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Dental treatment under general anes-
thesia is often indicated for children 
with complex medical conditions, 

those who are uncooperative during dental 
care and those with extensive dental needs.1 
Hospitals providing dental care under general 
anesthesia, including the authors’ institution, 
have reported wait times of 40 to 60 weeks2 

from consultation to treatment. These waits 
are longer than the wait times for either oph-

thalmic services (10.6 weeks) or otolaryngo-
logic services (11.7 weeks) performed under 
general anesthesia.3

The wait-time literature for pediatric dent-
istry has focused on the consequences of delays 
in dental treatment.4,5 To the authors’ know-
ledge, only one paper has described the use 
of a prioritized scheduling system for elective 
dental treatment of children under general 
anesthesia.6 
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ABSTRACT

Objective:	 To evaluate the clinical relevance of access targets for elective dental  
procedures performed under general anesthesia at The Hospital for Sick Children in 
Toronto, Ontario, by assessing incremental changes in the burden of dental disease  
over wait times for such procedures. 

	Methods:	Children scheduled for elective dental procedures under general anesthesia 
were assigned a priority according to the dental diagnosis and the medical risk status. 
Each priority level was defined by a specific diagnostic code and access target (maximum 
acceptable wait time). The dental records of children who underwent dental proce-
dures with general anesthesia between June 2005 and December 2008 were assessed 
retrospectively. A novel assessment scale was used to measure the cumulative burden of 
dental disease during the waiting period. 

Results:	 A total of 378 children (age range 10 months to 17 years) met the inclusion 
criteria. Statistically significant correlations were identified between disease burden and 
wait times for priority group IV (access target 90 days) (p = 0.004), for the entire sample 
(p < 0.001), for children with advanced dental caries and low medical risk (p = 0.005),  
for patients with comorbidities (p = 0.036), for healthy patients (p < 0.001), for females  
(p = 0.014) and for males (p = 0.008). The mean cumulative burden of disease over  
time did not differ between matched groups with and without comorbidity (p = 0.38).

Conclusions: A trend suggestive of increasing burden of dental disease for children with 
longer wait times for elective dental procedures involving general anesthesia was found, 
but it was not clinically significant. Refinements in the assessment scale and a better 
understanding of the natural history of dental disease will likely be useful in developing 
clinically relevant access targets.
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Prioritization	System	at	The	Hospital	for	Sick	
Children

The Canadian Child and Youth Health Coalition de-
veloped a 7-level system in 2005 to prioritize children 
for elective surgery in Canada7 (Table 1). The Dental 
Department of The Hospital for Sick Children (SickKids) 
in Toronto, Ontario, created a complementary system 
that used 9-letter diagnostic codes to describe a child’s 
medical and dental status (e.g., DOSACDACA = dental 
abscess, low medical risk) (Table 2). A diagnostic code 
was assigned to each child at the time of the decision to 
treat, when the child or the parent or guardian consented 
to dental treatment under general anesthesia. Each di-
agnostic code was linked to a priority level and associ-
ated access target (maximum acceptable wait time). Each 
access target was based on the anticipated effect of the 
dental diagnosis on any existing medical comorbidity. 
Pediatric surgical access targets in Canada, including the 
National Paediatric Surgical Wait Times Strategy7 and 
the scheme used at SickKids, have been based on con-
sensus and have been implemented at pediatric hospitals 
to aid in the prioritization of children for surgery. 

The objective of the study reported here was to deter-
mine the clinical relevance of prescribed access targets 
for elective dental treatment performed under general 
anesthesia at SickKids by assessing incremental changes 
in the burden of dental disease over the waiting time for 
dental treatment. The clinical relevance of the current 
wait-time model was evaluated according to whether the 
disease burden increased significantly during the time 
elapsed from consultation to treatment.

Methods

Selection of Patient Records
A password-protected database (FileMaker Pro, ver-

sion 8.5.1; FileMaker, Inc., Santa Clara, CA) was designed 
to hold wait-time data for patients (aged 0 to 17 years) 
scheduled for elective dental treatment from June 2005 

Table	�	 Priority levels and designated access targets of the 
National Paediatric Surgical Wait Times Strategy 7

Priority Access	target

I Within 24 hours

IIa Between 24 hours and 1 week

IIb Between 1 to 3 weeks

III Within 6 weeks

IV Within 3 months

V Within 6 months

VI Within 12 months

All cases Within 18 months

onward. One investigator (SSC) conducted a retrospective 
analysis of patient records from the database and hand-
searched dental charts to assess eligibility for inclusion.

The inclusion criteria were as follows:
• planned elective dental treatment under general 

anesthesia
• date of decision to treat between June 2005 and 

December 2008 
• preoperative dental assessment completed and veri-

fied for accuracy by a staff pediatric dentist 
• report of dental treatment completed on the day of the 

general anesthesia 

The Research Ethics Board at SickKids granted 
approval (REB approval no. 1000012706) for this 
investigation. 

Data Collection
A spreadsheet was used to organize the data from the 

records of eligible patients. To anonymize the patients’ 

Table	�		Examples of diagnostic codes and associated priority 
levels from the prioritization system developed by 
The Hospital for Sick Children in Toronto, Ontario

Diagnostic	code	and	description Priority

DOSACSFCA
Unilateral facial cellulitis

IIa

DOSDCADAA
Advanced dental caries: visible carious  
lesions and/or pain – high-risk medical 
status

IIa

DOSDCADBA
Advanced dental caries: visible carious  
lesions and/or pain – moderate-risk  
medical status

III

DOSDCADCA
Advanced dental caries: visible carious  
lesions and/or pain – low-risk medical 
status

IV

DOSACDAAA
Dental abscess – high-risk medical status

IIa

DOSACDABA
Dental abscess – moderate-risk medical 
status

III

DOSACDACA
Dental abscess – low-risk medical status

III

DOSDCDCAA
Dental caries – high-risk medical status

IV

DOSDCDCBA
Dental caries – moderate-risk medical 
status

IV

DOSDCDCCA
Dental caries – low-risk medical status

IV
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Assessment Scale
Five staff pediatric dentists from SickKids held 2 ex-

pert panel meetings, in November and December 2008, 
to develop a consensus-based assessment scale. The or-
dinal scale identified the increasing burden of disease 
associated with various conditions of the primary and 
permanent dentition (Fig. 1). 

The expert panel ranked the burden of disease ac-
cording to the treatment required and the anticipated 
treatment outcomes. The end points of the scale were 
sound tooth structure (least severe burden of disease) 
and extractions of one or more permanent teeth pro-
ducing functional and/or esthetic and/or orthodontic 
consequences (most severe burden of disease). With this 
scale, the change in burden of disease for individual 
teeth is described as a positive, negative or zero integer. 
A positive score represents an increase in the disease 
burden over time (e.g., progression of a 2-surface carious 
lesion on a primary anterior tooth at the time of decision 
to treat to pulp therapy at the time of treatment would 
yield a score of +2). A negative score represents a decrease 
in the disease burden between the decision to treat and 
treatment (e.g., if a primary posterior tooth was deemed 
to need pulp therapy at the time of decision to treat, but 
a 2-surface restoration was performed at the time of 
dental general anesthesia, the score would be –3). A zero 
score represents comparable levels of disease burden at 
the time of decision to treat and the treatment date and 
was assessed as no change in the child’s overall disease 
burden. 

With this assessment scale, scores for burden of dis-
ease ranged from –12 to +12 for each tooth, representing 
the number of levels of disease burden over which a 
tooth could advance over time, but not the magnitude 
of change between levels. For example, if restoration of a 
primary maxillary incisor was planned at the time of de-
cision to treat, but additional treatment was actually per-
formed (e.g., the planned restoration plus pulp therapy), 
the disease burden was deemed to have increased during 
the wait time, but the magnitude of the increase was un-
known. The total score for each child was the sum of the 
scores for all existing teeth. Orthodontic extractions and 
teeth that exfoliated during the wait for treatment were 
excluded from the calculation. In addition, the primary 
mandibular incisors were excluded from the calculation 
because the treatment philosophy for incipient decay of 
these teeth was variable at the study hospital, some den-
tists favouring enameloplasty and others favouring ex-
traction. The decision to exclude the primary mandibular 
incisors reflected the potential for divergent scoring be-
cause of limited treatment options and limited levels of 
disease burden for these teeth.

data, identification numbers were used in place of  
patient identifiers. The wait time for each child was the 
number of days elapsed from the decision to treat until 
the date of general anesthesia. The number of days waiting 
beyond the access target was the difference between  
the actual wait time and the prescribed access target 
for the child’s assigned diagnostic code. The change in 
the burden of disease over the wait time for each child  
was scored with a novel assessment scale, described 
below. 

Figure	�: Scale used to score changes in the burden of dental 
disease. The red arrow indicates increasing severity of the burden 
of disease. The change in burden of disease for individual teeth is 
described as a positive, negative or zero integer.

Dental 
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Statistical Analysis 
For the purpose of analysis, the sample was divided 

into subgroups by priority level, diagnostic code, med-
ical status (with or without comorbid conditions) and 
sex. Observations were represented graphically on scatter 
plots, and best-fit trend lines were calculated by linear re-
gression. These regression analyses were completed on the 
larger subsets of the sample (i.e., priority groups III and 
IV; diagnostic codes DOSDCADCA and DOSDCADBA), 
which were deemed representative of children treated at 
SickKids. The correlation between the number of days 
waiting beyond the access target (the independent vari-
able) and the total score or change in disease burden (the 
dependent variable) was evaluated with Pearson’s cor-
relation coefficient (r). To assess for differences between 
the groups with and without comorbid conditions, pairs 
of patients matched by age (in months), sex and priority 
code were selected from the 2 groups, and a paired- 
samples t test was performed. 

SAS software (version 9.1; SAS Institute Inc., Cary, 
NC) was used for statistical analysis. A p value of 0.05 or 
less was considered statistically significant. A descriptive 
summary was completed for study patients seen on an 
emergency basis at SickKids during the observed wait 
time.

Results
The dental records of 378 children (179 female, 199 

male, ranging in age from 10 months to 17 years) seen 
for consultation between June 2005 and December 2008 
were included in the analysis. The mean age (± standard 
deviation) at the time of the decision to treat was 4.95 ± 
3.68 years. Two hundred and eighty-eight (76.2%) of the 
children had comorbid conditions. The 2 largest subsets 
by priority status, priority III (access target 42 days) and 
priority IV (access target 90 days), accounted for 100 
(26.5%) and 266 (70.4%) of the bookings, respectively 
(Table 3). The mean number of days waiting beyond the 

Table	�	 Summary of total scores with the novel assessment scale and waiting times beyond access target for priority levels 

Priority
Access	target	

(days) Sample	size Mean	total	scorea	±	SD
Mean	no.	of	days	beyond	

access	target	±	SD

I 1 0 NA NA

IIa 7 12 1.33 ± 8.08 40 ± 98

IIb 21 0 NA NA

III 42 100 5.45 ± 10.26 77 ± 100

IV 90 266 7.57 ± 8.34 143 ± 129

V 180 0 NA NA

VI 365 0 NA NA

All 378 6.81 ± 8.96 122 ± 125

Note: NA = not available, SD = standard deviation.
aScore on a novel assessment scale developed at The Hospital for Sick Children, in which the change in burden of disease for individual teeth is described as a positive, negative 
or zero integer. A positive score represents an increase in the disease burden over time, a negative score represents a decrease in the disease burden over time, and a zero score 
represents no change in overall disease burden.
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Figure	�:	Correlation between burden of disease and excess waiting time for (a) priority III group (target access time 6 weeks), priority IV  
group (target access time 6 months) and (b) the entire group. For the priority III group, r = 0.112 (p = 0.27). For the priority IV group, r = 0.176  
(p = 0.004). For the entire group, Pearson’s r = 0.184 (p < 0.001).
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teeth (1/37) during their wait for dental treatment under 
general anesthesia. Three hundred (79.4%) of the patients 
were not treated within their assigned access targets.

In the regression analysis by priority group, there was 
a small positive correlation between change in burden of 
disease and waiting time for the priority III group, but 
it was not statistically significant (Fig. 2). In contrast, 
the correlations for the priority IV group and the entire 
sample were statistically significant (Fig. 2).

The data set was also organized by diagnostic code, 
medical status and sex. In terms of diagnostic codes, the 
2 largest groups consisted of cases of advanced visible 
carious lesions with low medical risk, the DOSDCADCA 
group, and moderate medical risk, the DOSDCADBA 
group. For both of these groups, the correlation was 
small and positive, but it was statistically significant only 
for the DOSDCADCA group (Fig. 3). For patients with 
and without comorbid conditions, the correlations were  
small and statistically significant (Fig. 4). The correla-
tions by sex were similar in magnitude and statistically 

Table	�	 Summary of regression analyses by priority level, diagnostic code, medical status and sex 

Group n Slope	(b) p	value

Priority III 100 0.01 0.27

Priority IV 266 0.01 0.004

All priorities 378 0.01 < 0.001

DOSDCADCA (advanced dental caries, low medical risk) 181 0.01 0.005

DOSDCADBA (advanced dental caries, moderate medical risk) 63 0.003 0.82

Healthy 91 0.008 < 0.001

Comorbidity 288 0.009 0.036

Female 179 0.01 0.014

Male 199 0.01 0.008
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Figure	�:	Correlation between burden of disease and excess 
waiting time for the groups with diagnostic codes DOSDCADCA 
and DOSDCADBA. For the DOSDCADCA group (advanced dental 
caries, low medical risk), Pearson’s r = 0.210 (p = 0.005). For the 
DOSDCADBA group (advanced dental caries, moderate medical risk), 
Pearson’s r = 0.030 (p = 0.82).

Figure	�:	Correlation between burden of disease and excess waiting 
time by medical status. For patients without comorbid conditions, 
Pearson’s r = 0.387 (p < 0.001). For patients with comorbid condi-
tions, Pearson’s r = 0.124 (p = 0.036).
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Figure	�:	Correlation between burden of disease and excess waiting 
time by sex. For females, Pearson’s r = 0.183 (p = 0.014). For males, 
Pearson’s r = 0.188 (p = 0.008).

access targets was 122 ± 125 days. Thirty-seven (9.8%) of 
the children were seen on an emergency basis for dental 
pain (28/37), swelling (6/37), trauma (2/37) or exfoliating 
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significant (Fig. 5). However, the difference in mean 
total score between sexes was not statistically significant  
(t = –1.11, df = 376, p = 0.27). 

Regression analyses by subgroup produced slopes that 
approximated a zero value (b ≤ 0.01). This indicated that 
large increases in the number of days waiting beyond the 
access target were associated with small increments in the 
burden of disease (Table 4).

Forty-three pairs of patients matched by age, sex and 
priority code were identified from the groups with and 
without comorbid conditions. The mean total change in 
disease burden was similar for the groups with comorbid 
conditions (4.72 ± 8.35) and without comorbid conditions 
(6.30 ± 8.17); this difference was not statistically signifi-
cant (t = 0.89, df = 42, p = 0.38).

Discussion
To the authors’ knowledge, this investigation was the 

first to study access targets for elective procedures re-
quiring general anesthesia in pediatric dentistry. Notably, 
most of the patients (79.4%) did not undergo the neces-
sary procedure within the defined access target. Long 
wait times resulted in emergency visits for 37 (9.8%) of 
the children, with dental pain being the most common 
complaint (28/37). These results are similar to those  
obtained by Lush and Roebuck4 and North and 
colleagues.5

The access targets employed in this study were based 
on consensus and were used by all surgical services with 
operating room time. Because the access targets were not 
specific to particular dental diseases, it was important to 
determine whether their use would result in children re-
ceiving dental treatment before their condition worsened 
appreciably. Given this model, the prescribed access tar-
gets would be considered clinically relevant if children’s 
dental burden of disease did not increase over wait times 
that approximated the access targets. The major assump-
tion of this study was that severity of dental disease 
would increase between the date of the decision to treat 
and the treatment date. However, this assumption was 
not supported by the data. Regression analyses showed 
small increases in the severity of dental disease over time 
for this sample, but these changes were not clinically 
significant, as the slopes approximated zero (b ≤ 0.01). 
The most likely explanation for this finding is that by the 
time of a decision to treat at SickKids, patients’ dental 
disease burden approximated maximal severity for their 
respective conditions. 

Although the SickKids prioritization system showed 
good face validity,6 the clinical relevance of the access 
targets could not be demonstrated because of the very 
small increase in dental disease burden between the dates 
of consultation and treatment. It is possible that the cor-
relation between change in dental disease burden and 
wait times was obscured by factors such as the dental 

priority criteria, the assessment scale, the accuracy of 
treatment planning on the date of decision to treat and/or 
the dental disease state. 

In this study, patients were prioritized according 
to only 2 criteria: dental diagnosis and medical risk. 
Given that these 2 criteria were already being assessed 
for children who needed to undergo a dental procedure 
requiring general anesthesia, this system was clinically 
efficient. However, the simplicity of the prioritization 
system might have prevented consideration of important 
clinical and nonclinical factors, such as dental age and 
oral health-related quality of life. Dental age may be in-
versely related to the urgency of the need for treatment 
of dentin caries, as the pulp to crown ratio is greater and 
the risk of abscess before treatment potentially greater in 
younger than in older children. Similarly, a child’s quality 
of life may be adversely affected by pulpal pain from un-
treated caries that impairs the activities of daily living. A 
decrease in a child’s oral health-related quality of life may 
indicate a higher priority for dental treatment. 

Existing measures of dental disease burden, such as 
the decayed, missing and filled (DMF) index of Klein and 
Palmer,8 were deemed inadequate to describe gradations 
in the severity of progressive dental disease. The lack of 
available alternatives led to the development of a novel 
assessment scale based on expert consensus. This assess-
ment scale was used to measure the change in disease 
burden for each tooth during the wait time, but it did not 
allow quantification of the magnitude of change between 
levels of disease burden. Future studies could use a visual 
analogue or Likert-type scale, with ratings by caregivers, 
patients or pediatric dentists, to discern differences be-
tween successive levels of dental disease, similar to pri-
oritization studies in medicine.9-13

Clinical examination and radiography may have been 
limited by patient cooperation on the date of decision to 
treat, with cooperation being affected by age or comorbid 
conditions. These factors might have affected diagnosis of 
the quantity and severity of caries at the time of decision 
to treat, which might in turn have affected the accuracy 
of scoring. Despite this limitation, it was felt that the dis-
ease burden scores were not adversely affected, given the 
large sample size and the extensive clinical experience 
of staff pediatric dentists. Scoring might also have been 
affected by previous treatment planning practices. In  
the past, staff pediatric dentists at SickKids planned  
treatment in anticipation of caries progression during 
longer waits for dental procedures requiring general anes-
thesia; this approach ensured that families were aware of 
potential costs and aided in the allocation of operating 
room time. For this study, however, the staff pediatric 
dentists were instructed to plan treatment as if the child 
were to be treated on the day that the decision to treat 
was made. The previous system of treatment planning, 
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with allowance for disease progression, may have biased 
the data. 

It is possible that the change in disease burden was 
minimal during the wait for treatment, because SickKids 
is a tertiary care centre and often the final point of care 
for children with dental needs. Consequently, in many 
instances, the dental disease was so advanced at the time 
of decision to treat that only minimal progression was 
possible. Most of the disease progression likely occurred 
during the wait for consultation with the patient’s pri-
mary community-based dental provider, which would 
often be followed by referral to a pediatric dentist and 
finally referral to the hospital. Therefore, disease progres-
sion would more likely be documented if prioritization 
occurred much earlier in the caries process. The results 
from this study may be comparable only with those ob-
tained in other pediatric tertiary care hospitals.

Conclusions
To the authors’ knowledge, this investigation was the 

first to evaluate the clinical relevance of access targets in 
pediatric dentistry, and this institution was also the first 
to devise a novel assessment scale of dental disease ac-
counting for both severity and progression. The increase 
in the burden of dental disease beyond the access targets 
was minimal, as patients presented with advanced dental 
disease on the date of decision to treat. Because most of 
the disease progression occurred before consultation, the 
current model for access targets for general anesthesia in 
pediatric dentistry may be more relevant in community-
based settings than at tertiary care centres. Despite the 
limitations of this study, a trend of increasing burden of 
dental disease in children was associated with prolonged 
wait times for elective dental treatment under general 
anesthesia. Further assessment of the access targets in 
use at SickKids may benefit from refinements of the dis-
ease burden scale and a better understanding of the nat-
ural history of dental disease. a
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