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Clinically relevant outcomes in dental 
clinical trials: challenges and proposals

Abstract: The impact of clinical trials on patient care depends on the 
outcomes that they evaluate. In Dentistry, many trials use outcomes 
that are important to clinicians, but not to the patients. Thus, the aim 
of the present manuscript is to present an overview of the limitations, 
challenges, and proposals on the use of clinically relevant outcomes 
(CRO) in dental trials. Clinically relevant outcomes are variables that 
directly measure how the patient feels, functions, or survives. Some 
CROs, such as tooth loss, implant failure, and restorations failure 
require many years to occur and the number of events is low. The 
adoption of these variables as primary outcomes results in challenges 
for the researchers, such as use of large sample sizes and long follow-
up periods. Surrogate outcomes, such as biomarkers, radiographic 
measurements and indexes, are frequently used to replace CROs. 
However, they present many limitations, since the effect of the 
treatment on a surrogate does not necessarily reflect a change in 
the clinical outcome. Some proposals for the adoption of CROs are 
presented, such as the development of core outcome sets within each 
dental specialties and the organization of multi-center clinical trials.
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Introduction

Well-designed and properly conducted randomized controlled 
trials (RCTs) provide the strongest level of evidence, when pertaining 
to questions on the efficacy of therapeutic or preventive interventions.¹ 
Although many questions may arise in the mind of the researcher, 
the trial should be designed to properly answer only the primary 
question. This is the most important question that the researchers 
want to answer, and it should be stated in advance². Trial objectives 
and design, sample size and the main conclusions of a trial are all 
based on this primary question. 

In RCTs, participants are randomly assigned to study groups and 
followed-up. The effects of the intervention are observed and quantified 
by means of outcome variables (also called response variables, dependent 
variables, or endpoints). Some examples of outcome variables are blood 
sugar levels, survival, pain, and relief of symptoms. If randomization 
is adequate, study groups will be comparable in relation to known and 
unknown prognostic factors. Therefore, differences between groups 
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regarding outcome variables can be attributed to the 
effects of the intervention.² 

Most of the trials have several outcomes, which 
are classified as primary and secondary. The primary 
outcome is the one that answers the primary question 
of the study. It should be the outcome of greatest 
importance to health professionals, policy makers, 
funders and above all, to the patients.3,4,5 Further, 
sample size calculation is based on the primary 
outcome.4,5 All other outcomes are secondary. 
Secondary outcomes are additional dependent 
variables, which are hierarchically less important.6 
Since study design and sample size are not based 
on the secondary outcomes, the analysis of these 
variables is normally only exploratory, and their 
results should be interpreted with caution. 

Most textbooks and guidelines4,5,7 recommend the 
use of only one primary outcome, in order to avoid 
problems of multiplicity.8 Further, it is important 
that all outcomes are pre-specified, which means 
that they should be determined in the protocol 
before the start of the study, in a publicly accessible 
registry, such as ClinicalTrials.gov, Australian 
New Zealand Clinical Trials Registry or REBEC 
(Brazilian Clinical Trials Registry). The objective of 
pre-registration is to prevent publication bias and 
selective outcome reporting.9,10,11

The relevance of a clinical trial is directly related 
to its outcomes. However, most trials in Dentistry are 
focused in outcomes that are important to clinicians, 
but not to the patients.12,13 Trials that evaluate clinically 
relevant outcomes can change clinical practice and 
have an impact on patient care. Conversely, the use 
of unimportant or inadequate outcomes to answer 
the study question is a waste of resources, since it 
can overestimate or underestimate the effects of 
an intervention. Thus, the aim of this review is to 
present an overview of the literature considering 
limitations, challenges, and proposals in the use of 
clinically relevant outcomes in Dentistry.

What are clinically relevant and 
surrogate outcomes?

A clinically relevant outcome (CRO), also called 
direct, true or clinically meaningful outcome, is a 

variable that “directly measure how a patient feels, 
functions, or survives”.14 In other words, CROs 
should reflect a tangible benefit to the patient. CROs 
are classified as objective and subjective outcomes. 
Objective (also called “hard”) CROs are generally 
reported by the clinician and are not subjective, 
i.e., they are less dependent on interpretation. 
Some examples of objective outcomes are survival, 
death, hospital discharge, functional performance, 
or important clinical events such as myocardial 
infarction, stroke, or bone fracture. On the other hand, 
subjective CROs are also relevant, but they are reported 
by the patient. Some examples of subjective CROs are 
pain relief, patient acceptability of treatment, patient 
anxiety or health related quality of life. Subjective 
CROs intend to reflect patient’s perception, and 
therefore, they are usually reported by the patients. 
Therefore, these types of outcomes are also called 
patient-reported outcome measures (PROMs), and 
they will be discussed in depth in another paper of 
this supplement.15 

Although CROs are more meaningful for the 
patients, most objective CROs in Dentistry require 
many years to manifest and the number of events is 
usually low. Thus, they are frequently replaced by 
surrogate outcomes, in order to reduce sample size, 
length of follow-up and the costs of the trial. Surrogate 
outcomes are laboratory measures (biomarkers), 
radiographic images, or physical signs that are not 
themselves a direct measurement of the clinical 
endpoint. Rather, they are supposed to be a substitute 
of the clinically relevant outcome.3,16,17 Some examples 
are tumor size in oncology trials; blood pressure, blood 
cholesterol levels and carotid intima-media thickness 
in cardiovascular trials; and CD4 lymphocyte counts 
in AIDS trials. 

Some examples of clinically relevant and surrogate 
outcomes used in Dentistry are shown in Table 1.

Fleming18 has categorized outcomes in four 
levels: level 1 is a clinically relevant outcome, level 
2 is a validated surrogate, level 3 is a non-validated 
surrogate, but considered to be ‘reasonably likely 
to predict clinical benefit’; and Level 4 is a correlate 
which is a measure of biological activity, but that 
‘has not been established to be at a higher level’. 
When it is not feasible to use a CRO, researchers 
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should adopt a surrogate that is at least validated 
(level 2 outcome). However, the validation of 
a surrogate is not a simple process. It must be 
demonstrated, preferably in a randomized trial, 
that the effects of the intervention on the surrogate 
reliably predicts a clinically important effect on a 
clinically relevant outcome. 

What are the limitations in the 
use of surrogate outcomes?

Ideally, the surrogate outcome (e.g. numbers of 
CD-4 cells) should be in the only causal pathway 
of the clinical outcome (e.g. AIDS-related survival). 
Thus, the effect of the intervention on the surrogate 

Table 1. Clinically relevant and surrogate outcomes that are frequently used in Dentistry.

Specialty area Surrogate outcomes Clinically relevant outcomes

Endodontics

Radiographic periapical healing Tooth extraction as a result of endodontic problems

Number of microorganisms Post-treatment discomfort / pain

  Oral-health related quality of life

Oral implantology

Peri-implant marginal bone loss Implant loss

Peri-implant clinical parameters (probing pocket 
depth, bleeding on probing)

Aesthetic perception 

Implant stability quotient Oral-health related quality of life

Implant insertion torque  

Levels of immune-inflammatory markers  

Oral surgery

Wound healing Pain relief

Swelling Pain intensity

Trismus Patient satisfaction

Levels of immune-inflammatory markers Oral-health related quality of life

Orthodontics 

Dental alignment (index) Pain/discomfort

Dental and skeletal changes in cephalometric 
measurements

Treatment duration

Measurements of tooth movement in study casts Patient perceptions of malocclusion

  Oral-health related quality of life

Cariology

Fluorescence emitted by caries lesions Frankly cavitated caries lesions

Initial (white-spot) caries lesions Caries lesions reaching the pulp

Radiographic images suggesting dental caries Pain provoked by dental caries

  Tooth loss due to dental caries

Pediatric dentistry
Cortisol levels Child Dental Anxiety scales

Pulse rate Behavior rating scales (Frankl scale, for example)

Periodontology

Numbers of periodontal pathogens Tooth loss

Levels of immune-inflammatory markers Patient satisfaction

Periodontal clinical parameters (probing pocket 
depth, clinical attachment gain)

Post-treatment discomfort / pain

  Aesthetic perception 

  Oral-health related quality of life

Restorative dentistry

Marginal discoloration Restoration failure or loss

Marginal adaptation Pain

Surface texture Oral-health related quality of life
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should predict the effect on the clinical outcome. For 
example, theoretically, a treatment that increases the 
levels of CD-4 cells should increase the survival of 
AIDS patients.

However, in most of the cases: a) the surrogate 
is not in the same causal pathway that results in the 
clinical outcome; b) there are several causal pathways 
of the clinical outcome, but the intervention affects 
only the pathway mediated through the surrogate; 
c) there are several causal pathways of the clinical 
outcome, but the intervention affects pathways 
others than that mediated through the surrogate; 
or d) the intervention affects the clinical outcome 
through mechanisms that are independent of the 
disease process3 . This is the reason why the adoption 
of surrogates in clinical trials can be associated 
with false positive or false negative results.3,16,19 For 
example, Fleming20 conducted a review of AIDS trials 
and observed that there was an increase in CD4 cell 
counts in 6 out of 7 trials in which treatment had no 
effect on survival. In another example, the DREAM 
trial demonstrated that Rosiglitazone significantly 
reduced blood glucose levels, but later on, the drug 
was withdrawn from the market because it increased 
the risk of myocardial infarction.21

In Dentistry, most of the trials have traditionally 
relied on surrogate outcomes. For example, in 
Periodontology, many antibiotics or laser trials 
have used number and percentage of periodontal 
pathogens as outcome variables. A randomized 
trial,22 have observed that adjunctive Nd:YAG laser 
irradiation significantly reduced the total number 
of subgingival bacteria of periodontitis patients, 
immediately after treatment, when compared to 
non-surgical periodontal treatment. However, 
after 6 months, there was no additional effect on 
clinical attachment gain. It is important to clarify 
that, although clinical attachment gain has been 
validated in cohort studies as a predictor of tooth 
loss,23,24 there was no validation in a randomized 
trial. In another example, adjunctive metronidazole 
and amoxicillin significantly decreases the number 
of sites with probing depth ≥ 5 mm,25,26 but the 
effect on tooth loss is not known. Sites with residual 
pockets ≥ 5 mm are predictive of tooth loss in cohort 

studies,27,28 but this surrogate has not been validated 
in randomized trials. 

In Implant Dentistry, although there is no validation 
in a randomized trial, it is widely accepted that 
continuous marginal bone loss is a critical peri-implant 
condition and a threat to implant survival. In 1986, 
Albrektsson et al.,29 established the success criteria for 
dental implants and proposed a reference of acceptable 
bone loss of 1.5mm during the first year of loading 
followed by 0.2 mm yearly, which was, thereafter, 
showed in several long-term RCTs. The 6th European 
Workshop of Periodontology, which was held in 2008, 
indicated that an increase in probing depth over time 
would be associated with bone loss around implants, 
spreading the use of periodontal parameters, such as 
probing depth and bleeding on probing as surrogate 
outcomes.30 However, the scientific evidence that 
supported this report statement is based on three 
animal model studies. A study with cynomolgus 
monkeys31 compared teeth and implants regarding 
the apical position of probe tips and concluded that 
probing measurements around implants and teeth 
were different, and even mild marginal inflammation 
was associated with deeper probe penetration around 
implants. Soft tissue around implants has also been 
described thicker than around teeth, based on human 
biopsies.32 An increase in probing depth around an 
implant does not necessarily mean that bone loss 
has occurred.33 Rather, it could have been caused by 
a change in the inflammatory condition of the peri-
implant soft tissue. Few clinical studies have looked 
for correlations between bone loss and probing 
depth around implants. They concluded that this 
clinical parameter is of limited value in predicting 
future peri-implant bone loss.34,35,36,37 The use of these 
parameters as surrogate outcomes could lead to over-
diagnosis and false positive findings of peri-implant 
pathology, which results in patients being subjected 
to unnecessary treatment. 

The problem in using surrogate outcomes instead 
of CROs is also present in cariology. For example, a 
study investigated the benefits of fluoride varnish 
applications for dental caries prevention and 
management and involved 31 patients allocated to two 
groups. The primary outcome was the quantification 
of the fluorescence emitted by caries lesions using 
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the Quantitative light-induced fluorescence method, 
a quantitative method, and the follow-up was only 
6 months. The authors observed that that applications of 
fluoride varnishes presented benefits on the arrestment 
of white spot lesions compared to professional tooth 
cleaning.38 On the other hand, a cluster-randomized 
clinical trial investigating the effect of 3 annual 
applications of fluoride varnishes compared to no 
intervention, involved almost 3,000 participants 
followed-up for 36 months. The primary outcome 
was the number of decayed, missed or filled surfaces, 
and the authors did not observe differences between 
the groups.39

Challenges in the use of clinically 
relevant outcomes in dentistry

Objective CROs are rarely reported in randomized 
trials in Dentistry. A review13 analyzed 220 RCTs from 
in eight leading general and specialty dental journals. 
The authors observed that the majority of the outcomes 
were surrogates, such as periodontal measurements, 
biomarkers and radiological assessments. Only a 
minority were objective CROs, such as survival or 
longevity. Likewise, Tsichlaki and O’Brien12 analyzed 
133 RCTs of orthodontic interventions in children and 
verified that the majority of the trials (63%) measured 
morphologic features of malocclusion that did not 
reflect the patient perspective. A recent review10 

evaluated outcome discrepancies in dental implant 
literature. Interestingly, only 38.8% of RCTs included 
in the study assessed clinically relevant outcomes. 
Among these, the most studied CROs were implant 
survival, aesthetic perception and oral-health related 
quality of life. 

As stated above, objective outcomes (e.g. death, 
tooth loss, implant failure or restoration failure) are 
rare events, and may take many years to manifest. 
As a result, researchers are faced with some 
challenges when they choose an objective CRO as 
the primary outcome. 

The first challenge is the required sample size to 
detect a clinically meaningful difference between 
groups, regarding the primary outcome. Most of 
the objective CROs is dichotomous, e.g. tooth loss 
(yes/no) or implant failure (yes/no). As such, they 

require larger sample sizes, when compared to 
continuous outcomes.40 Moreover, for ethical reasons, 
new treatments in Dentistry cannot be compared with 
placebo or no treatment. Thus, they are frequently 
compared to the standard of care. As a result, the 
expected effect sizes are small, which is associated 
with even larger sample sizes. 

Some trials in Periodontology have reported tooth 
loss as a secondary outcome. However, as far as we 
know, there is no RCT in Periodontology that adopted 
tooth loss as the primary outcome. The reason is the 
large required sample size. For example: according 
to a Systematic Review, up to 88% of periodontally 
treated and maintained patients do not experience 
tooth loss after a follow-up of a minimum of 5 years.41 
Suppose that a group of researchers is testing a new 
antibiotic, and expect an effect size of 5% in the 
primary outcome (no tooth loss). In other words, 
they expect that 93% of the test subjects (periodontal 
treatment with adjunctive antibiotics) will not present 
any tooth loss during the trial, when compared to 88% 
of the control subjects (periodontal treatment with 
placebo). In order to demonstrate the efficacy of the 
new antibiotic, 1074 patients would be required to 
have an 80% power of detecting, as significant at the 
5% level, an increase in the primary outcome from 
88% in the control group to 93% in the test group. 

Likewise, Implant Dentistry trials that have 
“implant loss” or “implant failure” as a primary 
outcome would require large sample sizes in 
order to detect a clinically meaningful difference 
between groups. In a PubMed search, (July 30, 2019), 
1022 randomized clinical trials reported implant 
loss as an outcome. The majority of them, however, 
did not identify the primary outcome or considered 
implant loss as a secondary outcome. The few studies 
that considered failure as the primary outcome were, 
mostly, underpowered.

Along the same lines, tooth survival was not 
reported as a standalone outcome in any RCT of 
prevention and management of dental caries. It 
was included as a composite outcome (e.g. DMTF) in 
approximately 35% of the trials, though42. Nevertheless, 
different from the examples for periodontal disease 
or implants, frankly cavitated caries lesions are 
perceived by the patients and have negatively affected 
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the patients’ quality of life. Therefore, the composite 
outcome including decayed, missed and filled teeth 
(DMF-T), or only cavitated caries lesions can be 
considered as a CRO to be used in clinical trials.  

In Restorative Dentistry, however, most trials use 
agreed criteria, such as Ryge or FDI score systems, in 
order to assess the quality of the restoration. However, 
only a minority evaluate hard outcomes such as 
failure of the restoration as the primary outcome.43

A further challenge is the follow-up period. The 
number of events such as tooth loss, implant failure/
loss and failure of restorations is quite small and 
require a long time to manifest. It may take from 
5 to 10 years to observe a significant number of these 
events in the experimental groups. Moreover, that 
leads to another challenge: retention of study subjects. 
Extended follow-up periods are associated with high 
attrition rates. This source of bias can compromise 
the validity of a trial, especially if one of the groups 
experience higher attrition rates.44 Moreover, it can 
result in a reduction in study power. For example, 
the Shortened Dental Arch (SDA) Study45 was a 
multicenter RCT that compared two treatments for 
replacement of lost molars: partial removable dental 
prosthesis (PRDP group) and no prosthetic extension 
after the second premolar (SDA group). The groups 
were compared regarding tooth loss after 10 years. 
Initially, 215 patients were randomized. After 10 years, 
because of losses to follow-up, only 79 and 71 patients 
remained in PRDP and SDA groups, respectively. 
After 10 years, 14 and 8 tooth losses were recorded 
in the PRDP and SDA groups, respectively. The 
difference was not significant (p = 0.49), mainly due 
to the reduced power. Some examples45,46,47,48,49 of RCTs 
that used objective clinically relevant outcomes can 
be observed in the Table 2. 

Proposals for the use of clinically 
relevant outcomes in dentistry

Even trials with statistically significant results may 
be meaningless if their outcomes are not relevant to 
stakeholders (patients, health professionals, policy 
makers and funders). In Dentistry, RCTs traditionally 
use and abuse of surrogate outcomes, such as number 
of microorganisms, adaptation of restorations and 

radiographic signs and measurements that do not 
translate into benefits for the patients. One possible 
solution for the problem of poor selection of trial 
outcomes is the development of Core Outcome Sets 
within each dental specialty.

Core outcome sets (COS) consist in agreed, 
standardized minimum group of outcomes that 
should be collected and reported in trials involving 
a particular condition (for example dental caries, 
periodontal disease or peri-implantitis). The process of 
creation of a COS involves a wide range of stakeholders, 
including the patient. Thus, it is more likely that 
they will identify clinically relevant outcomes.50 The 
COMET (Core Outcome Measures in Effectiveness 
Trials)51 initiative maintains a database of COS, 
which includes efforts in some dental areas, such as 
dental caries, periodontal disease, dental implants 
and orthodontics. There is a growing interest in the 
development of COS in Dentistry.42,52,53,54 

As previously discussed, the assessment of 
objective CROs, such as tooth loss or implant failure, 
warrants larger sample sizes. However, a single-center 
study may not have capacity to enroll enough patients 
and achieve the required sample size. Multicenter 
clinical trials are needed to overcome this problem. 
The main advantage of multicenter trials is their 
capacity of enrolling a large number of study subjects 
in a shorter time, thus providing sufficient power to 
detect even small treatment effects.55 An additional 
advantage of this kind of study is to increase the 
generalizability (external validity), as the study 
enrolls a more heterogeneous sample of subjects from 
different places. However, the complexity of the study 
increases, resulting in additional challenges, such 
as trial management. Management of multicenter 
trials requires a group of investigators, headed by the 
Principal Investigator (PI). The PI, co-investigators, 
and other experts, comprise the Steering Committee. 
On the other hand, the Data Monitoring Committee, 
comprised of individuals that are external to the study, 
is responsible for aspects such as safety monitoring and 
study integrity: (European Medicines Agency, 2005). In 
Dentistry, multicenter trials still represent a minority 
of all RCTs: a simple search in PubMed (August 10, 
2019) revealed that they represent approximately 5% 
of the total number of trials. 
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Researchers are encouraged to adopt clinically 
relevant outcomes as the primary outcome of a trial, 
in order to answer relevant questions. When the use 
of CROs is not possible, researchers should use a 
surrogate that is at least validated. 

Conclusion

The adoption of objective CROs in Dentistry is 
not frequent, mainly due to the difficulties related 
to necessity of large sample size and duration of 

Table 2. Examples of randomized controlled trials in Dentistry that used objective clinically relevant outcomes but failed in showing 
statistically significant differences among the groups.

Reference Population
Interventions and respective 
sample size: baseline (final)

Clinically 
relevant  
outcome

Follow-up Result

Walter et al.45,

Patients > 35 
years with all 

molars missing 
in one arch

a) Test: Partial 
removable prosthesis; 

n = 81 (44 after 10 years) Time to first 
tooth loss

10 years

Survival rates were 0.44 in the PRDP 
group and 0.52 in the SDA group. 
There was no significant difference 

between groups (p = 0.43)b) Control: shortened dental arch; 
n = 69 (36 after 10 years)

Preus et al.46

Patients 
with severe 
periodontitis

a) full-mouth disinfection 
+ metronidazole; 

n = 46 (41 after 5 years)

Tooth loss 5 years

No differences were observed between 
groups with regard to number of, 

reasons for, or time of extractions in 
the four groups at baseline and 1, 3, 

and 5 years after treatment

b) full-mouth 
disinfection + placebo; 

n = 45 (39 after 5 years)

c) scaling and root 
planning + metronidazole; 
n = 46 (42 after 5 years)

d) scaling and root 
planning + placebo; 

n = 47 (39 after 5 years)

Esposito et al. 47

Patients with 
any type of 
edentulism

a) Implants with an 
external connection (EC); 
n = 60 (57 after 5 years).

Prosthesis 
and implant 
failures and 

complications

5 years

One prosthesis supported by EC 
implants and two by IC implants 

failed (p = 0.61). One EC implant 
failed versus three IC implants 
in two patients (p = 0.61). Ten 

complications occurred in 10 EC 
patients versus nine complications in 
9 IC patients (p = 1.00). There were 
no statistically significant differences 

for prosthesis and implant failures and 
complications between the different 

connection types.

b) Implants with an 
internal connection (IC); 

n = 60 (55 after 5 years).

Cassol et al.48

Children with 
endodontic 

treatment needs

a) Iodoform based paste; n = 13

Clinical and 
radiographic 

success
1 year

1 unsuccessful result in the iodoform 
paste group, and none in the 

calcium hydroxide/zinc oxide paste 
group. Statistical comparisons were 

not performed due to very low 
unsuccessful rates. 

b) Calcium hydroxide / zinc oxide 
based paste; n = 14

Jassal et al.49

Patients with 
non-carious 

cervical lesions

56 patients. No information 
regarding number of patients per 

group

Numbers 
of fractures 
/ retention 

of the 
restoration

18 months

Retention rates after 18 months were 
93.3% for the A1SEA group; 86.2% 
for the P1SEA group; and 90.9% for 
the RMGIC group. No statistically 
significant difference was observed 

between the groups.

a) Active Solare-X composite resin 
(A1SEA); n = 98 (83) restorations. 

b) Passive Solare-X 
composite resin (P1SEA); 
n = 98 (75) restorations. 

c) Resin-modified glass 
ionomer cement (RMGIC); 
n = 98 (80) restorations
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the studies. However, researchers should always 
opt to design clinical trials using outcomes that 
are relevant for the patients or other stakeholders. 
Alternatives to overcome these difficulties are the 
development of core outcome sets within each 
dental specialty and the organization of multi-
center clinical trials. Dental associations, scientific 
community and sponsors are encouraged to organize 
larger studies.
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