were observed when ex-
trusive forces were opposed by biting forces. The effect of
extrusion on dentin and on pulp seemed to be less than that
for intrusive forces of the same magnitude. He also found
small islands of epithelial cells in the apical area. Repara-
tive processes were seen to take place in resorptive defects
on the root surface shortly after removal of the orthodontic
forces. For this reason, we do not believe that orthodontic
treatment caused the nonresponsiveness of the canines that
had erupted through bone grafted clefts. The neural ele-
ments might be different in teeth that completed their root
formation before eruption as compared with after eruption.
This difference might be the cause of the nonresponsiveness
of some of the canines and warrants further investigation.
The long-term effect of nonresponsiveness of canines erupt-
ing through bone grafted alveolar clefts requires further
evaluation.

CONCLUSION

1. Alveolar cleft defects or autogenous bone grafting did
not affect the vitality of teeth adjacent to the cleft.

2. Thirty-one percent of the canines erupted through the
grated alveolar cleft area in patients with unilateral cleft
palate did not respond to pulp testing.

3. All canines erupted through grafted alveolar cleft de-
fects reported in this study did not show any evidence
of discoloration, root resorption, or both, suggesting
that an adequate blood supply had been maintained
during the course of the surgical and orthodontic treat-
ment.

4. The alveolar bone grafting procedure had been per-
formed before the eruption of the canines into the cleft
area and therefore should not have had any effect on the
nonresponsiveness to pulp stimulation.

5. The incidence of unresponsiveness of canines to pulp
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testing following surgical uncovering and orthodontic
assistance was 30 percent (nine of 30) in the cleft and
noncleft canines, which might indicate that the post-
surgical manipulation of the erupting canines might be
the main reason for the lack of canine response.

6. Clinicians need to be aware that the absence of clinical
and radiographic evidence of canine abnormalities fol-
lowing eruption through bone grafted alveolar clefts
may not rule out nonresponsiveness to pulp stimula-
tion.

7. Extended clinical and radiographic follow-up is highly
recommended, and in the event of any changes sug-
gesting dental structural abnormalities, endodontic in-
tervention may be necessary.
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Commentary

‘““What matters . . . is that the involved teeth do not
discolor or become gangrenous and that the pulp remains
vascular. The pulpal innervation is of secondary impor-
tance.”’ Although these words were taken from Hovell’s
description of teeth in dentoalveolar segments following
segmental osteotomies (Hovell, 1971), his wisdom may
also apply to the study of El Deeb et al. Pulp biologists have
not conclusively determined the significance of unrespon-
siveness to electrical pulp stimulation. Because this manu-
script identifies some patients with unresponsiveness, the
recommendation of El Deeb et al for extended clinical and
radiographic follow-up of these patients is well taken.

The messages in this manuscript are clear:

1. The significance of electric pulp testing remains ob-
scure and it is not valid for testing the viability of teeth.

2. There is no significant difference in response to elec-
trical pulp testing conducted on canine teeth of patients
with bone grafted alveolar clefts and patients without
clefts.

3. The canines of patients with bone grafted cleft palate
that have been surgically uncovered and orthodonti-

cally guided have a similar incidence of unresponsive-

ness to electrical pulp testing as do canines of patients
without cleft palate who have had surgical uncovering
and orthodontic manipulation. .

The necessity of surgically uncovering the cuspids to
guide them into the dental arch in eight of 16 (50 percent)

patients with bone grafted alveolar clefts is noted critically.
Troxell et al (1982) reported that 95 percent of their patients
experienced spontaneous eruption of the cuspid through the
bone graft. Bergland et al (1986) reported that only 15
percent of their bone grafted cleft palate population required
surgical uncovering and orthodontic guidance. Our experi-
ence suggests an even lower rate of noneruption (less than
3 percent).

It is gratifying to know that bone graft placement in pa-
tients with cleft palate does not appear to produce untoward
pulpal changes in the cuspid on the affected side. Subse-
quent surgery to uncover the tooth and orthodontic manip-
ulation may be responsible for the findings of this study.
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