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Abstract  

Introduction  

Longitudinal designs with multiple outcome measurements are commonly encountered in oral 

health randomised controlled trials (RCTs). The aim of this meta epidemiological study was to 

assess whether optimal statistical analysis approaches have been used in longitudinal oral 

health RCTs.  

Data sources  

PubMed search was undertaken in September 2021 for longitudinal oral health RCTs with at 

least 3 repeated outcome measurements which have been published between 2016- 2020 in 

the highest impact general and specialty dental journals.  

Study selection 

Study selection and data extraction were accomplished independently and in duplicate. The 

statistical methods undertaken in the selected articles were tabulated, and the association 

between study characteristics and use of optimal analyses were assessed using X2 or Fisher’s 

exact test and logistic regression. 

Results 

Five hundred and five oral health RCTs were deemed eligible for inclusion. Of these, only 

28.3% RCTs used optimal statistical analyses for a longitudinal trial design. For the trials with an 

optimal statistical approach, the most frequent test used was repeated measures analysis of 

variance (RM-ANOVA) followed by mixed effect models (MEM). The use of optimal statistical 

                  



tests was predicated by the involvement of a statistician (OR: 2, 95% CI:1.27 - 3.18, p<0.01), 

the journal impact factor (OR:1.19, 95% CI;1.1 - 1.29), continent of first author (likelihood ratio 

test p=0.01), number of the authors (OR:1.22 , 95% CI;1.12-1.3, p<0.001),  protocol registration 

(OR: 1.48, 95%CI; 1 to 2.2, p=0.05), funding(OR:2.4, 95%CI; 1.6 - 3.7, p<0.001), and dental 

specialty (likelihood ratio test p<0.001). 

 

 

Conclusions 

Most longitudinal oral health RCTs did not use optimal statistical analyses. Greater awareness 

of optimal analyses used to assess longitudinal data reported in oral health trials is required to 

circumvent the reporting of suboptimal inferences, selective reporting and research waste. 

Clinical significance 

Further progress is required to avoid suboptimal statistical analyses and fully utilise the benefits 

of the repeated measurements over time in oral health RCTs.  

Keywords 

Longitudinal data, statistical analysis, clinical trials, dental, oral health 

 

 

 

 

 

 

 

 

 

 

                  



 

 

Introduction  

As the cornerstone of healthcare evidence, clinical trials have been instrumental to major 

healthcare advances. Although randomised controlled trials (RCTs) represent the gold standard 

to detect the efficacy and harms of an intervention, meta-epidemiological studies in dentistry 

have identified issues with RCTs related to ignoring clustering [1, 2], confounding [3], and data 

dependencies [4] in the analysis of clinical trials. In addition, incorrect comparisons against 

baseline values [5, 6], and multiple comparisons are common practices that can lead to 

incorrect interpretation and biased results [7, 8].  

 

Several trials in dentistry include repeated measurements over time. The assessment of 

the intervention effect and its possible change over time is an important and relevant clinical 

question in dentistry. An example of this would be measuring post-surgical pain by collecting 

outcome data at multiple or more subsequent days instead of at a single time point. Statistical 

analyses involving comparisons between treatment arms at all time points, comparisons of 

mean effects over time between groups and comparisons within groups could be undertaken 

which, however, are considered suboptimal approaches because they ignore the data structure 

and do not fully utilise the benefits of the repeated measurements over time. For instance, if 

comparisons at all time points were undertaken then a separate analysis would be required at 

each time point [9-11]. Such an approach can potentially result in incorrect P-values, incorrect 

interpretation of the results, loss of power and research waste [12, 13]. In addition, multiple tests 

increase the probability of false-positive results [14-16] and encourage selective reporting of 

only significant results [17]. Loss of information and loss of study power is a consequence of 

using mean effects because again the structure of the data is ignored. The within groups 

statistical testing also does not give an answer to the question at hand as it is incorrect and 

                  



misleading [18]. This approach ignores the data dependencies and time/placebo effects that can 

be expressed as improvements in the control group due to time and/or due to the fact that 

patients are receiving a treatment in a trial. Such an improvement in the control group is not 

considered and the difference in the outcome between arms is falsely magnified [5]. 

Unfortunately, this incorrect practice is common in the orthodontic [6] and dental literature  [5]. 

In contrast, longitudinal data analysis could be performed which would be considered the most 

optimal approach in this situation [9-11].  

A more optimal approach for analysis of longitudinal designs is to apply longitudinal 

statistical methods. The benefit of this approach is that it considers data structures and 

correlations arising from the multiple observations nested within the same patient, which helps 

to distinguish between changes within and between patients [10, 11].  Furthermore, longitudinal 

data analysis increases study power [19] and accounts more efficiently for missing data [20]. A 

limitation of this analysis is that it requires advanced training in statistical theory and 

methodology [10, 11, 21, 22], which may explain why it does not appear to be routinely used in 

oral health [4].  

 

Within the literature there appears to be some indication that the analysis of correlated 

and longitudinal data in dentistry, appears to be suboptimal[1, 4]. However, a wide-ranging 

assessment of the issue in oral health trials is lacking. The aim of this investigation was to 

highlight the methods used for the analysis of longitudinal data and to determine on an 

exploratory basis any association between study characteristics and the appropriateness of the 

chosen approaches in oral health randomised trials.  

 

 

 

 

                  



 

Material and methods 

Eligibility criteria 

A selection of dental speciality oral health journals with the highest impact factor (2020) were 

included in this study. RCTs published between 1st January 2016 and 31st December 2020 in the 

following journals were sourced:  Journal of Dental research, Journal of American Dental 

Association, European Journal of Orthodontics, American Journal of Orthodontics and 

Dentofacial Orthopaedics, Angle Orthodontist, Journal of Clinical Periodontology, Journal of 

Periodontology, Journal of Endodontics, International Journal of Oral and maxillofacial surgery, 

Journal of Oral and Maxillofacial Surgery, Paediatric dentistry, European Journal of Paediatric 

dentistry,  International Endodontic Journal, Journal of Prosthetic Dentistry, Journal of 

Prosthodontic Research, and Journal of Prosthodontics. 

The terms ‘‘randomised controlled trial’’ was screened in the title, abstract and 

methodology of the article. As per the Cochrane criteria for the identification of RCTs the 

following inclusion criteria was applied: human participants, interventions related to healthcare, 

experimental studies, presence of a control or comparative group, randomisation of participants 

to control and treatment groups, other trials with terminology in the title or abstract such as 

‘‘prospective’’, ‘‘comparative’’, ‘‘efficacy’’ or where an indication was given that a comparison of 

treatment groups was undertaken prospectively. Additionally, randomised controlled trials 

(RCTs) of longitudinal design (with 3 or more outcome collection time-points) and with 2 or more 

treatment arms from the aforementioned journals were included. Observational, animal, 

preclinical studies and studies in a language other than English were excluded. 

 

Search and selection of studies 

An electronic database search was undertaken using Medline via PubMed 

(www.pubmed.ncbi.nlm.nih.gov) by one author (SM) in September 2021. A search filter of a 

                  



randomised controlled trial published between 1st January of 2016 and 31st December 2020 

was employed (Supplemental Table1). All titles and abstracts were screened independently by 

two authors (SM and HK). The full article text was retrieved when eligibility was either met or 

unclear.  

 

Data extraction 

Two authors (SM and HK) analysed the full text of the remaining records against the inclusion 

criteria and extracted data independently. Any disagreements were resolved by discussion 

among the authors. The appropriateness of the statistical analysis was rechecked by another 

author (NP) with expertise in statistical methods. A pilot assessment of ten random RCTs was 

undertaken between two authors (SM and HK) to ensure consistency in data extraction 

variables. A high level of agreement was established. All data was entered into a pre-piloted 

Microsoft Excel® (Microsoft, Redmond, WA) data collection sheet. Study characteristics from 

each RCT were extracted as follows: journal name, journal specialty (general dentistry, 

endodontics, orthodontics, pedodontics, periodontics, prosthodontics, oral surgery), journal 

impact factor, year of publication, the continent of the first author (Europe, Americas, Asia and 

other), number of authors, study design (multi-centre or single-centre, split-mouth, parallel, or 

cross over), number of treatment arms, number of outcome collection time points, the statistical 

analyses used for the between-group comparisons, involvement of statistician (no or yes; 

inferred from materials and methods section or authors’ acknowledgement), study protocol 

registration (no/unclear or yes), funding(no/unclear or yes), and significance of results based on 

the primary outcome. In the absence of no clear primary outcome, the first outcome was 

analysed: significant or non-significant. 

 

Statistical analysis 

                  



Descriptive statistics were performed. Associations between study characteristics and the 

statistical methods appropriateness were assessed using Χ2 or Fisher’s exact test. A logistic 

regression model was applied for the significant predictors. All statistical analyses were 

conducted using Stata 15.1 (Stata Corp, TX, USA) and R Software version 4.1.2 (R Foundation 

for Statistical Computing, Vienna, Austria).  

 

Results 

Following application of the eligibility criteria, five hundred and five oral health RCTs were 

included for full data extraction (Figure 1). Within this sample, 80.8% were of parallel design 

while 16.6% were split-mouth designs. The median number of time points was 4 (range of 3-40). 

The majority of the trials (69.1%) reported a 1:1 treatment arm allocation ratio. The median 

number of authors was 5 (range 1-20), and the median of impact factor of the included journals 

was 4.17 (IQR 4.34) with a range of (1.87 - 8.73) (Table 1). Only 28.3% of trials used an optimal 

statistical analysis with an association between the appropriateness of the analysis and the 

continent of the first author, the journal specialty, the involvement of a statistician, registration, 

funding, and the statistical significance of the results evident (Table 1). The most used optimal 

analyses in oral health longitudinal trials were repeated measured analysis of variance (RM-

ANOVA) and mixed effect models (MEM), while the t test and its equivalent non-parametric test 

were the most prevalent suboptimal test (Table 2). 

The odds of a significant result were higher for studies with suboptimal analyses 

compared to studies with optimal analyses (OR: 3.3, 95% CI: 2.14 - 5.1, p<0.01). The 

involvement of a statistician was associated with higher odds of the use of an optimal analysis 

compared to suboptimal analyses (OR: 2, 95% CI:1.27 - 3.18, p<0.01). Journals with higher 

impact factors have higher odds of the use of an optimal analysis compared to suboptimal 

analyses (OR:1.19, 95% CI;1.1 - 1.29). Optimal/suboptimal analysis was associated with 

continent (likelihood ratio test p=0.01), authors’ number (OR:1.22, 95% CI;1.12-1.3, p<0.001) 

                  



and specialty (likelihood ratio test p<0.001). Likewise, the registration of the prior protocol was 

associated with a higher odd of optimal analysis compared to non-registered trials (OR: 1.48, 

95%CI; 1 to 2.2, p=0.047). Funded studies were associated with more optimal analysis( OR:2.4, 

95%CI; 1.6 - 3.7, p<0.001). ( Figure 2, Supplemental Table 2) 

 

 

 

 

 

 

 

Discussion 

It is not uncommon to encounter longitudinal trial study designs being employed in the 

assessment of the efficacy of dental interventions which is supported by the fact that from the 

one thousand and sixty-four screened records five hundred and five oral health RCTs were 

identified.  However, it is important to understand that a longitudinal study design is 

characterised by repeated measurements/observations resulting in the generation of outcomes 

from the same patient at multiple time points. On this basis, the observations are then 

considered to be correlated [23]. Failure to recognise and to account for this characteristic in the 

statistical analyses could result in both incorrect inferences and biased conclusions[21, 24, 25]. 

Despite the reported benefits of longitudinal data analysis [10], it appears to be infrequently 

undertaken within the dental specialities[4]. The results of the current investigation mirrors those 

of previous studies [1, 4] with just over 70% of oral health longitudinal trials undertaking 

suboptimal analyses which assume that the measurements are independent rather than 

assuming they are correlated.  

Associations were identified between significance of results, continent, specialty, 

funding, trial registration, involvement of a statistician and journal impact factor and the 

                  



appropriateness of the analysis used (optimal vs sub-optimal). It would appear that this is 

counter- intuitive, that using a sub-optimal analysis to analyse the data results in a significant 

result. However, this could be a reflection of the use of multiple tests that can result in the 

multiplicity problem where the probability of detecting a false-positive result increases above the 

conventional 5% [14-16] . The reporting of significant results when sub-optimal analyses are 

applied may imply publication bias, loss of information [19], possibly mishandling of missing 

data [20], selective reporting [17] and HARking (hypotheses are formed after looking at the 

results) [26, 27]. 

Including a statistician increased the odds of optimal analysis being undertaken. Within 

the literature, the inclusion of a statistician has been reported to result in better reporting quality 

of dental trials [28-30]. Although, the latter may not clarify if the appropriate analysis has been 

undertaken, it does highlight that seeking the appropriate support and guidance from a 

statistician during the trial planning/analysis may limit the conduct and reporting of inappropriate 

analyses. This is imperative given the fact that the handling of longitudinal data requires further 

training in statistical theory and methodology [10, 11, 21, 31]. Incidentally, there was a lack of a 

clear description of the statistical methods used in most included oral health trials. This is further 

compounded by the fact that the involvement of a statistical advisor/statistician in the 

design/analysis was reported only in 1 out of 5 included oral health trials RCTs. Despite the lack 

of clear instructions pertaining to longitudinal data, to improve the transparency of the statistical 

methods used, it is recommended that authors follow the SAMPL guideline on statistical 

methodology [32].  

The journal specialty has an impact on using optimal or suboptimal analysis. Endodontic 

and maxillofacial journals have used more often less optimal approaches when compared with 

the other journals. The periodontic, orthodontic, and general dental journals were more likely to 

use optimal approaches in analysing longitudinal data. Higher impact factor was associated with 

the use of optimal analysis methods, even in the same journal specialty (Supplemental Table 2) 

                  



Similar to previous findings [4], the most frequent of the optimal analyses used to 

analyse longitudinal data, were repeated-measures analysis of variance (RM-ANOVA), followed 

by mixed-effect models (MEM).  Analyses less frequently used to analyse correlated data in oral 

health trials included the Friedman test or Generalized Estimating Equations (GEE). Several 

oral health trials (50.27%) used the t-test and ANOVA or their non-parametric equivalents per 

time point for inferential statistics, thus failing to recognise and take advantage of the data 

structure. Possible reasons for the lack of use of appropriate statistical tests may include: a lack 

of awareness and training on the most appropriate statistical tests, a fixation on finding 

statistical significance and HARking where hypotheses are formed after looking at the results 

[26, 27]. It seems that the peer-review process does not hinder the publication of studies with 

less optimal statistical testing. Typically, a separate statistical review is not required/not 

available, and the reviewer/editor have to rely on his/her own statistical knowledge. Additionally, 

user friendly and accessible statistical software packages have made it less dauting for 

clinicians to analyse their own data. The downside to this is that clinicians may fail to 

understand the theory behind the analyses and its suitability for the data.   

Finally, and in the context of transparency and better use of the available evidence it is 

also recommended for authors of all studies to share anonymised raw data and this should not 

exclude longitudinal studies. 

Only a single electronic database was searched in this investigation which may mean 

potentially relevant trials were not identified but including only definite PubMed indexed journals 

may overcome this issue in the present study. Five hundred and five studies were assessed, 

and this should be considered a large enough sample to ascertain a baseline of the issue of 

suboptimal use of analyses in the analysis of longitudinal data. The overwhelming evidence 

against the use optimal analysis methods for longitudinal data is unlikely to change the key 

message of this study with the addition of any trials that may have been missed.  Within the 

                  



study methodology steps were taken to further minimize bias. These include independent and 

duplicate screening of studies and pre-piloting prior to data extraction. These were also 

undertaken under the supervision of an experienced investigator/statistician with experience in 

analysing longitudinal data.  

 

Conclusions 

Prospective oral health randomised longitudinal trial designs are commonly undertaken. In this 

sample, only 28.3% longitudinal clinical trials used optimal statistical analysis approaches to 

analyse the data. The most frequent appropriate analyses used were RM-ANOVA and MEM 

analyses. The involvement of a statistician, specialty, continent, funding, registration and journal 

impact factor were associated with optimal analysis of longitudinal data. Greater awareness of 

optimal analyses used to assess longitudinal data reported in oral health trials is required to 

circumvent the reporting of inappropriate inferences, conclusions, and research waste. 
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Legends 

Table 1 Cross-tabulation between optimal/suboptimal analysis and the study characteristics (* 

includes 2 classified as unclear **Fisher test) 

Table 2 shows the analyses implemented when using the optimal and the suboptimal approach 

*Mixed models include (Hierarchical, multilevel modelling, GLMs, multilevel linear regression, 

binomial random effects, logistic mixed effect regression), GEE includes regression with robust 

variances and RM-ANOVA includes MANOVA and mixed ANOVA 

 

Figure 1 Trial identification flow diagram  

Figure 2 A bar plot showing the counts of optimal/suboptimal analysis per specialty journal. 

Supplemental Table 1 Search strategy 

Supplemental Table 2 

  

                  



 

 

Fig. 1 

  

                  



 

 

Fig. 2 

  

                  



Study 

characteristics 

Optimal analysis P-

value 

  No (n= 362 *, 71.7%) Yes (n= 143, 28.3%) Total (505) %  

The continent 

of the first 

author 

Americas 72 64.9% 39 35.1% (111) 22% 0.02 

Asia and Others 125 79.6% 32 20.4% (157) 31.1% 

Europe 165 69.6% 72 30.4% (237) 46.9% 

        

Specialty General Dentistry   27           69.2%      12 30.8% (39) 7.7% <0.001 

Endodontics   58           89.2%      7 10.77% (65) 12.9% 

Orthodontics    62           66.7%     31 33.3% (93)18.4% 

Pedodontics 28 80% 7 20% (35) 6.9% 

Periodontics   102           59.3% 70 40.7% (172) 34.1% 

Prosthodontics 4 50% 4 50% (8)  1.6% 

Oral Surgery 81 87.1% 12 12.9% (93) 18.4% 

      

Publication 

year 

2016 66 64.7% 36   35.3% (102) 20.2% 0.46 

2017 82 75.9% 26 24.1% (108) 21.4% 

2018 73 73% 27 27% (100) 19.8% 

2019 68 73.1% 25 26.9% (93) 18.4% 

2020 73 71.6% 29 28.4% (102) 20.2 % 

        

Study design Split Mouth 66 78.6% 18 21. 4% (84) 16.6% 0.13 

Cross-over 7 53.85% 6 46.15% (13) 2.6% 

Parallel 289 70.8% 119 29.2% (408) 80.8% 

        

Centre multi 20 66.7% 10 33.3% (30) 5.9% 0.55 

single 342 72%    133 28 % (475) 94.1% 

        

Number of 

analyses 

1 124                        67.4% 60 32.6% (184)  36.7% 0.46 

2 129 76.3% 40 23.7% (169) 33.7% 

3 58 69.9% 25 30.1% (83) 16.5% 

 4 47 71.2% 19 28.8 (66)13.2%  

        

Statistician 

Involvement 

yes 58 59.2% 40 40.8% (98) 19.4% <0.01 

no 304 74.7% 1043 25.3% (407) 80.6% 

        

Protocol yes 167 67.6% 80 32.4 (247) 48.9% 0.05 

                  



 

Table 1 

  

registration no 195 75.6% 63 24.4% (258) 51.1% 

        

Funding yes 183 64.2% 102 35.8% (285) 56.44% <0.001 

no 179 81.4% 41 18.6% (220) 43.56% 

        

Significance 

of the 

outcome 

Non-significant 144 59.5% 98 40.5% (242) 39.46% <0.001 

Significant 

218 82.9% 45 17.1% (263) 60.54% 

                  



 

Table 2 
Optimal analysis 

N= 143 (28.3%) 

Suboptimal analysis 

 N= 359 (71.7%) 

Unclear 

analysis 

N=3 (0.005%) 

Brunner- Langer model 3(0.59) ANOVA/Other 52 (10.27)  

Kruskal Wallis 35 (6.9) 

Mixed models 58(11.49) Fisher/Chi2 27 (5.15) 

Mann Whitney/ t-test 202(40) 

Generalized estimating 

equation (GEE) 

11 (2.18) Paired t-test / Wilcoxon 

signed-rank test 

27 (5.35) 

RM-ANOVA, ANCOVA, 

Friedman test, SPANOVA 

66 (13.27) multiple linear regression 

analysis 

2(0.4) 

Median regression 1(0.2) 

log-rank test/other survival 

analysis 

4 (0.61) multiple randomization tests 2(0.4) 

polychoricordered logistic 

regression 

2(0.4) 

Poisson regression 1(0.2) 

McNemar’s test 8 (1.58) 
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