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2. Short summary (English) 

Aim: To investigate the possible reduction of the need for dental general anesthesia 

(DGA) through nitrous oxide sedation (NOS), when is used in combination with behavior 

management techniques among patients younger than 12 years of age referred to a 

specialized pedodontics practice due to the high dental treatment need and poor 

cooperation level. 

Materials and methods: Retrospective analysis was performed of the digital medical 

records of all children treated under NOS in a specialized pedodontics clinic between 

2012 and 2017. The potential reduction of the need for dental general anesthesia was 

assessed depending on the success rate of NOS on patient-level with relations to multiple 

related factors such as age, reason of referral and treatment need. 

Results: out of 510 patients, 228 meet the inclusion criteria. Nitrous oxide was used in 

406 dental treatment sessions on 228 pre-cooperative and/or anxious patients aged 3-12 

years (mean 6.4±1.7; 43.4% female). 91.9% of the NOS sessions were successful in 

achieving the intended dental treatment. Complete oral rehabilitation was possible for 

84% of the patients using NOS without the need of DGA. Regarding the age, DGA 

reduction among pre-school children was lower than in schoolchildren (77.8% and 87.9%, 

respectively).  

Conclusion: A high fraction of anxious or semi-cooperative children with high dental 

treatment needs can be treated without the use of DGA when a comprehensive concept 

of caries management is combined with the use of NOS and behavior management 

techniques. NOS should, therefore, always be considered as an option for dental 

treatment of semi-cooperative children with high dental treatment needs before making a 

decision towards DGA. 

Keywords: dental general anesthesia, nitrous oxide, pediatric dentistry, sedation, 

success rate 
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3. Kurzzusammenfassung (Deutsch) 

Ziel: Untersuchung bezüglich der möglichen Reduktion einer zahnärztlichen Sanierung 

unter Vollnarkose durch Lachgassedierung in Kombination mit 

Verhaltensmanagementtechniken bei Patienten unter 12 Jahren, die aufgrund des hohen 

zahnärztlichen Behandlungsbedarfs und der mangelnden Kooperation bei zahnärztlichen 

Behandlungen in eine spezialisierte Praxis für Kinderzahnheilkunde überwiesen wurden. 

Materialien und Methoden: Retrospektive Analyse der digitalen Patientenakten aller 

Kinder, die zwischen 2012 und 2017 in einer spezialisierten Kinderzahnklinik mit NOS 

behandelt wurden. Die Reduzierung des Bedarfs an zahnärztlicher Vollnarkose wurde in 

Abhängigkeit von der Erfolgsrate der Lachgassedierung auf Patientenebene und in 

Bezug auf mehrere damit zusammenhängenden Faktoren wie Alter, Grund der 

Überweisung und Behandlungsbedarf gemessen. 

Ergebnisse: In 406 zahnärztlichen Behandlungssitzungen wurde Lachgas bei 228 

präkooperativen und/oder ängstlichen Patienten im Alter von 3-12 Jahren (Mittelwert 

6,4±1,7; 43,4% weiblich) eingesetzt. In 91,9 % der Lachgas-Sitzungen konnte die 

geplante zahnärztliche Behandlung erfolgreich durchgeführt werden. Eine vollständige 

orale Rehabilitation war bei 84 % der Patienten mit Lachgassedierung ohne Narkose 

möglich. Was das Alter betrifft, so war die Narkosereduktion bei Vorschulkindern geringer 

als bei Schulkindern (77,8 % bzw. 87,9 %).  

Schlussfolgerung: Ein hoher Anteil ängstlicher oder semi-kooperativer Kinder mit 

hohem zahnärztlichem Behandlungsbedarf kann ohne Vollnarkose behandelt werden, 

wenn ein umfassendes Konzept der Kariesbehandlung mit dem Einsatz von 

Lachgassedierung und Verhaltensmanagementtechniken kombiniert wird. 

Lachgassedierung sollte daher als Option für die zahnärztliche Behandlung von semi-

kooperativen Kindern mit hohem zahnärztlichem Behandlungsbedarf in Betracht gezogen 

werden, bevor eine Entscheidung für eine Zahnbehandlung unter Narkose getroffen wird. 

Schlüsselwörter: zahnärztliche Allgemeinanästhesie, Lachgas, Kinderzahnheilkunde, 

Sedierung, Erfolgsquote  
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4. Introduction 

Dental anxiety is considered to be one of the biggest challenges in the field of pediatric 

dentistry. About 10 - 30% of children and adults show fear of dental treatment [CED 2012, 

IDZ 2012].  

Non- or low cooperative behavior due fear or anxiety is one of the biggest challenges 

general dental practitioners and pediatric dentists may face in dental treatments 

[Savanheimo and Vehkalahti, 2008]. This in particular relates to dental treatments that 

require injections for local anesthesia [Erten et al., 2006]. Dental fear or anxiety in children 

and adolescents is reported to reach a prevalence between 10% - 29.3% in different 

populations and using different scales [Cianetti et al., 2017]. A slightly lower prevalence 

of 3.3% - 15.3% is reported for adults with different severities of anxiety level [Silveira et 

al., 2021]. The use of basic and advanced behavior management techniques (BBMT and 

ABMT) is, therefore, essential to overcome this challenge and provide safe, efficient, and 

effective dental care [Guideline on Behavior Guidance for the Pediatric Dental Patient, 

2015; American Academy of Pediatric Dentistry, 2020]. 

Despite the great decline in caries prevalence in many countries worldwide, caries 

remains a major burden [Bernabe et al., 2020]. Additionally, caries is distributed in a 

polarized manner leaving children with a high number of affected teeth along with a low 

care index while others have healthy dentitions [DPHEP, 2019; Team DAJ, 2017]. 

Remaining high levels of untreated caries lesions indicate, that the cooperation of these 

children is not sufficient to undergo dental treatments, or that treatments of such carious 

lesions especially in the primary dentition might be considered by the parents or even the 

dentists as unnecessary. Another factor, that could lead to high numbers of untreated 

carious lesions in children can be the poor training in Pediatric Dentistry in universities 

[Basner et al., 2012; Giacaman et al., 2018] and thus the "know-how" in this specialty is 

sometimes insufficient. For this reason and in case of an acute dental treatment need in 

many countries, uncooperative children especially under the age of 12 are often treated 

under general anesthesia (GA), even though other alternatives exist [Milnes, 2003]. 

Therefore, other (advanced) behavior management techniques (ABMT) such as sedation 
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should be applied to avoid dental GA’s, due to the severe life-threatening complications 

that may accompany GA in children in rare cases [Roberts et al., 2020]. In Germany, the 

use of dental general anesthesia (DGA) to perform dental treatments in uncooperative 

children is often used as it is covered by the National Health System until the age of 12 

years when justified with lack of compliance and treatment need [KZBV, 01/2022].  

The sedation with nitrous oxide (NOS) for dental treatment is used commonly in many 

countries worldwide such as the USA, the UK or other European countries and is 

considered as an alternative option to DGA for performing (invasive) dental treatments 

for patients with dental fear or anxiety with high levels of patient or parental satisfaction 

[Arcari and Ferro, 2008]. Unlike those countries, NOS for dental treatment is not 

commonly used in Germany for treating patients/children as it is still not covered by the 

National Health System on the contrary to DGA. 

The German Society of Anesthesiologists and the working group from multiple 

professional societies (DGAI, BDA, DGKiZ and DGZMK) published a statement 

supporting the use of NOS for minimal sedation in pediatric dentistry in 2013 [Philippi-

Höhne et al., 2013]. Eight years later, in 2021 an updated statement was also published 

from the same working group encouraging the use of NOS in the dental practice when 

indicated [Höhne et al., 2021]. 

To my knowledge, few international published data and none for Germany have described 

the success rate of NOS for dental treatments. Moreover, there is little to no published 

scientific evidence describing the success rate of NOS for dental treatments for 

participants with dental fear or anxiety, that would otherwise be “DGA candidates” and 

would have needed to undergo dental treatments under DGA. 

Therefore, the aim of this study is to investigate the success rate of NOS among patients 

younger than 12 years of age, referred to a pedodontics practice, who might be otherwise 

considered as likely candidates for dental treatments under GA, due to the high dental 

treatment need and a low level of cooperation with dental treatment.  
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5. Literature review 

Despite the great success of caries prevention in Germany [IDZ, 2016; Team DAJ, 2017], 

there is still a huge need for dental treatment in the primary dentition, where Almost every 

seventh 3-year-old child and almost 45% of 6-7-year-olds had a teeth needs treatment 

[Team DAJ, 2017]. 

In the literature it was reported that dental fear potentially leading to non-cooperative 

behavior is most likely also associated with an increased level of caries [Esa et al., 2010; 

Esa et al., 2014]. Another study reported a twofold risk of untreated caries in children with 

high dental fear in comparison with children with low fear [Murthy et al., 2014]. The dental 

treatment of these patients remains as on o the biggest challenges in pediatric dentistry, 

Therefore, the use of basic behavior management techniques (BBMT) and advanced 

behavior management techniques (ABMT) plays an important role in dentistry and 

especially in pediatric dentistry [American Academy of Pediatric Dentistry, 2020] 

Basic behavior management techniques (BBMT) include direct observation, tell-show-do, 

ask-tell-ask, voice control, nonverbal communication, etc. on the other hand, advanced 

behavior management techniques (ABMT) include the use of protective stabilization, 

sedation, and general anesthesia, these are commonly taught and used in advanced 

pediatric dental training programs [American Academy of Pediatric Dentistry, 2020]. 

Basic behavior management techniques alone may not always increase the cooperation 

of children sufficiently in order to perform the dental treatment [Al-Zahrani et al., 2009]. 

With the help of sedation, it is often possible to reduce the level of anxiety in these patients 

and create a more favorable treatment condition. Moreover, a long-term positive attitude 

towards dental visits may develop after positive dental experiences [Hallonsten et al., 

2003]. However, even with the use of sedation there are still patients remaining that are 

not able to tolerate certain dental procedures and, therefore, may require alternative 

approaches, such as treatment under general anesthesia [Matharu and Ashley, 2006]. 
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5.1 Sedation in (pediatric) dentistry 

Sedation is considered on the advanced behaviour management techniques in dentistry 

[American Academy of Pediatric Dentistry, 2020]. It is a very helpful treatment option, 

which is used for treating anxious patients with low cooperation e.g. small children or 

patients with motor dysfunction or cognitive impairment who need an invasive or 

extensive dental procedure which is usually combined with local anesthetic [CDSBC, 

2018]. 

Besides general anesthesia three levels of sedation were defined by the American Dental 

Association guidelines for the use of sedation and general anesthesia by dentists 

[American Dental Association, 2016]. 

5.2 Conscious sedation 

Conscious sedation is a medically induced controlled state of minimally to moderate 

depression of consciousness in which the protective reflexes stay maintained. The patient 

stays capable of maintaining a patent airway without any help during the sedation and 

retains an appropriate response to verbal commands and tactile stimulation [American 

Dental Association, 2016; Attri et al., 2017]. 

5.2.1 Indications of conscious sedation in dentistry 

Indications for conscious sedation as a potential adjunct for patient management include 

[Attri et al., 2017; Hallonsten et al., 2003]: 

• patients/children with behaviour management problems, 

• patients with dental anxiety and phobia, 

• patients with a need for long, complicated invasive dental procedures, 

• patients in whom stress potentially aggravates medical conditions, 

• and in some cases, also to treat patients with special needs. 
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Table 1: Type of sedation and relating bodily functions [American Dental Association, 

2016] 
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5.2.2 Inhalative conscious sedation with nitrous 
oxide  

Nitrous oxide (N2O) is the most commonly used inhalation sedative in dentistry [Mohan 

et al., 2015]. It has been used in dentistry for many decades. The first use reported was 

in December 1844 by Horace Wells [Haridas, 2013]. 

5.2.2.1 Characteristics of nitrous oxide 

In the room temperature, N2O is a colorless and odorless gas, which has a faint, sweet 

smell [Paterson and Tahmassebi, 2003]. Due to its analgesic and anxiolytic effect it 

causes depression and euphoria to the central nervous system with a minimum effect on 

the respiratory system and has a rapid onset and recovery due to its quick absorption of 

about two or three minutes [Guideline on Behavior Guidance for the Pediatric Dental 

Patient, 2015; Council of European Dentists, 2014]. 

N2O considered to be a good sedative having a moderate analgesic effect. For this 

reason, local anesthesia is usually still required when invasive dental treatments are 

performed [Zier et al., 2010]. 

NOS is widely accepted and is considered a safe and effective sedation technique in 

dentistry [Hallonsten et al., 2003]. Therefore, and especially for pre-cooperative children 

(4–5-year-olds), it is very important to consider NOS as a treatment option before deciding 

for a dental treatment under general anesthesia. Similarly or even more effectively in 

adults, NOS may be a very helpful alternative to DGA [Hallonsten et al., 2003]. 

In different countries such as USA, UK [Bryan, 2002; Foley, 2005], Canada [Ramos-Jorge 

et al., 2015], Italy [Collado et al., 2006; Galeotti et al., 2016] and France [Collado et al., 

2006; Hennequin et al., 2012] numerous studies were conducted regarding the use of 

conscious sedation with NOS. 
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While sedated the patient feels mostly calm, but sometimes euphoric with mental and 

physical/muscle relaxation [Becker and Rosenberg, 2008], but remains responsive. 

Breathing becomes calm and deep, the gag reflex usually disappears completely 

[Kaufman et al., 1988; Veaux et al., 2016; Yoshida et al., 2007]. Pain perception and 

reaction are reduced. Patients often have "positive experience," especially when the 

sedation is combined with behavior managements techniques or hypnotic communication 

[Schmierer 2013]. 

In the literature, it was reported that gases achieve tensions and equilibrate more rapidly 

when they have low solubility in blood and adipose tissue. This tension in blood results in 

a driving force for inhalation agents allowing them to enter the brain, where their 

anesthetic action occurs. For this reason, N2O is considered to have the fastest onset 

among inhalation agents [Becker and Rosenberg, 2008; Tobias, 2013; Wang et al., 2002]. 

The half-life of N2O is about 5 minutes, the sedation starts by giving pure oxygen for 2 to 

5 minutes followed by a stepwise increase in N2O concentration every second minute 

[Mohan et al., 2015]. The maximum concentration of N2O allowed for the use of sedation 

in pediatric dentistry differs between the European countries (50 to 70%) and is 

determined by the national regulations [Hallonsten et al., 2003]. An administration of pure 

oxygen for 5 minutes at the end of the dental treatment is considered to be essential 

[Mohan et al., 2015; Patel et al., 1994]. 
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5.2.2.2 Indications and contraindications for nitrous oxide 

sedation 

Besides the general indications for conscious sedation, N2O is indicated in patients with 

a strong gag reflex and in patients with muscular tone disorders such as cerebral palsy 

to avoid unintentional movements which makes the treatment impossible [Hallonsten et 

al., 2003]. 

NOS can be safely used for almost all patients (ASA I, II) in routinely performed dental 

treatment. Sedation with N2O is considered as the safest of all the modalities available 

for sedation in dentistry [Becker and Rosenberg, 2008]. Nonetheless, it is very important 

to review the medical history of the patient, because and like any other pharmacologic 

agent, N2O may not be suitable for some patients. 

Nitrous oxide is contraindicated in: 

• patients who are unable to use the nasal mask or cannot inhale adequately through 

the nose because of anatomic and/or chronic obstructive pulmonary diseases 

(COPD) [Becker and Rosenberg, 2008; Mohan et al., 2015], 

• patients who are diagnosed with personality and psychiatric disorders especially 

those diagnosed with schizophrenia or bipolar disorder. In those patients NOS 

should be used carefully and a medical consultation is strongly recommended to 

avoid any unpredictable complications [Becker and Rosenberg, 2008], 

• patients who have had a recent surgery of the ear and in case of any compromise 

in patency of the eustachian tube which may lead to pressure increases within the 

middle ear [Becker and Rosenberg, 2008], 

• (first trimester of) pregnancy [American Academy of Pediatric Dentistry, 2018; 

Rowland et al., 1995], 

• patients who are undergoing treatment with bleomycin sulfate [American Academy 

of Pediatric Dentistry, 2018; Fleming et al., 1988], 

• patients who have Methylenetetrahydrofolate reductase deficiency [American 

Academy of Pediatric Dentistry, 2018; Selzer et al., 2003], 
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• and in patients who have vitamin b12 deficiency or blood anemia, knowing that the 

chronic exposure to N2O induces b12 deficiency which may lead to a higher risk of 

complications [Brown and Sneyd, JR, 2016]. 

In some other medical conditions like (congestive heart failure, sickle disease [Ogundipe 

et al., 1999] acute otitis media, recent tympanic membrane graft [Fish et al., 2000], and 

acute severe head injury [Moss & McDowall 1979], a medical consultation from a 

specialist is considered to be essential before the administration of any sedative agent 

[American Academy of Pediatric Dentistry, 2018; Becker and Rosenberg, 2008]. 
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5.2.2.3 Advantages and disadvantages of nitrous oxide 

sedation 

According to Mohan et al. 2015, the use of N2O as a sedative agent has a lot of 

advantages regarding the way of administration and its safety (Tab. 2).  

Table 2: Most important advantages and disadvantages of nitrous oxide sedation in 

dentistry [according to Mohan et al. 2015]. 

nitrous oxide sedation 

Advantages disadvantages 

easy administration with a rapid onset 

of action/uptake time 
expensive equipment 

high safety of use and fast recovery 

time 

sedation it just possible through the 

nose 

titration is possible 

difficulty of giving an injection in the 

anterior maxillary region because of 

the nasal mask 

nausea and vomiting are uncommon - 

no preparation of patient is required - 

no need for any escort - 
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5.2.2.4 Technique and equipment 

In the dental practice, a titratable system should be favored in which the concentration of 

oxygen-nitrous oxide mixture can be modified (Fig. 1). The N2O concentration usually 

ranges between 0-50% within the respiratory mixture. A minimum of 50% oxygen is 

included in the respiratory mixture at all times. In the case of an interruption of the oxygen 

flow, the N2O flow must be automatically interrupted and a sufficient oxygen reserve must 

be available in order to ventilate the patient for a sufficiently long time.  

The dental practice should be equipped with the following elements: Titratable N2O 

system, adequate masks (small and large), N2O and O2 bottle or central system, external 

suction of the exhaled air, room ventilation, when possible, in the floor area, pulse 

oximeter and an emergency set (Fig. 1 - 5). 

 

 

Figure 1: Titratable nitrous oxide system: Quantiflex MDM (a), rental cylinder for nitrous 

oxide and oxygen (b) and central system for nitrous oxide and oxygen (c) 
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Figure 2: Nasal masks for the inhalative sedation with nitrous oxide 

 

Figure 3: External suction for exhaled air to reduce workplace pollution by nitrous oxide 

is possible, for example, via the suction system of the treatment unit (a) and room 

ventilation in the floor area through a large floor window to reduce workplace pollution. 

Nitrous oxide is heavier than air and therefore sinks to the ground (b) 
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Figure 4: Pulse oximeter for monitoring heart rate and oxygen saturation 
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5.2.2.5 Steps in the clinical application 

After a detailed medical, dental and social anamnesis, the patient must have no serious 

illnesses and no contraindications for sedation. In addition to the general medical history, 

an additional N2O anamnesis directly prior its application is necessary asking about: 

• if the patient has a cold or a restriction in his nasal breathing, 

• a newly diagnosed lung disease or infection, 

• if the patient was currently treated form or have (lung disease, eyes surgery, 

pregnancy, bowel obstruction, Vitamin B12 deficiency or anemia), 

• the presence of a middle ear infection (otitis media), 

• if the patient suffers under a new concussion injury, or psychological problems 

• and in the end, it is important to know if the patient took any medication before the 

treatment appointment and make sure that it won’t intervene with the sedation. 

Furthermore, there must be sufficient cooperation and willingness of the patient to be 

placed on the chair, to breathe through the nasal mask, and a general emotional maturity 

for the conduct of the behavior. Patient’ and parental consent is mandatory. This should 

include sufficient written information about N2O and its effects, indications, 

contraindications, side effects, risks and costs. 

It is advisable to inform the children and the adults about the usual expected experiences 

- in a positive way - at the appointment before the sedation, because some patients 

develop fear or feel insecure due to negative experiences, such as loss of control at the 

dentist. The use of perfume sticks (Fig. 5) especially in small children can increase the 

acceptance of the nasal mask and nasal breathing. 
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Figure 5: Pleasant smell obtained with smell pens can motivate you to breathe better 

through the nose mask. The child is allowed to choose his or her own favorite smell such 

as strawberry, chocolate or vanilla 

A documentation of heart rate, oxygen saturation in the blood (e.g. with a pulse oximeter), 

the length of the procedure, the maximum dosage and the duration of treatment in the 

patient record is recommended [Hallonsten et al., 2003]. Practical experience has shown 

that in most patients a N2O concentration of 30-40% is sufficient to achieve the optimal 

sedation depth [Council of European Dentists, 2014]. The use of rubber dam is 

recommended, when possible, to secure nasal breathing and to minimize the necessary 

amount of N2O especially for long lasting treatments with an open mouth such as 

endodontic treatments. 

At the beginning of the sedation, pure oxygen (100%) should first be inhaled through the 

nasal mask. Then the N2O concentration can be incrementally titrated up to 30-50% to 

achieve the desired sedation depth. At the end of treatment and before removing the 

nasal mask, pure oxygen should be administered again for 3-5 minutes [Hallonsten et al., 

2003]. Choosing a well-fitting nasal mask is very important to the success of the NOS. 

At the first sign of overdose, for example, forehead wrinkles, increasing agitation, and 

cold sweat or if the patient does not respond to instructions, pure oxygen must be given 

immediately. NOS does not replace behavior management techniques such as tell-show-

do, desensitization, or hypnotic communication. In case of combining NOS and the above 

maintained behavioral managements techniques, a significantly improved cooperation in 

children and in adults can be achieved [Schmierer 2013]. 
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5.2.2.6 Certification for nitrous oxide sedation in Germany 

To use NOS in a dental practice, the dentist should pass a certified theoretical and 

practical training according to the CED regulations [Council of European Dentists, 2014]. 

This is usually a two days course with practical exercises including an emergency 

management course which are certified by the DGKiZ [Deutsche Gesellschaft für 

Kinderzahnheikunde, 2022]. 

The theoretical knowledge base consists of Compulsory content of a 2-day theory course 

(10-14 hours) which includes the following topics: 

• dental fear and behaviour management techniques 

• technical aspects of various sedation devices 

• chemical, physiological and biological aspects of N2O 

• emergencies and life-saving emergency measures 

The practical training requires 5 times visitation, 5 times assistance and 5 times 

supervised performing a NOS.  
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5.3 General anesthesia in (pediatric) dentistry 

Dental treatment for children under general anesthesia requires a complex decision-

making process, since DGA poses vital health risks and is organizationally complex 

(multiple informed consents, require the presence of an anesthesiologist) and also 

expensive. Nevertheless, the reimbursement of the costs of anesthesia within the 

German insurance system for children up to 12 years of age may sometimes promote the 

decision to use anesthesia, since, in contrast, desensitization and also NOS laughing gas 

sedation must be paid for privately. Against the background of the caries polarization in 

the primary dentition described above, which correlates with the educational level of the 

parents, it is not surprising that parents sometimes advocate the apparently easier and, 

for them, "less expensive" path. As a practitioner and also as a parent, one should 

therefore always keep in mind that there is always the risk that a patient may die or suffer 

severe (brain) damage during such "elective anesthesia".  

However, a potentially easy decision to treat under anesthesia for all parties involved 

must be questioned, and treatment under anesthesia is often even avoidable. The dentist 

should be aware that in the worst-case scenario, a patient may die or suffer severe long-

term consequences (e.g., brain damage) during dental rehabilitation under anesthesia, 

even if the risk has decreased significantly in recent decades [Roberts et al., 2020]. In 

such a case, the dental indication and the information about the anesthesia as well as 

available alternatives are first questioned; the dentist thus bears primary responsibility 

and not the anesthesiologist.  
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6. Materials and methods 

6.1 Study design and ethical approval 

This study is a retrospective analysis of the digital medical records of all children treated 

under NOS between January 2012 and December 2017 at the Department of Preventive 

and Pediatric Dentistry at the University of Greifswald / Germany. This retrospective data 

is applied in different models in order to demonstrate the likely fractions of avoided DGA 

via the use of at least one NOS within a setting of specialist care in caries management 

and basic behavior management. Ethical approval was obtained from the Research 

Ethics Committee of the University of Greifswald under the protocol number (BB 028/16, 

date: 15.03.2016).  

Information related to referral and treatment session(s), as well as related patient 

characteristics including age, gender, caries experience (dmft/DMFT), treatment need 

(dt/DT), sedation success/failure etc. were recorded. 
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6.1.1 Inclusion criteria 

Referred children with dental treatment need, who without the treatment option of NOS 

would likely end up receiving a DGA, were included in the analysis in order to investigate 

the proportion of reducing DGA with the use of NOS. For the inclusion the following criteria 

was used: 

• healthy patients (ASA I and ASA II) treated under NOS in the period between 

January 2012 and December 2017. 

• patients aged between 3 and <12 years at the first nitrous oxide session. The 

maximum age was set at 12, because until this age according to the Federal 

Association of Statutory Health Insurance Dentists (KZBV), the costs of dental 

treatment under GA will be generally covered by the insurance system for children 

who cannot cooperate to perform a chairside dental treatment. 

• referred patients with the reason of referral being either generally an uncooperative 

behavior, or specifically stating to be treated under general anesthesia, or 

specifically to be treated under NOS. 

The study population was further divided into two age groups; pre-school children (3-5 

years) and schoolchildren (6 - <12 years), as these two groups have a different potential 

and capability to cooperate with dental treatment and also with NOS.  
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6.2 Definition of referred patients 

The University of Greifswald/School of Dentistry is the only facility in the region, which 

has a specialized dental clinic for pediatric dentistry, including NOS as well as GA 

opportunities for children and where specialized dentists certified by the German 

Association of Pediatric Dentistry (DGKiZ) work [DGKiZ, 2022]. Almost 200 patients are 

referred to the pedodontic clinic per year [Alkilzy et al., 2015]. 

Referral because of cooperation problems: 

• all patients who had an official referral from another dentist due to dental anxiety,  

• patients who previously visited another dentist, but the treatment was not 

performed because of a cooperation problem  

• or the patients who came after a (very) bad experience at another dentist/dental 

visit. 

Referred to be treated under DGA: 

• all patients who had an official referral from another dentist for treatment under 

DGA. 

Referred to be treated under NOS: 

• all patients who had an official referral from another dentist for treatment under 

NOS. 

Referred for further treatment and diagnostics: 

• all patients who had an official referral from another dentist for further treatment 

and diagnostics without any cooperation problem; these patients were excluded. 
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6.3 Nitrous oxide success rate on the session-

level 

Based on the information provided in the digital medical-dental records; a treatment 

session with N2O was considered a success when the planned dental treatment was 

successfully performed under sedation. For this part, the success rate was calculated 

regarding age group and gender. 

6.4 Nitrous oxide success rate on the patient-

level 

The success rate on a patient-level allows us to identify cases, where the use of NOS as 

a treatment option, helped to avoid the need for a DGA. 

6.4.1 Circumstances and assumptions for models 
analyzing DGA avoidance 

As described in the literature, the use of basic behavior management techniques 

increases the patient’s level of cooperation. Still, for some kind of treatments, and 

depending on the level of cooperation, it might be necessary to include advanced 

behavior management techniques in the dental treatment plan for complete dental 

rehabilitation of the patients.  

As a part of the clinical standards used in the Department of Preventive and Pediatric 

Dentistry at the University of Greifswald, newly admitted patients undergo clinical and 

when necessarily radiological examinations to determine the treatment need and the level 

of cooperation. An additional desensitization session might also be planned to 

improve/assess the cooperation level of the patient before beginning with the (invasive) 

dental treatment. Depending on the patient level of cooperation and the treatment 

needed, chairside dental treatments are usually performed stepwise beginning with ‘’easy 

treatments’’ (e.g. sealants) in the first appointments and ending with the most needed 

invasive ‘’difficult’’ treatments (e.g. endodontic treatment and extraction) in a way that 

suits the patient´s level of cooperation with the use of NOS when required (Fig. 6). 



 

 

 

Figure 6: Greifswalder treatment concept for newly admitted patients in the Department of Preventive and Pediatric Dentistry 

at the University of Greifswald 



 

 

Based on the information provided, the treatment with NOS was considered successful 

on the patient level when the children with dental treatment need had at least one 

treatment session under NOS and eventually had no remaining treatment need while no 

DGA was performed to achieve this status. In these cases, it is considered, that a DGA 

was successfully avoided, as these children would have otherwise probably received a 

DGA if no NOS had been performed.  

To evaluate the success rate on the patient-level, which indicates a successful avoidance 

of DGA, only patients with available information on whether all teeth were treated or not 

after the last treatment session were included. Patients who didn’t show up and weren’t 

fully treated after a last “successful” NOS session with no clear reason, why they didn’t 

show up to the next appointment were excluded. Although the last treatment session was 

successful, and due to the low level of clinical certainty behind why they didn’t return for 

the next appointment, these patients were excluded from this analysis. Still, patients who 

had a failure in the last nitrous oxide session and didn’t show up after the last appointment 

were included as a DGA would likely be the only remaining option to complete the dental 

treatments (Fig. 8 & Tab. 5). 
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6.5 Clinical standard procedure for dental 

treatment and nitrous oxide sedation 

For high-quality medical care while treating the patients and ensure their safety, all 

sessions of dental treatments under NOS since its implementation in 2012 at the 

Department of Preventive and Pediatric Dentistry at the University of Greifswald are 

performed only by trained dentists, who have special training for NOS. The sessions 

follow a standard sequence of events starting with checking all the essential requirements 

including the suction system and ending with the release of the patient in the normal state. 

These standard procedures are always available in the treatment room in a clear and 

detailed checklist, which is designed following the international recommended standards 

(AAPD, EAPD). 

All sedation sessions were performed using “MDM Quantiflex Flowmeter” combined with 

“Complete tube set with double mask – child” from Grodenta. The use of this device allows 

a titratable N2O administration with the maximum used/possible concentration of N2O of 

50%. In all sedation sessions, patients were monitored using a finger clip pulse oximeter 

and received 100% oxygen for 3 to 5 minutes after the end of the dental treatment until 

the patient no longer exhibits any clinical signs of sedation. 

http://scholar.google.de/scholar?q=titratable+nitrous+oxide+administration&hl=en&as_sdt=0&as_vis=1&oi=scholart
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All steps are listed in a checklist divided into four main phases shown in the following 

figures:

 

Figure 7a: Checklist part 1 - before the patient enters the treatment room for nitrous oxide 

sedation at the Department of Preventive and Pediatric Dentistry 

 

Figure 7b: Checklist part 2 - before the treatment under nitrous oxide sedation starts at 

the Department of Preventive and Pediatric Dentistry at the University of Greifswald 
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Prepare the nitrous oxide device and the suitable 
mask

Open the nitrous oxide bottle and be sure that both 
oxygen and nitrous oxide are available

Prepare the pulse oximeter and check the batteries

Open the patient card, check which treatment should 
be done and renew with informed consent
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Control the medical history, check for general diseases 
and if the patient has a cold

Check the inform consent again with the parents 
including the costs

Apply the pulse oximeter and check the values

Apply the nitrous oxide mask and check the seat and the 
right position

Open the oxygen at first, control the flow in the reservoir 
bag then open the nitrous oxide

Check the oxygen saturation and pulse level while 
Applying the superficial and local anesthesia
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Figure 7c: Checklist part 3 - during treatment under nitrous oxide sedation till patient 

discharge at the Department of Preventive and Pediatric Dentistry at the University of 

Greifswald 

 

Figure 7d: Checklist part 4 - after discharging a treated patient under nitrous oxide 

sedation at the Department of Preventive and Pediatric Dentistry at the University of 

Greifswald  
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Oxygen saturation and pulse level should be always 
controlled by the assistant

When reaching the treatment end, nitrous oxide should be 
stopped and pure oxygen should be administrated for 5 min

Check if the oxygen saturation and pulse level are normal

Stop the oxygen and remove the nitrous oxide mask

Again check if the oxygen saturation and pulse level are 
normal and discharge the patient
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The dentist should document the treatment in the system 
(DamSoft)

The assistant should close the nitrous oxide bottle

Check the bottle to make sure that nitrous oxide is still 
available, eventually order new bottle

Disinfect the nitrous oxide mask for 5 min (using a timer)

Put the nitrous oxide device back to its place

In the end of the day the nurse should check and make 
sure that the nitrous oxide bottle is closed
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6.6 Data collection and statistical analysis 

One author (MSM) was responsible for data collection from the patients’ digital records. 

In cases of uncertainties, a second author was consulted (JS). Patients’ data were 

excluded when the available information was not specific enough for data analysis. 

Patients’ data were encoded, entered, and analyzed in SPSS for Windows (version 17.0, 

IBM). Descriptive statistics were performed to report the frequency distributions (mean 

and standard deviation) of the assessed variables. 

Four different models/scenarios with slightly different age-dependent assumptions were 

used for all patients with sufficient data on follow-up to analyze the potential fraction of 

the reduction in DGA for the complete dental rehabilitation:  

1st scenario: all 3 - <12 year-olds who received nitrous oxide sedation 

2nd scenario: only 3 - 5 year-olds who received nitrous oxide sedation 

3rd scenario: only 6 - <12 year-olds who received nitrous oxide sedation 

4th scenario*: children with dt/DT ≥ age * who received nitrous oxide sedation 

* In a study investigating the characteristics of children receiving treatment under DGA in 

Germany, it was found that the mean number of teeth needing treatment (dt) is higher 

than the mean age of the treated children [Takriti et al., 2019]. Such high untreated caries 

levels (dt) in children might justify the use of DGA for treating these young children. Other 

studies found high caries levels along with fear and dental anxiety among children treated 

under DGA [Alkilzy et al., 2015; Karim et al., 2008; Vinckier et al., 2001]. Depending on 

these facts and the author knowledge of the selection criteria of DGA patients in 

specialized dental practices in Germany, it can be assumed that when the number of 

teeth that need invasive dental treatments exceeds the age in years, children will probably 

need DGA for full oral rehabilitation.   
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Figure 8: Flow-chart of the 6 years retrospective study assessing the reduction in the 

dental general anesthesia in children and success of nitrous oxide sedation in the 

Department of Preventive and Pediatric Dentistry at the University of Greifswald 

Patient’s dental records were 
reviewed to assess eligibility 

282 patients were excluded: 

• 36 patients were older than 12 years 

• 176 patients didn’t come with referral 

• 45 patients were referred for further treatment; 
no behaviour related reasons 

• 25 patients had already began treatment in the 
department before 2012; insufficient digital 
document. 

228 Patients were included and divided in two main groups: 
- preschool children 3-5 year-olds n=88 (38.6%) 

- school children 6-<12 year-olds n=140 (61.4%) 

Patients’ data were encoded, entered, and analyzed in 
SPSS for Windows (version 17.0, IBM). Descriptive 

statistics were performed to report the frequency 
distributions of the assessed variables. 

Success of nitrous oxide on the patient level: Only patients who had completed the dental 
treatments (with and without the need of DGA) were included. 

 

Success of nitrous oxide on 
the session level: 

For this part all 228 patients 
were included. 

DGA reduction among all patients.  
188 were analyzed while 40 were excluded due to missing data (38 no clear reason, why they 

didn’t show up to the next appointment and 2 failed last nitrous oxide session; treatment 
completed and no DGA was needed).  

 

DGA reduction among patients presented with a high dental treatment need (dt/DT ≥ age; 
n=86/188). 22 were excluded due to missing data. 64 were analyzed. 

Screening of digital records for patients treated in the Department of Preventive and Pediatric 
Dentistry at the University of Greifswald for the period between January 2012 and December 2017. 

510 patients received dental treatment under nitrous sedation. 
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7. Results 

In total, 510 patients were treated under NOS in the period between January 2012 and 

December 2017 at the Department of Preventive and Pediatric Dentistry at the University 

of Greifswald/Germany. 228 patients aged 3 to 12 met the inclusion criteria of the study 

(Figure 1). 

7.1 Characteristics of the study sample 

Patients treated under NOS were mainly healthy patients (ASA I). Only 5.7% (n=13) had 

a mild controlled systematic condition (ASA II; e.g. Asthma, Diabetes, etc.). The 

distribution of the 228 patients (mean age 6.4±1.7 years) according to the age group is 

shown in (Tab. 3). 43.4% of the patients were females. 

The mean caries experience (mean dmft) in the study sample revealed very high values 

for the pre-school and schoolchildren in the primary dentition (6.2±3.5 dmft, 4.9±3.3 dmft, 

respectively). 

All patients included were referred to be treated in the Preventive and Pediatric Dentistry 

department. The main reason for referral was insufficient cooperation (IC) which led to 

difficulties in performing dental treatment by general practitioners (n=157; 68.9%). 22.8% 

(n=52) of the patients were specifically referred to be treated under DGA, whereas only 

8.3% (n=19) were specifically referred to be treated under nitrous oxide sedation (NOS; 

Fig. 9). 
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Table 3: Baseline characteristics of included patients treated under nitrous oxide 

sedation from 2012-2017 in the Department of Preventive and Pediatric Dentistry 

baseline characteristics on patient level 

group 3-5 year-olds 6- <12 year-olds total drop-out1 

n (%) 88 (38.6%) 140 (61.4%) 228 (100%) 38 (16.6%) 

mean age (yrs) 4.6 (±0.7) 7.5 (±1.7) 6.4 (±1.7) 6.5 (±2.1) 

gender n (%) n (%) n (%) n (%) 

male 46 (52.3%) 83 (59.3%) 129 (56.6%) 24 (63.2%) 

female 42 (47.7%) 57 (40.7%) 99 (43.4%) 14 (36.8%) 

dmft (SD) 6.2 (±3.5) 4.9 (±3.3) 5.4 (±3.4) 7.2 (±3.7) 

dt (SD) 5.5 (±3.7) 3.7 (±3.0) 4.4 (±3.3) 6.0 (±3.6) 

DMFT (SD) - 0.9 (±1.8) - 1.2 (±2.5) 

DT (SD) - 0.8 (±1.7) - 1.2 (±2.5) 
1 Excluded patients from success rate analysis on patient-level (DGA reduction) 
 

 

 

Figure 9: Proportion of children treated under NOS from 2012-2017 at the Department of 

Preventive and Pediatric Dentistry at the University of Greifswald according to the reason 

of referral 
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7.2 Nitrous oxide sedation success rate  

7.2.1 Success rate on the session-level  

In total 406 nitrous oxide sessions were performed for children up to the age of 12 in the 

time frame of 6 years. In 91.9% of the sessions (n=373), NOS and the planned dental 

treatment could be performed successfully (Tab. 4). 

In 38.3% (n=143/373) of the successfully completed sessions more than on dental 

treatment (mean=2.2) was performed successfully.  

Table 4: Baseline characteristics on session-level of patients treated under nitrous oxide 

sedation from 2012-2017 in the Department of Preventive and Pediatric Dentistry 

baseline characteristics on session level 

 success failure Total 

n (%) 373 (91.9%) 33 (8.1%) 406 (100%) 

mean age (yrs ± SD) 6.6 (±2.0) 5.8 (±1.5) 6.5 (±2.0) 

age groups 

3-5 year-olds, n (%) 136 (87.2%) 20 (12.8%) 156 (100%) 

6- <12 year-olds, n (%) 237 (94.8%) 13 (5.2%) 250 (100%) 

gender 

female, n (%) 158 (91.9%) 14 (8.1%) 172 (100%) 

male, n (%) 215 (91.9%) 19 (8.1%) 234 (100%) 
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7.3 Success rate on the patient-level and DGA 

reduction 

In 45/228 patients (19.7%) the dental treatment was not completed after the last session. 

38 of the 45 patients had a successful last NOS session with no clear reason, why these 

patients didn’t show up for the next appointment and were therefore excluded from the 

analysis, while 7 patients had a failed last nitrous oxide session and were included. In 2 

cases, dental treatment was successfully completed without the need of DGA although a 

failure in the last NOS session was documented, these were also excluded from the 

analysis (Tab. 5).  

From the total sample, 188 patients were included in the first scenario. In 84.0% (n=158) 

of the patients DGA was successfully avoided (Tab. 5). 

7.3.1 DGA reduction according to age 

Regarding the potential influence of age, a slightly lower rate of successful oral 

rehabilitation without DGA was achieved for pre-school (77.8%) than for schoolchildren 

(87.9%, Tab. 5 & Fig. 10).  

7.3.2 DGA reduction according to treatment need 

About one third (37.7%; 86/228) of the patients included in this study presented with an 

extremely high treatment need, where dt/DT ≥ age (years). 74.4% (64/86) of these 

patients were included in this analysis (Tab. 5). Among this group, the mean (dt/DT) 

revealed very high values (7.9±2.5 dt/DT; mean age 5.3 ±1.5 year-olds). Surprisingly 

even among this “high risk for DGA” group, 73.4% of the patients successfully completed 

the oral rehabilitation without the need of a DGA (Fig. 10). 

 



 

 

 

 

Figure 10: Potential of DGA reduction among the patients treated from 2012-2017 at the Department of Preventive and 

Pediatric Dentistry at the University of Greifswald according to the different scenarios 
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Table 5: Scenarios for successful completed oral rehabilitation with nitrous oxide sedation and proportions for avoiding dental treatment general 

anaesthia (DGA) with different age-specific inclusion criteria 

scenario characteristics 
information about completed 

dental treatment available 
information about completed 
dental treatment not available 

1st scenario  
3 - <12 year-olds; n=228 

no DGA needed*1 158 - 

DGA needed*2a/b 232a 72b 

insufficient information to include 23 384 

Total 183 45 

included in the analysis; n (%) 188 (82.5%) 

successful oral rehabilitation without DGA 158/188 (84%) 

2nd scenario 
3 - 5 year-olds; n=88 

no DGA needed*1 56 - 

DGA needed*2a/b 132a 32b 

insufficient information to include 13 154 

Total 70 18 

included in the analysis; n (%) 72 (81.8%) 

successful oral rehabilitation without DGA 56/72 (77.8%) 

3rd scenario 
6 - <12 year-olds; n=140 

no DGA needed*1 102 - 

DGA needed*2a/b 102a 42b 

insufficient information to include 13 234 

Total 113 27 

included in the analysis; n (%) 116 (82.8%) 

successful oral rehabilitation without DGA 102/116 (87.9%) 

4th scenario 
dt/DT ≥ age; n=86 

no DGA needed*1 47 - 

DGA needed*2a/b 142a 32b 

insufficient information to include - 224 

Total 61 25 

included in the analysis; n (%) 64 (74.4%) 

successful oral rehabilitation without DGA 47/64 (73.4%) 

1 no DGA needed; successful oral rehabilitation including NOS without the need of dental DGA 
2a/b a) DGA needed; failed last NOS session, dental DGA was needed to complete the oral rehabilitation; b) a failure in the last NOS session which 

indicates a possible need for dental DGA to complete the oral rehabilitation 
3 Excluded; failed last NOS session; treatment completed and no DGA was needed 

4 Excluded; no clear reason, why they didn’t show up to the next appointment 
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7.3.3 DGA reduction according to the reason of 
referral 

According to the reason of referral, the lowest success rate to avoid a GA was found for 

the patients originally and specifically referred for treatment under DGA. Still, for 65.7% 

(23/35) of these patients a successful complete oral rehabilitation could be achieved 

without DGA (Tab. 6 & Fig. 11). 

Table 6: Successful complete oral rehabilitation with nitrous oxide sedation without the 

need of DGA according to the reason of referral 

Referral due to n 
included in the 

analysis; n (%) 

excluded from the 

analysis1; n (%) 

successful oral 

rehabilitation 

without DGA 

insufficient coop 157 134 (85.3%) 23 (14.7%) 117/134 (87.3%) 

need of DGA 52 35 (67.3%) 17 (32.7%) 23/35 (65.7%) 

need of NOS 19 19 (100%) 0 18/19 (94.7%) 
1 Excluded; failed last nitrous oxide session; treatment completed and no DGA was needed or no clear reason, why 

they didn’t show up to the next appointment 

 

 

 

 

Figure 11: Potential of DGA reduction among the patients treated from 2012-2017 at the 

Department of Preventive and Pediatric Dentistry at the University of Greifswald 

according to the reason of referral 
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8. Discussion 

8.1 Characteristics of the study sample 

Despite a clear caries decline in the last couple of years in Germany shown by several 

national surveys and the increase of caries-free children [IDZ, 2016; Team DAJ, 2017], 

young children still present with a significant caries experience and high treatment need 

in specialist care setting [Santamaria et al., 2019; Schmoeckel et al., 2019; Team DAJ, 

2017].  

Compared with the most recent epidemiological studies in Germany [IDZ, 2016; Team 

DAJ, 2017], in which 1.7 dmft value was reported in 6-7-year-olds children, the population 

in this study had  about 3-4 times higher dmft/DMFT values (Tab. 3). These can be 

considered to be comparable to the (SiCdmft/DMFT) values (4.8) for the German 

population representing a high caries risk group of patients.  

According to the literature, dental anxiety could be a predictor of / associated with high 

levels of dental caries [Esa et al., 2014; Milgrom et al., 1988] and they are the key patients 

for specialized pediatric dentists. For these reasons, the dental treatment especially for 

this group of patients remains challenging and requires a very good knowledge of both 

BBMT and ABMT.  

Besides the fact that risks of morbidity and mortality associated with DGA are 

considerably higher when it is compared to conscious sedation [Soldani et al., 2010], a 

proper knowledge of BMT and caries management is essential to provide the best dental 

care for pediatric  patients.  

Caries management techniques such as non-restorative caries control (NRCC), Hall-

Technique (HT) and the application silver diamine fluoride (SDF) have been proven to be 

effective and viable treatment options in pediatric dentistry [Rosenblatt et al., 2009; 

Santamaría et al., 2020]. The application of these techniques combined with NOS, when 

needed, and implementing these options in the treatment concept might lead to DGA 

reduction among young patients with high treatment need. 
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8.2 Nitrous oxide sedation success rate 

8.2.1 Success rate on the session-level 

This study showed a 91.9% success rate of NOS in the children included in this study on 

the session-level, which highlights its importance as a viable ABMT option to reduce the 

number of DGA. These results underline previous findings in the literature on the potential 

of NOS sedation reporting success rates of 83.9%, 86.3% and 93.7%, respectively  

[Bryan, 2002; Collado et al., 2006; Collado et al., 2007; Galeotti et al., 2016; Hennequin 

et al., 2012]. The failure rate was not affected by the patients’ gender (8.1% for females 

and males). 

8.2.2 Success rate on the patient-level and DGA 
reduction 

Despite that a 91.9% success rate on a session-level might be considered an important 

finding, clinically it is more important to examine the success rate on the patient level. 

This could be used as an accurate indicator regarding the reduction/avoidance of DGA.  

One of the main findings of this study was that for the vast majority (84.0%) of patients 

complete oral rehabilitation could be successfully achieved without the need of DGA. This 

is in good agreement with Bryan 2002, where treatment plans in 83·9% of the treated 

children were successfully completed [Bryan, 2002]. Taking into account, that all the 

patients included in this study where young pre-cooperative patients with different 

cooperation related problems and referral reasons, this should be considered a 

remarkable finding. 
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8.2.3 DGA reduction according to age 

As expected, schoolchildren showed higher success rates compared to pre-school 

children on both session and patient-level. Accordingly, multiple studies reported that 

those patients who successfully completed treatment were statistically significant older 

than those in whom treatment was not completed [Foley, 2005; Hennequin et al., 2012; 

Lyratzopoulos and Blain, 2003]. 

According to Hennequin et al. [2012], a high success rate was found in preschool children 

(91.7%, n=85) which is comparable with these results. Also patients with disability (87.3%, 

n=71), anxious/phobic patients (95.1%, n=269) and in patients with one-off indication 

(94.8%, n=213) showed a high success rate for treatment under NOS [Hennequin et al., 

2012]. In contrast to this, Galeotti et al. [2016] reported no statistically significant 

difference between success and failure in relation to the mean age, possibly due to 

different categorization of the age groups [Galeotti et al., 2016].  

Although the preschool children in the 2nd scenario (3 - 5 year-olds) showed the lowest 

success rate for complete oral rehabilitation without DGA (77.8%), it should still be 

considered to be high for the group itself. This can be still interpreted as an encouraging 

result, as it shows the importance of applying NOS also for pre-school children to avoid 

the risk of treatment under general anesthesia, especially as they usually are the largest 

group of patients with treatment needs (high caries levels, pulp symptoms and low 

cooperation) in a specialized pediatric practice. 

8.2.4 DGA reduction according to treatment need 

Different studies suggested, that high caries levels along with fear and dental anxiety 

were found among children treated under DGA [Alkilzy et al., 2015; Karim et al., 2008; 

Vinckier et al., 2001]. Another study investigating the characteristics of children receiving 

treatment under DGA in Germany found that the mean number of teeth needing treatment 

(dt) is higher than the mean age of the treated children [Takriti et al., 2019]. 

This study reveals a high dt values among all the treated children (mean = 4.4±3.3) and 

especially among the children included in the 4th scenario (mean = 7.9±2.5). 
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Such high untreated caries levels (dt) in children might justify the use of DGA for treating 

these young children. Depending on these facts and the experienced author knowledge 

of the selection criteria of DGA patients in specialized dental practices in Germany, it can 

be assumed that when the number of teeth that need invasive dental treatments exceeds 

the age in years, children will probably need DGA for full oral rehabilitation.  

Interestingly and even among the “high risk of DGA” group in the 4th scenario (dt/DT ≥ 

age; n=86) the DGA reduction was still very high (74.3%). A DGA reduction among this 

group should considered to be a huge achievement and a proof of success of the overall 

treatment concept. 

8.2.5 DGA reduction according to reason of referral 

As a part of the clinical standards used in the Department of Preventive and Pediatric 

Dentistry at the University of Greifswald newly admitted patients undergo clinical and 

when necessarily radiological examinations. This helps determining the treatment need 

and whether the level of the cooperation is sufficient to perform the needed treatment or 

not. According to the reason of referral, the lowest success rate was among the DGA-

group and the highest success rate was among the NOS-group, this might show that 

referring dentist have a tendency to be able to identify complicated cases requiring special 

care. Conversely, the high percentage of patients referred due to IC without specifying 

whether a DGA or NOS is needed might indicate to the lack of knowledge on ABMT. 

which might be due to the poor training in Pediatric Dentistry provided by the universities 

[Basner et al., 2012]. 

Although a lot of children are treated under NOS in the Department of Preventive and 

Pediatric Dentistry every year, about 90 sessions of DGA are performed every year to 

treat mainly very young children (1 to 4 year-olds) with very low levels of cooperation, 

where a chair-side dental treatment not possible or NOS is contraindicated. 
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8.3 Discussion of the drop-outs 

Interestingly, the drop-outs (n=38; 16.6%) differed only slightly from the included patients 

revealing marginal higher caries rates and a slightly higher fraction of specific referrals 

for DGA. Not showing up for the next scheduled appointment might be considered under 

these circumstances a form of neglect, The failure of seeking dental treatment or 

completing a recommend course of treatment while having an adequate access to oral 

healthcare services raise the possibility of dental neglect [Bhatia et al., 2014; Kiatipi et 

al., 2021]. Therefore, it might be important to implement a concept to keep track of these 

patients to ensure that they receive the treatment required and when necessarily report 

to the appropriate authorities. With unclear reasons leading to not showing up for further 

treatments along with the fact, that the last NOS for these patients was a success, the 

missing data is not thought to be due to failure in the treatment concept with NOS. 

Consequently, the risk of bias due to missing data should be considered low.  
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8.4 Strengths and limitations 

To my knowledge, this study is the first to describe the success rate and potential of DGA 

reduction for children under 12 years of age treated under NOS in Germany. 

While the presented study has a retrospective design, which holds a potential risk of bias, 

the data showed and reflected a typical real life specialized pedodontic setting, where the 

pediatric dentists face the challenge to treat young children with high caries levels and 

mostly limited cooperation.  

In order to provide a high treatment quality and for better quality management, a clear 

protocol for treating patients under NOS and documentation is used by all the dentists at 

the department, which minimizes the potential error in both documentation and the bias 

in case selection. 

With a large sample size of 228 patients treated within a long time span of 6 years, the 

results should be considered highly plausible especially as certain key aspects and 

findings were comparable to other studies reported in the literature [Ferrazzano et al., 

2020; Foley, 2005; Galeotti et al., 2016; Hennequin et al., 2012]. 
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8.5 Clinical implications and further 

recommendations 

A low number of DGA should be a major aim of a society to reduce risks for the children 

and costs for health care. In the light of the findings of this study regarding the possible 

high percentage of DGA avoidance/reduction when using NOS for treating pre-

cooperative patients in pediatric dentistry it is very important for dental practices which 

offer DGA to have training and knowledge in BMT beside new caries management 

techniques like nonrestorative caries control, silver diamine fluoride, Hall technique and 

also ABMT such as sedation with N2O. Otherwise, the proper indication of DGA would be 

highly questionable. 

In Germany, sedation with N2O for dental treatment in children is not paid for by the 

national health system in contrast to GA which are right now covered until the age of 12 

years. Thus, it would be helpful that more studies, potentially even large-scale prospective 

trials, confirm the success of NOS and assess the cost effectiveness in order to 

encourage the national health system to cover the costs of sedation for dental treatment 

in children. This could be a decisive factor in reducing the number of DGA in Germany. 
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9. Conclusion  

A high fraction of children with high dental treatment need can be managed without the 

use of DGA when a comprehensive concept of caries management is combined with the 

use of NOS and behavior management techniques. NOS should, therefore, be 

considered as an option for dental treatment of semi-cooperative children with high dental 

treatment need before making a decision towards DGA. 
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11. List of abbreviations 

Abbreviation Definition 

AAPD American Association of Pediatric Dentistry 

ABMT Advanced Behavior Management Techniques 

ADA American Dental Association 

ASA American Society of Anesthesiologists 

BBMT Basic Behavior management techniques  

BDA Berufsverband Deutscher Anästhesisten 

CDSBC College of Dental Surgeons of British Columbia 

CED Council of European Dentists 

COPD Chronic Obstructive Pulmonary Diseases 

DAJ Deutsche Arbeitsgemeinschaft für Jugendzahnpflege e. V. 

DGA Dental General Anesthesia 

DGAI Deutsche Gesellschaft für Anästhesiologie & Intensivmedizin 

DGKiZ Deutsche Gesellschaft für Kinderzahnheilkunde 

DGZMK Deutsche Gesellschaft für Zahn-, Mund- und Kieferheilkunde 

DMFT Decayed/Missing/Filled Teeth (permanent teeth) 

dmft decayed/missing/filled teeth (primary teeth) 

EAPD European Academy of Paediatric Dentistry 

ECC Early Childhood Caries 

GA General Anesthesia 

HT Hall Technique 

IC Insufficient Cooperation 

MIH Molar Incisor Hypomineralisation 

N2O Nitrous Oxide 

NOS Nitrous Oxide Sedation 

NRCC Non Restorative Caries Control 

SDAC Standing Dental Advisory Committee 

SPSS Statistical Package for the Social Sciences 

SSC Stainless Steel Crown 
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“Whenever you feel like criticizing anyone … just remember that all 
the people in this world haven’t had the advantages that you’ve had.” 

The Great Gatsby, F. Scott Fitzgerald 

 


