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Abstract
Objectives Aim of this retrospective study was to examine the influence of general medical, demographical, and other patient-
specific factors on the need for dental treatment under general anesthesia in children and adolescents at Saarland University 
Hospital. For assessment of the clinical treatment need, a mixed dt/DT (decayed teeth) was introduced.
Materials and methods A total of 340 patients under 18 years of age who received restorative-surgical dental treatment 
between 2011 and 2022 were anonymously enrolled. Demographic and other patient-specific data, general medical health, 
oral health, and treatment related data were recorded. In addition to descriptive analysis, Spearman-Rho-test, Mann–Whitney-
U-test, Kruskall-Wallis-test and Chi-square-test were used.
Results More than half of the patients (52,6%) were in general health, but non-cooperative. The majority of the patients 
(66.8%) was between 1 and 5 years of age (p < 0,001). Mean dmft was 10.95 ± 4.118, mean DMFT was 10.09 ± 7.885, and 
mean dt/DT was 10.79 ± 4.273. Analysis showed that communication difficulties significantly influenced dmft (p = 0.004), 
DMFT (p = 0.019), and dt/DT (p < 0.001). Type of insurance significantly affected dmft (p = 0.004) and dt/DT (p = 0.001). 
There was no significant effect of ASA on caries experience, however on prevalence of severe gingivitis (p < 0.001), number 
of extractions (p = 0.002), and need for repeated treatment (p < 0.001).
Conclusions Need for dental treatment in the present collective was high, independent of the considered variables. Non-
Cooperativeness along with ECC was the main indication for dental general anesthesia. The mixed dt/DT was the most 
precise survey to evaluate clinical treatment needs.
Clinical relevance Given the enormous demand for these rehabilitations with strict selection, it is imperative to create more 
treatment capacities for patients mandatorily requiring general anesthesia by avoiding it in healthy patients.

Keywords Early childhood caries · Dental treatment · Dental general anesthesia · Children and adolescents · Non-
cooperative children · Special healthcare needs

Introduction

The caries experience of children and adolescents in Ger-
many has decreased over the last 20 years due to improved 
oral hygiene and preventive measures. Nevertheless, there 
are many cases of patients under 18 years of age revealing 
high numbers of carious teeth in the first, mixed, and second 
dentition. As early as 3 years of age, more than 10% of chil-
dren suffer from untreated Early Childhood Caries (ECC) 
[1]. The main reason for this is sugary diet. In particular in 
ECC, the consumption of sweet beverages via nursing bot-
tles plays a major role [2, 3]. Often, children do not visit a 
dentist until caries is far advanced. Untreated caries can lead 
to pain, infection, gingivitis, periodontitis, dysfunction, and 
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malnutrition, resulting in urgent need for dental treatment [4, 
5]. As caries is influenced by behavior, mental disabilities, 
physical disabilities, and other general diseases can promote 
the progression of caries, through the lack of compliance, 
mental and motor disorders, as well as missing caregiver 
support [6]. Many studies have confirmed that non-healthy 
children usually have a higher caries experience than healthy 
children in the primary and mixed dentition [7-10]. In par-
ticular in these non-healthy patients, the consequences of 
untreated caries can seriously affect their general health [5].

Socioeconomic factors like education level, family 
income, social status or type of insurance can also strongly 
influence the caries experience [3, 11-13]. In education-
ally deprived and socially disadvantaged families, daily 
oral hygiene and regular dental examinations have a lower 
priority, although unbalanced and high-carbohydrate diet is 
mainly prevailed [3, 14, 15].

Biological age, extent of treatment, non-compliance, 
anxiety, mental and physical disabilities, and general ill-
ness can significantly complicate dental treatment under 
office conditions and may be indications for dental treat-
ment under sedation or general anesthesia [16, 17]. Due 
to the fact that enteral moderate sedation with benzodiaz-
epines limits treatment time to approximately 30 min, beside 
nitrous oxide, general anesthesia has become a common way 
to comprehensively restore oral health of non-cooperative 
patients and those in need for special care [16, 18]. Never-
theless, any general anesthesia carries risks and should be 
considered only, if conventional chairside treatment proves 
impossible. In particular, general anesthesia may be more 
difficult in patients with special health care needs due to 
medical risk factors. The post treatment recovery period is 
also comparatively longer [18]. Therefore, the goal should 
be long-term dental rehabilitation in one step to avoid or at 
least to reduce repeated treatment under general anesthe-
sia. In addition to successful dental rehabilitation, regular 
follow-up is essential to ensure long-term oral health [19].

In our department, restorative-surgical dental rehabili-
tations under general anesthesia have been successfully 
performed in non-cooperative, mentally and/or physically 
challenged, or chronically ill children and adolescents 
for decades, even if these treatments are severely limited.

The aim of this retrospective study was to describe the 
characteristics of our patient collective and to check the 
influence of general medical health status, demographical 
and other patient-specific factors on the need for dental treat-
ment under general anesthesia. Therefore, the mixed dt/DT 
(decayed teeth) index was included, recording all decayed 
teeth at the initial visit, regardless of whether they were 
primary or permanent teeth. It allows to visualize the need 
for treatment independent of age and, therefore, being the 
most important survey. In contrast, the caries experience 
indices dmft and DMFT (decayed, missing, filled, teeth) 

are age-dependent and might be imprecise to evaluate the 
clinical treatment need, in particular in patients with mixed 
dentitions. There are no studies dealing with this prob-
lem. In addition, this study was designed to verify the suc-
cess of dental treatments under general anesthesia in our 
department.

Materials and methods

Subjects

The study included all patients under 18 years of age who 
received restorative-surgical dental treatment under general 
anesthesia at the Clinic of Operative Dentistry, Periodontol-
ogy and Preventive Dentistry at Saarland University Hospi-
tal between August  17th, 2011 and May  25th, 2022. Patients 
older than 18 at time of treatment or patients who primarily 
required surgical treatment only, were excluded.

The treatments under general anesthesia were performed 
by the Clinic of Operative Dentistry, Periodontology and 
Preventive Dentistry in premises of the Department of Oral 
and Maxillofacial Surgery at Saarland University Hospital. 
The indication for general anesthesia was only made when 
several treatment attempts in office conditions failed due 
to lack of compliance. Furthermore, general anesthesia was 
performed, when the medical condition of patients required 
treatment under general anesthesia or when extent of needed 
treatment in young children required quick action. After 
treatment, the patients were monitored inpatient until the 
next day. Sedation methods are generally not carried out in 
our department.

A total of 340 patients were enrolled. Once, they were 
divided into groups according to their anamnestic history: 
namely healthy/non-cooperative patients, mentally disabled 
and/or physically disabled patients, patients with general 
diseases and patients with mental disability and/or physical 
disability along with general diseases.

To compare the general medical health status to other 
studies, the patients were classified according to the Ameri-
can Society of Anesthesiologists Physical Status Classifica-
tion System (ASA-PS). This is the commonly used clas-
sification system for anesthesiologists to rank the medical 
health status of patients and thus assess the risks during 
treatment. It includes 6 ASA levels from healthy (ASA 1) to 
brain-dead (ASA 6). The higher ASA the higher the degree 
of illness and potential risks [20, 21].

In addition, patients were grouped based on general 
demographics and other patient-specific data. The monitor-
ing of patients was performed from initial examination to 
treatment and follow-up. Treatment mainly included dental 
fillings and extractions, fewer professional tooth cleanings, 
steel crowns and endodontic treatments.
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Study design

The study was designed as retrospective analysis and 
approved by the Ethics Committee of the Saarland 
Medical Association (289/21). Data collection was con-
ducted in 2022 via the dental patient record software 
Dampsoft (Dampsoft GmbH, Germany) and the general 
clinic software SAP (SAP Deutschland SE & Co. KG, 
Germany).

All data were compiled in anonymized form in a cus-
tomized table in Microsoft Excel (Microsoft Corpora-
tion, USA). The general patient parameters recorded 
were biological age, biological gender, type of health 
insurance, type of referral, communication difficulties 
and distance from home. The criteria for communica-
tion difficulties were defined by the need for an inter-
preter or that the medical history form was filled in 
another language.

The general medical data collected were medical his-
tory and ASA.

The oral health data collected were dmft/DMFT, mixed 
dt/DT, ECC type and occurrence of severe gingivitis. The 
dmft and DMFT are used as standard indices in clinical 
investigations and epidemiological studies to capture car-
ies experience of patients. It includes decayed, already 
missing and filled teeth. The dmft considers primary 
teeth, the DMFT permanent ones [22-24]. The mixed dt/
DT captures all decayed teeth independent of dentition 
at time of examination and was used in this study for the 
first time. The ECC typification according to Amjad Hus-
sain Wyne, used in this study, describes the degree and 
form of caries disease in preschool children. ECC type 1 
(mild to moderate) describes isolated caries on molars or 
incisors. ECC type 2 (moderate to severe) describes car-
ies affecting the upper incisors with or without molars, 
also called,,The Nursing Bottle Syndrome’’. ECC type 
3 (severe) describes caries affecting almost all teeth, 
including the lower incisors [25]. The criteria for defin-
ing the presence of severe gingivitis were only based on 
clinical documentation.

The data collected related to treatment were date 
of treatment, intubation type, number of professional 
tooth cleanings, number of dental fillings, number of 
tooth extractions, number of steel crowns, number of 
endodontic treatments, number, and type of complica-
tions during and after treatment, follow-up and num-
ber of repeated treatments under general anesthesia. In 
addition, the number of pulp openings during treatment 
was recorded, describing when a pulp was opened dur-
ing caries excavation due to deep caries. In this case, 
teeth must be extracted as endodontic treatments in our 
department are not usually performed under general 
anesthesia.

Analysis

The data analysis utilized IBM SPSS 28 (IBM Deutschland 
GmbH, Ehningen, Germany). A general descriptive analysis 
was carried out. Normal distribution was checked by use 
of the Shapiro–Wilk test. The significance level was set at 
p = 0.05. Testing the hypotheses, the Spearman-Rho-test, the 
Mann–Whitney-U-test, the Kruskall-Wallis-test and the Chi-
square-test were performed.

Results

Demographic and patient‑specific data

The age range in the present collective was from 1 to 16. 
Mean age was 5.19 ± 3.38. Separated by age groups, the 
1–5-year aged children formed the largest proportion with 
70% (n = 238). Gender distribution shows that male patients 
dominated with 58.5% (n = 199). Male patients represented 
the largest proportion in all age groups.

Over 90% of the patients, in fact 95.6%(n = 325) were 
covered by a general health insurance, 4.4% (n = 15) by 
private insurance. The majority of the patients, 48.5% 
(n = 165), were referred by their family dentist. The remain-
ing patients came on their own initiative or were referred by 
other departments.

The mean travel distance from home to the dental clinic 
was 40.82 ± 48.86 km, 70.9% (n = 241) of the patients trav-
elled less than 50 km to the treatment site, 29.1% (n = 99) 
travelled more than 50 km. Less than 10% came from a 
radius of at least 80 km and 7% of at least 100 km.

Communication difficulties were found in 11.2% (n = 38) 
of the patients (Table 1).

General medical health data

According to anamnestic history, healthy/non-cooperative 
patients accounted for 52.6% (n = 179), followed by patients 
with general diseases (25.3%, n = 86), patients with mental 
and/or physical disability (11.5%, n = 39), and patients with 
mental and/or physical disability together with general dis-
eases (10.6%, n = 36) (Table 2).

Regarding the age distribution in groups according to 
anamnestic history, healthy patients under 4 years of age 
formed the largest subgroup. Between 5 and 6 years of age, 
healthy patients and patients with general illnesses were 
equal. From 9 years of age, the proportion of healthy patients 
decreased and patients with general diseases, mental and/
or physical disabilities made up the majority. In particular, 
patients with mental and/or physical disabilities together 
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with general diseases increased from this age on. In sum-
mary, younger patients made up the majority of healthy 
patients (p < 0,001) (Fig. 1 and Table 2).

Patients with ASA 1 accounted for 52.1% (n = 177), ASA 
2 34.4% (n = 117) and ASA 3 13.5% (n = 46). Regarding to 
age groups, ASA 1 dominated in 1–5-year-olds. The pro-
portion of healthy patients decreased with increasing age 
(p < 0,001), in the group of 13 years and older no patients 
were classified as ASA 1 (Table 2).

There were no significant differences between boys and 
girls regarding the groups according to anamnestic history 
(p = 0,341) and ASA (p = 0,706).

The most common diseases among non-healthy children 
were cardiovascular, neurological, and syndromic diseases 
with gene defects (Fig. 2).

Oral health data

Severe gingivitis was documented in 5.9% (n = 20) of 
patients. With increasing ASA the prevalence for severe 
gingivitis significantly increased (p < 0,001).

Mean dmft was 10.95 ± 4.11. Maximum dmft was 20. 
Mean DMFT was 10.09 ± 7.88. Maximum DMFT was 26. 
Mean mixed dt/DT was 10.79 ± 4.27. Maximum dt/DT was 
24 (Table 3).

There was no significant effect of biological age on dmft 
(p = 0,956), DMFT (p = 0,084) or dt/DT (p = 0,352). Gen-
der did not influence dmft (p = 0,364) or dt/DT (p = 0,713) 
however girls had significant higher DMFT values than 
boys (p = 0,016). ASA did not have any significant effect on 
dmft (p = 0,471), DMFT (p = 0,252) or dt/DT (p = 0,906) 
(Table 3). Type of insurance did not have significant influ-
ence on DMFT but general insurance takers showed signifi-
cantly higher dmft (p = 0,004) and dt/DT values (p = 0,001). 
Patients with communication difficulties had significantly 
higher dmft (p = 0,004), DMFT (p = 0,019), and dt/DT 
(p < 0,001) (Table 3).

In the group of patients under 6 years of age, 13.8% 
(n = 33) had ECC type 1, 65.8% (n = 158) ECC type 2 and 
20,4% (n = 49) ECC type 3 (Fig. 3). There was no significant 
impact of biological gender (p = 0,338), anamnestic history 
(p = 0,116), ASA (p = 0,061), insurance type (p = 0,615), or 
communication difficulties (p = 0,108) on ECC type (Fig. 3).

The mean dt/DT increased in the first 3 years of life 
(about 6.00–12.00), forming a plateau until the 6th year of 
life, decreasing until the age of nine (to about 9.00), reach-
ing the highest value (about 15.00) from age of 9 to 13 
and finally from age 13 decreased again (to about 10.00) 
(Table 3 and Fig. 4). This description illustrates the advan-
tages of the mixed dt/DT very well. In the first 4 years of 
life, values were almost identical because patients do not 
yet have many fillings or missing teeth, therefore dmft is 
also slightly higher than dt/DT. From age 4 until the onset Ta
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of the mixed dentition at age of 6, the dmft value was 
higher than the mixed dt/DT because of filled or miss-
ing primary teeth. In mixed dentition, need for treatment 
according to the mixed dt/DT was always higher than dmft 
and DMFT. At ages 6 to 8, carious permanent teeth are not 
included in the dmft, and at ages up to 12, remaining cari-
ous primary teeth are not included in the DMFT. At ages 
12 to 13 and 14 to 16, DMFT was higher than the mixed 
dt/DT because of filled and missing permanent teeth. At 
age 13 to 14 years, the DMFT is almost identical or mini-
mally lower than mixed dt/DT because of the presence of 
primary teeth still present and carious in this age group.

Treatment data

The most, namely 88.8% (n = 302) of treatments were com-
bined restorative-surgical treatments, 9.7% (n = 33) were 
restorative only and 1.5% (n = 5) surgical only.

A total of 2539 fillings were placed, corresponding to an 
mean of 7.47 ± 4.65 fillings per patient. The maximum value 
was 29 fillings per patient (Table 4).

A total of 1472 teeth were extracted, corresponding to 
an mean of 4.33 ± 3.24 extractions per patient. The maxi-
mum value was 18 extractions per patient. Two steel crowns 
were placed and 3 endodontic treatments were performed 

Table 2  Distribution of general medical health data of the enrolled patients in total, age groups and gender, in percent and assigned to number of cases

Anamnestic History/ Indication for General Anesthesia ASA-Classification

HU MD/PD GD MD/PD+GD ASA1 ASA2 ASA3

n 
/ %

Total 179/ 52,6 39/ 11,5 86/ 25,3 36/ 10,6 177/ 52,1 117/ 34,4 46/ 13,5

Age 

1-5 159/ 46,8 14/ 4,1 56/ 16,5 9/ 2,6 152/ 44,7 69/ 20,3 17/ 5,0

6-12 20/ 5,9 19/ 5,6 26/ 7,6 15/ 4,4 25/ 7,4 35/ 10,3 20/ 5,9

13+ 0/ 0,0 6/ 1,8 4/ 1,2 12/ 3,5 0/ 0,0 13/ 3,8 9/ 2,6

Gender
Female 72/ 21,2 12/ 3,5 40/ 11,8 17/ 5,0 70/ 20,6 52/ 15,3 19/ 5,6

Male 107/ 31,5 27/ 7,9 46/ 13,5 19/ 5,6 107/ 31,5 65/ 19,1 27/ 7,9

HU: healthy and non-cooperative; MD/PD: mental disability and/or physical disability; GD: general diseases; MD/PD + GD: mental disability 
and/or physical disability together with general diseases
Statistical significances are marked in red

Fig. 1  Age distribution of 
groups according to anamnestic 
history, assigned to number of 
cases
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Fig. 2  Distribution of all recorded diseases in the present population

Table 3  Mean dmft, DMFT and dt/DT in total, age groups, gender, ASA groups, health insurance types and patients with and without communi-
cation difficulties

Total Age Gender ASA-Classification Health Insurance
Communication 

difficulties

Min. Max. 1-5 6-12 13+ Female Male ASA1 ASA2 ASA3 General Private No Yes

dt/DT 1 24
10,79

±4,273

10,75

±3,983

10,70

±4,061

11,45

±7,288

10,94

±4,264

10,67

±4,286

10,86

±3,965

10,66

±4,443

10,83

±5,008

10,94

±4,249

7,40

±3,376

10,45

±4,169

13,47

±4,190

dmft 0 20
10,95

±4,118

11,16

±4,091

10,11

±4,156

10,71

±4,138

11,13

±4,106

11,13

±4,076

10,45

±4,135

11,71

±4,298

11,11

±4,096

7,86

±3,371

10,72

±4,077

12,97

±3,987

d 0 20
10,22

±4,102

10,53

±4,080

8,93

±3,972

9,85

±4,062

10,48

±4,122

10,48

±4,153

9,63

±3,949

10,71

±4,248

10,40

±4,033

6,64

±3,954

10,05

±4,058

11,70

±4,260

m 0 14
0,51

±1,631

0,41

±1,340

0,93

±2,477

0,66

±2,111

0,41

±1,169

0,41

±1,426

0,69

±2,033

0,50

±1,063

0,52

±1,663

0,29

±0,726

0,48

±1,525

0,80

±2,384

f 0 7
0,15

±0,680

0,13

±0,665

0,25

±0,739

0,16

±0,670

0,15

±0,690

0,12

±0,542

0,12

±0,523

0,50

±1,560

0,13

±0,559

0,64

±1,865

0,16

±0,705

0,10

±0,403

DMFT 0 26
10,09

±7,885

8,22

±6,543

12,05

±8,807

13,39

±8,045

7,89

±7,095

8,75

±6,397

12,53

±8,859

8,23

±6,914

10,23

±7,92
4

8,84

±7,733

15,88

±6,058

D 0 24
8,89

±6,523

7,17

±4,840

10,68

±7,618

11,06

±6,053

7,44

±6,530

8,50

±6,137

11,05

±7,299

7,09

±5,520

9,02

±6,53
3

7,54

±5,909

15,13

±5,817

M 0 11
0,91

±2,234

0,87

±2,564

0,95

±1,889

1,89

±3,123

0,26

±0,984

0,25

±0,500

0,95

±2,013

1,00

±2,619

0,93

±2,25
0

0,95

±2,391

0,75

±1,389

F 0 4
0,29

±0,895

0,17

±0,491

0,41

±1,182

0,44

±1,042

0,19

±0,786
0

0,53

±1,264

0,14

±0,468

0,27

±0,89
1

0,35

±0,978
0

Statistical significances are marked in red
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Fig. 3  ECC distribution in gender, groups according to anamnestic 
history, ASA groups, health insurance types and patients with and 
without communication difficulties, in percent (HU: healthy and non-

cooperative; GD: general diseases; MD/PD: mental disability and/or 
physical disability; MD/PD + GD: mental disability and/or physical 
disability together with general diseases)

Fig. 4  Mean mixed dt/DT, dmft and DMFT over the years of age
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in total. Professional tooth cleanings were performed in 98 
cases (28.8%) (Table 4).

Regarding complications during treatment, 1.8% (n = 6) 
of the patients experienced difficult drying due to saliva and 
blood. In one case, intubation was complicated.

At least one pulp was opened during treatment in only 
17.1% (n = 58) of the patients (Table 4).

The majority of the patients (69.4%; n = 236) patients 
were intubated nasally. Until 2013, only oral intubation was 
practiced. The general medical health status according to 
ASA did not have any significant effect on this (p = 0,137). 
From 2015 onwards, nasal intubation was almost the only 
type of intubation. The mean duration of anesthesia was 
170.24 ± 53.01 min and was not significantly affected by 
ASA (p = 0,474).

Post-treatment-bleeding was reported in only one case. 
10.6% (n = 36) were discharged on the day of treatment 
against medical advice. Only 12% (n = 41) appeared for 
follow-up within 3 months after treatment (Table 4).

Most of the patients (93.5%; n = 318) did not require any 
repeated treatment under general anesthesia (Table 4). Even 
if the need for repeated treatments under general anesthe-
sia was very low, it was significantly affected by ASA. All 
patients who needed a further dental rehabilitation were 
disabled or ill (p < 0,001).

The higher ASA was, the smaller was the mean number of 
extractions (p = 0,002). Even if there was no significance, in 
contrast to extractions, the mean number of fillings increased 

with higher ASA (p = 0,408). Furthermore, the number of 
extracted teeth was significantly higher for general insurance 
takers, as for private insurance takers (p = 0,002). Insurance 
type did not influence the number of fillings (p = 0,416). 
Patients with communication difficulties received signifi-
cantly more fillings, than native speakers (p = 0,013) not 
having any significant effect on the number of extractions 
(p = 0,392) (Fig. 5).

Discussion

The present study includes dental treatments under general 
anesthesia in healthy, disabled and chronically diseased chil-
dren as well as adolescents over more than 10 years. This 
observation period makes it one of the extensive studies in 
this research field in the German-speaking world. Most stud-
ies were over 2–8 years [5, 6, 26-29] with the exception 
of two studies similar to ours [18, 30]. Studies from other 
European countries or non-European countries vary strongly 
in their observation periods [3, 17, 31, 32]. The number 
of cases is also varying strongly in the literature, regarding 
studies dealing with the present topic [3, 5, 6, 16, 18, 26-30, 
32-34]. The long-term period of the present study allows 
us to review the evolution and success of a large part of 
performed dental rehabilitations under general anesthesia 
in our department until today. In addition, a wide age range, 
namely all patients under 18 were included. This enabled 

Table 4  Number and percentage of performed dental treatments, complications, and other treatment related data in the present population

Total Minimum 
per patient

Maximum 
per patient

∅ Number of 
Patients (n)

Percentage (%)

Fillings 2539 0 29 7,47 ± 4,657 333 97,9
Extractions 1472 0 18 4,33 ± 3,241 307 90,3
Steel crowns 2 0 1 0,01 ± 0,077 2 0,6
Endodontic treatments 3 0 3 0,01 ± 0,163 1 0,3
Pulp openings 188 0 12 0,55 ± 0,617 58 17,1
Professional tooth cleanings 98 28,8
Intubation complications 1 0,3
Difficult drying 6 1,8
Intubation type Nasal 236 69,4

Oral 98 28,8
Tracheostoma 1 0,3
Unknown 5 1,5

Anesthesia duration (min) 40 435 170,24 ± 53,018
Post-treatment-bleeding 1 0,3
Discharge against med. advice 36 10,6
Follow-up 41 12,0
Repeated treatment 0 318 93,5

1 19 5,6
 > 1 3 0,9
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us to characterize patient needs and their properties in all 
relevant age groups. There are many studies referring either 
to children [3, 4, 16, 26, 29, 32] or to adults only [6, 18, 27, 
30] but also some refer to children and adolescents, similar 
to the present study [5, 16, 28, 31].

To ensure a precise detection of clinical need for dental 
treatment for each patient, the present study introduced the 
mixed dt/DT index in addition to the WHO recommended 
indices dmft and DMFT [23, 24, 35]. By adding up all 
decayed teeth in one patient independently whether they are 
primary teeth or permanent teeth, the mixed dt/DT gives us a 
direct assessment of dental treatment needs and the extent of 
rehabilitation. Since every decayed tooth can cause pain and 
infection beside other severe consequences, every decayed 
tooth must be treated necessarily. This suggests that the 
mixed dt/DT is probably the most important clinical survey 
at the initial visit for patients with mixed dentition needing 
dental rehabilitations under general anesthesia. The indices 
dmft and DMFT, counting all sufficient fillings and miss-
ing teeth, lose much importance in these cases and might 
even falsify the diagnostic survey. Rather, dmft and DMFT 
complicate the diagnostic survey, in particular in the mixed 
dentition, as they consider primary and permanent dentition 
separately [35]. There are actually no studies dealing with 
this problem. Furthermore, a few studies used a mixed dmft/

DMFT for school children or counted decayed primary or 
permanent teeth separately [5, 31]. The mixed dt/DT is pre-
cise in all age groups, easy to use, and therefore, should be 
considered as standard value in dental treatments of patients 
with mixed dentition under general anesthesia. Given the 
severely limited selection process for these treatments and 
the long waiting times at our hospital, it may help to prior-
itize patients and shorten the process.

Nevertheless, the present study regarded the dmft and 
DMFT for reasons of standardization and comparability. 
Comparing our values with the German population, the pre-
sent study mainly considered results of the current Epide-
miological Studies Accompanying Group Prophylaxis (DAJ 
study), dealing with oral health trends in children by using 
results from epidemiological surveys accompanying group 
prophylaxis in Germany [1]. In addition, the results of the 
Fifth German Oral Health Study (DMS V) were reflected 
[13]. Due to currently very low caries prevalence in German 
children and strong polarization of the disease into high-risk 
groups, the dmft and DMFT are less expressive in assess-
ing these high-risk groups. Therefore, the Significant Caries 
Index (SiC) separately measuring the 33,3% of patients with 
highest caries experience, and the Specific Affected Caries 
Index (SaC), which is even more specific, were introduced 
[1, 36]. In addition to dmft and DMFT, the present study 

Fig. 5  Mean number of performed dental treatments in age groups, 
gender, groups according to anamnestic history, ASA groups, health 
insurance types and patients with and without communication diffi-

culties (HU: healthy and non-cooperative; GD: general diseases; MD/
PD: mental disability and/or physical disability; MD/PD + GD: men-
tal disability and/or physical disability together with general diseases)
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compared the caries values with SiC and SaC, as the present 
patient population belonged predominantly in the high caries 
risk group.

In the DAJ study, the 3-year-olds showed an mean dmft 
of 0.48, a SiC of 1.47 and a SaC of 3.57. The mean dmft 
of 3-year-olds in the present study was 12.12, being several 
times higher than all values of the DAJ study. The mean dmft 
of 6- to 7-year-olds in the present study was 10.21 to 11.25, 
being also several times higher than a 1.73 dmft, a 4.84 SiC 
and a 3.97 SaC in the DAJ study. The mean values of the 
12-year-olds in the DAJ study, a 0.4 DMFT, a 1.33 SiC and 
a 2.07 SaC almost match those of the DMS V with a 0.5 
DMFT and 1.4 SiC. The mean value of 12-year-olds in the 
present study was a 12.8 DMFT, which is also significantly 
higher [1, 13]. Unfortunately, these two German epidemio-
logical oral health studies did not include patients aged 13 
to 18 years. Compared to other studies, mainly focusing on 
dental treatments under general anesthesia in children and 
adolescents with or without disabilities, the mean caries 
experience in the present study was almost in line in all age 
groups [5, 19, 37, 38]. Patients requiring dental treatment 
under general anesthesia apparently have significantly more 
untreated caries than already high-risk groups from epide-
miological studies [1, 13] and, therefore, can be considered 
independent of the general population.

In the present study, age did not significantly influence 
the caries experience or the need for treatment. In the pre-
sent study, the dmft, DMFT and mixed dt/DT were high 
in all age groups. While in other studies, the caries values 
were higher in younger patients [5, 31, 37]. In the litera-
ture, children and adolescents with diseases or disabilities 
are more affected by caries and gingivitis than the general 
population [8-10]. Remarkably in the present study, there 
was no significant correlation between general medical 
health status and caries, in contrast to epidemiological 
studies dealing with oral health in non-healthy children 
in general [8-10]. The situation is different for gingivi-
tis, where the results showed a statistically significant 
influence of the general health status on severe gingivitis, 
which is consistent with the literature. In our population, 
caries was independent of the general health status, as 
almost all patients requiring dental rehabilitation under 
general anesthesia in our department suffered from a very 
poor oral health. Indepently if they were disabled or not, 
the entire population was a high-risk group for tooth decay. 
This is in accordance with other studies designed like ours 
[5]. Consistent with other studies, in the present study, 
there were generally no severe differences in caries experi-
ence and treatment needs between boys and girls [13, 37], 
but in contrast to other studies, in the present study, girls 
had significantly higher DMFT values than boys [13, 37]. 
In the present population, girls had earlier more perma-
nent teeth than boys and, therefore, more caries affected 

permanent teeth compared to boys, still having more pri-
mary teeth in the DMFT age group. Regarding the mixed 
dt/DT, no significant difference between boys and girls 
could be found, confirming this assumption. Patients with 
general health insurance and patients with communication 
difficulties had statistically significantly higher dt/DT and 
dmft values compared to privately insured patients and 
native speakers. Patients with communication difficulties 
even had statistically significantly higher DMFT values 
than native speakers. Our results are in line with literature, 
showing that socioeconomic and patient-specific factors 
such as lower family income, lower education levels, type 
of insurance or communication difficulties can be asso-
ciated with poor oral hygiene, unbalanced diet and poor 
access to dental care leading to poor oral health [3, 11-15, 
39]. Insurance type did not have a significant impact on 
DMFT in the present study, possibly because there was 
only one private insured person in the DMFT age groups, 
being too low for significant effects.

In the present study, every child under 6 years of age 
had ECC. The most common type was ECC type 2, the so-
called nursing bottle syndrome affecting the upper incisors, 
caused by consumption of sugary drinks via feeding bottles 
[25]. In the present study, ECC type 3 and ECC type 1 were 
less frequent. This distribution is different in other studies 
[5, 26]. In the present study, over 85% of children under 
6 years of age were classified as at least ECC type 2, indi-
cating that preschool children in our patient population are 
highly affected by extensive caries, which is in line with the 
high need for treatment in this age group. Seventy percent of 
the patients in the present study were under 6 years of age, 
implying that untreated ECC is the most common reason 
for dental rehabilitation in our clinic. The literature states 
that general health status and socioeconomic factors influ-
ence the prevalence of ECC [11, 39]. However, based on our 
specific high-risk caries patient population, statistically sig-
nificant effects of general health status and socioeconomic 
circumstances in particular on ECC were not recorded.

In the present study, the most frequently performed pro-
cedures were placement of composite fillings, followed by 
tooth extractions and professional tooth cleanings. Stain-
less steel crowns and endodontic treatments played a minor 
role, consistent with literature [5, 32, 34]. Tooth destruction 
involving the pulp is the main indication for extraction under 
general anesthesia. This is because endodontic procedures 
under general anesthesia are technically demanding and 
time-consuming. In addition, normally several treatment 
sessions are needed to achieve optimal results. Neverthe-
less, studies show that single-visit endodontic treatments 
under general anesthesia are really promising for success 
and therefore should receive more attention [40-42] in order 
to avoid extraction of permanent teeth and to give every 
patient equal access to dental treatment.
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There was no statistically significant effect of age and 
gender on the dental treatments performed, even though 
descriptively, the mean number of extractions was lower, 
and the number of fillings was higher with increasing age. 
The reason for this is that restoring permanent teeth with 
fillings was attempted more frequently than with primary 
teeth, being rather extracted from a certain point of decay. 
Our results are in accordance with the current literature [5, 
32]. The mean number of extractions decreased significantly 
with increasing ASA in the present study. This is because 
the majority of non-healthy children were at school age and 
already had more permanent teeth, being not as severely 
affected by caries in relation to primary teeth, possibly 
already missing primary teeth at the time of treatment. 
Accordingly, the higher the ASA, the higher was the mean 
number of fillings, although this was not statistically signifi-
cant. Influence of ASA varies in literature, although more 
fillings are often associated with more extractions, as there 
is a greater need for treatment in non-healthy patients in 
general [28, 34]. The mean number of extractions was sig-
nificantly higher among those with general insurance than a 
private one. As mentioned above, the patients with general 
insurance had poorer oral health, in particular the degree 
of destruction per tooth was also higher, consistent with 
literature [3, 11-15, 39]. Patients with communication dif-
ficulties had statistically significantly higher mean number 
of fillings than native speakers, being in accordance with 
literature [28]. They had poorer oral health overall, result-
ing in a high need for treatment. This is also consistent with 
literature [3, 11-15, 39].

The type of intubation was not influenced statistically 
by any factor. Nasal intubation is currently the usual air-
way for dental procedures under general anesthesia and 
has a low complication rate [16, 32]. There was only one 
case of intubation complication in all patients. Fortunately, 
there were only 1,8% complications, related to difficulties 
of drying due to saliva and gingivitis. There were no seri-
ous complications during and after treatment, only one case 
of post-treatment-bleeding. Our results are consistent with 
the literature. Therefore, the risk of complications in dental 
rehabilitations under general anesthesia can be considered 
as minimal [16, 43-45].

In the present study, cardiovascular diseases, neurological 
diseases, syndromic diseases, mental disability, and autism 
were the most represented diseases among non-healthy 
patients, being mainly in line with other European studies 
in this field of research [5, 32]. Most of non-healthy patients 
had several diseases simultaneously. To get a good overview 
of distribution of diseases themselves, they were counted 
independently of the patient.

More than 90% of children and adolescents treated did 
not need any repeated treatment under general anesthesia. 
The few patients requiring repeated treatments under general 

anesthesia were all non-healthy, which is statistically signifi-
cant in the present study and consistent with the literature 
[26]. Unfortunately, less than 20% showed up for post treat-
ment or general follow-up. This follow-up compliance in 
the present study was significantly below that reported in 
literature, although it is also small in general [19, 26, 46]. 
It is unknown if the patients oral health is stable until now. 
In the present study, healthy patients, making up the largest 
proportion in the youngest age group, were almost absent 
in older age groups, being consistent with literature [34]. 
Possibly, they have become cooperative with age and do not 
need treatment under general anesthesia anymore. Gener-
ally, successful treatment can be assumed. Nevertheless, a 
functioning recall system is essential to prove the success of 
rehabilitations and to avoid repeated treatment under gen-
eral anesthesia [19, 26]. Therefore, the recall system in our 
department should be improved.

Unfortunately, more than half of the patients treated under 
general anesthesia were healthy, but non-cooperative. Con-
sidering that over 46% of them were under six years of age 
and almost absent in the older age groups, behavioral fac-
tors like non-cooperativeness and non-compliance along 
with ECC is the biggest failure in the present population 
and should be addressed. Although general anesthesia can be 
safely administered, dental treatments under general anesthe-
sia in these children should be avoided through behavioral 
management. There are several studies addressing this issue 
in literature, showing success in healthy and even mentally 
retarded children without any medication [47-49]. When 
quick action is needed, behavioral management is probably 
not appropriate. Therefore, alternatives should be considered 
such as minimal or moderate sedation with benzodiazepines 
or nitrous oxide. Dental anxiety in children can be reduced 
by this technique successfully [50], even if enterally admin-
istered benzodiazepines limit the sedation duration to about 
30 min [16]. Although mortality and morbidity are low in 
general anesthesia and sedation, they are somewhat lower 
with minimal and moderate sedation [44, 45, 51]. Nitrous 
oxide in particular is extremely safe with almost no systemic 
physiologic effects. Due to this fact, it is the agent of choice 
for dental sedation in healthy and non-healthy patients [52, 
53]. Minimal and moderate sedation does not require an 
anesthesist and can be used under office conditions. Fur-
thermore, all treatments, e.g., endodontic treatments, can 
be performed regularly, in contrast to general anesthesia. 
In summary, the aim should be checking and treating these 
children through pre-school without general anesthesia.

The limits of this study were defined by the fact that it 
was designed retrospectively. Therefore, study data was not 
systematically collected for special questions, but rather, 
study questions were dependent on the data situation. Due to 
inadequate documentation, in particular in the first years of 
observation, a certain loss of information was unavoidable. 
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In addition, no subsequent patient surveys were conducted. 
Considering the importance of this research topic, prospec-
tive studies should be designed.

Conclusions

In our enrolled patients, need for dental treatment under 
general anesthesia was high, independent of general health 
status, demographical and other patient-specific factors. 
Nevertheless, the selection process for these treatments is 
strongly restricted. Non-cooperativeness and non-compli-
ance in young healthy children along untreated ECC are the 
main indications for dental general anesthesia in our depart-
ment. Reducing these cases, focus on behavioral manage-
ment and alternatives are important, creating more treatment 
capacities for children needing dental treatment under gen-
eral anesthesia due to their medical conditions. Finally, our 
results have shown that implementation of the mixed dt/DT 
index ensures an accurate determination of clinical treatment 
needs. It should be used as standard assessment to prioritize 
and to improve the dental treatment procedure.
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