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1 Introduction 

Tooth decay is regarded the most common prevalent chronic disease of childhood and 

slightly more than 40% of US children already have dental caries by the time they 

enter kindergarten [Pierce et al. 2002]. Early childhood caries can lead to serious 

health consequences as serious as reduced growth and development when the 

disease is rampant [Acs et al. 1999]. 

In spite of the growing interest in the prevalence of dental caries over the last years, 

some groups in the community still have relatively high scores dental caries. These 

groups are predominantly, but not exclusively, residents of deprived areas [Turrell et 

al. 2007]. This part of the population usually uses dental services less frequently 

[Donaldson et al. 2008]. 

Between 1999 and 2009, an enormous success in the prevention of caries could be 

achieved for children, adolescences as well as adults [Schulte et al. 2006]. However, 

according to recent research [Nies et al. 2009], it seems that early childhood caries 

(ECC) is still highly prevalent. An increasing number of patients with this complex 

dental caries present with a more aggressive form which requires treatment under GA 

[Nies et al. 2009]. 

Due to the difficulties in managing children in the dental practice, the majority of the 

lesions in primary teeth remain untreated in Germany [DAJ 2010]. Although there has 

been an increase in the number of pediatric dentists in Germany, the need for dental 

treatment in children is increasing, and it frequently seems to be uncovered [Nies et al. 

2009]. 

Unfortunately, there is little scientific research in Germany about the provision of caries 

treatment and the general characteristics of both children referred to specialists or 

treated under GA. For that reason, the aim of this study was to investigate the 

following points at the Department Of Preventive and Pediatric Dentistry in the 

University of Greifswald, and to compare it with private pediatric dental practices in 

Germany: 

• Characteristics and dental management of children that underwent general 

anesthesia in Greifswald dental school compared with other three private practices 

in Germany. 

• Development of dental features and treatment of referred children by family 

dentists to the specialized pediatric dental clinic in Greifswald between 2008 and 

2011.
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2 Literature Review 

Going to the dentist, even for many adults, is associated with anxiety and the 

expectation for pain. This more true for young children, where it is difficult to perform 

adequate dental treatment, especially in those who live in poverty, minorities, and 

have poor oral hygiene [Poorsattar 2010].  

Thus, more than 2.5 million children who aged between 2 and 5 years in the USA have 

untreated dental caries [Dela Cruz et al. 2004]. 

The most relevant problems in children are dental behavior management problems 

(DBMP) which are defined as difficulties approaching unfamiliar situations and people 

[Klingberg et al. 1998]. This is represented by variety of problematic „uncooperative 

and annoying” behaviors that children display when confronted with dentistry, resulting 

in delay of treatment or making treatment impossible [Arnrup et al. 2007]. 

Other studies stress a relationship between DBMP and characteristics described as 

‘negative mood’, ‘unhappy child’, ‘easily distressed’ or ‘impulsiveness’ [Quinonez et 

al.1997]. Blomqvist et al. [2006] found that DBMP was reported more frequently 

among children with attention deficit / hyperactivity disorder (ADHD) compared with 

controls, while no differences concerning Dental Fear were detected. 

It has been found that the number of regular positive therapy visits gives a child a 

certain level of experience that makes him or her better able to cooperate with a more 

complicated and invasive treatment session [Milsom et al. 2003]. 

Moreover, many patients fear the dental pain which is closely correlated to a negative 

experienced procedure during the last dental visit and, regardless of careful technique 

by the dentist, many patients will respond to predisposed fear and succumbed to their 

pain missing the inevitable treatment and allowing dental disease to progress. As a 

result, access to care is hindered by overwhelming fear and anxiety [Armfield et al. 

2007, Maggirias et al. 2002]. 

 

2.1 Referral to dental specialist 

2.1.1 Specifications and characterstics 

Dental referral could be necessary for several reasons such as dental anxiety, 

behaviour management problems and the need for adequate dental treatment 

[Klingberg et al. 2003]. However, dental fear is still the most important reason, since it 
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is the farthest accepted reason to refer to a specialist clinic in pediatric dentistry. 

Indeed, it might be other reasons are often mentioned, the explanation could be that, a 

combination of problems leads to the actual referral [Klingberg et al. 2010]. 

Referring children to a pediatric dentist is increasingly accepted, accompanied with a 

growing number of referred children. Klingberg et al. [2003] have shown a high rate 

(28%) of Swedish children referred since 1983 to specialized dentists. Also, they 

reported in different study a continuous increasing in the numbers of patients treated 

by specialists over the past 25 years. 

Dental anxiety causes children’s uncooperativeness, treatment will not succeed and 

because of this the child's dental fear and anxiety from dentistry services are the main 

concern of children, parents and dentists [McDonald 2004]. 

Type of insurance and the number of children in praxis were mentioned as main 

factors which influence the referral pattern. As well as, other factors like a short 

therapy time and the growing number of children who have high dental caries 

prevalence affect the referral diffusion [Klingberg et al. 2003, McQuistan et al. 2006]. 

Furthermore, it has been shown that recently graduated dentists refer more patients 

comparing to others, which possibly be explained by two reasons: their relative lack of 

experience and the increasing acceptance of referral. In contrast to that, dentists with 

additional training after graduation refer fewer children [Klaassen et al. 2007]. 

The most common reason for referrals as it has been shown by the majority of studies 

was the uncooperative child [McQuistan et al. 2006, Salam et al. 2005]. The second 

most common reason according to a U.S. study conducted by McQuistan et al. [2006] 

was extensive caries or the need of comprehensive dental treatments followed by 

specific features of general diseases, crowding and trauma. Other reasons were also 

reported like extractions of deciduous teeth and very young patients. Indeed, the 

active relationship between child, parent and dentist form a complicated matrix, where 

more than the half of referrals (54%) is made after a disturbance in communication 

during dental treatment [Klaassen et al. 2007]. 

There are various perspectives according the causes of child’s uncooperative 

behaviour at dental clinic. Although, parents are most likely going to blame the 

previous dental treatment, dentists usually have a different opinion and try to complain 

of other factors, such as child education and family behaviour prior to dental visit. As 

well as, such factors as gender and cultural background complicate the situation 

[Klaassen et al. 2007]. Dela Cruz et al. [2004] suggested in her study that the majority 

of dental physicians do not wait till an advanced phase of tooth decay occurs or the 



Literature Review 

4 
 

child is in pain before they refer him. As well as, pediatric practitioners can supply 

early oral health care managements and dental prophylaxis procedures, inhibiting, as 

result, or delaying dental disease at a very young age.  

According to Drury et al. [1999] survey, 8.4% of children aged 2 years and 40.4% of 5 

years old children in USA had at least 1 tooth with caries or filling. Also, it has been 

shown that caries prevalence varies by social-economic status, where the lowest 

income families have 2 to 5 times more dental diseases than high income communities 

[Pierce KM et al. 2002]. 

This approach suppose that dental caries risks vary from child to another and not all 

children require to be referred to a specialist before 3 years of age as it was 

recommended by some dental communities. In fact, the referral decision must be 

taken according to the presence or absence of oral disease risk and its grade [Dela 

Cruz et al. 2004]. 

There is a precept that dental care for children should begin at very young age. 

Thereby, early referral to a pediatric dental praxis for children who need special 

treatment is preferable [Stewart et al. 2012]. The study of Dela Cruz et al. [2004] 

stated that 78% of primary care practitioners, who participated in the survey, were 

likely to refer children who had signs of early or high risk for future dental diseases. 

Physicians can estimate the risks of dental problems and redirect parents and their 

children toward the suitable prevention of these problems. They also can give advice 

about required dental care and refer those in need. These services could support 

preventing advanced phases of dental diseases that result in acute pains followed by 

emergency or extensive treatment that mostly should be provided under GA [Dela 

Cruz et al. 2004]. 

Reasons for a referral of children by a dentist can be categorized into dentist factors, 

patient factors, parental factors, or treatment factors. However, the child factors like 

personality, temperament and age were the most important referral reasons as it 

previously reported [Klaassen et al. 2007]. 

General dentists mostly stress child and parental factors as reasons for referral (P < 

0.001), while, parents feel that most referral were done because of the dentist and the 

child behaviors (P = 0.003) [Klaassen et al. 2007]. 

In their study, Klaassen et al. [2007] have reported that about 64 % of children had 

only non-curative therapy when they were referred, while 36 % of the children were 
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referred after a failure during or after dental treatment such as after anaesthesia, 

drilling, extracting and after completed treatment. 

Lack of the child cooperation during caries excavation, cavity preparation or 

application of restorative materials leads often to negative consequences such as 

secondary caries, filling loss, acute pulpitis, periapical diseases or abscesses. 

Therefore, materials that allow an easier and faster handling and application should be 

used to ensure adequate treatment results in the pediatric dentistry [Tran et al. 2003]. 

 

2.1.2 Dental fear factors 

The expression “dental fear” or “dental anxiety” is used to explain avoidance of dental 

examination and treatment which might affect the quality of life [Arnrup et al. 2007]. 

Fear is an innate feeling, which normally activated by facing a life-threatening 

occurrence, while, anxiety is an instantaneous reaction characterized by expecting of a 

probably future threat [Gordon et al. 2013]. Currently, dental care for children with 

dental behaviour management problems (DBMP) is based on a presumption that their 

difficulties are caused by dental fear, but this is not always the case [Ten Berg et al. 

2003]. 

Dental fear is a worldwide common problem affecting 10 % to 20 % of the dental 

patients in the USA, and about 4% to 30% in other countries around the world. The 

degree of dental anxiety could widely range between a slight discomfort and a severe 

phobia according to either previous negative experience, or injection anxiety or dental 

pain [Humphris et al. 2011, Sohn et al. 2005]. 

Ten Berg [2008] noted that direct communication factors such as aggressive dental 

and medical experience, as well as, temperamental and inherent factors had an 

important role in creating fear in the children. Previous dental experiences were the 

most important reason (31%) for high dental fear level, followed by temperamental 

factors in child (29%), behavior of the dentist (19%) and other social factors (15%) as 

mentioned from parental viewpoints [Jafarzadeh et al. 2011]. While, according to 

Klaassen et al., child factors (e.g. temperament, character) were the most probably 

causes for refer. Indeed, dental anxiety was accompanied with other problems 

(behavior and emotional) were seen in some referred children [Klaassen et al. 2007]. 

Also, it has been reported that age and emotional state of the children, in addition to 

mother’s anxiety from dentist, were specified as dental fear factors, which possibly be 

minimized through growing older and reducing negative experience during the dental 
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treatment. And when the patient has less concern and more confidence, dentist would 

be able to provide a high quality dental care [Klingberg et al. 2007, Abdulkarim et al. 

2008].  

There seems to be an inverse correlation between the average scores of fear and of 

age of the child (P = 0.04) [Jafarzadeh et al. 2011]. According to Jafarzadeh et al. 

[2011] and Ten Berg et al. [2003], parents’ anxiety or family’s attitude towards dental 

procedures had no direct impact on their children’s dental fear. Possibly parents with 

minimum anxiety can control their children’ fear more efficiently. Moreover, parental 

dental fear might be considered as non-direct reason for not attending dental 

treatment visits, and consequently, delaying the whole therapy, which will be more 

complicated and unsatisfying by the time [Roberts et al. 2010] 

Since the dental treatment of anxious children was the second most reason for dental 

referral after treatment under GA, provided dental procedures should be pain free and 

less disturbing as it’s possible, because pain controlling has the important role in 

improving children’s behaviour in the dental praxis [Harris et al. 2008, Abdulkarim et al. 

2008]. 

It has been found that dental fear may be developed through an implicit tendency to 

dental anxiety along with direct or indirect coercive negative experiences. [Thomson et 

al. 2000] Furthermore, higher dental anxiety level has been discovered at Swedish 

women suffering from neuroticism. Overall, dental fear has important public health 

consequences [Gordon et al. 2013]. It seemed as if the dental fear is almost 

associated with poor oral health and subsequently with lower quality of life, whereas, 

dentally fearful children had eight to nine carious lesions in comparison with others in 

general who have one or two decaying teeth [Ng et al. 2008].  

Poulton et al. [2001] found, in their longitudinal study, that preceding painful 

experiences are a major risk factor for dental phobia. Moreover, the probability of 

developing consequently dental anxiety increased ultimately if one or more decaying 

teeth had been lost and if more caries were present during adolescence. Additionally, 

he has reported that late-onset dental fear was more common among patients with 

symptomatic signs, rather than with only preventive needs. Also, previous studies 

have shown that dental fear form a significant part of endless ‘therapy refusal’ cycle 

which getting worse every time when no successful treatment achieved. Whereas, 

dental anxiety leads to delay or avoid the treatment, which in turn, amplify dental 

troubles that require urgent invasive treatment and it will result in increasing dental 

fear [Armfield et al. 2007, Moore et al. 2004]. 
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Fearful patients, who are involved within this cycle, probably develop negative 

thoughts and feelings like guilt, disgrace, and inferiority, as well as, sleep disturbance, 

increased use of drugs, and weakened social and occupational functions which may 

exacerbates dental anxiety and treatment needs [Moore et al. 2004, Cohen et al. 

2000]. Indeed, those patients with dental fear are considered as a significant part of 

public health due to their comprehensive oral health effects which caused by this cycle 

[Choy et al. 2007]. 

Dental patients with elevated dental anxiety also experience negative thoughts and 

feelings, sleep disturbance, increased use of medication, a greater tendency toward 

somatization, and impaired social and occupational functioning relative to patients 

without dental anxiety [Cohen et al. 2000]. Moreover, when children are referred to 

specialist dentist, the referring health care provider is responsible for giving the 

complete required information and reasonable grounds for the referral, including 

medical and dental histories, the justification for the referral, and the informed consent 

[Patel 2004]. 

Dentist was almost the one who decided to refer (76.3%), in 15% of cases it was a 

combined approval among the dentist and the mother and only in 8.8% of cases were 

the parents, without significant difference in mean fear score of the child between all 

three groups [Klaassen et al. 2007]. Weerheijm et al. [1999] stated that the most 

important reason to refer fearful children is actually less significant than the fact that 

these children have often a high caries risk together with high anxiety which specialist 

dentist should address. 

A previous study has shown that the injection of local anesthesia, sound of high-speed 

dental drill and application of the rubber dam were the most anxiety-producing factors. 

Because of that, dentists should be prepared to manage the negative child’s behaviour 

which most likely associates with these procedures [Pinkham 2005]. Additionally, the 

dental staff should expect the lake of cooperation among very young children, and 

prepare an adequate behavior management technique using familiar tools and 

allowing children to try them in order to overcome their anxiety toward it and to earning 

their confidence [Pinkham 2005]. 

Similarly, “tell, show, do” technique was considered to be a very useful strategy for 

fearful children that provides detailed information about dental procedures, allowing 

them to increase their feelings of controlling over the whole treatment, and reduces 

their anxiety and behavior problems [Gordon et al. 2013, Poorsattar 2010]. Indeed, 

“tell-show-do” technique followed by other behavior management methods like 
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parental presence\absence or in combination with inhalation sedation (NO2) allow the 

dentist a highly accepted way for behavior managing, while, voice control technique 

along with passive physical restraint methods such as papoose board or hand over 

mouth are considered as the least accepted methods to improve behaviour [Boka et 

al. 2014]. 

Finally, there is no best way or method to deal with the dental fear or pain in general, 

and one favorable technique cannot be used for all patients’ kinds in all cases. That is 

why a convenient technique should be chosen for every child depends on his 

particular characteristics and situation [Pinkham 2005]. 
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2.1 General Anesthesia 

General anesthesia must be considered as the last therapy option and only supplied if 

all other treatment methods were not applicable or even successful including pain and 

anxiety control techniques and behavior management [Patel 2004]. Indeed, alternative 

methods of treatment and behavior management should be discussed with parents or 

caretakers, as well as the risks of GA if it’s been approved. Dental practitioners need 

to send a referral letter includes a clear justification for providing GA [Klaassen et al. 

2007]. 

The decision to refer a patient for treatment under GA should not be taken lightly. 

Practitioners are responsible to take a fully detailed medical and dental histories of the 

patient and to get the approval to refer to GA, which following an obvious explanation 

about GA risks and other therapy’s possibilities. Also, parents or guardians must be 

aware of all possible risks of GA, which include sore throat, nausea and vomiting, 

dental injuries and the possibility of death (1:100,000) [Baker et al. 2006, Patel 2004]. 

The number of treated children under general anesthesia grows steadily, and patients, 

who have a poor cooperation for dental therapy, are mostly either too young or have 

disabilities, therefore they require often high treatment’s procedures [Nies et al. 2009]. 

For example, at the University of North Carolina the number of GA cases increased 

about 250% from 63 in 1993 to 220 in 2003 [Roberts et al. 2009]. 

It has been shown that, even GA was preferred by many parents over other passive 

restraint methods, especially for those who previously had negative dental experience, 

knowing that, there was no significant relation between parental accepted behaviour 

management techniques and their educational or social level family income [Boka et 

al. 2014]. 

 

2.1.1 Adventages 

General anesthesia offer the dentist, almost in all cases, to achieve the desired 

therapy at a higher quality without delaying or suffering pain especially for 

uncooperative children who have always high fear about treatment. Indeed, GA can 

supply postoperative relaxation, reduce treatment’s demand and in many cases 

improve children’s oral hygiene [Abdulkarim et al. 2008, Savanheimo et al. 2005]. 

Although general anaesthesia for healthy children considered as almost safe 

procedure, it still remain the last treatment choice because of the life risk 
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considerations and its costs, as well parents find it often hard to accept [Acs et al. 

2001, Savanheimo et al. 2005]. 

It has been noticed that dental treatments under general anesthesia, tend to have a 

better marginal seal and less secondary caries than those which have been provided 

with only local analgesia [Eidelman et al. 2000]. Additionally, a number of studies have 

reported that Oral Health-Related Quality of Life (OHRQoL) has been improved among 

the children after GA, which include pain free, whole ability to eat and sleep and a 

positive social impact [Acs et al. 1999, Acs et al. 2001, Jankauskiene et al. 2010, 

Jabarifar et al. 2009]. 

 

2.1.2 Indications 

Treatment under General Anesthesia was mostly required for children, who have 

difficulties with proceeding dental treatment in a dental clinic, which involve children of 

very young age or who have dental anxiety or/and behavioral management problems 

[Klaassen et al. 2009, MacCormac et al. 1998]. Moreover, dental treatment under GA 

allow an optimal therapy to be provided for patients who could not ever succeed to 

undergo therapy at dental chair, including highly phobic patients, children with 

behavior management problems, patients have developmental disorders, patients with 

physically and mentally disabilities and medically compromised patients, which their 

situation would be worsened through normal dental treatment because of anxiety. As 

well as, many patients decide to be treated under general anesthesia in order to 

eliminate anxiety and stress and have comfort after it [Albadri et al. 2006]. 

The main reason in view of many parents, who accepted that their children underwent 

general anesthesia for dental treatment, is several times of non-successful previous 

attempts to complete the treatment, which failed due to child’s dental anxiety 

accompanied by pain as a second reason [Savanheimo et al. 2005]. Another study 

reported that the need for multiple dental extractions (63%), dental fear (60%) and the 

young age of children were the most important referral’s reasons in Ireland 

[MacCormac et al. 1998]. 

Tochel and his co-worker [2004] have mentioned that chair dental general anesthesia 

could be only provided where there are clinical requirements at patients assessed by 

specialized dentist with high skills of children’s treatment. And, at the same time, their 

parents should be well-informed about the risks of GA and other alternative methods 

of treatment. Consequently, obtaining informed consent from parents, including full 

awareness about GA, is essential before beginning the treatment. Previous survey 
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[Patel, 2004] from UK declared that about 66% of the parents or guardians were not 

aware of any risks of dental GA, indeed, 63% of referral letters, which are supplied 

along with parental approval, did not contain any causes or justifications for GA. 

Despite the great importance of referral letter including a clear justification as a part of 

informed consent, and the strict recommendations placed by General Dental Council 

1999 of providing an obligated explanations about GA risks and its alternative 

methods, there are many referring practitioners have not explained sufficiently those 

risks and they did not give any clear justification in their letters of referral for providing 

GA [Patel 2004, Hosey et al. 2006]. Furthermore, it has been highly recommended to 

keep a fresh copy of the informed approval, with a signature from the parent or 

guardian, and agreement of referral to GA [Patel 2004]. 

Besides, factors, like appropriately selected patient, the high skilled and trained 

attending dental team and the comprehensive monitoring under convenient 

environment, determine the clinical procedure safety space [Patel 2004]. 

And although of all these precautions still the use of GA associated with a higher rate 

of death in comparison with other methods. For example, there are many cases where 

children died while they were under GA for dental extractions. And therefore, GA 

should be avoided wherever possible and be replaced with conscious sedation [Hosey 

et al. 2006]. 

A number of studies have shown that inhalation sedation with nitrous oxide represent 

an adequate alternative technique to GA with a wide range of safety [Tochel et al. 

2004]. Additionally, the use of behavior management techniques is increasingly 

necessitated after treatment under GA because of the continued dental anxiety or 

even developed behavior managements problems at the majority of children 

underwent GA [Klaassen et al. 2009]. 

Maccormac et al. [1998] have reported that the most common reasons for referral to 

GA were the need of multiple extractions (63%), dental anxiety / fear (60%) and the 

young age of the children (60%). Also, the lake of patient cooperation in previous 

provided therapy was defined in about a third of cases and it was often related 

restorative treatment. Other study showed that children underwent GA had significant 

higher rates of caries prevalence (80 % of children) [Tahmassebi et al. 2014], 

periapical periodontitis and pulp infections. Indeed, about 40% of them had 

complained of dental pain with or without abscess [Kvist et al. 2014]. 

The management of patients with rampant caries, which have to be treated under GA 

where no treatment have been provided before, is often to be comprehensive and too 
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late to avoid invasive action that may involve many extractions of all badly decayed 

teeth and restorations using stainless steel crowns for remaining unsound teeth 

[Rayner et al. 2003]. 

In addition, many studies mentioned that residual untreated caries more probably lead 

to a repeated dental treatment under GA within a short time, particularly when child is 

still under four years of age [Harrison et al. 2000]. 

 

2.1.3 Dental treatment under general anesthesia 

Previous studies have reported that the quality of the conservative dental treatment 

provided under GA were significantly more better than under local analgesia because 

of better controlling of oral moisture and well planned restorations [Tate et al. 2002]. 

Young children, who required thorough oral rehabilitation, almost have behaviour 

management problems to provide proper dental treatment. Therefore, comprehensive 

treatment of rampant caries under GA is needed to improve child’s quality of life and 

his overall health [Kvist et al. 2014]. 

Retreatment rate was 34% and about the half of treatments being provided under local 

anaesthesia, while about 40 % of these children had repeated GA, because the most 

of them (71%) had medical history, with a mean age of 9 years [Tahmassebi et al. 

2014]. It has also shown that 56% of children underwent GA had both dental 

extractions and restorative treatment, while, 22 % of them had extractions only, and 

just 14% received restorations [Tahmassebi et al. 2014]. 

Previous studies have shown that more restorative procedures provided for permanent 

teeth in comparison to primary teeth, where GIC fillings (Glass Ionomer Cements) 

were the most supplied restorations (47.5%) between other materials [Abdulkarim et 

al. 2008, Jamjoom et al. 2001]. These results were different from study of Vinkier et al. 

[2011] where amalgam restorations were the most preferred fillings to restore 

deciduous teeth.  

Furthermore, stainless steel crowns should be provided as conservative treatment for 

extensively decayed teeth. Whereas, children with rampant caries considered as 

highly caries-susceptible and often have recurrent dental diseases, which probably 

necessitating further dental treatment under GA [Vinckier et al. 2001]. Indeed, 

restoration of primary teeth with stainless steel crown was described in the literature 

as the highest success rate and very useful when compared with other type of 

restorative materials [Randall et al. 2002]. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Randall%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=12412964
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Even though the treatment under GA leads to a satisfying oral rehabilitation, dental 

caries activity will continue when no constantly intensive prophylaxis procedures are 

provided. Therefore, attending follow-up appointments including individualized 

prevention along with careful evaluation of provided restorations is essential [Vinckier 

et al. 2001]. Tahmassebi and co-worker [2014] have found that 67% of the children 

were back for follow-up visit. Whereas more than a half of them needed further 

operative treatments (extractions and/or restorations), the rest have gotten only oral 

preventive procedures. Also, they showed that 12.9% of children treated under GA 

had repeat GA. 

The problem of attendance for repeat referral is a serious one: with reports of up to 

31% of children requiring further GA, which most likely may identified as a result of not 

coming to dental follow-up visits, where, for example, about 30% of patients receiving 

dental treatment under GA have missed continuing care appointments [MacCormac et 

al. 1998, Hosey et al. 2006, Richards et al. 2009]. The most common reasons for 

repeated GA were dental trauma, oral pathology, MIH and new carious lesions. Also, 

more extractions than restorations were performed under repeated GA [Tahmassebi et 

al. 2014]. Repeated dental therapy under GA was seen within two years after GA 

because of either untreated remained caries or incomplete treatment, where dental 

caries assessment was insufficient, or fast developed new decays, especially among 

children who underwent GA before their fourth birthday. Therefore, decreased number 

of repeated GA could be achieved if the clinical diagnosis was more intensive 

[Harrison et al. 2000, Tochel et al. 2004]. 

Dental services in Germany have started to be included in the National Health System 

since the early 19th century [Wessels 2009] and therefore, it has expanded to improve 

the dental health status of the population by providing promoted, preventive, curative 

and rehabilitative dental services. However, unfortunately, there are a few previous 

studies in Germany about dental treatment modalities for both referred children and 

those treated under GA. Therefore, it seemed appropriate to carry out a study to 

investigate the reasons of dental referral, as well as, characteristics of referred 

children and their dental status. In addition, the other objective of the study was to 

identify the type of patients undergone GA and the provided dental treatment in four 

cities in Germany. 
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3 Aim of the study 

The purpose of present research was divided into two investigating points: 

1. To determine the characteristics and dental status of the children with referral 

from the family dentists to specialized pediatric dental care and that have been 

registered in 2011 at the Department Of Preventive and Pediatric Dentistry at 

the University of Greifswald (North-East Germany). Also the subsequent dental 

treatment was registered and compared to previous results of 2008. 

This could reflect changes in dental care structures between 2008 and 2011. 

2. To assess the general features and dental management of children underwent 

general anesthesia at the University of Greifswald in 2011 and to compare this 

with other private pediatric dental practices in Germany. 

The analysis was to include symptoms, diagnosis, causes and prognosis along 

with reasons for referring to GA and medical history of referred were detailed 

investigated. 
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4 Materials and methods 

This retrospective analytical comparative study has examined the records of all 

children younger than 18 years of age (between 6 months and 18 years) who have 

been treated under general anesthesia at four different pediatric dental clinics. In 

addition to all child and adolescent patients’ data who were referred to the faculty of 

dentistry, Greifswald University, in 2008 and 2011. 

4.1 Ethical approval 

The study was approved by the Research Ethics Committee of the University of 

Greifswald under number: BB002/16. 

4.2 Study population  

All patients under 18 years old (n = 389), who in 2008 and 2011 had been referred by 

dental practitioners into the dental faculty, were assessed retrospectively from data 

system of the University of Greifswald. Additionally, clinic records of 297 dental 

patients aged 1-18 years undergone general anaesthesia in 2011 for dental 

rehabilitation procedures were retrieved from the database of three private dental 

practices as well as the University Dental Clinics of Greifswald. 

The characteristics of the referred patients consisted of:  

 Age 

 Gender 

 Dental status and caries levels (dmft/DMFT) 

 Diagnosis 

 Referral/GA reasons 

 Provided treatments. 

For each patient, these information and other details of further ongoing care were 

recorded in detail in data spreadsheet.  

In addition, data concerning the referring dentist, distance to the dental clinic and the 

elapsed time between referral and visit at the clinic were also documented. 

The data was collected within a period of 6 months and conducted through the 

researcher in collaboration with the pediatric dentists in their own clinics. 
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4.3 Calibration  

General anaesthesia services were provided as intubation anaesthesia at Department 

of Preventive and Pediatric Dentistry at the University of Greifswald.  

All patients referred for treatment under GA received a full consultation, proper history 

and examination by both pediatric dentist and anesthesiologist. Also, parents were 

informed of the detailed procedure and proposed treatment plan including the fasting 

and discharge procedures. 

Dental caries was evaluated by an oral examination based on visual inspection using 

examination tools, without using compulsory x-ray to investigate proximal caries. 

Dental caries were examined and calculated according to World Health Organization 

standards (WHO 2013):  

o DT/dt: permanent or primary teeth with carious defects,  

o MT/mt: missing teeth due to caries (or extracted because of caries) 

o F/f: filled teeth with one or more fillings or with stainless steel crown 

o dmft: for temporary teeth in both of deciduous and mixed dentition stage 

o DMFT: for permanent teeth in both of mixed and permanent dentition stage 

The DMFT values can range between 0 and 28, dmft values between 0 and 20. 

Dental caries was recorded when a lesion in a pit or fissure, or on a smooth tooth 

surface, has an unmistakable cavity, undermined enamel, or a detectably softened 

floor or wall. A tooth with a temporary filling, or one which is sealed but also decayed, 

was also included in this category. 

General anaesthesia elapsed time was recorded at the moment when the anaesthesia 

started till the patient woke up. 

4.4 Statistical analysis 

The dental records of each child in the study groups were transferred from coding 

sheets to the data base in the Statistical Package for the Social Sciences program 

(SPSS, Ver. 16 for Windows) run on a personal computer to facilitate analysis.  

Collected data was analyzed and verified for errors, and results were considered 

statistically significant at a P value equal or lower than 0.05. Descriptive statistics such 

as frequencies, mean values, standard deviations (SD) and distribution kinds were 

calculated. 
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Descriptive analysis included calculations of the number of reviewed children’s 

records, mean age, gender distribution, general diseases, medication distributions and 

the frequencies of reasons for both of referral and GA, as well as, dental status 

including previous performed treatments and the caries level in each child. 

Univariate analysis of variance (ANOVA) and Chi square tests were used, as 

appropriate, for cross-tabulations. Moreover, differences between groups were tested 

for statistical significance using parametric or non-parametric tests like Mann-Whitney 

U test and Student’s t-test for two independent groups as appropriate for normal or 

non-normal distribution. To assess these distribution patterns (normal/non-normal) a 

Kolmogorov-Smirnov analysis was conducted. 
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5 Results 

5.1 Study sample 

Initially, a total of six hundred and eighty six patients’ records (365 males and 321 

females) aged 1–18 years were included in the final study. From these, 297 Patients in 

2011 had received dental treatment under GA by four different specialized pediatric 

dental practices including three private practices and the University Clinic of 

Greifswald, as well as, 389 patients in 2008 and 2011 were referred by medical 

practitioners or doctors to the Dental Clinics, University of Greifswald. 

 

5.2 Dental referral 

5.2.1 Characteristics of the study sample 

Dental records of all children in the age of 1-18 years (205 males and 184 females) 

who were referred to the Dental Faculty, University of Greifswald in 2008 and 2011 

were studied. The mean age was 8.75±5.081 years (n = 194) in 2008 and 7.38±4.971 

years (n = 195) in 2011. 

5.2.1.1 Gender and age distribution 

The patients’ gender distribution is presented in Figure 1, and it showed no significant 

differences in referred patients’ gender (P = 0.45) between 2008 and 2011 according 

to the Chi square test. 

 

Figure 1: Gender distribution of referred patients in years 2008 and 2011 
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Referred patients were divided in four age groups (group1: 5 yrs or younger, group2: 

between 6 and 8 yrs, group3: between 9 and 11 yrs and group4: 12 yrs or older) and 

according to it, there were statistical significant differences in patients’ ages between 

2008 and 2011 (P = 0.015). Where, the age of referred patients decreased obviously 

from group 4 (12 yrs or older) in 2008 to group 1 (5 yrs or younger) in 2011. The 

distribution of age groups of the referred patients is shown in Figure 2 

 

Figure 2: Distribution of age groups of referred patients in 2008 and 2011 (Chi
2 

= 10.45, P = 

0.015) 

Distribution test (Kolmogorov-Smirnov) was performed and was statistically significant 

(P = 0.023) showing that the both groups were not normally distributed. Therefore, the 

Mann-Whitney U-test was attended and it showed a significant statistic reduction in 

mean age of patients between 2008 and 2011 (P = 0.005). 

 

Table 1: Mean and standard deviation of the age of referred patients in 2008 and 2011. 

Age N Min Max Mean SD Median P 

2008 194 1 17 8.75 5.08 8 0.005 

(Mann-
Whitney 
U-Test) 

2011 195 1 18 7.38 4.97 6 
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5.2.1.2 Characteristics of dentists, patients and referral time 

Referral dentists were more females than males in both years 2008 and 2011, but their 

number deceased in 2011. Also, dental centers referred more patients in 2011 than in 

2008, and this increase is statistically significant (P < 0.001) according to Chi2 test 

(figure 3). 

 

Figure 3: Gender distribution of referring dentists (“Center” for mixed practices. Chi
2 

= 24.74, P 
< 0.001). 

In contrast to the referrals in 2008 which all came from dental practitioners, in 2011, 3 

patients (1.5%) were referred from general medical practitioners and 2 patients (1.0%) 

from pediatricians and one patient (0.5%) from an otorhinolaryngologist. The Chi 

Square test found no significant difference (P = 0.2) in referral sources between 2008 

and 2011 (table 2). 

Table 2: Distribution of referring dentists and physicians in 2008 and 2011. 

Referrers year total 

n (%) Chi2 = 5.94, P = 0.203 2008 (%) 2011 (%) 

dentist without Dr. title 93 (49.5) 91 (46.7) 184 (48.0) 

dentist with Dr. title 95 (50.5) 98 (50.3) 193 (50.4) 

otorhinolaryngologist 0 1 (0.5) 1 (0.3) 

pediatrician 0 2 (1.0) 2 (0.5) 

general medical practitioners 0 3 (1.5) 3 (0.8) 

total 188 (100)  195 (100) 383 (100) 
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In 2008 the highest numbers of referred patients and referring dentists (34% and 

31.7% resp.) were for those who lived more than 50 km away from the University 

Clinics, while, the greatest proportion in 2011 were for patients and dentists who had 

to go a distance between 31 and 40 km to reach the dental faculty. These differences 

are statically significant according to the Chi Square test (figure 4). 

 

Figure 4: Distribution of distance for referred patients and referring dentists in 2008 and 2011 

(patient: Chi
2 
= 26.53, P < 0.001, dentist: Chi

2 
= 21.22, P = 0.002) 

Also, a significant difference was noted between referred patients in both years 2008 

and 2011 in relation to the elapsed time between referral and first dental visit (P = 

0.04, Figure 5). Whereas patients in 2011 have taken more time (17.66 days ±21.44) 

to visit the dental clinic after getting the referral than in 2008 (13.42 days ±18.04). 

The test for the analysis of the data distribution by Kolmogorov-Smirnov revealed that 

both cohorts exhibited a normal distributions (P = 0.14) which allowed for the Student-t 

test for independent samples. 
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Figure 5: Distribution of elapsed time between referral and first visits (t-test = 2.05, P = 0.04). 

 

Figures 6 and 7, as well as, table 3 give details of the distributions of general diseases 

and medications of referred patients in 2008 and 2011. In spite of the increasing 

number of physically handicapped patients and those who have taken psychotropic 

medication and antibiotics in 2011, these differences were not significant.  

 

    

Figure 6 a/b: Distribution of general diseases in referred patients for 2008 and 2011 (n = 326) 
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Figure 7 a /b: Distribution of taking medications in referred patients for 2008 and 2011 (n = 324) 

Table 3: Distribution of general diseases and medications between referred patients in 2008 

and 2011. 

Distribution of 
general disease medications 

patients with  2008 43 (29.3%) 9 (6.2%) 

2011 59 (33%) 20 (11.2%) 

patients 

without 

2008 104 (70.7%) 136 (93.8%) 

2011 120 (67%) 159 (88.8%) 

 

5.2.1.3 Dentition stage and performed x-ray 

Despite an increase in referred patients with deciduous dentitions in 2011, there was 

no significant difference compared with 2008 (P = 0.16, Chi Square test, figure 8). 

 

Figure 8: Distribution of dentition phase of referred patients for 2008 and 2011 (n = 389). 
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A growing number of both panoramic and intraoral dental x-rays (46.7%, 11.8% resp.) 

has been provided in 2011 which was statistically significant in comparison with 2008 

(29.9%, 6.5% resp. P = 0.002). The distribution of type of carried out x-rays is 

presented in figure 9. 

 

Figure 9 a/b: Distribution of X-Rays made for referred patients in 2008 and 2011 (Chi
2 

= 24.21, 

P = 0.002). 
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5.2.2  Statistical analytic study 

 

5.2.2.1 Referral reasons 

The reason for referral to the University of Greifswald was determined at the first visit 

by the specialist dentist using clinical findings along with the letter of referral (figure 

10). 

Thirty five referred children (17.9%) in 2011 needed comprehensive dental treatment 

under general anaesthesia, followed by 32 referrals (16.4%) due to orthodontic and/or 

oral & maxillofacial surgery treatment needs. A further 22 (11.3%) referrals were for 

dental extractions. 

More patients (n = 28; 14.8%) in 2008 were referred because of extensive dental 

caries, followed by (22; 11.6%) patients required dental extractions, and 21 patients 

(11.1%) demanded dental treatment under GA. Referral reasons between 2008 and 

2011 have statistically significant differences (P = 0.015) according to Chi Square test, 

and it shown in Figure 10. 

 

Figure 10: Distribution of referral reasons for referred patients in 2008 and 2011 (Chi
2 

= 30.55, 

P = 0.015). 
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(25%) and 4 (37%), along with dental extraction in group 3 (25%). These changes 

were statistically significant according to Chi Square test (figure 11). 

 

Figure 11: Distribution of referral reasons in 2011 according to age groups (Chi
2 

= 1.23, P < 

0.001) 

Furthermore, a clear difference was observed in referral causes in relation to dentition 

stage in 2011. While, the most common reason in primary dentition was 

comprehensive dental treatment under GA, the need of orthodontic/surgical treatments 

was almost the reason in both mixed and permanent dentition followed by dental 

extraction (figure 12). 

 

Figure 12: Distribution of referral reasons in 2011 according to dental dentition phase (Chi
2 

= 

97.97, P < 0.001). 
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5.2.2.2 Dental status 

Referred patients in 2011 have had more dental carious lesions (dt = 5.13, DT = 1.73, 

Dd = 4.90) and larger values of both dental caries indices dmft (5.40) and DMFT (2.15) 

than the patients who were referred in 2008 (table 4). However, this did not reach the 

level of statistical significance (P > 0.05). 

Also, it has been found that there were no statistical significances between referred 

patients in 2011 and those of 2008 according to dmft and DMFT groups, despite the 

growing values of both dmft and DMFT groups in 2011 (dmft larger than 6 (46.6%), 

DMFT between 1 and 5 (36%) and larger than 6 (13%)). Only, more dental fillings 

carried out in 2011 with a statistically significance as it compared with its numbers in 

2008 (table 5). 

Table 4: Means, standard deviations and frequencies of both caries indices (dmft and DMFT) 

and their components in years 2008 and 2011. 

Year 

dt 

 

(n) 

DT 

 

(n) 

Dd 

(Total) 

(n) 

Ff (Total) 

(n) 

Mm 

(Total) 

(n) 

dmft 

 

(n) 

DMFT 

 

(n) 

2008 

4.64±4.99 

(116) 

1.35±3.14 

(86) 

4.42±5.15 

(148) 

0.27±1.17 

(115) 

0.24±1.32 

(147) 

5.16±5.31 

(116) 

1.57±3.37 

(86) 

2011 

5.13±4.86 

(146) 

1.73±3.61 

(100) 

4.90±5.07 

(188) 

0.27±0.90 

(146) 

0.11±0.46 

(188) 

5.40±4.94 

(146) 

2.15±3.82 

(100) 

 

 

Table 5: Distribution of children with and without fillings and distribution of children with different 

dmft/DMFT values in 2008 and 2011 (Chi
2 
= 9.45, P = 0.002) 

Year 

Fillings (Total) dmft  DMFT 

No 

Filling 
Filling dmft = 0 

dmft = 

1-5 
dmft ≥ 6 DMFT = 0 

DMFT = 

1-5 
DMFT ≥ 6 

2008 
137 

(92.6%) 

11  

(7.4%) 

33 

(28.4%) 

38   

(32.8%) 

45 

(38.8%) 

53  

(61.6%) 

24    

(27.9%) 

9   

(10.5%) 

2011 
152 

(80.9%) 

36 

(19.1%) 

36 

(24.7%) 

42   

(28.8%) 

68 

(46.6%) 

51    

(51%) 

36     

(36%) 
13   (13%) 
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Additionally, there was a significant difference between age groups in both caries 

indices (dmft and DMFT) in 2011 referred patients according to Chi square test. 

Results are shown in figure 13.  

 

Figure 13: Distribution of caries indices values (dmft and DMFT) in 2011 according to age 

groups (dmft: Chi
2 
= 20.05, P = 0.003/ DMFT: Chi

2 
= 16.18, P = 0.013) 

 

5.2.2.3 Clinical diagnosis of referred patients 

More referred patients in 2011 were diagnosed to have rampant caries (42.1%) 

followed by orthodontic/oral surgery problems (16.9%) in comparison with 2008 

(29.3%, 10.1% resp. P < 0.001). However, lower rate of ECC (Early Childhood Caries) 

was diagnosed in 2011 (8.7%) as in 2008 (14.4%) as it seen in figures 14.  
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Figure 14 a/b: Distribution of dental diagnosis in referred children for 2008 and 2011 (Chi
2 

= 

51.467, P < 0.001). 

Furthermore, dental caries were the most common diagnosis in 2011 among patients 

under 11 years old (primary dentition 57.30%, mixed dentition 45.20% figures 15 and 

16) followed by the subgroup of ECC for patients younger than 5 years old (17.40%) 

and by needs for orthodontic/oral surgery treatment in patients aged between 6 and 11 

years (mixed dentition 24.2%), while, the need for orthodontic/oral surgery therapy 

was often diagnosed in patients older than 12 years (41.3%) followed by irreversible 

pulpitis and impacted teeth. These results were statistically significant. 
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Figure 15: Distribution of dental diagnosis in referred patients according to age groups for 2011 

(Chi
2 
= 1.22, P < 0.001) 

 

Figure 16: Distribution of dental diagnosis in referred patients according to dental phase for 

2011 (Chi
2 
= 1.08, P < 0.001) 

 

5.2.2.4 Dental treatments for referred patients 

Sixty three percent of referred patients received non-invasive treatment in first dental 

visit in 2011 and 23.6% of patients got dental consultation. Also, only 6.7% and 2.6% 

of children had dental extraction and endodontic treatment respectively in their 1st 

appointment. All these treatments were performed less often in 2008 (non-invasive 

treatment 53.6%, consultations 21.3%, extractions 4.9% and endo 0%).  
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On the other hand, considerably more fillings were delivered in 2008 (11.5%) 

compared to 2011 (2.6%). These results were significant according to the Chi square 

test (Figure 17). 

 

Figure 17 a/b: Distribution of first conducted dental treatment in referred children for 2008 and 

2011 (Chi
2 
= 30.83, P < 0.001). 

Comparing between dental stages, non-invasive treatment was almost the first 

treatment in both primary and mixed dentition in 2008 (63.8% and 52.4% resp.) and 

2011 (89.9% and 54.8% resp.) followed by consulting in mixed dentition (2008: 19%, 

2011: 22.6%), whilst, consultations were performed more frequently in the permanent 

dental stage as first treatment among referred children in both 2008 (41.2%) and 2011 

(59.1%, figure 18). 

 

Figure 18: Distribution of first dental treatment in referred patients for 2011 according to dental 

phase (Chi 
x2 

= 82.22, P < 0.001). 
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In addition, further dental treatment pattern revealed more dental treatment under GA 

(27%) and a slightly more extractions (16.1%) in 2011 compared to 2008 (20.9%, 

15.5% resp.). On the contrary, less fillings and preventive procedures were supplied in 

2011 (26.3% and 4.4% resp.) in comparison with 2008 (31% and 10.9% resp., figure 

19). 

  

Figure 19 a/b: Distribution of following treatment in referred children for 2008 and 2011 (Chi
2 

= 

31.51, P = 0.001). 

Much more deciduous teeth were treated under GA (43.7%) or restored (32.4%) in 

2011 compared to permanent teeth (3.8% & 3.8% each). However, more extractions 

were done in mixed and permanent dental dentitions (27.5% and 26.9% resp.) than in 

the primary dentition (5.6%) with statistically significant differences (figure 20 b). 

An increasing number of fillings followed by GA was noticed in 2008 in all dental 

phases with a significant statistically difference (figure 20 a). 
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Figure 20 a/b: Distribution of further dental treatment in referred children for 2008 and 2011 

according to dentition stages (2008: Chi
2 
= 85.88, P < 0.001, 2011: Chi

2 
= 98.89, P < 0.001) 

5.2.2.5 Clinical remaining status of patients 

The dentists of the University in Greifswald referred a total of 102 (61.4%) children 

back to their family dentists in 2011 which was more than what referred in year 2008 

(n = 69, 47.9%, figure 21). 

In the very young children, more than half remained patients at the University Clinics, 

while the vast majority of children older than 12 years continued their dental care at 

the referring dentists (figure 22). 
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Figure 21: Distribution of remaining referred patients (Chi
2 
= 5.71, P = 0.017). 

 

 

Figure 22: Distribution of further treatment for referred children for 2011 according to age 

groups (Chi 
x2 

= 18, P < 0.001) 
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5.3 Treatment under general anesthesia  

5.3.1  Characteristics of the study sample 

Two hundred and ninety-seven paediatric dental records (160 males and 137 females) 

ranged in age from 1 to 15 years, were retrieved. The age distribution of the patients is 

skewed to the left, with a mean of 4.77±2.21. All children were treated under general 

anaesthesia during 2011. From these, 78 children were patients of the University of 

Greifswald, and 219 of three private practices. 

5.3.1.1 Gender and age distribution 

In general, more male patients (53.9%) had been treated under GA as females 

(46.1%). However, more females were treated under GA at the University of 

Greifswald than males, which was clearly adverse in the three private practices which 

was on the edge of statistical significance (P = 0.063, figure 23). 

 

Figure 23: Gender distribution of GA patients in the university and private practices. 

Age distribution is displayed in table 4. The mean age at the time of initial attendance 

was 4.65±2.59 years for the university patients and 4.81±2.06 years for patients in 

private practices. Thus, 72.7% of the children were five years of age or younger.  

In spite of the similar mean age, the university showed a higher proportion of very 

young children and a low number of older adolescents (P = 0.009, figure 24, table 6). 
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Table 6: Means and standard deviations of age of GA patients in the university and private 

practices. 

Age N Min Max Mean SD Median P (t-student) 

university 

clinic 

78 1 15 4.65 2.59 4  

0.586 

private 

practices 

219 1 11 4.81 2.06 5 

 

 

Figure 24: Distribution of age of patients underwent general anaesthesia at university clinic and 

private practices (Chi
2 
= 11.49, P = 0.009) 

5.3.1.2 Characteristics of GA patients 

The number of GAs has increased among patients living in 31-40 km (30.8%) and 21-

30 km (28.2%) away from the university clinics, while the biggest group of patients in 

the private practice lived in the same town. These differences were statistically 

significant (figure 25). 

There were 17.3% children at the university clinics and 19.2% children in the private 

practices with medical problems who were administered for general anaesthesia.  

A high proportion of children (5.3% and 7.8% for university clinic and private practices, 

respectively) had mental disabilities and/or learning difficulties. Also, cardiovascular 

diseases and physical handicap were seen in children of both treatment sites (4%, 

2.7% at the university clinic and 0.5%, 0.9% in private practices respectively). By three 

children (1.4%) in private practices were coagulation disorders diagnosed. These 

differences were statistically significant (P = 0.031, table 7). 
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Figure 25: Distribution of distance between residence of GA patients and dental treatment 

place for university and private practice patients. (Chi
2 
= 45.66, P < 0.001) 

Table 7: Distribution of general diseases and disabilities in GA patients at the university and in 

private practices (Chi
2
= 22.609, P= 0.031) 

General Diseases university 

clinic (%) 

private 

practices (%) 

total (%) 

no disease 62 (82.7) 177 (80.8) 239 (81.3) 

mental disability / learning difficulties 4 (5.3) 17 (7.8) 21 (7.1) 

physical handicap 2 (2.7) 2 (0.9) 4 (1.4) 

cardiovascular diseases 3 (4) 1 (0.5) 4 (1.4) 

coagulation disorders 0 3 (1.4) 3 (1) 

diabetes / metabolic diseases 1 (1.3) 0 1 (0.3) 

liver / kidney diseases 1 (1.3) 0 1 (0.3) 

epilepsy 0 1 (0.5) 1 (0.3) 

infectious diseases 0 4 (1.8) 4 (1.4) 

allergies / intolerances 2 (2.7) 1 (0.5) 3 (1) 

lung diseases 0 5 (2.3) 5 (1.7) 

preterm birth 0 7 (3.2) 7 (2.4) 

otherwise 0 1 (0.5) 1 (0.3)  

total 75 (100) 219 (100) 294 (100) 
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The number of patients with medication was minimal with 5.3% and 2.3% for patients 

at university clinics and in private practices, respectively (table 8). 

Table 8: Distribution of medications in GA patients in the university and private practices (Chi
2 
= 

10.775, P = 0.029) 

Medication university clinic 

(%) 

private practices 

(%) 

total (%) 

no medication 71 (94.7) 213 (97.7) 284 (96.9) 

psychotropic medicaments 2 (2.7) 0 2 (0.7) 

antihistamines 0 4 (1.8) 4 (1.4) 

metabolism medication 1 (1.3) 0 1 (0.3) 

antibiotics 1 (1.3) 1 (0.5) 2 (0.7) 

total 75 (100) 218 (100) 293 (100) 

 

 

5.3.1.3 Dentition stage and performed x-ray 

About 71% of the children treated under GA in private practices had a primary 

dentition compared to 78.2% in the university clinics. Clearly more children with mixed 

dentition were treated under GA in private practices (28.3%) than in the university 

clinics (17.9%), reaching marginal statistical significance (Chi Square test, P = 0.055, 

figure 26). 

 

Figure 26: Distribution of dentition stages of GA patients at the university and in private 

practices. (Chi
2 
= 5.79, P = 0.055) 
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More than three-quarters of children in private practices had intraoral x-ray taken 

(52.1% dental films and 26.5% bitewings), while just 28.2% of children at the university 

clinics had intraoral x-rays. On the other hand, panoramic radiographs remained the 

mostly used x-ray films in the university clinics (41%). 30.8% of children at the 

university clinics had no radiographs, while only 5.9% of children at private practices 

were not x-rayed, which was statistically significant (figures 27 a and b). 

 

 

 

 

 

 

 

 

 

 

 

Figure 27 a/b: Distribution of x-rays made for GA patients at the university and in private 

practices (Chi
2 
= 27.92, P < 0.001) 
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5.3.2  Statistical analytic study 

 

5.3.2.1 Dental status 

The caries levels in primary teeth (dt) for children treated at private practices (8.19 dt 

±3.87) or university clinics (6.91 dt ±4.88) were very similar, but still reached a 

statistically significant difference (P = 0.022), while other indices were not statistically 

significant (table 9). 

Table 9: Means and standard deviations of both caries indices (dmft,dt, DMFT and DT) of GA 

patients in the university and private practices. 

Caries indices N Mean 
Std. 

Deviation 

Std. Error 

Mean 

independent 

student t 

test 

Sig. 

dmft 

university 

clinic 
74 7.73 4.778 0.555 

-1.78 0.076 
private 

practices 
217 8.74 3.993 0.271 

dt 

university 

clinic 
74 6.91 4.880 0.567 

-2.30 0.022* 
private 

practices 
217 8.19 3.871 0.263 

DMFT 

university 

clinic 
17 2.94 4.023 0.976 

0.55 0.587 
private 

practices 
63 2.43 3.266 0.412 

DT 

university 

clinic 
17 2.76 3.993 0.968 

0.50 0.618 
private 

practices 
64 2.30 3.260 0.407 

 

Dental caries index (dmft) was significant as it divided in 3 subgroups (dmft = 0, dmft = 

1-5 and dmft ≥ 6) according to its values (P = 0.001), while, DMFT index had a 
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marginal significance between the two study-groups (P = 0.052), as it presented in 

figures 28 and 29. 

Dental caries were more seen in the private practices (97.3%) compare to university 

clinic (91%) with a statistical significant difference (P = 0.021) (figure 30). 

 

Figure 28: Distribution of children with different dmft values at university clinics and in private 

practices (Chi
2 
= 13.36, P = 0.001) 

 

Figure 29: Distribution of children with different DMFT values in the university and private 

practices (Chi
2 
= 5.92, P = 0.052). 
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Figure 30: Distribution of children with and without dental caries at the university and in private 

practices (Chi
2 
= 5.34, P = 0.021) 

 

5.3.2.2 Association between dental status and age of GA patients 

The children’s age showed a statistical significance towards the caries levels in 

primary teeth (dmft) for patients in private practices (P= 0.001), while this association 

was less pronounced for the permanent dentition (DMFT, P= 0.054). This association 

was more pronounced among university patients (DMFT, P= 0.003, figures 31, 32, 33 

and 34). 

 

Figure 31: Relationship between dmft index scores and age of the GA patients at the university 

and in private practices. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

free carious

University clinic privat clinics

Caries 
n= 213 

n= 6 

n= 71 

n= 7 

Caries-free 



Results 

43 
 

 

Figure 32: Relationship between DMFT index scores and age of the GA patients in university 

and private practices. 

 

Figure 33: Distribution of dmft- index values at private practices according to age groups (Chi
2 
= 

19.68, P = 0.001) 

 

Figure 34: Distribution of DMFT- index values in the university clinics according to age groups 

(Chi
2
 = 15.94, P = 0.014) 
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5.3.2.3 Clinical diagnosis of GA patients 

About a half of patients, who were treated at university clinic, were diagnosed to have 

rampant caries (47.4%), irreversible pulp diseases (19.2%) and Early Childhood 

Caries (ECC) (14.1%).  

Table 10: Distribution of dental diagnosis in GA patients in the university and private practices 

(Chi
2 
= 22.609, P = 0.031) 

Diagnosis university clinic (%) private practices (%) total (%) 

caries 37 (47.4) 74 (33.8) 110 (37) 

irreversible pulpitis 15 (19.2) 49 (22.4) 64 (21.5) 

gangrene 0 1 (0.5) 1 (0.3) 

fistula 6 (7.7)  18 (8.2) 24 (8.1) 

abscess 3 (3.8) 14 (6.4) 17 (5.7) 

ECC 11 (14.1) 44 (20.1) 55 (18.5) 

dental trauma with fracture 1 (1.3) 3 (1.4) 4 (1.3) 

dental trauma without fracture 3 (3.8) 2 (0.9) 5 (1.7) 

swelling / infiltration 0 4 (1.8) 4 (1.3) 

orthodontics / KG 0 2 (0.9) 2 (0.7) 

impacted teeth 2 (2.6) 0 2 (0.7) 

others 0 8 (3.7) 8 (2.7) 

total 78 (100) 219 (100) 297 (100) 

 

Similarly, the most common dental diagnosis for children underwent GA at private 

practices was dental caries (33.8%), followed by the need for pulp treatment (22.4%) 
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and ECC (20.1%). In spite of the minor difference, these were statistically significant 

(P = 0.031, table 10). 

5.3.2.4 Dental treatment time under GA 

Most of the dental treatment under GA at university clinic lasted between 106 and 120 

minutes (23.1%), while about a fifth of treatments (19.2%) were performed in a short 

time (1-15 min). 16.7% of GA duration was between 76-90 min. 

However, durations between 46-90 min were mostly necesassiting to carry out 

required dental treatment under GA in private practices. These results had a statistical 

significance when it compared between two study groups according to chi square test 

since the P value was lower than 0.001 as it shown in figure 35. 

 

Figure 35: Distribution of time groups in minutes needed for dental treatment under GA for 

patients at university clinic and in private practices (Chi
2 
= 42.49, P < 0.001) 

Table 11 shows the means- and standard deviations values of time duration that 

needed to provide GA for patients of both groups without any significant differences 

according to Mann Whitney U test for non-normal distribution.  

Table 11: means and standard deviations of GA time at university clinic and in private 

practices. 
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Std. 

Deviation 

Std. Error 
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Kolmogorov-

Smirnov Z 

Mann-

Whitney U  

Time 

university 

clinic 
78 13 160 68.18 42.475 4.809 

0.005* 0.338 
private 

practices 
219 2 172 73.00 34.485 2.330 
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5.3.2.5 Patterns of dental treatments performed under GA  

Table 12: Means and standard deviations of dental treatment in GA patients in the university 

and private practices. 

Treatment N Mean Median 
Std. 

Deviation 

Std. 

Error 

Mean 

Kolmogorov

-Smirnov Z 

Mann-

Whitney 

U  

Chi2 

Extraction 

university 

clinic 
78 3.14 3.00 2.427 0.275 

0.000* 0.000* 0.001* 
private 

practices 
219 1.86 1.00 2.030 0.137 

Fillings 

university 

clinic 
78 2.65 2.00 2.739 0.310 

0.000* 0.000* 0.000* 
private 

practices 
219 5.47 5.00 3.148 0.213 

Endo 

university 

clinic 
78 0.62 0.00 1.131 0.128 

0.005* 0.000* 0.023* 
private 

practices 
219 1.31 1.00 1.630 0.110 

S.S.C 

university 

clinic 
78 1.08 0.00 1.577 0.179 

0.026* 0.002* 0.126 
private 

practices 
219 1.80 1.00 1.971 0.133 

Space 

maintainer 

university 

clinic 
78 0.22 0.00 0.595 0.067 

1.000 
(t-) 

0.504 
0.326 

private 

practices 
219 0.17 0.00 0.466 0.032 

Fissure 

Sealant 

university 

clinic 
78 0.12 0.00 0.455 0.052 

0.000* 0.000* 0.002* 
private 

practices 
219 0.83 0.00 1.389 0.094 

Dental extractions with mean of 3.14 (±2.43) were the most common treatment 

(40.2%) under GA among patients of university clinic, fillings came second place 
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(33.9%) with a mean of 2.65 (±2.74), followed by stainless steel crowns (13.8%) with a 

mean of 1.08 (±1.58). 

This differed clearly from the patterns in private practices with more fillings under GA 

(47.8%, mean 5.47 ±3.15) than extracting teeth (16.3%, mean1.86 ±2.03), followed by 

stainless steel crowns (15.7%, mean 1.8 ±1.97). Significant statistical differences were 

found in all treatment patterns between university clinics and private practices except 

in space maintainers (table 12, figures. 36 a and b). 

Additionally, the most essential follow up procedure after GA in the university clinic 

was preventive treatment (59.6%), followed by applying space maintainers (19.1%). In 

private practices, consulting (35.4%) was mostly provided in the next dental visits after 

GA followed by dental preventive procedures (31.5%, figure 38). Only 12.9% of 

children, who underwent GA at the university clinics required further dental treatment 

(extractions or restorations), and just one child (0.6%), was in private practices, had 

been treated under repeated GA. 

 

 

Figure 36 a/b: Distribution of dental treatment under general anesthesia provided in patients at 

university clinic and in private practices. 

EX 
40.2% 

Fillings 
33.9% 

Endo 
7.9% 

S.S.C 
13.8% 

S.M 
2.8% 

F.S 1.5% 
University clinic 

EX 
16.3% 

Fillings 
47.8% 

Endo 
11.5% 

S.S.C 
15.7% 

S.M 
1.5% 

F.S 
7.3% 

Private practices 



Results 

48 
 

 

Figure 38: Distribution of follow up treatments provided for both GA patients groups (Chi
2
 = 

56.78, P < 0.001)
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6 Discussion 

Dental caries remains the most prevalent chronic disease in both children and adults 

in the world [WHO 2003], even though it is largely preventable. However, there are 

very few studies on the circumstances of general anesthesia in the context of dental 

treatment in children in Germany. 

This study differed from previous studies by comparing specialized pediatric practices 

and a university clinic and by studying the characteristics of both referred children and 

under GA treated children. In addition, the according dental treatments and the follow-

up visits were analyzed. 

The distribution of the sample revealed a large age range which ranged between one 

year and eighteen years with relatively a large number of participants, compared to 

previous studies. The study sample clearly deviates from a representative of German 

child population and it reflects the standard characteristics of specialized pediatric 

treatment in Germany, which is mostly carried out on a small group of young children 

with high caries level.  

Both dental caries indices (dmft, DMFT) for the primary, mixed and permanent 

dentition were drastically higher than in a German norm population (DAJ 2010), but 

similar to an equivalent study by Alcaino et al. [2000]. In medically compromised 

patients these high caries levels justify a high number of extractions and restorations 

performed under general anesthesia [Klaassen 2009]. 

Unfortunately, an assessment of the socioeconomic status which is highly associated 

with caries levels was not possible retrospectively for the patient and their parents. 
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6.1 Discussing the results of comparing the referred children 

Specialized pediatric dental treatment was most likely provided for children under 

general anaesthesia at preschool age. 

6.1.1 Age’s comparison among children between 2008 and 2011 

The results of this study showed a significant increase of referred children in 2011 

(47.2%) under the age of 5 years, compared to 2008 (37.1%). This was accompanied 

by a statistically significant decrease in the average age of the referred children from 

2008 (8.75±5.1) to 2011 (7.38±5). It may indicate a high prevalence of dental caries 

among these children, low attention of the parents for their children’s oral health or 

poor cooperation for the required dental treatment by the children. This was in 

disagreement with other studies where a higher mean age between 9 and 9.5 years of 

referred children was reported [Stewart et al. 2012, McDonald 2004]. Also Klingberg et 

al. [2010] published that 7-12 year olds comprised the majority of referrals to specialist 

pediatric dentists. Stewart et al. [2012] saw an increased proportion of teenagers being 

referred recently. 

On the other hand, some reports on the age distribution of children who underwent GA 

detect a changed from about 12-15 year olds to very young, preschool children 

because of dental decay and particularly ECC [Salam et al. 2005, Alkilzy et al. 2015]. 

This is also reflected in the diagnoses of the present study between 2008 and 2011, 

but it contrasts the development of referrals to specialist pediatric dental services in 

Scandinavia [Klingberg et al. 2010, Stecksén-Blicks et al. 2008]. 

The average of waiting time from referral to the first dental visit was 17.66 days (SD 

21.44), which was marginally longer than in 2008 (13.42 days ±18.04). In contrast to 

this, Klingberg et al. [2010] reported considerably longer waiting time of 7 months in 

2003 and 5.2 months in 2008. 

6.1.2 Comparing the travel distance of referred patients 

The current study showed a significant decrease in the number of referred patients 

residing more than 50 km away from the clinic in comparison with 2008 (34%), while a 

growing numbers of patients with a distance of 31-40 km was noticed in 2011 (35.9%). 

These findings might be due to the increased prevalence of specialized dental 

practices in Germany and outside the 50km radius, which is in consistent with other 

studies, where more children were coming from areas close to the specialized dental 

practice [Alkilzy et al. 2015, Shaw et al. 1994]. 
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6.1.3 Reasons for referrals to a specialist dental clinic 

It has been shown that in 2011 there was a slight reduction for referrals due to dental 

caries, trauma and low cooperation (10.3%, 5.6% and 6.7% resp.) compared with 

2008 (14.8%, 10.1% and 10.1% resp.), while there was an increase in 2011 for 

referrals for GA (17.9%) and surgical or orthodontic therapy (16.4%) compared to 

2008 (11.1% & 10.1% resp.).  

These findings are consistent with the study by Klingberg et al. [2010] showing a 

reduced ratio of referrals due to traumatic dental injuries, dental anxiety/ behavior 

management problems, disabilities and complex medical histories. While on the other 

hand, Stewart et al. [2012] and Shaw et al. [1994] found insufficient cooperation for 

dental treatment being the main reason for a referral. 

Harris et al [2008] reported for the UK that the most common reason for referral given 

by general dental practitioners was treatment under general anesthesia for anxious 

children and very few referrals (14%) were given for medical risk children. 

The increased referrals to GA coincide and explain the growing number of preschool 

children, who needed comprehensive dental treatment due to rampant caries rather 

than a hospital environment due to medical reasons. Furthermore, results in 2011 

showed that children under 5 years of age were often referred because of dental 

rehabilitation under GA (29.3%), whereas the need for surgical or orthodontic 

treatment was more relevant in older age groups, along with requests for extraction. 

The referring dentists might not be able to perform an adequate treatment for the most 

referred patients because of either lack of specialist expertise or child’s behavior, 

which is, similar to many other studies, not clearly declared in the referral letter 

[Klingberg 2008, McQuistan et al. 2006]. In many studies, lack of cooperation was the 

most common reason for referrals [McQuistan et al. 2006, Shaw et al. 1994], where 

referred children were mostly between 3 and 12 years old [Klingberg et al. 2003, 

Salam et al. 2005]. 

Generally, these results were in line with study of MacCormac et al. [1998] where 

multiple dental extractions among anxious or very young children were the most 

common reasons for GA. 

6.1.4 Prevalence and severity of dental caries in referred children 

Increasing incidence of dental caries was noted in 2011 among referred children 

(71.3%) compared with 2008 (67.6%), but without statistically significant differences. 
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The results also showed a slight rise in the dmft-index in 2011 (5.40±4.94) compared 

to 2008 (5.16±5.31). Similarly, the percentage of children with more than 6 dmft 

increased in 2011 (46.6%) in comparison with 2008 (38.8%), but also without 

statistically significance. This was, as well, true for the increasing values of the DMFT 

index for 2011 (2.15±3.82) compared to 2008 (1.57±3.37) and particularly the rise in 

more than 6 DMFT (2011: 13.0%, 2008: 10.5%). This is amazing as Germany 

generally experiences a caries decline in children and adolescents [DAJ 2010] and it 

reflects the persistent or even increasing high caries levels in a small group of children 

which required specialized treatment in an environment of normally very low caries 

values. This is in line with other reports on a growing prevalence and severity of dental 

caries [Dye et al. 2007, Pieper et al. 2013]. 

In conclusion, this shows the urgent needs of effective dental prevention programs for 

all small children and a currently strong need for adequate dental treatment in mostly 

preschool children who are often incapable of cooperation in the dental chair. 

6.1.5 Methods of dental radiographic diagnosis 

In general, a rising ratio of oral radiographic diagnosis was found for referred children 

in 2011 (60%) compared to 2008 (41.3%). Panoramic and dental radiographs were 

more frequently taken in 2011 (46.7%, 11.8% resp.) in comparison with 2008 (29.9%, 

6.5% resp.). This shift might reflect the increase in both caries prevalence and severity 

in the referred children and maybe also in a thorough diagnostic process implemented 

in the Department for Preventive and Pediatric Dentistry. 

6.1.6 Clinical diagnosis and its relationship to age 

Regarding the clinical examination, there was a significant decline in the formal 

diagnosis “ECC” in 2011 (8.7%) compared to 2008 (14.4%) which contradicts the trend 

for younger children and higher caries values. Maybe the wording of diagnosis has 

shifted over time, as the numbers of decayed primary molars and “irreversible pulp 

inflammation” have increased with the need for orthodontic or surgical treatments for 

2011 (42.1%, 7.2% and 16.9% resp.) compared to 2008 (29.3%, 2.1% and 10.1% 

resp.). 

Dental caries was the most common clinical diagnosis in 2011 among referred children 

under 12 years of age (58.7% for <5 yrs, 45.2% for 6-8 yrs and 35% 9-11 yrs), while 

orthodontic or surgical treatment needs were mostly diagnosed above 12 years of age 

(41.3%).  
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This highlights the persistent problem of dental decays and its clinical consequences 

of pulp inflammation and non-cooperation for dental treatment in small children being 

the most relevant problem in pediatric dentistry [Ezer et al. 2010]. 

6.1.7 Type of primary dental treatment 

Non-invasive dental treatment was more often provided at the first visit for referred 

children in 2011 (63.1%) compared to 2008 (53.6%), followed by consulting (23.6% in 

2011 and 21.3% in 2008). 

Apart from this, extractions were more important for the first visit in 2011 (6.7%) 

compared with 2008 (4.9%), while less fillings were carried out among referred 

children in 2011 (2.6%) as in 2008 (11.5%). 

This also reflects a shift in the referred child population of younger and more severe 

cases where only diagnosis and assessment is feasible in the first session, often 

followed by GA or urgent extractions are required. The standard restorative procedure 

of fillings seems less often needed or possible. In addition, an internal shift towards 

more behavior management and preventive counseling in the first session reflects the 

rise of non-operative caries treatment in the dental literature [Pitts 2004, Duangporn et 

al. 2015, Maltz M et al. 2003, Bader JD et al. 2006]. 

6.1.8 Subsequent treatment for referred children  

This study revealed that more dental therapy under GA, dental extraction and 

endodontic treatment were carried out in 2011 as a subsequent treatment (27%, 

16.1% and 4.4% resp.) in comparison with 2008 (20.9%, 15.5%, and 2.3% resp.), 

while dental fillings were performed less often with 26.3% in 2011 than in 2008 (31%). 

This supports the trend of the first visit.  

Currently results showed that in mixed dentitions more fillings and extractions were 

carried out, while more extractions followed by endodontic therapy were conducted in 

permanent dentitions. 

These findings may be explained through the growing numbers of referred children 

under 5 years of age, who were uncooperative in the dental chair and had a rampant 

aggressive caries which had to be treated urgently under GA. On the other side, in 

elder children GA was mostly avoided and received standard dental treatment like 

fillings, extractions and endodontic therapy in the dental chair. 
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Those outcomes agree with Clayton et al. [2003] and Holt et al. [1999], where an 

increased number of teeth were extracted after referral to a specialist paediatric dentist 

resulting in a reduction in the need for repeated GA. 

 

6.2 Discussion of comparing treatment under general 

anesthesia  

The term comprehensive dental treatment (oral rehabilitation) under general 

anesthesia summarizes in the present studies various kinds of dental therapy on a 

small group of patients which seem to be key issue in pediatric dentistry. This includes 

children who are very young, have extensive carious lesions, dental fear or behavior 

management problems, physical/mental disabilities or development delays, medically 

problems and a combination of these traits [Holt 1991, Albadri et al. 2006]. Sometimes 

this leads to a more robust treatment approach and a high proportion of extractions 

performed under GA which deviates from the initial referral. For example, in an audit in 

Leicestershire, reviewing 593 referrals from the general dentists to the GA, in less than 

half of GA cases (44.5%) extractions have done exactly as it had been requested by 

their own dentist. However, the pre-GA re-estimating visit in this analysis reduced the 

need for GA in about 15% of referrals from general dental practitioners (GDPs) 

[Landes et al. 1996]. 

6.2.1 Age distribution in children treated in the university and private 

practices 

Slightly more males were treated under GA which points in the same direction as other 

studies [Alcaino et al. 2000, Abdulkarim et al. 2008], although no statistically significant 

level of this differences was reached in this study indicating a weak gender influence 

on GA treatment. 

There was a clear preference for dental treatment under general anesthesia in children 

of 5 years old or younger, especially in the university (80.8%) compared to specialized 

dental practices (69.9%, P = 0.009). This indicates a limitation for GA to children with a 

lack of cooperation ability or dental anxiety and extensive decays. These findings are 

in accordance with Roberts et al. [2009] which found that between 70-74% of the 

treatments under chair dental general anaesthesia were performed on 2 to 5-year-

olds. Also, all of Abdul Karim et al. [2008], Alcaino et al. [2000] and Tahmassebi et al. 

[2014] reported that the median age of the children who were treated under GA was 6 
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years old, and the age distribution was skewed to the left, thus, more than two-thirds of 

the children are less than 6 years of age. Also, Grant et al. showed that the mean age 

for GA has decreased from 7.7 years to 6.0 years in 1989 and to 5.7 years in 1997 

[Grant et al. 1998]. 

However, some studies were different from these results, e. g. with a mean age of 9.4 

years for GA and only 30.7% were children of five years old or younger [Richards et al. 

2009]. Similarly, Camilleri et al. [2004] and Ibricevic et al. [2001] calculated an average 

age of patients for GA about 7 years of age. 

6.2.2 Comparison of the distance to clinics 

It was noticed that more than a half of the patients (59%) had distances between 21-

40 km to reach the dental clinic at Greifswald University, while, 41% of patients were 

lived in the same town as the private practices. Thus the university clinics in 

Greifswald are a more regional provider than the practices which mainly work locally. 

6.2.3 Prevalence and severity of dental caries in children underwent GA 

Slightly lower caries levels were detected among children treated under GA at the 

university (91%) compared with children treated at specialized practices (97.3%). 

Consequently, they had a lower mean dmft or dt value (7.73±4.78, 6.91±4.88 resp.) 

compared to children at private practices (8.74±3.99, 8.19±3.87 resp.). This coincides 

with a lower proportion for children with dmft value less than 6 (64%) at the university 

compared with specialized practices (83.4%). 

On the other hand, DMFT and DT values were higher at the university (2.94±4.02, 

2.76±3.99 resp.) in comparison with its values at private practices (2.43±3.27, 

2.30±3.26 resp.). All these results could indicate that more dental neglect was seen 

among older children at the university, as well as, more very young uncooperative 

children who required merely a tooth extraction. 

This is supported by both Vinckier [2001] and Abdulkarim et al. [2008] who 

demonstrated that the majority of patients who treated under GA have had extensive 

caries combined sometimes with a high level of dental fear or anxiety. And it is also in 

line with other surveys [Richards et al. 2009 and Hosey et al. 2006, Osuji et al. 2005] 

which found that increasing number of children under 5 years of age treated with only 

dental extractions under GA. 
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6.2.4 Methods of dental radiographic diagnosis 

In this study x-rays were less conducted for children under GA at the university 

(69.2%) compared to private practices (94.1%). In addition, 41% of the radiographs 

performed in the university were panoramic, 26.9% dental films and only 1.3% 

bitewings, while the most common oral x-rays in private practices were dental films 

52.1% followed by bitewings 26.5%, and only 15.1% were panoramic radiographs. 

These results may indicate that more widely radiographic diagnosis were applied at 

the university than specific partial x-rays, which were the most common used at 

specialized practices. This could reflect the fact that more children, with almost all 

teeth attacked by aggressive caries and needed thoroughly oral diagnosis followed by 

comprehensive dental treatment planning, have attended GA in the dental clinics of 

Greifswald University, while, on the other hand, private practices supplied dental 

therapy under GA for patients complaining more localized pain or an acute painful 

tooth, and therefore, dental films should be sufficient as diagnostic method. Another 

explanation could be the very young children by whom any kind of radiographs is not 

possible due to their uncooperative behaviour, and thus x-rays provided that only 

could be taken at dental chair under GA. 

6.2.5 Clinical diagnosis of patients treated under GA 

Surprisingly, more dental caries were diagnosed among children treated under GA at 

the university (47.4%) compared to those treated at private practices (33.3%), 

inversely, more ECC (20.1%) were detected among children at the private practices as 

its prevalence at the university (14.1%). 

In addition, slightly more abscesses and non-irreversible pulpitis were identified at 

private practices (6.4% & 22.4%) compared to the university (3.8% & 19.2%) 

These results might reflect the fact that many of children at the university were under 5 

years of old (81%) and referred to GA after many attempts of unsuccessful behavioral 

management techniques, but before developing serious life-threatening symptoms like 

fistulae and abscess. Additionally, it presented a clearly migration of caries from 

incisors area (ECC) towards molars and premolars (back teeth caries) among children 

treated at the university when it compared with private practices. 

These findings are consistent with MacCormac and Kinirons [1998], where the most 

common reasons for extraction under GA were different forms of childhood caries and 

the vast majority of these patients were unable to cooperate because of dental anxiety 
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or too young age. As well, Richards et al. [2009] showed that 87.1% of children in 

2007 in UK treated under GA suffered from dental caries followed by dental fear 

(6.6%). Additionally, other community studies have published similar outcomes in 

literature. [Landes et al. 1996, Acs et al. 2001, Ibricevic et al. 2001] 

In contrast to that other centers mostly treat patients with medical problems (43.6%) 

under GA such as syndromes, congenital heart disease and cleft lip/palate, while 

fewer patients with Behaviour Management Problems (34.4%) have undergone GA 

[Abdulkarim et al. 2008]. 

6.2.6 Consumed therapy time under GA 

The results presented a low mean of dental treatment’s duration under GA at the 

university (68.2±42.48 minutes) compared with private practices (73±34.49 minutes), 

indeed, consuming time between (106-120 minutes) (23.1%) followed by (1-15 

minutes) (19.1%) was the most needed for completing the treatment under GA at the 

university, however, 46-90 minutes were almost sufficient to carry out the demanded 

treatment under GA at private practices. 

The reason for these differences could be that the majority of patients at the university 

were either in need of a comprehensive dental treatment because of widely rampant 

caries, or who required limited dental procedures (almost extractions) for one or two 

teeth, and they were, however, uncooperative at dental chair. Whilst, only few children 

had been treated in a very short or long time under GA at private practices, which 

could be explained through the middle severity of dental caries among them. This is in 

the line with other researcher [Vinckier et al. 2001] who reported that the mean 

duration of dental therapy under GA was about 81 (±24.7) minutes, where, much more 

conservative treatment were provided than dental extractions. 

6.2.7 Type of primary dental treatments under general anesthesia 

This study showed a significant increase in both of percentage and mean number of 

dental extractions among children underwent GA at the university (40.2%, 3.14±2.43) 

when it compared with private practices (16.3%, 1.86±2.03). Conversely, a reduced 

dental fillings’ ratio and mean were detected between patients at the university (33.9%, 

2.65±2.74) in comparison with private practices (47.8%, 5.47±3.15).  

Furthermore, less SSCs and endodontics were supplied among children treated at the 

university (7.9% & 13.8% resp.; mean values per child 0.6 and 1.08) with averages of 
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(0.6 & 1.08 resp.) compared to specialized practices (11.5% & 15.7% resp.; mean 1.31 

and 1.80 resp.). 

These results might be explained through the fact that the vast majority of short-time 

treatments, which carried out under GA at the university, were for dental extractions, 

while fillings and endodontic therapies were performed in the longer treatment’s 

sessions. 

Moreover, the growing numbers of children under 5 years of age, who were referred 

for GA with severe active decays, might explain the increasing percentage of dental 

extractions at the university. Additionally, treatment concept seem to differ with a more 

costly restorative approach in private practice and a concentration on critical teeth 

such as second permanent molars and canines in the university. These findings are in 

agreement with other previous studies [Richards et al. 2009, Hosey et al. 2006 and 

Osuji et al. 2005], where growing numbers of extracted teeth were detected per child 

under GA with a mean of 4.5 teeth in 2007 [Richards et al. 2009] and 7.8 teeth in 2004 

compared to only 3.7 teeth in 1991 [Hosey et al. 2006]. And more than a half of 

patients were five years old and younger, which would be indicative of children with 

high caries activity. 

Dental extractions under general anaesthesia are most commonly provided worldwide 

and especially in UK because it is faster and cheaper than restorations, and it’s more 

preferred for young children with rampant aggressive caries or ECC [Hosey et al. 

2006, Tahmassebi et al. 2014]. Similarly, Abdulkarim et al. [2008[  have found, that 

most of decayed primary teeth were extracted (97.8%), while more restorations were 

done in permanent dentition (24.3%), and GIC (47.5%) was often used as restoration 

material. 

Other authors [Tahmassebi et al. 2014, Alkilzy et al. 2015] revealed that more 

conservative treatments could be offered under GA rather than extractions especially 

among healthy patients. Alkilzy et al. [2015] also showed that conservative treatment 

options were successful, as only (2.3%) of previously treated teeth were re-treated in 

the following years. 

Furthermore, recent studies have shown that stainless steel crown were used as the 

most reliable treatment for primary teeth especially that needed extensive restorations 

or after endodontic therapy, due to its highest success rate among other types of 

restorative material [Abdulkarim et al. 2008, Eidelman et al. 2000, Sheller et al. 2003]. 
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A cross sectional survey in Giessen, Germany [Nies et al. 2009] found more dental 

extractions (5.6) per child in comparison with Greifswald (3.14) and private practices 

(1.86). However, the number of restorations per child was (4.8) in the middle between 

Greifswald and private practices (2.65 and 5.47 resp.). Moreover, SSCs and 

endodontics almost not provided in Giessen (0.03 and 0.02, resp.) in comparison with 

Greifswald and private practices (1.08/0.62 and 1.8/1.3, resp.). 

6.2.8 Follow-up treatment for children who underwent GA 

More preventive treatments, space maintainers and/or removable dentures were 

supplied in follow-up visit at the university (59.6% and 19.1%, resp.) compared to 

private practices (31.5% and 7.7%, resp.), while dental consulting was more offered at 

private practices (35.4%) as at the university (8.5%). 

Further dental treatment was performed more often in other studies [Tahmassebi et al. 

2014, O'Sullivan et al. 1991 and Drummond et al. 2004] (34%, 44% and 66%, resp.) 

compared to presented results (12.9%). It seems that treatment under GA in Germany 

might be a durable solution. 

Finally, it also should be mentioned that subsequent dental extractions were 

performed in only 2 cases (4.3%) after GA at the university, while one case (0.6%) in 

private practices had to be treated under GA for a second time. These outcomes also 

stress the long lasting approach in the university and the examined practices in 

Germany which contrasts international studies [Tahmassebi et al. 2014, Drummond et 

al. 2004], where about 13% and 5.1% of the children, resp., received repeated GA with 

more extractions as restorations. This could indicate either a more durable treatment 

or a reduction of caries activity in children treated under GA in Germany.  

Thus, it seems that GA in Germany is mostly a single event for children, while 23% 

and 45% of children with repeated GA [MacCormac et al. 1998] or even about 70% of 

under four year olds in a special dental care requiring a second GA within a short time 

[Richards et al. 2009, Landes et al. 1996] have represented a clear quality problem or 

persistent caries activity in the treated children.  

This is in line with Richards et al. [2009] and Tate et al. [2002] who described that non-

attendance following GA is more likely to be associated with an increased risk of 

repeating GA, in addition to incomplete caries diagnosis or lack of management of pre-

existing caries at the time of the first referral [Tochel et al. 2004]. Moreover, other 

factors such the continued usage of bottle feeding, poor cooperation and dysfunctional 

social situation are detectable [Abdulkarim et al. 2008, Sheller et al. 2003]. 
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Therefore, the number of children repeated dental GA treatment could be reduced by 

a robust dental assessment and the preference of extractions, especially in children 

under the age of four years [Tochel et al. 2004, Landes et al. 1996]. Besides, active 

follow-up programs and parent education could also help in decreasing repeated times 

of GA [Sheller et al. 2003]. Durable restorations such as stainless steel crowns should 

be preferred over fillings particularly in primary molars [Abdulkarim et al. 2008, Sheller 

et al. 2003, Tate et al. 2002].  
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7 Conclusions 

In the last decade, pediatric dentistry has become an important specialized field in 

dentistry in Germany because of a growing number of children who could not easily to 

be treated without pediatric dentist. They required a referral to a pediatric dental clinic 

especially for children under 5 years of age, because they are often not able to 

cooperate at the dental chair. 

This study showed a decrease in age for the children referred to the dental clinics, 

University of Greifswald in 2011 compared to 2008 associated with growing need of 

comprehensive dental treatment under general anaesthesia (GA), especially among 

those under 5 years of age. Dental caries was the most common reason for referral in 

2008. Additionally, in spite of the decline in ECC prevelence in 2011 compared to 

2008, higher caries values (dmft, DMFT) were detected among children referred in 

2011 being almost the only diagnosis among patients under 11 years of age. The need 

for orthodontics or oral surgery was more prevalent in patients aged more than 12 

years. Non-invasive treatment was almost exclusively provided at the first dental visits 

in 2011 at the University of Greifswald, and later more subsequent GAs and dental 

extractions were performed which is in the line with reduction in the age of children 

and increasing caries levels. 

Thus, the priorities for paediatric dentists are the treatments of children who cannot 

easily cooperate and who suffer from severe dental trauma or who present with 

extensive caries, medical complications and developmental anomalies. More 

successful caries-preveventive approaches could at least reduce the number of young 

children with rampant caries requiring GA. For the university clinic patients came from 

a huge regional radius, while the specialized pediatric practices attracted mostly 

patients within the same town, which are all considerably larger than Greifswald. 

Dental caries followed by its complications such as pulpal problems were mostly 

diagnosed among children who underwent GA. About 80% and 70% these children in 

university clinics and private practices, respectrively, were under five years of age. 

More frequently, panoramic radiographs (university) and dental films (private 

practices) were carried out for children who underwent dental GA. 

Dental extractions were more often performed at the university clinics than in private 

practice which provided a more conservative treatment. Therefore, most of GA 

treatments at the university had lasted between 106 and 120 minutes (for 

comprehensive treatments) or less than 15 minutes for extractions. In private practices 
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a more costly approach with more restorations was frequently observed, however, with 

shorter treatment durations of mostly between 45 and 90 minutes. 

This study reveals, especially for GA in the university, that there is a high level of 

dental destruction among very young, uncooperative children. In older children, this 

could be reduced by nitrous oxide sedation. Also, an improvement of intensive 

prevention in the risk group would decrease ECC rates and subsequent GA. An 

important step in this direction has been done by the law on the introduction of 

preventive visits at the dental practice from age 0 to 2½ years under the German 

National Health System (Präventionsgesetz). It will be very interesting to see, if the 

caries risk group will be reached with these measures or if these visits need to be 

compulsory.  

Although, GA provides higher quality of dental treatment and it minimizes potential 

psychological harm to the child [Abdulkarim et al. 2008, Roberts et al. 2009], the high 

rates of repeated GA in international studies point in the opposite direction. In the 

present study, the number of further dental treatment or repeated GA was absolutely 

minimal. This points to the high quality of the treatment performed under GA and a 

possible improvement of preventive measures after GA as requested by NICE [2007]. 

Therefore, prevention is the key to the successful management of patients, particularly 

children, who have received GAs. The shift to caries-inactive oral environments in 

patients will enable newly erupted permanent teeth to remain caries free. Finally, trying 

to reduce children’s dental anxiety and growing up per se help to diminish their 

intentions of engaging in negative behaviours during therapies. 
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8 Summary 

Background: 

Referral to specialized pediatric treatment seems to rise in Germany, especially for 

children under 5 years of age and mostly due to behaviour management problems, 

rampant caries and the need for comprehensive dental treatments. There are 

indications that more dental treatments under general anesthesia were needed in last 

decade, but there are very few studies on this topic in Germany. 

Aim: 

The objectives of this research were to investigate the characteristics and dental 

features of referred children to Greifswald university dental clinic in 2008 and 2011 as 

well as to assess dental treatment and characteristics of the children who underwent 

general anesthesia in 2011 at Greifswald University Clinic in comparison with three 

specialized pediatric private practices in Germany. 

Materials and methods: 

This retrospective analytical comparative study examined the records of all children 

younger than 18 years of age, whose were referred to the university dental clinic in 

Greifswald between 2008 and 2011. In addition, all cases that underwent general 

anesthesia at the university dental clinic and three other private practices in 2011 were 

analyzed anonymously. All data including age, gender, dental status and caries levels 

(dmft/DMFT), as well as diagnosis, referral/GA reasons and the dental treatments 

were collected and then analyzed using the Statistical Package for the Social Sciences 

program (SPSS, Ver. 16 for Windows). Descriptive analysis was performed, along with 

univariate analysis of variance (ANOVA) and Chi square tests. Differences between 

groups were tested through Mann-Whitney U test and Student’s t-test as appropriate. 

Results: 

The final study sample for children and adolescents referred to the university consisted 

of 389 under 18 years old (205 males and 184 females) with a mean age of 8.75 years 

in 2008 and 7.38 years in 2011. In addition, 297 children (160 males and 137 females) 

with a mean age of 4.77 years had been treated under general anesthesia in the three 

specialized private practices (n= 219, age: 4.81±2.06 years) and in the university 

(n=78, age: 4.65±2.59 years). 
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More patients of age group 1 (5 yrs or younger), as well as, patients residing within a 

distance of 31-40 km away from the clinic were referred in 2011 (47.2% and 35.9% 

resp.) in comparison with 2008 (37.1% and 22.7% resp.) Panoramic and intraoral 

dental x-rays (46.7%, 11.8% resp.) have been widely carried out in 2011 compared to 

2008 (29.9%, 6.5% resp. P = 0.002). 

Statistical analyses have shown that, younger children with higher values of dental 

caries indices (dmft, DMFT) were referred in 2011 (5.4 and 2.15 resp.) than in 2008 

(5.16 and 1.57 resp.) with increasing demand for comprehensive dental treatment 

under GA. Whereas, more patients were diagnosed to have rampant caries (42.1%) in 

2011 followed by orthodontic/oral surgery problems (16.9%) in comparison with 2008 

(29.3%, 10.1% resp. P < 0.001).  

Non-invasive treatment was much more delivered (63%) in first dental visit for referred 

patients in 2011 followed by dental consultation (23.6%) compared to 2008 (53.6% 

and 21.3% resp.). While, on the other hand, considerably more fillings were supplied in 

2008 (11.5%) compared to 2011 (2.6%). Further dental treatment pattern revealed 

more treatment under GA (27%) and a slightly more extractions (16.1%) were done in 

2011 compared to 2008 (20.9%, 15.5% resp.). On the contrary, less fillings and 

preventive procedures were performed in 2011 (26.3% and 4.4% resp.) in comparison 

with 2008.  

Sixty-one percent of children were referred back to their family dentists in 2011 which 

was more than it in 2008. Indeed, about a half of children aged 5 years or younger 

preferred to stay at the University Clinics in 2011, while, the vast majority of children 

older than 12 years continued their dental care outside the University Clinics. 

About eighty percent and seventy percent of children underwent GA at both the 

university clinics and private practices respectively were under five years old. In total 

7.1% mental disabilities and 2.4% preterm birth were detected in children treated 

under GA, as well as, dental caries were mostly diagnosed (37%) among them 

followed by irreversible pulpitis (21.5%) and Early Childhood Caries (ECC) (18.5%), 

where only 4.38% of all examined children had no carious lesions.  

More panoramic radiographs (41%) and less dental films (26.9%) were conducted at 

the university clinics as in the private practices (15.1% and 52.1% respectively) with a 

significant reduction in using x-rays at the university (69.2%) compared to private 

practices (94.1%). 
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Dental extractions were often performed at university clinic (40.2%, 3.14±2.4) followed 

by fillings (33.9%, 2.65±2.7), while, more restorations and less extractions were 

supplied at private practices (47.8%, 5.47±3.1 and 16.3%, 1.86±2 resp.). Both of long 

(106-120 Min) and short (0-15 Min) treatment’s durations were needed in the 

university clinics to carried out the adequate dental therapy under GA, while, most of 

the GAs at private practices have lasted between 45 and 90 minutes. 

Conclusion: 

There is a growing definite need for specialized pediatric dentistry in Germany, 

especially for children under 5 years of age being referred with rampant caries and 

behaviour management problems to specialized pediatric dentistry. This results in a 

high number of extensive treatment performed under GA. In contrast to other 

countries, this seems to be a singular event for most children in Germany indicating a 

solid treatment under GA and possibly also improvements in the caries activity of the 

affected children afterwards. The range of dental treatment and its outcome at 

Greifswald University and in the examined three specialized private practices is very 

similar reflecting in both the profile of the children a valid indication for GA and the 

subsequent treatment up to date approaches in pediatric dentistry.  

Thus, the very professional treatment and effective secondary preventive strategies 

achieve better oral health and reestablished quality of life for these children, but a 

primary preventive approach would be preferable decreasing the number of children in 

need of dental treatment under general anaesthesia. 
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