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Pulp infection of the primary maxillary incisors is very com- 
mon and develops primarily as a consequence of pulp necrosis 
caused by deep caries or traumatic injury.1,2 Appearance of a 
sinus tract is definitive evidence of pulp infection.3,4 The pre- 
sence of dental caries in primary molars was found to be asso- 
ciated with pulp infection and a sinus tract.5 Such association  
has not been documented in primary incisors, however, despite  
the high prevalence of sinus tracts in carious primary incisors. 

Traumatic injury, usually to the maxillary incisors,6 is an- 
other common etiology of pulp infection. Traumatic injuries  
have been reported in up to 30% of primary teeth.7 In young 
children, most of these comprise luxation injuries,8 which are  
often associated with nonreversible damage to the blood supply  
of the pulp, resulting in pulp necrosis.8 Notwithstanding, pulp 
necrosis can also develop following less complicated traumatic 
injuries, such as complicated or uncomplicated crown fracture.8

Pulp infection sometimes spreads rapidly through the bone 
and periosteum and disseminates through the blood toward  
more distant structures, such as intracranial, retropharyngeal, 
pulmonary pleura, and valves of the heart (endocarditis).9,10 
Moreover, it also may spread to the orbit and lead to orbital  
abscess or loss of vision.11,12 Untreated decayed teeth were  
shown to be 10 times more prone to cause sepsis in 5-year- 
old children than were teeth with fillings and no decay.3

Pulp infection in primary teeth may also induce alterations 
in tooth eruption and in the development of successor perma- 
nent tooth buds, resulting in: hypoplasia; morphological altera- 
tion on the dental crown; or total arrest of radicular formation.1,13-16

 

Developmental disturbances are characterized mainly by  
color changes, with or without defects in the enamel sur- 
face.1,13-16 These disturbances result from the close proximity 
between the primary tooth apex and the permanent dental bud  
and the absence of hard tissue between them.14 

Matsumiya observed destruction of the enamel or inter- 
ference with enamel formation in 28 (~23%) of 120 dogs with 
infected teeth.15 Valderhaug exposed the pulp of 52 primary 
teeth in monkeys. After 360 days, 45 teeth developed periapi-
cal inflammation. Pathological changes in the hard tissue of 
permanent successor tooth buds were detected in 16 teeth with 
periapical inflammation.13 McCormick and Filostrat evaluated 
452 teeth of first- and second-grade children, among whom 
60% had radiographic evidence of periapical bone destruction. 
Damage to permanent successors was detected in 19 (23%) of  
82 severely abscessed teeth that were not treated until exfolia- 
tion vs 4% of teeth without evidence of dental abscess.16

Primary teeth with sterile pulp necrosis do not necessi-
tate immediate intervention, but rather long-term clinical and 
radiographic follow-up for early detection of pulp infection and 
consequent prevention and minimization of complications. The 
establishment of radiographic criteria for diagnosis of pulp in- 
fection prior to the appearance of a sinus tract is of prime im- 
portance. Little is known, however, about radiographic changes  
that occur in the primary root or dental follicle in response to 
chronic pulp infection of primary teeth.6 Such information can 
assist clinicians in diagnosing and treating early pulp infection 
before such complications as sinus tracts or cellulitis arise.

The purpose of this study was to characterize radiographic 
changes in primary incisor roots and in their developing per- 
manent dental follicles subsequent to chronic infection in  
primary incisors. Drs. 1 Ashkenazi, 2 Hershkovitz, and 3Afek are in private practices, all in Tel-Aviv, Israel. 
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Methods
This was a retrospective case-control study. The Ethics Commit- 
tee of Tel Aviv University approved this study. Data were  
accessed from clinical and radiographic records of children  
examined between 2005 and 2008 by students from the De- 
partment of Pediatric Dentistry of Tel Aviv University, Tel Aviv,  
Israel, and by 2 pediatric dentists in private practice.

Files of patients were screened for written documentation  
of presence of a sinus tract in the maxillary incisors. Radiographs 
of involved teeth, taken from the same day of the clinical diag- 
nosis, were subsequently obtained. Only radiographs that con- 
tained data about the primary root and its corresponding  
developing permanent dental buds were included in the present 
study. We identified 102 oblique occlusal radiographs of pri- 
mary maxillary incisors with sinus tracts from 85 children: 49  
boys and 36 girls (17 children had 2 teeth with sinus tracts); 
61 incisors were from males and 41 from females. Of them, 97  
were central incisors and 5 were lateral incisors. 

For the control group, we screened files of patients with no 
documentation of a sinus tract with oblique occlusal radiographs  
of primary maxillary incisors. The circumstances for taking a  
radiograph of maxillary incisors with no evidence of presence of  
a sinus tract varied. These circumstances included: as a routine  
procedure to exclude presence of impacted anterior supernu- 
merary teeth; as a routine procedure for treating children under 
general anesthesia; to evaluate the extent of dental caries; and  
for routine follow-up after traumatic injury.

We established a control group comprising 390 oblique  
occlusal radiographs of healthy “equally old” incisors from 156 
children: 65 girls and 91 boys. Of these, 239 were of central 
incisors and 151 lateral incisors. We note that several control  
teeth were included from the experimental group from chil- 
dren with adjacent healthy incisors. In 23 children, 67 incisors  
(41 centrals and 26 laterals) were adjacent to teeth with sinus  
tracts and served as controls. In 10 children, 1 adjacent incisor  
served as the control; in 5 children, 2 adjacent teeth served as 
controls; and in 8 children, 3 teeth were suitable as controls.

The maximum ages for inclusion in the study were 5 years  
for central incisors and 6.5 years for lateral incisors. These  
ages, which precede the ages for estimated normal eruption by  
approximately 2.5 to 3 years, were determined to exclude 
radiographic changes associated with the exfoliation process.  
Moreover, only teeth with minimal or no physiological re- 
sorption were included in the study (ie, the length of the con- 
tralateral healthy root was twice that of the crown). Physiologic  
resorption was defined by the following conditions: irregularity  
of the outline of the primary incisor root; extension of resorption  
comparable to that of the healthy contralateral/adjacent primary 
incisors; and an intact lamina dura without radiolucency in the 
adjacent bone. By contrast, surface (not physiologic) resorption  
was defined by disproportional resorption of the primary tooth 
root relative to the dental age of the adjusted healthy incisors  
and by a lack of resorption in the bone adjacent to the intact  
lamina dura (Figures 1-3).

Dental files containing a high quality oblique occlusal radio-
graph of central or lateral incisors were analyzed according to a 
structured form. Demographic and clinical data were collected, 
including: age; gender; tooth location; date of traumatic in- 
jury (when documented); presence of radiographic pathology; 
and clinical pathology. Deep proximal caries was defined by  
the lesion exceeding half of the distance between the dentino-

enamel junction (DEJ) and the pulp border. Clinical records of  
presence of a sinus tract were collected as well as records of crown 
discoloration, and crown fracture indicated previous traumatic 
injury. Radiographs were classified as having no pathological  
changes, including obliteration of the dental pulp, or as having  
pathological changes in the roots of the primary teeth: presence  
of surface root resorption; inflammatory external resorption  
(associated with radiolucency in the adjacent bone); internal  
root resorption; and cessation of pulp chamber development. 

In addition, radiographs were analyzed for changes in the 
dental sac of the corresponding developing permanent dental 
follicle. The criteria used to determine pathology in the dental  
sac were: enlargement by more than 2 mm compared to the  
adjacent intact tooth2,27; radiolucency of the dental sac that was 
increased more than that of the pulp of the primary incisor;  
and loss of or incomplete lamina dura (loss of the compact  
bone lining the border of the dental sac of the developing per- 
manent tooth bud; Figures 1-6.

The X-rays were evaluated by all 3 investigators separately  
using a back light and magnifying glass (3x). Initially, all 3 in- 
vestigators analyzed a sample of 25 oblique occlusal radiographs 
to set criteria for the study, prior to correlation to clinical find- 
ings. Later, at 2 separate meetings, all 3 investigators evaluated  
the radiographs according to the established classification while 
being blinded to information regarding presence or absence of  
a sinus tract. They discussed lesions about which they disagreed 
until they reached a unanimous decision. 

Intrarater reliability. In a pilot study, 25 to 48 oblique  
occlusal radiographs were evaluated by 3 authors over a 1-week 
interval or longer. The mean intraexaminer reliability for scoring 
of loss of lamina dura was approximately 93%, for increased 
radiolucency 98%, for increased size of the dental sac 98%, for 
inflammatory resorption 98%, and approximately 99% for sur- 
face resorption.

Statistical analysis. Student t test and chi-square tests were 
used to calculate the statistical significance of differences be- 
tween continuous and nominal variables, respectively. For chi- 
square tests of dichotomous variables, the continuity correction 
was applied. Analyses were carried out using the standard statis- 
tical package (SPSS 10.0, SPSS Inc, Chicago, Ill., USA). Odds 
ratios (ORs) were calculated to estimate the probability of a  
tooth developing a sinus tract after a traumatic injury or experi-
encing deep caries or when there was radiographic evidence 
of: inflammatory resorption; internal pulp resorption; and/or  
cessation of pulp chamber development, enlarged dental sac, 
increased radiolucency of the dental sac, and loss of lamina dura. 

Interactions between the presence of a sinus tract and radio-
graphic changes were evaluated by 2-way analysis of variance 
(ANOVA). We performed 2 multivariate analyses to investi-
gate the variables associated with radiograph changes in the 
primary root and in the dental sac. The level of significance  
was set at 5%.

Results
Patient characteristics. The age range of the children was 1.5  
to 6.6 years old (mean=3.4±1.0 years old). The distribution of  
sinus tracts, according to children’s age, is presented in Figure 
7. There was no statistically significant difference between the 
mean ages of the 85 children with sinus tracts (4.3±0.9 years  
old; range=1.5-6.0 years old) and the 156 children without  
sinus tracts (4.5±1.0 years old; range=1.6-6.6 years old) by  
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t test. Sinus tract was significantly more common in central 
than in lateral incisors (98/337 vs 4/155, respectively; P<.001— 
by chi-square test). No correlation was found between the  
presence of a sinus tract and gender. 

Clinical examination (Table 1). A previous injury was 
documented in 180 (~37%) teeth. Of them, 61 (~34%) also  
had sinus tracts. Teeth subjected to a traumatic injury had sig- 
nificantly more sinus tracts (61/180, ~34%) than teeth not sub- 
jected to traumatic injuries (41/312, ~13%; P<.001, OR=3.4).

No caries, including caries extending up to half the distance 
between the DEJ and the pulp border, was detected in 278 and 
108 incisors, respectively. Dental caries not exceeding beyond  
the DEJ was detected in 18 incisors. Of them, 2 (~11%) had  
sinus tracts and 16 (~89%) did not. Dental caries extending up 
to half the distance between the DEJ and the pulp border were 
detected in 47 incisors. Of them, 8 (17%) had sinus tracts and 
39 (83%) did not. Deep proximal caries (the lesion exceeded 
beyond the halfway point between the DEJ and the pulp  
border) was detected in 106 incisors. Sinus tract was signifi- 
cantly more prevalent in teeth with deep caries (49/106, ~46%) 
than in teeth without caries or with proximal caries extending  
up to half the distance between the DEJ and the pulp border 
(57/386, ~15%; P<.001; OR=3.9).

Sinus tract was significantly more prevalent in teeth with 
both deep proximal caries lesions (the lesion exceeded beyond  
the halfway point between the DEJ and the pulp border) and 
evidence of previous traumatic injury (26/46 ~57%) than in  
teeth with only deep carious lesions (31/107, 29%) or only  
with evidence of previous traumatic injury alone (35/134,  
~26%; P<.001).

Radiographic findings related to primary incisor roots  
(Table 1). External inflammatory root resorption was diagnosed  

radiographically in 131 teeth. Teeth with external inflammatory 
root resorption had significantly more sinus tracts (88/131,  
~67%) than teeth without external inflammatory root resorp- 
tion (14/361, ~4%; P<.001; OR=50.7).

Presence of pulp necrosis, diagnosed by cessation of pulp  
chamber development or by internal inflammatory resorption,  
were diagnosed radiographically in 7 and 29 teeth, respec- 
tively. Fifty-five teeth showed radiographic evidence of pulp  
obliteration. Sinus tracts were significantly more prevalent in  
teeth with pulp necrosis or internal inflammatory root resorp- 
tion than in teeth without any sign of pulp pathosis or with 
pulp obliteration (26/36, ~72% vs 76/456, ~17%, respectively;  
P<.001; OR=13.0).

Surface root resorption was diagnosed radiographically in 
23 teeth. Of them, 3 had sinus tracts. No significant differ- 
ences were detected between the presence of surface root re- 
sorption and the presence of sinus tracts.

An enlarged dental sac was diagnosed radiographically in  
189 teeth. Sinus tract was diagnosed radiographically in sig- 
nificantly more teeth with enlarged dental sac than in teeth  
without (82/189, ~43% and 20/303, ~7%, respectively; P<.001, 
OR=10.8).

Increased radiolucency of the dental sac of corresponding 
permanent teeth was diagnosed radiographically in 183 teeth. 
Teeth radiographically diagnosed with increased radiolucency 
of the dental sac had significantly more sinus tracts than teeth 
without (88/183, ~48% and 14/309, ~5%, respectively; P<.001; 
OR=19.5).

Loss or discontinuity of the lamina dura of the dental sac 
of the corresponding permanent tooth bud was diagnosed 
radiographically in 145 teeth. Teeth in which there was loss  
or discontinuity of the lamina dura of the dental sac of the  

Figure 1. An oblique occlusal radiograph of maxillary incisors showing a 
healthy dental sac of the developing permanent central incisors and cessation of 
development of the pulp chamber of the primary left central incisor (necrosis).
Figure 2. An oblique occlusal radiograph of maxillary incisors showing a healthy 
dental sac of the permanent teeth buds of the central incisors and surface  
root-resorption of the primary central incisors.
Figure 3. An oblique occlusal radiograph of maxillary incisors showing an en- 
larged dental sac (>2 mm compared to the adjacent intact tooth) of a develop- 
ing permanent central incisor and surface root resorption of the primary  
central incisors.
Figure 4. An oblique occlusal radiograph of maxillary incisors showing in- 
creased size (>2 mm compared to the adjacent intact tooth) and radiolucency 
(more than the pulp chamber) of the dental sac of the permanent central in- 
cisors while the lamina dura of the dental sac is intact.

Figure 5. An oblique occlusal radiograph of maxillary incisors showing external inflammatory root resorption of the primary central incisors with both increased size and radio- 
lucency of the dental sac of the permanent central incisors, but with intact lamina dura.
Figure 6. An oblique occlusal radiograph of maxillary incisors showing primary left central and left lateral incisors with inflammatory root resorption and both increased size  
and radiolucency of the dental sac as well as loss of the lamina dura of their corresponding permanent central incisors. The root of the primary right incisor and its correspond- 
ing permanent dental bud are within the normal range. 
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corresponding permanent tooth bud had significantly more si- 
nus tracts than teeth without (85/145, ~59% and 17/347,  
~5%, respectively; P<.001; OR=27.5).

Multivariate regression analysis. Multivariate analysis re- 
vealed 3 of the variables related to the primary tooth to be in- 
dependently correlated with the presence of a sinus tract: deep 
caries; external inflammatory root resorption; and pulp necrosis 
with or without internal inflammatory root resorption.

 In a separate multivariate analysis, 2 of the variables asso-
ciated with the dental sac of the developing permanent teeth  
were found to be independently correlated with the presence  
of a sinus tract: increased radiolucency and loss of the lamina  
dura of the dental sac (Table 2).

Discussion
Timely treatment of a pulp infection is crucial to mini- 
mize pain, severe systemic infections, and damage to  
secondary successors.3,6,9,11-13,15,16,20 Postponing treat- 
ment of infected teeth may decrease success rates of  
root canal treatment in infected primary incisors.2

The currently available clinical signs for infection 
development (presence of a sinus tract, mobility, and 
sensitivity of the tooth to percussion) are usually asso- 
ciated with late diagnosis. Moreover, it has been shown 
that pulp infection can exist without clinical evidence 
of a sinus tract,26 and mobility or sensitivity to percus- 
sion can develop after a new traumatic injury and not  
just as a consequence of pulp infection.

Radiography is another commonly used tool for 
diagnosing infection in dentistry and in medicine.33 A 
literature search (PubMed®) for studies containing the 
keywords “pulp infection,” “dental sac,” “infection,” and 
“radiographic signs,” however, yielded only 3 refer- 
ences. The only one that was relevant discussed the  
clinical interpretation of enlargement of the dental  
sac.27 Neither did we find data related to our findings  
in oral pathology, oral radiology, pediatric dentistry, 
or dental traumatology textbooks,6,28-32 except for one  
reference to expansion of the follicle of permanent  
teeth following dental trauma.32

The present study showed that deep caries, inflam- 
matory resorption (resorption of root and adjacent 
alveolar bone), and pulp pathosis were related to the 

presence of pulp infection. Traumatic injuries, however, were 
not significantly correlated statistically with infection in  
logistic regression analysis. This may be due to our inability to  
classify traumatic injuries according to their severity, in con- 
trast to dental caries. Interestingly, although the relation be- 
tween a sinus tract and deep caries is obvious to most clinicians,  
the present study is one of the few to show correlation between  
deep caries and the development of a sinus tract in children.

The positive relation between inflammatory resorption and 
pulp infection agrees with previous studies, which showed that 
pulp infection in permanent teeth extending into the perio- 
dontal ligament space depends on the total microbial content  
and virulence of the micro-organism involved and duration of  
the infection.29 If the infection is not treated, the periapical pa- 
thosis becomes radiographically visible.3,6,18,19,22-24 These findings  
are also in accordance with an evaluated study of full-mouth 
radiographs of 616 individuals, which showed dental caries to  
be associated with an increased risk for apical periodontitis.25 

In primary incisors, pulp infection was mainly expressed by 
inflammatory root resorption and less by apical periodontitis,  
as is usually expressed in permanent incisors. This may be  
due to the fact that, in primary roots, the cementum is usually  
damaged by the physiological root resorption process, even  
without traumatic injury.6 

In the present study, we evaluated 3 radiographic changes 
associated with the developing permanent dental bud in the 
presence of infection, namely: enlargement of the dental sac; in- 
creased radiolucency; and loss of the lamina dura. The criterion 
“enlargement of the dental sac more than 2 mm relative to the 
adjacent teeth” was established by Rocha and Cardoso.2 In the 
absence of established criteria in previously published articles  
or textbooks, the other 2 criteria were determined according to 

With  
sinus tract

Without  
sinus tract

Figure 7. Distribution of teeth with and without sinus tract according to child’s age.  
In some children, several incisors were analyzed.

Table 1.     ASSOCIATION OF DIFFERENT VALUES WITH THE PRESENCE OF A SINUS TRACT USING  
                  UNIVARIATE ANALYSIS

Variables No. of teeth
with  

sinus tract

Odds ratio 
of a sinus tract

(95% confidence 
interval)

Range P-value

No Yes

Associated with 
medical history

Traumatic  
injury

No 271 41 3.4 2.2-5.3 <.001

Yes 119 61

Associated with 
clinical examination
of the teeth

Deep caries No 333 53 3.9 2.5-6.1 <.001

Yes 57 49

Associated with  
the affected root  
of the primary  
tooth

External  
inflammatory 
resorption

No 347 14 50.7 26.6-96.9 <.001

Yes 43 88

Internal pulp  
resorption and/or  
cessation of pulp 
chamber  
development

No 380 76 13.0 6.0-28.1 <.001

Yes 10 26

Associated with  
the dental bud  
of corresponding
permanent tooth  
bud

Enlarged dental  
sac

No 283 20 10.8 6.3-18.6 <.001

Yes 107 82

Increased
radiolucency
of the dental sac

No 295 14 19.5 10.6-35.9 <.001

Yes 95 88

Loss of lamina  
dura

No 330 17 27.5 15.3-49.6 <.001
Yes 60 85
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our own previous clinical experience and were based on the 
knowledge that infection is usually associated with bone resorp- 
tion. According to the present study, radiographic evidence of  
loss or discontinuity of the lamina dura or increase in radiolu- 
cency of the dental sac of the developing tooth bud indicate a 
presence of infection. Therefore, such teeth should be treated  
by extraction or by endodontic treatment, but should not be 
followed without intervention.

The treatment options depend on several factors, such as 
patient cooperation, restorability, financial costs, and whether  
the infection penetrated the dental sac of the corresponding  
permanent tooth bud. Another factor to be considered is that 
root canal treatment in infected primary incisors with periapical 
radiolucency was shown to induce 2 to 3 times more develop-
mental defects in their successor teeth than in healthy teeth or 
infected teeth treated by extraction.35 Further clinical studies 
should be conducted to evaluate the effect of the duration of  
these radiographic changes in the dental sac on the type and  
severity of developmental disturbances in erupted permanent  
teeth.

In the current study, multivariate analysis did not show an 
increase in the size of the dental sac to correlate with the pres- 
ence of infection. These results concur with previous studies 
showing that a dental sac greater than 2 mm presented in: 72% 
of the injured teeth; all types of coronal discoloration; occlusal  
trauma caused by thumb-sucking; obliteration; and endodonti-
cally treated teeth.2,27 Moreover, a sinus tract was present in  
only 21% of the teeth with expanded dental sacs.34 Accordingly, 
an enlarged dental sac may indicate presence of breakdown  
products from necrotic, uninfected pulps. Though this does not  
necessitate operative intervention, it may require continuous  
clinical and radiographic follow-up. 

The main limitations of the present study were due to its 
retrospective design. For one, oblique occlusal radiographs were  
not all exposed using the same radiographic conditions. Never-
theless, radiographic changes were evaluated in comparison to 
adjacent unaffected teeth that were obviously exposed to the  
same radiographic conditions. In addition, teeth with deep  
buccal caries but without proximal lesions were not always in- 
cluded in the group of deep caries. 

Conclusions 
Based on this study’s results, the following conclusions can be  
made:

1.	 Primary incisors with radiographic evidence of  internal 
or external inflammatory root resorption are statis- 
tically associated with presence of a sinus tract, and  
therefore should be treated immediately by root canal 
treatment or by extraction;

2.	 Primary incisors in which there is loss or discontinuity 
of the lamina dura and increased radiolucency of the 
dental sac  of the corresponding permanent tooth 
bud are statistically associated with presence of a sinus  
tract, and therefore should be treated immediately by  
root canal treatment or by extraction;

3.	 Primary incisors with deep caries or with cessation of 
pulp chamber due to pulp necrosis, but without any 
other pathologic signs, are at high risk for infection,  
and therefore should be followed by periodic radio- 
graphic examination to exclude development of in- 
fection; and

4.	 Primary incisors in which there is enlargement of the 
dental sac of the corresponding permanent tooth do 
not necessitate operative intervention, but should be 
followed by periodic radiographic examination to ex- 
clude development of infection.
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