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INTRODUCTION
Surrogate Parameters in Dental Clinical Trials

Clinical trials have become increasingly important in dentistry. Therefore, outcome measures of dental clinical trials should 
have high clinical relevance, high scientific significance and should be easily and precisely measurable. Outcome assessment in 
general either focuses on survival and longevity or on highly specific parameters. The latter are in most cases single surrogate 
parameters such as the clinical attachment level or the probing depth. 

Clinical trials in restorative dentistry should last for at least five years. However, within this period of time biometric power 
might decline due to drop out or lost to follow-up of trial participants. For methodical reasons, clinical trials must focus on only one 
primary outcome measure. Highly specific primary outcome measures that are expected to show significant differences are often 
chosen for the outcome assessment. Caries models (e.g. hard tissue substrate, formation of a biofilm, or erosion) can be used 
as a surrogate for caries in clinical trials [1] and the prevalence of periapical radiolucency can be used as a surrogate for disease 
[2]. Surrogate parameters such as stained gingival abrasion and brushing force are utilized to assess the safety of tooth brushes 
[3]. Pocket probing depth, clinical attachment level and bleeding on probing are the three surrogate endpoints cited most often in 
the literature and are considered as measurements of clinical outcomes, i.e., surrogates of clinical events such as implant failure 
[4]. As far as multiple secondary measures are analysed, multiple statistical testing lowers the power of the statistical test and 
choosing an adequate statistical test for the given clinical situation inside the study design is a factor of great relevance. When 
only a few primary objectives with limited clinical relevance are evaluated, the potential of high-quality clinical trials might not be 
fully exploited in terms of outcome assessment.
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ABSTRACT

Outcome assessment of dental clinical trials in general is either 
focused on survival and longevity or on highly specific parameters such as 
the clinical attachment level or the probing depth. However, when only a few 
primary objectives with limited clinical relevance are evaluated, the potential 
of high-quality clinical trials might not be fully exploited in terms of outcome 
assessment.

By combining and weighting several specific parameters, a Clinical 
Success Parameter (CSP) was developed as a global innovative parameter for 
measuring treatment success in dental clinical trials. Also biological, technical 
and quality of life properties in dental therapy studies can be assessed. By 
merging these three aspects in a combined, ideal, virtual and risk-oriented 
surrogate parameter, the outcome of dental clinical trials can be compared 
quickly, with few patients and cost-efficiently. For clinical performance 
evaluation, the developed CSP rating system also allows for differentiation 
between a large number of clinical parameters and can be focused and 
adapted for a wide range of specific outcome measures.
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Improvements of the patient’s quality of life [5] tooth loss [6] the loss of function of implants [7] changes in clinical attachment 
level [8] and also histologically evidenced decay [9,10] are valid primary outcome measures used in clinical trials. Some of the highly 
valid primary outcome measures are limited due to invasive procedures. The selection of the primary outcome measure classifies 
the trial on either biological, technical or quality of life aspects. Commonly, a huge number of secondary outcome measures 
are investigated in order to overcome this limitation. Besides the methodology problems of this approach, the large number of 
parameters aggravates the comparability of different studies. Lack of standardization of the measures used for one outcome and 
variation in the procedures additionally complicates the comparability.

Overcoming Difficulties with Surrogate Parameters

An ideal primary outcome measure should examine a clear and convincing benefit for the patient. Selecting parameters 
that achieve comparable results more quickly or with fewer patients or with less cost-intensive studies therefore seems to be 
reasonable [11]. One possible comprehensive approach that could allow overcoming these difficulties is surrogate parameters 
combining several specific parameters. Therefore, the aim of this paper was to develop and apply a global parameter as an 
innovative procedure to measure treatment success as well as assessing dental, technical, subjective and biological properties 
in therapy studies in dentistry.

MATERIALS AND METHODS 
Development and Application of the Clinical Success Parameter

Since there still is a lack of clinically relevant and statistically valid surrogate criteria in restorative dentistry, especially for 
studying new treatment procedures or products, a virtual surrogate parameter, CSP (Clinical Success Parameter), was created. 
The validity of surrogate parameters has been discussed predominantly in periodontology so far. The underlying trials mostly focus 
on the suitability of attachment loss measuring or the probing depth as a surrogate for tooth loss due to periodontal diseases [12-15]. 

CSP was developed by the team of authors that are specialists in the fields of clinical trials, methodology and clinical dentistry. 
The group was selected from different university dental schools and private dental offices involved in the conduct of clinical trials 
and in the assessment of methodological quality. The experts reflected critically on the CSP components and decided on the items 
that should be included in the new instrument. As a comprehensive expert consensus, CSP was developed to act as a predictor 
in respect of the correlation between clinically measurable parameters and outcome. Therefore CSP needs to cover multiple 
aspects and consists of the following criteria evaluating clinical performance: a) biological parameters, b) technical parameters, 
and c) quality of life parameters. Merging these three aspects in a combined, ideal, virtual and risk-oriented surrogate parameter, 
clinical trial data were selected for an exemplary application of CSP. Within the clinical trial selected, biological, technical, and 
quality of life data were collected. 121 patients with a fixed therapy concept received 86 temporary crowns and 35 temporary 
bridges during the trial. The materials used were two self-curing bis-acryl-composite resins (Luxatemp, DMG, Hamburg, Germany 
and Protemp 3 Garant, 3M Espe, Neuss, Germany) and a self-curing methacrylate-resin material (Dentalon plus, Heraeus Kulzer, 
Hanau, Germany) [16,17]. The clinical procedure was standardized and the patients were fitted with provisional crowns or bridges 
made of one of the three above mentioned materials during standard prosthetic treatment. This constitutes the usual procedure 
for treating prepared teeth. The randomized controlled clinical trial (Ethical Committee of the Medical Faculty Carl-Gustav-Carus 
at the Technical University of Dresden, Germany; EK75052001) was carried out in accordance with the Guidelines of Good 
Clinical Practice in Europe [18] and the updated Declaration of Helsinki [19]. Within the clinical trial, the findings were collected for 
all prepared teeth and their adjacent teeth in the course of the initial examination. On the day of the follow-up examination, the 
findings were recorded again. The biological (i.e. periodontal and gingival) findings were gathered at six measuring points per tooth 
(mesial buccal, buccal, distal buccal, mesial lingual, lingual, distal lingual) including the prepared teeth and their adjacent teeth 
in the course of the initial examination. All findings were recorded again before removing the temporary restoration. Pre-treatment 
and post-treatment scores for the plaque index (PI) according to Silness and Loe [20] the gingival index (GI) according to Loe and 
Silness [21] and bleeding on probing (BOP) were gathered and the changes were analysed and distributed into negative ratios 
(decreased plaque or bleeding), positive ratios (increased plaque or bleeding) or no changes. 

The criteria encompassed by CSP as shown in table 1  consist  of different individual findings  (subscores) that cover all  
aspects of technical, biological and quality of life properties of dental clinical trials [22,23] as well as handling parameters of the 
materials used. The processing and evaluation of the clinical trial data is shown in figure 1. The assessment was based on a 
system of modified CDA (California Dental Association) criteria whereas “1” is clinically flawless (very good), “3” may present minor 
defects that are either easily correctable or clinically insignificant (satisfactory) and “5” presents clinical defects that cannot be 
corrected or can be corrected only with considerable expense and requires a redo (poor) [24]. To enable the measurement and 
monitoring of risk, the developed surrogate parameter is determined by the poorest rating so that the poorest rating determines 
the overall rating within CSP processing.
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Figure 1. CSP processing and evaluation of clinical trial data.

RESULTS
CSP could be adjusted based on the underlying technical, biological and quality of life properties. The selectivity of CSP could 

be influenced by weighting factors (tolerance) to meet different requirements. Table 2 shows the different weightings applied and 
the corresponding weighting factors: dentist weighting (CSP b), patients weighting (CSP c), technical weighting (CSP d), biological 
weighting (CSP e) and unweighted (CSP a). Comparing unweighted and weighted ratings of the CSP, weighted ratings result in a 
better average evaluation. Figure 2 shows the unweighted CSP (CSP a) with an average of 3.4 whilst the weighted CSP (CSP b to e) 
improves in mean values. Taking patients and biological weighting into consideration (CSP c and e), the average evaluation value 
is 1.3 and 1.5. The average evaluation value worsens to 2.7 and 2.8 according to dentists and technical weighting (CSP b and d) 
but still remains considerably better than unweighted. 

The clinical results at first (I) and second follow-up visit (II) are shown in figure 3 . The dotted black line shows mean values 
of the rating scale from 1 to 5 (5=poor, 3=satisfactory, 1=very good). In terms of technical aspects, the integrity of the temporary 
restorations deteriorates from average 1.8 at first follow-up visit to 1.9 at second follow-up visit. Occlusal contacts improve from 
average 1.3 to 1.1 at second follow-up visit while there is no change in the mean value of proximal contacts. Patient satisfaction 
worsens from average 1.3 to 1.5 at second follow-up visit. There is also a minor decrease from 1.5 to 1.6 in the mean value of 
handling. In terms of biological aspects, there is an improvement in the mean value of the plaque index from 1.2 to 1.1, while there 
is no change in gingival index and bleeding on probing.

Figure 2. Comparison of unweighted and weighted ratings. CSP a: unweighted, CSP b: dentists weighting, CSP c: patients weighting, CSP d: 
technical weighting, CSP e: biological weighting. The dotted black line shows mean values of the rating scale from 1 to 5 (5=poor, 3=satisfactory, 
1=very good). Green squares show maximum values, red squares show minimum values. Confidence interval is given by red (10%) and green 
(90%) lines. Weighted ratings result in a better average evaluation.
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Figure 3. Clinical results at first visit (I) and follow-up visit (II): technical aspects (integrity, occlusal contacts, proximal contacts), patient 
satisfaction (Ps), handling, and biological aspects (plaque index (PI), gingival index (GI), bleeding on probing (BOP)). The dotted black line shows 
mean values of the rating scale from 1 to 5 (5=poor, 3=satisfactory, 1=very good). Green squares show maximum values, red squares show 
minimum values. Confidence interval is given by red (10%) and green (90%) lines.

Integrity of the temporary restoration (rated 1, 3 or 5)
Occlusal contacts present (rated 1, 3 or 5)
Proximal contacts present (rated 1, 3 or 5)
Patient satisfaction on a visual analogue scale (VAS) of 0-20
On the VAS 0-6 is rated with a 5 (poor), 7-13 is rated with a 3 (satisfactory), 14-20 is rated with a 1 (very good)
Handling Parameters

1.	 Removability of the temporary restoration after manufacturing (rated 1, 3 or 5)
2.	 Adhesion in the impression material (rated 1, 3 or 5)
3.	 Number of manufacturing attempts (rated 1, 3 or 5) 
4.	 Subjective assessment of the manufacturing procedure on a VAS of 0-20 by the treating dentist (rating: see above)
5.	 Retention of the temporary restoration in the follow-up examinations (incorporated the full time: rated 1, early loss: rated 5)
6.	 Removal of the temporary restoration in the follow-up examination (reincorporation possible: rated 1, fractured: rated 5) 
Plaque index (PI) (rated 1, 3 or 5)
Gingival index (GI) (rated 1, 3 or 5)
Bleeding on probing (BOP) (rated 1, 3 or 5)

Table 1. Criteria encompassed by the CSP.
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CSP a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

CSP b 1 1 0.75 0.75 0.75 0.75 0.25 0.25 1 1 0.5 0.5 0.5 0.5 0.5 0.5

CSP c 0.75 0.75 1 1 0.75 0.75 1 1 0.125 0.125 0.25 0.25 0.25 0.25 0.25 0.25

CSP d 1 1 1 1 1 1 0.25 0.25 1 1 0.25 0.25 0.25 0.25 0.25 0.25

CSP e 0.25 0.25 0.25 0.25 0.25 0.25 0.125 0.125 0.25 0.25 1 1 1 1 1 1

Table 2. CSP weighting factors. Clinical results at first visit (I) and follow-up visit (II): technical aspects (integrity, occlusal contacts, proximal 
contacts), patient satisfaction (Ps), handling, and biological aspects (plaque index (PI), gingival index (GI), bleeding on probing (BOP)). CSP a: 
unweighted, CSP b: dentist weighting, CSP c: patients weighting, CSP d: technical weighting, CSP e: biological weighting.
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DISCUSSION
Clinical Relevance

CSP is created as an instrument that is based on underlying technical, biological, and quality of life properties (subscores) 
and focuses on the application of an innovative procedure to measure the outcome in dental clinical trials. CSP was applied on 
a clinical trial on orally placed temporary restorations which are generally made of composite or methacrylate materials. The 
requirements for temporary restorations are essentially the same as those for definitive restorations [25]. Therefore, the CSP is 
designed not only to assess temporary restorations but also to assess fixed restorations with only minor modifications. Considering 
the large number of requirements for temporary restorations, it becomes clear that single primary parameters such as fracture of 
restoration or loss of retention only form a small proportion thereof. Thus, the significance of single primary parameters is limited 
with regard to the clinical rating of new treatment procedures or new materials. This applies in particular to forms of restorations 
with high success rates. For methodological reasons, the primary outcome measure of clinical trials has to be defined prior to 
the trial’s start. Primary outcome measures such as survival, tooth loss, etc. has widely been chosen in many trials. However, 
dental clinical trials generally show good or excellent results if they only focus on primary outcome measures as mentioned 
above. Nevertheless, the approach is suffering of shortcomings regarding secondary outcome measures, as interactions between 
the different secondary outcome measures are disregarded. If, for example, data on the marginal gaps of implant restorations 
is collected and implant survival over time is recorded, the result could be full technical success due to good marginal integrity 
and implant survival. Still, the patients’ perspective as well as functional or esthetical aspects remains unconsidered [26]. Thus, 
focussing on only one individual finding conceals the risk of other positive or negative effects remaining unnoticed. While the 
measurements of the probing depth can be used as a surrogate parameter for both periodontal health and the risk of tooth loss 
due to periodontal disease [8,12-15] there is no clinical parameter illustrating the changes concerning clinical success itself. 

Therefore, the CSP has been developed in order to show the complete spectrum of clinical changes. Integrating weighting 
factors enables the CSP a dental, technical, subjective (dentist or patient) and biological rating of the treatment outcome. When 
the CSP was focused on patient satisfaction (CSP c), it showed a good evaluation value of the temporary restorations in terms of 
the mean value. This is also true for the CSP focused on biological parameters (CSP e) as the patients participating in the chosen 
clinical trial underwent a strict oral hygiene program as well as periodontal pre-treatment while they were also given information 
and instructions on the best individual oral hygiene measures while wearing the provisional restorations. On the other hand, 
CSP which is focused on dentist requirements (CSP b) as well as CSP which is focused on the technical aspects of temporary 
restorations (CSP d) were both able to reveal a minor decrease in terms of the mean value because a poor rating determined the 
overall rating.

The area-by-area comparison of the periodontal findings (plaque index, gingival index, bleeding on probing) using the mesial 
adjacent tooth as reference permits the differentiation between a general decrease in oral hygiene and periodontal disease induced 
by the temporary restoration itself. By comparing measurements with an adjacent tooth, not absolute values but differences are 
analysed. Thus, the individually measured value is less dominant within the whole range of measurements and the assessment 
principle, due to which the poorest rating determines the overall rating, leads to a risk-orientated CSP.

CONCLUSION
For clinical performance evaluation such as dental, technical, subjective (dentist or patient) and biological properties, the 

CSP rating system of the treatment outcome seems well suited for showing differences which would otherwise pass unnoticed. 
The integration of weighting factors allowed the differentiation between a large number of clinical parameters. Also, CSP can be 
focused and adapted for a wide range of specific outcome measures. Future efforts may be best focused on applying CSP as a 
cost-efficient method in dental clinical trials to achieve a large number of trials that can be compared easily.
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