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Abstract 
 
Author: Jens Eklundh 
 
Supervisor: Martin Henriksson 
 
Background: All treatments, especially funded by social means, should be subject to cost-
effectiveness studies to ensure that the best possible optimization decision it taken between 
different treatment options. Within the health care area this is a well-developed area. For 
odontology in general, and orthodontic treatment in specific, this is an unknown territory and 
cost-effectiveness studies are rare. Malocclusion can be treated with several different systems. 
The sales pitch from system providers for braces - such as self-ligated brackets (SLB) promises 
e.g. shorten treatment duration, shorter chairtime, fewer visits, but the purchase cost of SLB 
systems is higher. Due to lack of results from unbiased RCT there is no guidelines. It is up to 
the dentist to use the treatment method/system of their own choice.  
  
Purpose: The purpose of this thesis is to estimate the cost-effectiveness of SLB compared to 
conventional brackets (CB) to determine which of the two systems that should be considered 
as the preferred choice of treatment in a publicly funded system. 
 
Method: Through an incremental cost-effectiveness ratio (ICER) calculate the most cost-
effective system from a societal perspective which includes all costs. To estimate the health 
care cost, the Reference price list will be used as baseline for production cost for CB. With the 
use of secondary resources examine the cost driving components to estimate the production 
cost of SLB. To estimate the non-health care cost a matrix with downtime from work and travel 
costs was estimated accounting for travel to disclose the magnitude of these cost. The Outcome 
of the different treatment alternatives will be measured from different perspectives, such as 
state specific and general profiles. Treatment duration and foregone education will also be 
investigated. 
 
Conclusions: When all production costs for SLB has been adjusted it shows that the total cost 
of SLB is slightly cheaper. The reduced number of visits required, less chairtime and shorter 
treatment period are the positive sides of the higher purchase cost of the SLB. Most of the 
outcome results are not statistically significant, but there is a tendency, with better average 
values for SLB. SLB seems to be the cheaper and with more effective outcome though not to 
the extent the provider promises. The difference of treatment duration is minimal and has no 
significant advantage. The foregone education for the patient is not possible to quantify in 
monetary terms but could have significant impact depending on different geographical areas 
but will small differences between the systems. Hence, in lack of unbiased studies and just 
focusing on average values, SLB dominates CB and should be the preferred choice of treatment 
until new long-term studies has been published. 
 
Keywords: Cost-effectiveness, self-ligated brackets, SLB, publicly funded, ICER 
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Sammanfattning 
 
Författare: Jens Eklundh 
 
Handledare: Martin Henriksson 
 
Bakgrund: Alla behandlingar, särskilt de som är offentligt finansierade, borde ha genomgått 
kostnadseffektivitetsbedömningar för att kunna fatta bästa möjliga beslut. Inom sjukhälsovård 
är detta ett välutvecklat område. Inom tandvård generellt, men kanske ortodonti i synnerhet, 
är detta ett outforskat område och kostnadseffektivitetsstudier är sällsynta. Malocklusion kan 
behandlas med flera olika system. Säljargument från olika tandställningsleverantörer, som 
t.ex. självligerande brackets (SLB) ger löften om t.ex. kortare behandlingsperiod, kortare tid i 
tandläkarstolen, färre besök men till en högre inköpskostnad. I brist på resultat från oberoende 
RCT saknas riktlinjer. Det är upp till den enskilda tandläkaren att välja den 
behandlingsmetod/system som hen finner bäst.  
 
Syfte: Syftet med uppsatsen är att undersöka kostnadseffektiviteten mellan SLB jämfört med 
konventionella brackets (CB) för att avgöra vilket av dessa två system borde anses vara 
föredraget behandlingsalternativ i ett offentligt finansierat system 
 
Metod: Med kostnadseffektivitetskvoten (incremental cost-effectiveness ratio, ICER) beräkna 
det mest kostnadseffektiva systemet från ett samhällsperspektiv som inkluderar alla 
kostnader. För att uppskatta direkta behandlingskostnaden kommer Referensprislistan att 
användas som produktionskostnadsbas. Med hjälp av sekundära källor som undersöker de 
kostnadsdrivande komponenterna, uppskatta produktionskostnaden för SLB. För att mäta de 
indirekta behandlingskostnaderna skapas en matris för att påvisa kostnaden med ställtid från 
arbete och resekostnader. Resultatet av de olika behandlingsalternativen kommer att mätas 
från olika perspektiv, såsom generella hälsoprofiler och tillståndsspecifika. Behandlingsperiod 
och missad utbildnings kommer också att undersökas. 
 
Slutsats: Efter det att produktionskostnaderna har blivit justerade visas att totalkostnaden för 
SLB är något billigare. Färre antal besök, kortare tid i behandlingsrummet är det positiva 
sidorna av det högre inköpspriset för SLB. De flesta av resultaten är inte statistiskt 
signifikanta men det finns en tendens mot bättre effekt med SLB. SLB tycks vara det billigare 
och mest effektiva systemet om än inte i den utsträckning som säljargumenten hävdar. 
Skillnaden i behandlingsperiod är minimal och har igen avgörande betydelse. Den missade 
utbildningen är svårligen kvantifierbar i monetära termer men kan ha en avgörande betydelse 
beroende på olika geografiska platser men med små skillnader mellan systemen. 
Följaktligen, i brist på oberoende studier och med ett fokus på medelvärde är SLB det 
dominerande valet över CB och borde vara det föredragna behandlingsalternativet fram till 
dess att nya långsiktiga forskningsrön har blivit publicerade. 
 
Nyckelord: kostnadseffektivitet, självligerande brackets, SLB, offentligt finansierad, ICER 
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Abbreviation & Dictionary 
  
  
Dental and Pharmaceutical Benefits 
Agency 

Tandvårds- och läkemedelsförmånsverket 
(TLV) 

Gingivitis Inflammation of the gums 
HRQoL Health-related Quality of Life 
ICON Index of complexity, Outcome and Need. 

An index based on aesthetic and clinical 
observations to determine the status and the 
need for malocclusion treatment 

National Board of Health and Welfare	 Socialstyrelsen 
OHIP Oral Health Impact Profile. A questionnaire 

to measure OHRQoL. A generic profile. 
OHRQoL Oral Health-related Quality of Life 
PAR Peer Assessment Rating. An index based on 

clinical observations to determine the status 
and need for malocclusion treatment. Also 
possible to measure outcome. 

Public Health Agency of Sweden Folkhälsomyndigheten 
QALY Quality-Adjusted Life-Years. 
QoL Quality of Life. 
RCT Randomized Controlled Trials 
Reference price list The price list states the cost determined by 

TLV a clinic has for a specific treatment 
performed.  

Retained teeth Fully developed but not erupted teeth. 
Retention phase The period after when the treatment period 

ends and braces are removed. A retention 
aligner is used during a period but most 
often for the rest of patient’s lifetime.  

Swedish Public Dental Service Folktandvården 
Swedish Social Insurance Agency Försäkringskassan 
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1 Introduction 
Irregular teeth can be very troublesome for individuals, maybe even more so for adolescents, 
with irregular teeth preventing them from smiling, feeling ashamed of, or not, eating in public 
(1177.se), and in more severe diagnoses even speak correctly (Tandläkartidningen, 2005). 
Individuals with these kinds of social handicap develop a behavior that minimizes exposure of 
themselves or their teeth in public (Bayat, 2016) which may lead to a reduction of their Quality 
of Life (QoL).  
Malocclusion is not considered as a state of disease and the treatment is therefore mainly carried 
out for aesthetic and psychosocial reasons (Bayat, 2016). Malocclusion treatment can however 
also be carried out due to present or prospective functional or clinical issues. 
 
70% of the adolescents in Sweden have some kind of malocclusion deviations 
(Tandläkartidningen, 2018a). Statens beredning för medicinsk utvärdering (SBU, 2005) states 
that only approximately 1/3 of all adolescents in Sweden are treated for malocclusion. Dentist 
treatments are free of charge for the patient until the age of 23. In some adult cases, the patient 
can receive parts of funds for treatments from the Sweden Social Insurance Agency even after 
the age of 23 if the malocclusion meets specific criteria (Tandvårds- och läkemedels-
förmånsverket, 2019a). The cost of treatments varies from 11295 to 38995 SEK depending on 
severity of the malocclusion (see Appendix A). The most common treatments are on the upper 
scale (32 225-38 995 SEK/patient) – which corresponds to treatment for both upper and lower 
jaws for treatments very close to or longer than 2 years (Folktandvården Östergötland (2014), 
(DiBiase et al., 2011). This implies a total cost for the society of approximately 1.3 billion SEK 
per year1. 
 
A study made by Östergötlands folktandvård (2014) measured the outcome on 300 patients (in 
Linköping, Motala, Norrköping) with the ICON improvement grades (see table 1). There was 
sadly no information on the bracket type but the proportion of the different outcomes is 
displayed in the table below to give an overview of how the success-rate of the treatment is 
distributed.  
 
Table 1. Distribution of outcome on malocclusion treatmentin Östergötland 2014 

Grade % 
Greatly improved 70.7 
Substantially improved 18.3 
Moderately improved 6.7 
Minimally improved 3.0 
Not improved or worse 1.3 

Total 100.0 
            Source: Folktandvården Östergötland (2014) 
 

                                                
1 The average one-year cohort size in the age group of 10-18 is roughly 115 000 (SCB 2019a). 115 000 x 1/3 x 
35 000 SEK = 1.3 BSEK 
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The overwhelming majority of these diagnoses are treated with braces – but in rare cases 
surgery could also be considered. The main types of braces are made of metal, ceramic, gold or 
transparent. Lingual braces and aligners are also possible choices of treatment. For each type 
of brace there is of course a wide number of brands and models with differences in costs and 
quality. For the extensive majority of the malocclusion diagnoses all systems are possible 
treatment choices, and can be used to achieve the same end result/outcome (SBU, 2005).  
 
Metal braces is the cheapest system and is the treatment method set in the Reference price list. 
Lingual braces and aligners are hardly ever offered in routine care except for really rare cases. 
The patients may also choose ceramic, transparent or gold braces at an additional cost paid by 
themselves. The choice is dependent on the patient’s preference on aesthetic appearance during 
the treatment – but it is only metallic braces that are free of charge for the patient. For metal 
braces, the archwire can be attached in two different ways with “brackets” attached to the teeth; 
conventional brackets (CB) with elastic or steel ligatures or with self-ligated brackets (SLB). 
According to the provider SLB is much more effective than CB in many aspects. On the 
webpage of one of the major suppliers of SLB, the following statement can be read: 

“Certified […] doctors combine three key components, which when used 
together, deliver faster treatment, fewer appointments, greater comfort, and 
consistent high-quality results” (See Appendix B), ( Damon, 2019)  

On the webpage a study (Eberting et al., 2001) states that treatment with SLB requires more 
than six months shorter treatment period, seven fewer appointments and a better 
outcome/patient experience. Berger (2000) indicate shorter chairtime and better patient 
experience in terms of less friction. However, Sollenius et al. (2016) states that there are no 
unbiased and independent Randomized Controlled Trials (RCT) cost-effectiveness studies to 
confirm these statements. According to Socialstyrelsen (2011) it is stated that there is no cost-
effectiveness analysis done for any of the malocclusion treatments. 
 
In the absence of independent research and guidelines there is no regulation for which metal 
system that shall be preferred within the free dental care system. It is however crucial that, in 
line with other publicly funded interventions, the most cost-effective system is used. It is 
currently the dentist preference that determines which system that is used. 
 
The health care sector is a mature sector with well-functioning economic evaluations. In 
general, dental studies have however only focused on clinical outcome without a cost-
effectiveness result. The dental sector has not evolved in this area and there is a need for 
methodology development to produce valid information for the decision makers. (Davidson 
and Tranæus, 2016) 
 
Even if the brackets are subject to public procurement the treatment market for unregulated 
teeth is in this aspect unregulated despite being publicly funded. 
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1.1 Purpose of the thesis 
The purpose of this thesis is to estimate the cost-effectiveness of SLB compared to CB to 
determine which of the two systems that should be considered as the choice of treatment in a 
publicly funded system. 
 
1.2 Current status in the field of study 
Many clinical studies have been performed comparing the different types of systems. The 
results of these studies differ. Some studies (Arbildo et al., 2018) and (Yang et al., 2018) find 
no significant difference at all, others claim SLB to be superior in many aspects (Jayachandran 
et al., 2016) and (Harradine, 2001).  
 
An ongoing RCT-project in Region Skåne (CROWDIT) is expected to investigate the 
differences between these two systems for orthodontic dental care from a clinical view, the 
patient view and from a social economic perspective. This project will report by the end of 
2022. 
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2 Economic evaluation in the area of health care 
This entire chapter is based on Drummond et al. (2015) where no other reference is stated. 
 
Economic evaluation is important to optimize the scarce public resources and to be able to make 
the correct prioritizations. In order to make a well-informed decision; identification, measuring 
and valuation of cost and outcomes of the different programmes as good as possible are crucial 
aspects to ensure a balanced information of the alternatives for the decision makers. 
 
There are four types of economic evaluations 

• Cost analysis which only focuses on costs and assumes the same output 
• Cost-effectiveness analysis (CEA) which focuses on both costs and output 
• Cost-utility analysis (CUA) which is similar to CEA but with the difference that it 

uses a generic measurement of health output (e.g. Quality-Adjusted Life-Years, 
QALY) to compare with other programmes in other areas of health care 

• Cost-benefit analysis (CBA) where outcomes are quantified in monetary terms to 
compare different programmes costs 

 
Each type of programme under consideration in an evaluation is associated with resource use 
(costs) and health consequences (outcomes). Economic evaluation is always comparative in 
that costs and outcomes of different course of action are considered. It is also important that the 
different alternatives are exclusive to each other; in other words, a patient can only be treated 
with one of the possible programme alternatives. 
 
The evaluation tools for economic evaluation may crudely be described as RCT and/or a 
decision analytic modelling, but often a hybrid of the two evaluation tools is used. A full RCT 
is not an option for this thesis for many reasons, mainly time, costs, but not at least ethical 
aspects. A decision model is commonly used to identify costs and outcome connected to the 
different programmes. It also focuses on relatively few parameters. It is however a general rule 
to compare only the differences in cost and consequences in an incremental analysis. The 
decision model has also the advantage of the possibility to extrapolate over the appropriate time 
horizon of the evaluation. A complete RCT would require to have a patient’s life-time to capture 
all difference in full. A decision model has also the possibility to estimate expected values from 
observed data. 
 
One important limitation of the decision model, is that evaluation that is time dependent, is hard 
to implement in the model. The result of the economic evaluation with decision models is to 
provide a framework with necessary assumptions.  
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The decision problem and economic evaluation is illustrated in figure 1. 

 
Source: Drummond et al. (2015) 

 

2.1 Cost-effectiveness and decisions making  
In the health care area, results of cost-effectiveness analyses are often reported as the 
incremental cost-effectiveness ratio (ICER). The ICER should be interpreted the price of health 
improvement of using the investigated programme rather than the control (or reference group) 
programme (a price per effect unit). ICER is just a positive fact and should not necessarily be 
the base for a normative decision (Bhattacharya et al., 2014). Other aspects could be included 
in the final decision in the choice of method of programme. 
 
The constituents of the ICER-equation are the cost and outcome of the different programmes.  
 

𝐼𝐶𝐸𝑅 = 	
𝐶𝑜𝑠𝑡* − 𝐶𝑜𝑠𝑡,

𝑂𝑢𝑡𝑐𝑜𝑚𝑒* − 𝑂𝑢𝑡𝑐𝑜𝑚𝑒,
=

∆	𝐶𝑜𝑠𝑡
∆	𝑂𝑢𝑡𝑐𝑜𝑚𝑒 

 
Where t, is the new programme and c is the existing programme (or control group.)  
 
ICER indicates the additional cost needed to produce an additional unit of health outcome 
compared to the control group. The result can be plotted in a cost-effectiveness plane (see figure 
2). Depending on which area in the cost-effectiveness plane a programme ends up in, the 
decision can be either complicated or uncomplicated to interpret. In the green area the new 
programme is both cheaper and more effective and is considered to be dominant and should be 
considered as cost-effective. If the programme is more costly and less effective (red area) than 
existing programme it is dominated and should be easy to exclude. These two areas are easy to 
interpret. The yellow areas are more complicated and the problems with interpretation and value 
the treatment alternatives arise quickly. ICER then needs to be compared to the alternative 
programme(s) and other measurements, such as total cost per outcome could indicate for the 
decision makers if a programme should be implemented or not (or if ICER is below the 
threshold which is considered valuable for an additional unit of outcome) 

Figure 1. Illustration of Decision problem and economic evaluation 

Choice

Programme A

Costs A

Consequence A

Programme B

Costs B

Consequence B
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  Source: Drummond et al. (2015) 

 
2.2 Costs 
All differences in costs should be included in the analysis. The cost can be divided in health 
care-costs such as tools, equipment, drugs, salaries; and non-health-care costs such as travel 
costs and foregone income for patients and relatives. 
 

𝑇𝑜𝑡𝑎𝑙	𝐶𝑜𝑠𝑡 = 𝐻𝑒𝑎𝑙𝑡ℎ	𝑐𝑎𝑟𝑒	𝑐𝑜𝑠𝑡𝑠 + 𝑁𝑜𝑛	ℎ𝑒𝑎𝑙𝑡ℎ	𝑐𝑎𝑟𝑒	𝑐𝑜𝑠𝑡𝑠 
 
2.3 Outcome 
The outcome of a programme2 can be measured both as disease-specific and generic outcomes. 
  
2.3.1 Disease specific 
Disease specific outcomes are often used to measure clinical effect but may be difficult to 
interpret in relation to costs. The disease specific measurements could give some indication of 
the outcome within a specific area but cannot really be used to compare to other sectors of 
health care. Since malocclusion is not a disease I will set the term to “state specific” to be more 
comprehensible.  
 
2.3.2 Generic profiles 
Generic profile outcomes often refer to some notion of health-related quality of life (HRQoL). 
A generic health outcome often focuses on the patient’s feelings, discomfort/pain and opinion 
of daily situations during and after the treatment. This allows a comparison of outcome with 
other areas of health care and makes generic outcome more useful in economic evaluations. 
Generic profiles and indices are also preferable in a broader sense since these can be translated 
to QALY. The QALY is a measurement that can be used to evaluate different programmes 
against each other and the quality of health is measured. The use of QALY should be the 

                                                
2 From now on referred to as treatment since this has a more tangible definition 

Cost Difference 

Outcome 
Difference 

Cheaper 
& 

more effective 

More Costly 
& 

more effective 

Cheaper 
& 

less effective 

More Costly 
&  

less effective 

Figure 2. General Cost-effectiveness plane 
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ambition to achieve in cost-utility evaluation to enable comparison and benchmarking to other 
treatments within the health care area. 
 
Generic profiles can be measured with SF-36 or EQ-5D were the patients fill in a form of 
covering different dimensions of health (such as mobility, functional, pain/discomfort etc.) to 
assess their perceived HRQoL. Oral Health Impact profile (OHIP) is a dentistry designed 
generic evaluation of the health state which could be more applicable for dental treatment and 
to measure Oral health related quality of Life (OHRQoL). 
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3 The malocclusion treatment 
Entire chapter 3 is described to me by Jan Lundström, Orthodontics specialist at Linköping 
Swedish Public Dental Service (Lundström, 2019), where no other references are stated. 
 
The aesthetic appearance for the patient is the most common reason why people seek and accept 
orthodontic treatment. Most often to improve their self-esteem for the patient and to increase 
the QoL. However, it is possible to live a life with excellent quality with non-aligned teeth as 
well. 
 
Untreated malocclusion diagnosis has higher risk for other odontological issues (such as, root 
resorption and trauma) but has no or limited effect on presence of caries, periodontitis, chewing- 
or speech difficulties (Tandläkartidningen, 2005). Other positive side-effect with aligned teeth 
is that it is easier for the patient to maintain good oral hygiene. On the other hand, orthodontic 
treatment may cause negative side effects during treatment such as pain and root resorption3 
and white spots (which can be seen when the brackets are removed.) The list of negative side 
effect may increase if the patient does not maintain a good oral hygiene during the treatment 
with increased risk for e.g. caries, gingivitis and loss of supplying tissue. 
 
3.1 The general malocclusion treatment process in Sweden for adolescents 
The general process of the orthodontic treatment care is shown in Appendix C (General 
Occlusion treatment process). In some regions some minor deviations from the general process 
can apply. 
 
A general dentist may recommend a patient to attend a “consultation” with an orthodontic 
specialist for further analysis of the patient’s malocclusion. These consultations are 
approximately 10 minutes per patient (Often several patients are investigated in a row to 
optimize the time of the orthodontist). A decision is taken by the specialist if there is a (possible) 
need and orthodontic treatment alternative to correct the malocclusion.  In some remote regions 
“digital consultations” can be applied. 
 
The patient is at a later stage summoned to the clinic for further diagnosis and if the patient is 
subject for treatment and accept treatment terms (e.g. follow instructions, maintain good oral 
health etc.) the treatment starts (enters the active phase) and are ongoing with a number of re-
visits until the retention phase starts. 
 
If the patient is underaged the parent is asked to attend to the first meeting – after that first 
meeting it is not needed and only voluntary for the parent to attend. Note that the parent still 
may need to ensure that the patient arrives to the dentist during the entire treatment process. 
Especially if the patient is young and/or the public transportation or distance does not support 
for the young patient to travel by themselves. 
 

                                                
3 The observant reader notice that root resorption is a possible effect in a no-treatment condition and a negative 
side-effect. A loose-loose situation one could think. This is however two different type of root resorption. 
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Depending on the severity of the malocclusion the number of archwire needed may vary. At 
most visits a swap of the archwire is performed. The treatment starts with a thin archwire and 
as the treatment proceeds the archwire is replaced and with a thicker archwire. It is very 
common that unplanned visits are needed because of “malfunction” of the braces/archwire 
(most commonly due to loss of brackets, but could also be loosening of archwire in place etc.) 
or if the patient feels discomfort of any type. On average four unplanned visits are needed for 
a treatment of two years or longer (see Appendix D). 
 
When the retention period starts, the responsibility for the patient goes back to the general 
dental care. This occurs normally after approximately two years (depending on the severity of 
the malocclusion). Retention aligners and/or wires are handed and are used to stabilize the 
teeth and keep them in a stable position. Patients are most often asked to use a retention 
aligner in the upper jaw for at least two years during night time and the retention wires should 
be in place at least to the age of 25 but after this period it is the patient’s owns responsibility 
to valuate if they want to continue the retention period because there is always a risk of 
relapse. 
 
3.2 Inequality in treatment level needs 
The regions in Sweden use different scales and thresholds to decide the need for treatment and 
by extension the free dental care. Different indices are used between different regions 
(Tandläkartidningen, 2018a) which creates inequality between citizens depending on 
geographical residence. 
 
3.3 Comparison between the systems 
The ocular difference between the systems can be shown figure 3. 
 
Figure 3. The difference between Conventional brackets (CB) and Self-ligated brackets (SLB) 

     Source: Internet. Origin unknown 
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For CB the archwire is attached with either steel ligatures or more commonly with elastic rubber 
bands (“O-rings”) while in the SLB, the archwire wire is held in place by active or passive 
springs that makes the adjustment easier for the dentist - still according to the sales material.  
 
CB requires planned re-visits to the dentist with an interval of six to ten weeks. SLB requires 
less frequent visits to the dentist, eight to twelve weeks, and less chair-time and are also more 
convenient for the patient according to the sales material as mentioned in beginning of this 
thesis. 
 
In the aspect of final outcome (aesthetic, clinical, functional) of malocclusion treatment, the 
systems of brackets are equal. It is possible to achieve the same result regardless of system. 
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4 Method 
I will investigate and compare the cost-effectiveness of CB and SLB until the retention period 
starts taking a societal perspective (i.e. looking at both health care and non-health care costs).  
 
Since no fixed duration period is set, the treatment will continue until a good and satisfactory 
result has been achieved, see figure 4. Time to stop treatment (when the treatment goal is 
achieved), and thus the analysis time horizon, is set to t* (if the patient does not choose to end 
the treatment early). The retention period occurs when the patient no longer has braces and the 
patient is fitted with retentions aligners. When the retention period starts, there will most likely 
not be any differences in costs and this will therefore be an assumption. 

 
4.1 Estimation of costs 
In the following chapter I will perform an estimation of the health care costs and the non-health 
care costs.  
 
The Reference price list estimates the production cost for each dental treatment in Sweden. 
(Tandvårds- och läkemedelsförmånsverket (2014). The amount should cover for all expected 
necessary expenditures, such as wages, equipment and tools, facilities, overhead etc. The 
Reference price shall in other words cover all health-related costs for the clinic. The Reference 
price list does not state which type of bracket system that is used for its calculations but with 
deduction it is possible to derive from “material non-planned visits” (see Appendix E). The 
replacement of a lost/broken bracket are the most common reason for non-planned visits. The 
material cost for non-planned visits is close to the unit price of a CB. Since the Reference price 
list is based on the use of CB that will be my production cost baseline. I will start to identify 
the cost driving components of malocclusion treatment for both health care costs and non-health 
care costs. 
 
4.1.1 Estimation of health care costs 
After the identification of the cost driving components I will replace these underlying cost 
components for CB in the table from Appendix E that correspond to the cost of SLB. This will 

Health 

time 

H* 

t* 

Treatment 
Overflow 

/ Retention 
phase 
begins 

Treatment duration 

Figure 4. Improvement of malocclusion treatment over time 
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be done with data from secondary sources, to estimate the cost for SLB by multiplying the 
effects on the cost-driving components with data from the scientific articles. 
 
4.1.2 Estimation of non-health care costs 
I will assume that the travel unit costs and the foregone income will be the same regardless of 
the system used for treatment. However, the number of visits may differ between the systems. 
To be able to do an analysis between different geographical areas, I will construct three patients 
(A, B and C) with different travel costs and needed downtime from work. I will set up a matrix 
with the three different patient types to visualize the consequences with travel costs and 
foregone income. In this thesis I will also assume that the patient is still in school and will only 
suffer from loss of education, since it is only 10% of the patients that are over the age of 20 
(Socialstyrelsen, 2011) and who would suffer from an opportunity cost in form of direct 
foregone income. Therefore, I will also present the loss of time in school, or foregone education. 
 
4.2 Estimation of outcome 
In chapter six I will do an estimation of outcome; also performed with data from secondary 
sources. I will not investigate other clinical outcomes such as space closure, transversal change, 
root resorption, caries, chewing functionality etc. These terms are too clinical and if they have 
any economic impact on the effectiveness, the factors are most likely captured in the generic, 
state specific or treatment duration measurements.  
 
4.2.1 State specific - Malocclusion 
The treatment goal with malocclusion can be measured in many ways and is not always clearly 
defined but in general it can be summarized in as follows (with associated suitable measurement 
index in parentheses):  

• Dentist perceived aesthetic outcome 
o Index of Complexity Outcome and Need (ICON) 

• Dentist clinical judgement of outcome 
o ICON 
o Peer Assessment Rating Index (PAR) 

• Functional outcome 
o Index of Orthognathic Functional Treatment Need (IOFTN) 

• Patient’s perceived aesthetic outcome 
o Index for Orthodontic Treatment Need (IOTN) 

 
These indices can be regarded as “clinical” and measure different dimensions of malocclusion. 
It is however important to note that these indices do not necessarily have a cardinal effect on 
HRQoL and are not always recommended to be used as outcomes evaluations. ICON and PAR 
belong to the few indices that allow not only to measure the treatment need but also give the 
possibility to measure the outcome of the treatment, but these indices still have some limitations 
(Richmond et al., 1992) and (Daniels & Richmond, 2000). As state specific, I will use PAR to 
measure clinical outcome in this thesis. This is also, together with ICON one of the most 
commonly used for evaluation of success rate in organizations/businesses. 
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4.2.2 Generic  
There is no data available of generic outcome over the entire treatment duration. Therefore, I 
intend to use the data from related topics, use expert judgements and apply some assumptions. 
The only article available is a study performed after one week and one month. This is also the 
period where patients have the most discomfort and pain according to Lundström (2019).  
 
4.3 Estimation of other outcomes 
Other factors that are not included in these measurements will also be investigated and 
presented. Some of the factors are implicitly covered in the costs, such as number of visits and 
treatment duration but are often presented in articles as effectiveness measurements. 
 
4.4 Calculation of Cost-effectiveness  
When estimation of costs and outcomes is established, the result of the ICER for the different 
system can be calculated (Chapter 7). The result will be presented for the different patient types. 
A discussion of the results will follow. 
 
4.5 Methodology considerations 
In some cases, I have to make some inevitable assumptions. This is not as unscientific as it may 
sound, it is recommended to make informed assumptions instead of omitting relevant 
parameters only because of lack of data. In those cases, this will then be clearly stated and I 
will also present the reasoning behind my assumptions. 
 
4.5.1 Discussion on the credibility of articles 
Journals that operate on a market where there is economic gain to be published could be used 
as a sales pitch for various companies for promoting their product or services. The articles 
could be used to emphasize that the product works based on science and facts. One crucial 
obstacle in health journals is to evaluate and validate the scientific level of the articles. 
Articles are often contradictive in their results depending on which perspective or angle that is 
used. This can be explained mostly by a great variation in methodology and results. There are 
many articles that are, or could be, influenced by the provider of health care equipment or 
drugs. There are strong incentives to get articles published for their sales pitch and therefore 
there is a high risk of bias in studies presented on providers’ sales pitch material. The problem 
with biased articles exists most likely in all types of journals, including in high-rank journals 
with a good reputation, but these articles have most likely been scrutinized and evaluated in 
more depth than in other journals. 
 
Journals also have different levels of ambition on the scientific methodology in the articles 
published. The aim in this thesis is to use articles with the best possible impact factor (how 
often a journal is cited in other journals). For that purpose, I use Schimago Journal & Country 
(SJR) rank to identify the quality of the journals and articles. But if needed, I will use articles 
from low impact journals as well where no other data is available. In cases where low impact 
journals are used, I will note this in connection to the article. 
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4.5.2 Limitation of diversity of roles and their qualifications 
It will also be assumed that the qualification and “craftmanship” of the orthodontist specialists 
and their assistants are the same and equal (in the future both of them are referred to as “the 
dentist”). However, it can be argued that the qualification between different dentists and their 
ligation technique can influence the efficiency of treatment (Ong et al., 2010).  
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5 Identifying & measuring costs within malocclusion treatment 
The duration of treatment could be from six months to more than two years. In the study made 
by Folktandvården Östergötland (2014), the average treatment period was 27 months. The vast 
majority (90-95%) of these are malocclusion treatment of both jaws (Lundström, 2019). 
Therefore, I will use information given from the Reference price list for more than two years 
(treatment code 908) as baseline for all my calculations (see Appendix E). The normal 
malocclusion treatment starts with 24 brackets. 
 
The costs are divided into health care costs and non-health care costs as described previously 
in section 2.2. 
 
5.1 Cost driving components of health care cost 
The health care costs are based on the components included in the Reference price list (see 
Appendix E).  The formula of health care cost (HC) for malocclusion treatment can be presented 
as follows: 
 

𝐻𝐶< = =>(𝑐𝑡@<𝑤@B) + 𝐵@<
EF

@GH

+𝑀@
<J + 𝑂𝐻 

 
Where S is the bracket system in question, n is each visit needed up to total visits N (which may 
vary by bracket system), ct is the chairtime in minutes, w is the wage per hour of the Dentist 
(D) and B is the bracket acquisition cost. M is the other material and instruments needed for 
treatment to perform treatment. OH is the overhead costs (building, facilities, administration) 
which are identical regardless of bracket system. 
 
Hence, the factors that may be different between the two bracket systems (and thus lead to 
differences in cost) are the number of total visits (N), chairtime (ct), the cost of bracket system 
(B) and other material costs (M) through the treatment period. 
 
5.1.1 Number of visits required (N) 
The average number of visits during the treatment duration is 25 according to the Reference 
price list (see Appendix E). In the study made by Folktandvården Östergötland (2014) the 
average number of visits is 22. The result of the studies made by DiBiase et al. (2011) and 
Anand et al. (2014) is presented in the table below4. The number is distinctly lower than the 
number presented in the Reference price list and Folktandvården Östergötland (2014). This 
could be explained by the fact that the studies are performed in USA and UK, which have other 
compensation models for the dentist, other perception of aesthetic appearance and/or 
differences in when treatment goals have been achieved. Both of these studies indicate however, 
that although there are not statistically significant fewer visits with SLB, although there seems 
to be a tendency towards fewer visits with SLB.  

                                                
4 I have chosen to present the result from both clinics in the study from Anand et al. (2014) even if there is a 
discussion of bias for Clinic II. I will however not consider Anand et al (Clinic II) any further in my calculations. 
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Table 2. Number of visits between patients treated with CB and SLB and the percentage difference  

Study SLB CB D D%  
DiBiase et al. 13.94 14.84 -0.9 6.1 
Anand et al. (Clinic I) 14.8 15.6 -0.8 5.1 
Anand et al. (Clinic II)  13.8 21.2 -7.4 34.9 

Average (excl. red data) 14.37 15.22 -0.85 5.6 
 
As shown in table 2, treatment using SLB has according to these studies an average of 5.6% 
fewer visits (excluding Anand et al., Clinic II) than CB. In the Reference price list treatment 
with CB requires 25 visits. This could be interpreted as treatment of SLB requiring an average 
of 23.6 visits. 
 
This estimation of number of visits for SLB will be used in the model when calculating the cost 
of dentists and materials. 
 
5.1.2 Chairtime (ct) 
The total amount of minutes for a two-year treatment is 1740 minutes for CB (see Appendix 
E). Chairtime includes a lot more than just applying and removing the archwire. A visit includes 
many parts, such as greetings, information of general and dental status, oral examination etc., 
so we need to study just the differences of the “wire-time” and not the total time (start and end 
time of the visit). 
 
There are not many studies on the chairtime needed for the different bracket types. Turnbull & 
Birnie (2007) shows a significant difference of 1.5 minutes for each patient contact by using 
SLB instead of CB. Harradine (2001) concludes that it takes 9 seconds less to close an SLB 
than a CB for an archwire and 16 seconds less to open for an archwire with SLB instead of CB. 
This study is however from journals with low impact factor. 
 
Out of the 25 visits in the Reference price list, 22 times are for applying and removal of an 
archwire.  In the study performed by Turnbull & Birnie (2007), the reduction in chairtime 
during the entire duration of treatment equals 33 minutes calculated on 1.5 minutes of time 
saving per visit. The corresponding time saving is 9.2 minutes in the Harradine (2001) study. 
 
Table 3. The difference in chairtime between SLB and CB 

Study SLB CB D D%  
Turnbull and Birnie 1707 1740 -33 1.9 
Harradine 1730.8 1740 -9.2 0.5 

AVERAGE 1719 1740 -21 1.2 
 
Treatment with SLB reduces on average the amount of time with 21 minutes during the entire 
treatment period and a decrease of chairtime with 1.2%5. 
                                                
5 This must be seen from a societal perspective since this very modest time-saving for SLB has in practice a very 
limited impact and has very little clinical and economic significance in daily work since it is divided into many 
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5.1.3 Cost of bracket system (B) 
During the treatment period of two years on average 8 brackets are replaced due to breakage of 
the bracket. There are no significant differences in the breakage of the bracket that needs to be 
replaced between the two systems This has been reported in studies by Chen et al. (2010) and 
DiBiase et al. (2011) and Machibya et al. (2013). 
 
The purchase cost of one CB is 33 SEK and the price for one SLB costs is 80 SEK (Lundström, 
2019). The price may differ between brands, regions and clinics depending on quality and 
discount possibilities. As earlier mentioned the normal number of brackets at start is 24: This 
cost is included in the post together with “Band, "brackets", archwires, adhesives etc.”. The 
additional cost of SLB will be the difference of the cost of SLB and CB, hence 
 

(24 × 80) − (24 × 33) = 1920 − 792 = 1128	 
 
The cost of replacement brackets is a separate post and is just the cost of 8 brackets. 
 

8 × 80 = 640 
 
Treatment using SLB has an increased cost of 1128 SEK and 640 SEK for material non-planned 
visits, compared to the use of CB.  
 
5.1.4 Cost of Material (M) 
The cost of other material than brackets (such as disposable material and sterile cost) are 
correlated to the number of visits. The material cost per visit (unit cost/visit) according to the 
Reference price list will be multiplied with of 23.6 visits. The cost for Disposable material is 
292 SEK for 25 visits. For 23.6 visits this cost is reduced to 276 SEK (292/25 x 23.6). The same 
logic applies for the sterile costs (see table 4) 
 
The costs for other materials (M) are reduced with 16+10+25 = 51 SEK. 
 
5.1.5 Total health care costs 
The cost estimates of SLB compared to the Reference price list (see Appendix E) are presented 
in table 4. The table contains the underlying costs for CB and the estimated cost for SLB 
(donated SLB*). 
 
Dentist costs have been reduced with the factors number of visits and chairtime for SLB. The 
post “Band, "brackets", archwires, adhesives etc.” has increase with 1128 SEK to 3434 SEK 
for SLB. Disposable material has been reduced with the number of visits for SLB to 276 SEK 
Material non-planned visits costs have increased to 640 SEK. The sterile cost has also been 

                                                
visits during the entire treatment period. The activity of applying and removing archwire is a fraction of the total 
visit time at the dentist. The saved time could be used for other patient care activities (e.g. talk to the patient), but 
the chairtime is not affected in terms of more clients per day or more time of administration.  
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decreased in relation to the number of visits to 168 SEK and 414 SEK respectively. OH-add on 
and Retention apparatus is unchanged and not effected by the choice of bracket system. 
 
Table 4. Underlying costs for treatment code 908 and the estimated underlying costs for SLB 

Treatment code 908 
  

   CB   SLB*  D D % 
Dentist 15 612 14 560 - 1 052 -6.7 
Dentist assistant 5 908  5 510 - 398 -6.7 
Band, "brackets", archwires, adhesives etc. 2 306  3 434 1128 48.9 
Disposable material 292  276 -16 -5.6 
Material non-planned visits 208  640 432 208.1 
Sterile cost, Treatment tray  178  168 -10 -5.6 
Sterile cost, Investigation tray  438  414 -25 -5.6 
OH-add on 12 697 12 697   -         -       
Retention apparatus 1 357  1 357   -         -       
Total Health care costs 38 997 39 056 59 0.15 
Total Health care costs (only differences) 24 943 25 001 58 0.23      

No of minutes     
  

Dentist 870 811 - 59 -6.7 
Dentist assistant 870 811 - 59 -6.7      

No of Visits 25,0 23,6 - 1.4 -5.6 
 
The total increase of costs (only difference) is 59 SEK or 0.23%. 
 
5.2 Cost driving components of non-health care cost 
In this thesis I will assume that the patient is underaged and is either in elementary or high 
school as earlier stated.  
 
Even if the parents only are asked to attend to the first meeting (to ensure the instructions of the 
treatment are “verified”), the parents are often “responsible” for the child/adolescent to make it 
to the dentist. In some cases, there is a need for the parent to accompany their children to and 
from the dentist for all visits. The reason for this could be that the child is not mature enough 
to travel on their own or that the public transportation does not support the need. This 
phenomenon should be more significant in rural areas. 
 
The cost components of the non-health care cost (NonHC) includes, the travel costs (tc) for 
both patient (p) and accompanying relative (r) and Foregone income (FI) for the relative and 
foregone education (FE) for the patient.  

𝑁𝑜𝑛𝐻𝐶< = > 𝑡𝑐@
U

EF

@GH

+ 𝑡𝑐@V + 𝐹𝐸@
U + 𝐹𝐼@V 
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5.2.1 Travel cost (tc) 
The travel cost is set to a unit price and is equal between the systems, however the number of 
times the patient, and the relative if needed, have to visit the dentist will affect the total cost for 
that specific system. Furthermore, the travel cost may differ between different geographical 
areas. In rural areas where the public transportation is less available, the cost could be 
substantially increased for both patient and relative.  
 
Table 5 presents a matrix over total (patient + relative, back and forth) arbitrary travel cost (tc) 
levels and FI for the patient or relative with different downtime from school and work. 
 
5.2.2 Forgone Income (FI) 
The FI increases of course with needed downtime from work and the number of visits required 
(N). The downtime from work includes all time required for the visits (pick up at school, travel 
to the dentist, treatment period, back to school, back to work). The foregone income is the wage 
of the relative and the number of time units spending away from work  
 

𝐹𝐼 = 𝑑@𝑤V  
 
Where d is the total time away from work (downtime) and w is the wage for the relative, r. 
 
The average yearly income in Sweden is SEK 404 4006 (SCB, 2019b), which gives us an hourly 
rate of SEK 200 (based on 2024 working hours a year).  
 
5.2.3 Total Non-health care costs (NonHC) 
As previously discussed in the limitations and assumptions the non-health care costs will be 
estimated as the patients and their parents having exactly the same travelling costs to the dentist 
and the same amount of time away from work/school used for the visit – since regardless of 
system used, the travel cost per visit will not differ. But of course, the costs increase with the 
number of visits. 
 
In table 6 a matrix of the non-health care cost per visit, with a relative (or own) FI together with 
the components of downtime (d) and travel cost (tc) is presented. As distance (or poor public 
transportation) increases, the downtime for the relative increases. In this matrix three scenarios 
have been marked, Patient A (green), Patient B (Yellow) and Patient C (red). Patient A 
represents a patient and a relative in a city, with approx. 30 min of travel time to the clinic. 
Patient B represent a patient outside a city with an approx. 1.5h travel time to the clinic. Patient 
C represent a patient who needs to take a full day off to travel a 3.5h one-way to the clinic.  
  

                                                
6 The average salary differs between regions. Urban areas have higher income than in rural areas 
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Table 5. Matrix over downtime (d) in hours and travel costs (tc)  

 
tc SEK 

d (h) 0 50 100 150 200 250 
1      200          250          300          350          400          450     
2      400          450          500          550          600          650     
3      600          650          700          750          800          850     
4      800          850          900          950       1 000       1 050     
5   1 000       1 050       1 100       1 150       1 200       1 250     
6   1 200       1 250       1 300       1 350       1 400       1 450     
7   1 400       1 450       1 500       1 550       1 600       1 650     
8   1 600       1 650       1 700       1 750       1 800       1 850     

 
Most of the visits at the clinic have a duration of 30 minutes (see Appendix D) but a few visits 
require up to 1.5 hours. The green marked is a patient and a relative with a total of 50 SEK in 
travel costs to the clinic and who requires 2 hours of downtime à 200 SEK. 
 
Table 6 illustrates the matrix of the total non-health costs for an adolescent when the parent is 
present at the first meeting for the different patient types and with the estimated number of 
visits per bracket system type. 
 
Table 6. Total non-health care costs for the different patient types. CB and SLB where the relative is present at the first visit 

No of visits Patient costs A Patient costs B Patient Costs C 
SLB (N=23,6) 1 580 3 160 7 500 
CB (N=25) 1 650 3 300 7 850 
D -70 -140 -350 

 
For a Patient A who visits the dentist 25 times (first time with relative + 24 times on his own 
with the same tc) the cost will be 1650 SEK during the treatment period. If patient A would be 
treated with SLB the corresponding costs would be 1580 SEK. This cost increases of course 
with distance and number of visits. 
 
If the relative needs to accompany for all visits the amounts are significantly higher which is 
illustrated in table 7. 
 
Table 7. Total non-health care costs for the different patient types where the relative is required for all visits 

No of visits Patient costs A Patient costs B Patient Costs C 
SLB (N=23,6) 10 620 21 240 43 660 
CB (N=25) 11 250 22 500 46 250 
D -630 -1 260 -2 590 
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5.2.4 Foregone Education (FE) 
The price of education is priceless7. But given the Patient A’s situation there is a 2h downtime 
from school for each visit and the 25 required visits, which implies a loss of presence at school 
for more than one full week in total (during a two years treatment period). The FE for patient 
C, is more substantial and is as much as five weeks of lost education during the treatment period.  
 
Table 8. Total loss of education (Foregone Education) in hours 

Foregone Education (h) Patient A Patient B Patient C 
SLB (N=23,6) 47 94 189 
CB (N=25) 50 100 200 
D -3 -6 -11 

 
The consequences of lost education are difficult to quantify. It could mean that the patient is 
not getting the desired grades, university education, job and suffers lifelong consequences of 
that choice. But it could also mean that the patient after the treatment period gets a much higher 
QoL with less social handicap, better self-esteem, less bullying and better presence and 
attention at school. This is nothing more than pure speculation and I think we can just state that 
foregone education will be an effect while going through a malocclusion treatment. 
 
Regardless of the quantification difficulties with the foregone education, the potential loss of 
education should not be neglected in the decision of preferable system to use.  
 
5.3 Total cost baseline 
Above a variety of parameters have been examined and presented and a baseline for our data 
needs to be defined to enable calculation of the cost component of cost-effectiveness. 
 
Table 9. Total cost for different Patient types and bracket systems where a relative is present at the first visit, divided in health 
care costs and non-health care costs 

Patient   Health Care costs Non-Health costs Total costs 

A 
SLB (N=23.6) 25 001 1 580 26 581 
CB (N=25) 24 943 1 650 26 593 
D 58 -70 -12 

B 
SLB (N=23.6) 25 001 3 160 28 161 
CB (N=25) 24 943 3 300 28 243 
D 58 -140 -81 

C 
SLB (N=23.6) 25 001 7 500 32 501 
CB (N=25) 24 943 7 850 32 793 
D 58 -350 -291 

 
  

                                                
7 It would be impossible to assume anything else in a thesis which is evaluated by the tutor! 
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With the reduction of number of visits, chairtime and other components it is already possible 
to identify a small gain in total costs for SLB. This becomes even more obvious if a relative 
need to accompany for all visits – which most likely will occur then the distance to the clinic 
increases or if the patient is too young to travel on their own. 
 
Table 10. Total cost for different Patient types and bracket systems where a relative is present at all visit, divided in health 
care costs and non-health care costs 

Patient   Health Care costs Non-Health costs Total costs 

A 
SLB (N=23.6) 25 001 10 620 35 621 
CB (N=25) 24 943 11 250 36 193 
D 58 -630 -571 

B 
SLB (N=23.6) 25 001 21 240 46 241 
CB (N=25) 24 943 22 500 47 443 
D 58 -1 260 -1 201 

C 
SLB (N=23.6) 25 001 43 660 68 661 
CB (N=25) 24 943 46 250 71 193 
D 58 -2 590 -2 531 
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6 Identifying & measuring outcome within malocclusion treatment 
As previously discussed, there is a state specific and a generic approach to the outcome of 
malocclusion treatment. As also noted above there is a limited number of articles with RCT 
with comparison of outcomes between the two bracket systems. Quite often outcome is 
measured in other outcomes than just state specific- and generic in articles (like number of 
visits, treatment duration etc.) within the orthodontic area, which will be discussed in section 
6.3. 
 
6.1 State specific 
In one study (DiBiase et al., 2011) used the PAR scores for their follow up between the brackets 
system. A PAR improvement > 70% means great improvements. 
 
Table 11. State specific (PAR) outcome 

Study Pre-treatment Post Treatment D D% 
SLB 38.26 5.48 32.78 85.6 
CB 40.86 6.43 34.43 84.2 
D -2.6 -0.95 -1.65 1.41 

 
CB had 84.2 % and SLB 85.6 % in PAR reduction, a difference between the two systems of 
1.41%. The study claims no statistically significant difference between the occlusal outcome 
but the tendency is a better outcome in PAR score for SLB with 1,65 units. 
 
As meta-analysis performed by Chen et al. (2010) showed no statistically significant difference 
at the end of treatment. The study also points out the problem with subjective opinions among 
dentists when treatment goals had been attained. 
 
The treatment with SLB shows a tendency (with 1.65 units) for better state specific outcome 
than CB 
 
6.2 Generic 
One study (Lai, Tai-Ting et al., 2017) uses the OHIP-14 and SF-36 from an RCT for the initial 
period of malocclusion treatment. The study performs a test before treatment to set a baseline 
and then compares the results after one week and after one month. This study can only work as 
an intermediate study with limited facilities to draw any conclusions on outcome. Especially 
when the study discloses that the health-level is still lower than at baseline. 
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Table 12. Generic outcome (OHIP-Overall) 

 Baseline 1 week 1 month D D% 
SLB 11.36 18.70 14.23 2.87 25.26 
CB 13.84 17.52 14.41 0.57 1.04 
D -2.48 1.18 -0.18 2.3 24.2 
Note: OHIP – “The lower score – the better” 

 
Table 13. Generic outcome (SF-36 – Bodily pain) 

 Baseline 1 week 1 month D D% 

SLB 88.14 80.84 86.59 -1.55 -1.76 
CB 90.34 85.02 88.50 -1.84 -2.04 
D -2.2 -4.18 -1.91 0.29 0.28 
Note: SF-36 – “The higher score – the better” 

 

The outcome depends on bracket system, test method and time period of the analysis. CB tends 
to be the more preferred system at the end of the first week with less discomfort. After one 
month it is not conclusive at all and there is no significant difference in OHRQoL between the 
groups. 
 
Presented preliminary results from the CROWDIT project (Ghiasi, 2018) support these results. 
The project concludes that there is a tendency for higher pain with CB the first days than with 
SLB, but at the end of the week the tendency is that CB causes less pain, but there is no 
significant difference between the groups. 
 
According to Tecco et al. (2009) in a three-month survey, patients treated with SLB reported 
more pain the day after placement of the first archwire while patients treated with CB reported 
the highest pain the same day. No patient reported pain after nine days. 
 
As the observant reader notice the result of this is not easy to read or conclusive.  
 
Depending on the decision when the outcome should be measured and with which generic 
measurement the outcome can alter. The pain and discomfort diminish after the first month but 
the long-term, relevant, outcome is not known. 
 
6.3 Other measurements 
In most of the studies’ other measurements than state specific or generic are used. Most 
common is the total treatment duration, number of appointments or total chairtime where the 
two latter are factors that affect both health care costs and non-health care costs as well which 
already has been discussed.  
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The treatment duration is per se not so important for the dentist. The frequency of the visits is 
of less importance as long as chairtime and the number of visits are fixed for the dentist. 
However, the treatment duration is of course of special interest for the patient because of the 
discomfort of having braces. There are many studies that focus on treatment duration. 
 
Table 14. Treatment duration (months) 

Study SLB CB D D% 

DiBiase 23.84 23.83 0.01 0 
Amand et al. (I) 20.7 21.3 -0.6 -2.82 
Amand et al. (II) 19.9 31.2 -11.3 -36.2 
Average 22.3 22.6 -0.295 -1.41 

 
This data shows considerably shorter treatment durations than the 27 months that are measured 
at the clinics in Folktandvården Östergötland 2014 (see section 5.1.1 for possible explanations). 
Chen et al. (2010) conclude in their systematic overview that there are no significant differences 
in treatment duration between CB and SLB even if there is a tendency of lower average values 
for SLB. 
 
The average treatment duration is 22.6 months for CB and 22.3 months for SLB.  
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7 Results 
As there are few significant results, with respect to outcome, the high amount of uncertainty in 
the denominator has to be recognized in the ICER-calculations below. Note that p represents 
the patient type. 
 

𝐼𝐶𝐸𝑅Y = 	
𝐶𝑜𝑠𝑡U<Z[ − 𝐶𝑜𝑠𝑡U\[

𝑂𝑢𝑡𝑐𝑜𝑚𝑒<Z[ − 𝑂𝑢𝑡𝑐𝑜𝑚𝑒	\[  
 
7.1 Summary of estimated differences in costs 
 
Table 15. Estimated cost differences between SLB and CB where a relative attend to the first meeting. 

  SLB CB D 
Patient A 26 581 26 593 -11 
Patient B 28 161 28 243 -81 
Patient C 32 501 32 793 -291 

 
Due to the high non-health care costs, the reduction of health care costs with SLB and the 
small difference in purchase costs between SLB and CB there is a total cost saving with SLB. 
In the scenarios where a relative need to attend to all meetings this gain in costs becomes 
clearer (from table 9). 
 
Table 16. Estimated cost differences between SLB and CB where a relative need to attend to all meetings. 

  SLB CB D 
Patient A 35 789 36 193 -403 
Patient B 46 409 47 443 -1 033 
Patient C 68 829 71 193 -2 363 

 
7.2 Summary of estimated differences in outcome 
 
Table 17. Estimated outcomes differences between SLB and CB 

  SLB CB D 

State specific (PAR) 32.78 34.43 -1.65 
Generic (OHIP) 2.87 0.57 2.3 
Generic (SF-36) -1.55 -1.84 0.29 

                               Note: The lower the PAR the better aligned teeth. A negative D means that SLB has a better outcome than CB 

 
Just by focusing on the average improvement, SLB is better in terms of state specific 
improvement and in the generic OHIP-measure. For the generic measurement SF-36 the 
advantage is on the side of CB (despite the numbers above). CB has done a better “recovery” 
from the baseline. With these data none of the systems are cost-effective compared to the zero 
option (“do no treatment”).  
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7.3 ICER results 
The results of the economic evaluation are presented in tables 18 and 19 
 
Table 18. ICER calculations for different parameters and patient types where a relative attend to the first meeting 

ICER Patient A Patient B Patient C 
State specific (PAR) SLB dominates CB SLB dominates CB SLB dominates CB 
Generic (OHIP) -               5     -           35     -         127     
Generic (SF-36) -             38     -         280     -      1 004     

 
Table 19. ICER calculations for different parameters and patient types where a relative attend to all meetings 

ICER Patient A Patient B Patient C 
State specific (PAR) SLB dominates CB SLB dominates CB SLB dominates CB 
Generic (OHIP) -           248     -         522     -      1 100     
Generic (SF-36) -        1 969     -      4 142     -      8 728     

 
As, SLB is both cheaper and with better outcome, SLB dominates CB, should SLB the preferred 
choice of treatment. 
 
The generic measurement is an intermediate result after 1 month (out of approximately 36 
months) and the interpretation is somehow complicated from the start. It becomes even more 
complicated since the values are not equal or better than baseline. The patient’s feeling of pain 
and discomfort is still greater than before the treatment started even if patient feels less 
discomfort after one month than one week after start of treatment. This could be compared to 
an ongoing treatment for cancer where a patient is undergoing a rather painful treatment but 
with hopefully a goal of survival. Strictly speaking with this outcome, both of the systems are 
dominated by the zero option. The interpretation of the data in tables is that none of the 
treatments are cost-effective – at least compared to the zero option. Hopefully, these results 
should be better than baseline when the treatment is finished.  
 
Number of visits (-5.6%), chairtime (-1.2%) and treatment duration (-1.41%) has average that 
tends to be more effective for SLB compared to CB. 
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8 Discussion 
In this study I investigated costs and health outcomes of SLB and CB, two different approaches 
to malocclusion treatment. The differences between the investigated strategies, in health-care 
costs are small, 58 SEK in favor of SLB. In relation to the total cost of the treatment this 
represents roughly 0.2% of the total cost. That is the total increase of cost for the clinic using 
SLB instead of CB when deducting for the fewer visits, less chairtime (even if this cannot be 
capitalized in full) and less other material needed. The non-health care costs vary with travel 
costs and foregone income for the patient and relative. But the difference in non-health care 
costs, where the patients are able to travel on their own, is however rather small. For patient 
with the lowest travel cost and shortest downtime (Patient A), the difference in non-health cost 
is 70 SEK between the systems in favor of SLB. If a relative need to accompany the child or 
adolescent for all visits the savings increases for treatment with SLB. The absolute amount for 
a relative that needs to attend to all visits is substantial even for Patient A with 10 620 SEK. 
For Patient C the non-health care cost in this case as high as 43 600 SEK. Put in this perspective, 
the differences between the two strategies is small, but you find that the potential cost against 
the do nothing alternative is actually rather high.  
 
Number of visits, and in some context even chairtime, are most likely the best measurement of 
effectiveness since reductions of this factor has a positive effect on both the dentist and the 
patient costs if these could be reduced. These two factors are reflected in the cost calculations. 
Treatment duration is more of interest to the patient, who prefers the period to be as short as 
possible due to the discomfort and pain of the braces. 
 
There are many ways to investigate a clinical effect of orthodontic treatment and it is hard to 
investigate all of them and compare them against each other. Therefore, the development of 
different types of malocclusion indices has increased over the years. However, none of them 
are really satisfactory in measuring the effectiveness in malocclusion treatment. Using a state 
specific index, such as clinical indices (e.g. PAR and ICON) to evaluate the result of an 
individual patient – or even a business works just fine. But since the treatment continue until 
the treatment does not given any additional effect, there is (in theory) no real limit in treatment 
duration. With the absences of fixed end time of treatment, it can then be assumed that the 
aesthetic, clinical and functional components will be the same regardless of system. Clinical 
indices are only of interest if there is a fixed time constraint that ends the treatment. With a 
fixed time-constraint it would be possible to measure effect / time unit. Where treatment 
continues until a satisfactory result has been achieved (“no time limit”), these indices serve 
limited purpose to measure effectiveness. It is also important to state that it is possible to have 
low needs expressed in indices (“well aligned teeth”) and still be in need of treatment due to 
e.g. retained teeth that will cause problems in the future. It can also, be very complicated to 
interpret improvement grade where treatment starts with low indicated need. With the same 
arguments as for the clinical result there should be no difference in the patient’s perception of 
the results. Regardless of system used the patient should feel the same end result. This fact 
makes any use of index as an outcome factor in a CEA limited. In this thesis we can identify a 
small advantage for PAR improvement of 1.65 PAR units by using SLB compared to CB.  
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The generic methods are, as shown in section 6.2, not always easy to interpret in this thesis. It 
depends on the choice of generic model and when in time the survey is performed. The SF-36 
has more focus on general health while OHIP focuses on tooth related issues. Both 
measurements have a component of emotional and psychological well-being. Since all of the 
measurements had negative values compared to baseline – none of these bracket systems could 
be considered as preferred choice of treatment. Both of them are considered to be dominated 
by the zero option - not doing a malocclusion treatment at all. The patient is worse off and it 
has cost the society money. According to the generic outcomes in this study (after one week 
and one month) both alternatives ends up in the red box in the cost-effectiveness plane. Long-
term studies in the future will be able to get more accurate values compared to baseline so that 
better decision on preferred choice of treatment can be made. 
 
When looking at the costs and other measurements, number of visits, chairtime and treatment 
duration all of them are in favor of SLB. 
 
These measurements data are plotted in the cost-effectiveness plane in the figure 5 below  

 
 
 
 
  
 
 
 
 
 
 
 

  Note: OHIP and SF-36 is plotted against the zero option 
 

Ignoring the incomplete study of generic outcomes, SLB turns out with these assumptions to 
be cheaper and more effective compared to CB. SLB seems to be the preferable choice of 
treatment both in aspect of cost and outcome. Hence SLB is dominant to CB. The higher 
purchase cost of SLB affects the clinic’s budget, but the gain on a societal level could be 
positive even at just a minor decrease of number of visits. 
 
Many studies indicate no statistically significant differences between the systems. However, 
the average for almost all parameters are in favor of SLB. In this sense SLB dominates CB but 
not to the extent that provider of SLB promises. It is still uncertain and further studies are 
required. 
 

Figure 5. Cost-effectiveness between CB and SLB in a Cost- effectiveness plane for different measurements 
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Another interesting question is if malocclusion treatment should be paid by social means at all, 
since it is possible to live a life with malocclusion. In many ways it is an expensive aesthetic 
treatment. The total cost of treatment is roughly 40 000 SEK in just health care cost plus the 
non-health care costs that range from 1500 to 46 000 SEK. And this does not even include the 
loss of education for the patient. A patient with severe malocclusion develops in most cases a 
behavior that excludes them from participating in everyday life in a normal way. The patient 
could be bullied and develops low self-esteem. An alienation to the society with life-long 
consequences could most likely be the outcome. I would argue that it is worth the cost. But the 
absence of a full cost-utility analysis of the malocclusion makes a comparison to other health-
related programmes impossible. To make a fair and well-informed optimization decision, 
within a given budget, you must know which other competing health programmes that need to 
be excluded. And if malocclusion treatment should be paid by social means – shouldn’t the 
right to treatment be equal in the entire country of Sweden? The fact that different regions use 
different scales and thresholds, is from an equality perspective very troublesome.  
 
When deciding to start a malocclusion treatment, the parent should consider the issue of 
foregone education. Even if the visits are spread out over a two-year period it is more than a 
week in total away from school. For a patient in more rural areas this could be as much as five 
weeks off from school. 
 
During this thesis I have been forced to make assumptions and estimates. In an RCT this could 
be eliminated and replaced with actual data. The CROWDIT project in Region Skåne will 
hopefully fill in some of the missing data in this area. Especially interesting will be the long-
term generic outcome so that a cost-utility analysis can be performed and thus a final decision 
on guidelines for the choice of brackets can be determined. 
  



 31 

9 Conclusion 
The odontology area in general has limited experience of cost-effectiveness studies. This 
becomes obvious when most of the studies are from a pure clinical perspective with no or very 
limited scientific economic evaluations. 
 
By just looking at the statistically significant evidence there is no advantage of SLB in the way 
the SLB providers state in their sales pitch. SLB is just more costly with no proven improved 
outcomes. Since it is not statistically significant, the use of SLB would be a waste of public 
funding which could be used in other health care areas with statistically proven treatment and 
where cost-utility analysis is performed. However, given the assumptions and by using the not 
statistically significant average, there is a tendency that SLB could be both cheaper and more 
effective. In that case, SLB dominates over CB and should be the preferred choice of treatment. 
Further unbiased RCT studies are needed to confirm or reject my conclusion. Hopefully the 
CROWDIT-project will fill in the knowledge gaps. 
 
The treatment market for unregulated teeth will continue to be unregulated until then. 



 32 

References 
 
1177.se, Tandställning – Tandreglering. Last edited: 2018-06-07 
https://www.1177.se/behandling--hjalpmedel/tandvard/tandstallning---tandreglering/ 
(downloaded: 2019-05-20) 
 
Anand, M; Turpin, D;Jumani, K; Spiekerman, C and Huang, G (2015) Retrospective 
investigation of the effects and efficiency of self-ligating and conventional brackets. American 
Journal of Orthodontics and Dentofacial Orthopedics. Vol 148, Issue 1, p 67-75 
 
Arbildo, H; Gamarra, L; Rojas, S; Infantes, E; Cruzado, F; Vásquez, H (2018). Comparing 
the periodontal clinical effect between conventional and self-ligating brackets: Systematic 
review and meta-analysis. Journal of Oral research. Vol 7, Issue 4, p. 155-61 
 
Bayat, J; Malocclusion among adolescents (2016), Stockholm, Karolinska Institutet, 
Department of Dental Medicine 
 
Berger J. (2000). Self-Ligation in the year 2000, a comparative assessment of conventional 
ligation and self-ligation bracket systems. Journal of Clinical Orthodontics. Vol 34, Part 2, p. 
74-81 
 
Bhattacharya, J; Hyde, T; Tu, P (2014). Health Economics Basingstoke. Palgrave Macmillan 
 
Chen, S; Greenlee, G; Kim, J; Smith, C; and Huang, G (2010). Systematic review of self-
ligating brackets. American Journal of Orthodontics and Dentofacial Orthopedics. Vol 137, 
Issue 6, p. 726.e1-726.e18 
 
Damon (2019) Why Choose Damon Braces, https://damonbraces.com/choose/ -  (downloaded  
2019-05-20) 
 
Daniels, C & Richmond, S (2000) The development of the Index of Complexity, Outcome and 
Need (ICON). Journal of Orthodontics. Vol 27, p. 149-62 
 
Davidson, T & Tranæus, S (2016). Time to Assess Cost-Effectiveness of Technologies in 
Dentistry. International Journal of Dentistry and Oral health. Vol 2. Issue 5 
 
DiBiase A; Nasr, I; Scott, P and Cobourne, M (2011) Duration of treatment and occlusal 
outcome using Damon3 self-ligated and conventional orthodontic bracket systems in 
extraction patients: A prospective randomized clinical trial. American Journal of 
Orthodontics and Dentofacial Orthopedics. February 2011. Vol 139, Issue 2 
 
Drummond, M.; Sculpher, M; Claxton, K; Stoddart, G; Torrance, G (2015). Methods for the 
Economic Evaluation of Health Care Programmes. Oxford University Press. Fourth Edition 
 
Eberting, J; Straja S; Tuncay O (2001). Treatment time, outcome and patient satisfaction 
comparisons of Damon and conventional brackets. Clinical Orthodontics and Research 2001; 
Vol 4, Issue 4, p 228-34  
 
Folktandvården Östergötland (2014). Kvalitetsrapport 2014. Ortodonti/Pedodonti 
Östergötland. Powerpoint-presentation 



 33 

 
Ghiasi, Houda (2018). Self-perceived pain and discomfort during the first week of treatment 
with fixed appliance: A randomized trial. Preliminary result. Presentation made at the 
Odontologiska riksstämman 2018 in Göteborg. Powerpoint 
 
Harradine, N (2001). Self-ligating brackets and treatment efficiency. Clinical orthodontics and 
research. Vol 4, p. 220-7 
 
Jayachandran, B; Padmanabhan, R; Vijayalakshmi; D; Padmanabhan, J (2016). Comparative 
evaluation of efficacy of self-ligating interactive bracket with conventional preadjusted 
bracket: A clinical study. Contemporary Clinical Dentistry. Volume 7, Issue 2, p. 158-62 
 
Lai, T; Chiou, J; Lai, T; Chen, T; Chen, M (2017). Oral health-related quality of life in 
orthodontic patients during initial therapy with conventional brackets or self-ligating 
brackets. Journal of Dental Science. Vol 12, p. 161-72 
 
Lindström, A (2019). Analyst at TLV. Telephone and mail 2019-04-09. Anneli Lundström 
has provided me with the data in Appendix D and E 
 
Lundström, J (2019).  Orthodontic specialist at Swedish Public Dental Service in Linköping. 
A series of interviews and mail-conversations during 2018-11-02 and 2019-05-29 
 
Machibya, F; Bao, X; Zhao, L; Hu, M (2013). Treatment time, outcome, and anchorage loss 
comparisons of self-ligating and conventional brackets. Angle Orthodontist. Volu 83, Issue 2, 
p. 280-85 
 
Ong, E; McCallum, H; Griffin, M and Ho, C (2010). Efficiency of self-ligating vs 
conventionally ligated brackets during initial alignment. American Journal of Orthodontics 
and Dentofacial Orthopedics. Vol 138, Number 2. Online only 138.e1-7 
 
Richmond, S; Shaw W; O’Brien K; Buchanan, I, Jones, R; Stephens C, Roberts, C and 
Andrews M (1992). The development of the PAR index (Peer Assessment Rating): reliability 
and validity. European Journal of Orthodontics. Vol 14, p. 125-39 
 
SBU (2005). Bettavvikelser och tandreglering i ett hälsoperspektiv. En systematisk 
litteraturöversikt. Stockholm: Statens beredning för medicinsk utvärdering (SBU). SBU-
rapport nr 176 
 
SCB (2019a), Statistikdatabasen,  
http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__BE__BE0101__BE0101A/Befol
kningR1860/table/tableViewLayout1/?rxid=6933fcb2-ca4c-4752-85b4-9512f8c09c9c 
 
SCB (2019b), Inkomster för personer i Sverige 
https://www.scb.se/hitta-statistik/sverige-i-siffror/utbildning-jobb-och-pengar/inkomster-for-
personer/ 
 
Socialstyrelsen (2011), Nationella riktlinjer för vuxentandvård 2011. Latest updated 2013-04-
18 
 



 34 

Sollenius, O; Petrén S; Björnsson, L; Norlund, A; Bondemark, L (2016). Health economic 
evaluations in orthodontics: a systematic review. European Journal of Orthodontics. Vol 38, 
Issue 3, p. 259-65 
 
Tandläkartidningen (2005). Bettavvikelser, tandreglering och hälsa. Tandläkartidningen 2005 
nr 12 
 
Tandläkartidningen (2018a): Ortodontibehovet bedöms olika i landet. Tandläkartidningen 
2018 nr 9 
 
Tandvårds- och läkemedelsförmånsverket (2014). Nulägesbeskrivning av det statliga 
tandvårdsstödet. (2014). Stockholm 
 
Tandvårds- och läkemedelsförmånsverket (2019a), Tandvårdsstöd 
https://www.tlv.se/tandvard/tandvardsstod.html (downloaded: 2019-05-20) 
 
Tandvårds- och läkemedelsförmånsverket (2019b). Föreskrifter om ändring i Tandvårds- och 
läkemedelsförmånsverkets föreskrifter och allmänna råd (TLVFS 2008:1) om statligt 
tandvårdsstöd.  
 
Tecco, S; D'Attilio, M; Tetè, S; Festa, F (2009). Prevalence and type of pain during 
conventional and self-ligating orthodontic treatment. European Journal of Orthodontics. Vol 
31, p. 380–84 
 
Turnbull, N & Birnie D (2007). Treatment efficiency of conventional vs self-ligating brackets: 
effects of archwire size and material. American Journal of Orthodontics and Dentofacial 
Orthopedics. Vol 13, Issue 3, p. 395-9 
 
Yang, X;Xue,C;He,Y;Zhao, M;Luo, M;Wang, P and Bai, D (2018) Transversal changes, 
space closure, and efficiency of conventional and self-ligating appliances – a quantative 
systematic review. Journal of Orofacial Orthopedics. Vol 79, p. 1-10 
 
  



 35 

Appendices 
Appendix A – The Reference price list 

The Reference price list for specialist within orthodontic treatment  

  Reference price  
Specialist 

Treatment from 15 jan 2019 
900 – Orthdontic   

900 - Orthdontic, active treatment max 6 months 11 295 

901 - Orthdontic, one jaw, active treatment 6 months to 1 year 16 965 
902 - Orthdontic, one jaw, active treatment 1 year to 1,5 year 21 240 

903 - Orthdontic, one jaw, active treatment 1,5 year to 2 years 25 115 

904 - Orthdontic, one jaw, active treatment more than 2 years 31 245 

905 - Orthdontic, both jaws, active treatment 6 months to 1 year 23 680 

906 - Orthdontic, both jaws, active treatment 1 year to 1,5 year 27 950 
907 - Orthdontic, both jaws, active treatment 1,5 year to 2 years 32 225 

908 - Orthdontic, both jaws, active treatment more than 2 years 38 995 
     Source: Tandvårds- och läkemedelsförmånsverket, TLV (2019b) 
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Appendix B – Damon statement 
 

 
           Source: Damon (2019)   
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Appendix C – General Occlusion treatment process 
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Appendix D – The Reference price list - Cause of visits 
 

Besöksorsak 900 901 902 903 904 905 906 907 908 

Bandning and bonding 1,0 1,0 1,0 1,0 1,0 2,0 2,0 2,0 2,0 
Planned visits à 20 minutes 2,0 2,0 2,0 3,0 3,0 

    

Planned vists à 30 minutes 2,0 4,0 7,0 9,0 13,0 6,0 9,0 12,0 16,0 
Non-planned visits à 30 minutes 0,5 1,0 1,5 2,0 3,0 1,5 2,0 2,5 4,0 
Removal of braces and applying retention 0,8 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 
Retention visit 1,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0 
Sum 7,3 11,0 14,5 18,0 23,0 12,5 16,0 19,5 25,0 

Source: Anneli Lundström, TLV 
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Appendix E – The Reference price list - Underlying components 
 

  900 901 902 903 904 905 906 907 908 

Reference price STV STV STV STV STV STV STV STV STV 

Dentist 4 414 6 640 8 524 10 229 12 920 8 883 10 767 12 651 15 612 
Dentist assistant 1 671 2 513 3 226 3 871 4 890 3 362 4 075 4 788 5 908 
Band, "brackets", archwires, adhesives etc. 922 1 153 1 153 1 153 1 153 2 306 2 306 2 306 2 306 
Disposable material 85 129 169 210 269 146 187 228 292 
Material non-planned visits 26 52 78 104 156 78 104 130 208 
Sterile cost, Treatment tray 45 59 74 89 119 104 119 134 178 
Sterile cost, Investigation tray 128 193 254 316 403 219 281 342 438 
OH-add on 3 590 5 400 6 932 8 319 10 508 7 224 8 757 10 289 12 697 
Retentions apparatus 414 827 827 827 827 1 357 1 357 1 357 1 357 
Sum 11 295 16 965 21 238 25 117 31 245 23 678 27 951 32 224 38 997           

Number of minutes 
         

Dentist 246 370 475 570 720 495 600 705 870 
Assistant 246 370 475 570 720 495 600 705 870 
Number of visits 7,3 11 14,5 18 23 12,5 16 19,5 25 

Source: Anneli Lundström, TLV 


