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Objective: This paper provides an overview of epidemiology, common types of clinical studies, statistical 
analysis, and common pitfalls in clinical research.
Background: As health care leaders at the nexus of dentistry and medicine, the field of oral and 
maxillofacial surgery (OMS) is relentless in its pursuit of innovation and improvements to enable surgeons to 
provide the best possible care for patients. To this end, it is of paramount importance to prioritize improving 
trainees’ and attending surgeons’ grasp on clinical research study design and statistical analysis. Only with 
robust scientific evidence can OMSs develop dependable guidelines and sustain shifts in standard of practice. 
An essential component of such clinical research requires a baseline understanding of epidemiology and 
biostatistics.
Methods: A review and synthesis of relevant literature was conducted using PubMed database.
Conclusions: This is by no means a comprehensive guide, as entire disciplines are devoted to each of these 
areas. Moreover, there is a difference between topic experts, who have an intimate knowledge of the clinical 
aspect of the study, and methodological experts who specialize on study design and biostatistical analysis. It is 
up to the surgeon researcher to determine whether they can fulfil both roles or should seek support for either 
or both roles. Ultimately, rigorous research methods are critical to continuing to improve evidence-based 
standard of practice in order to sustain clinical innovations, protect the scope of OMS, and most importantly 
enhance patient outcomes in OMS.
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The field of oral and maxillofacial surgery (OMS) is 
relentless in its pursuit of innovation and improvements 
to enable surgeons to provide the best possible care for 
patients. A prominent example of this is the development 
of three-dimensional virtual surgical planning, which has 
transformed the way surgeons approach surgeries and 
has improved the standard of care (1). Perhaps equally 
important as innovation is rigorously evaluating those 
innovations to ensure that they offer true improvements in 
the quality of care and patient outcomes. Only with robust 
scientific evidence can OMSs develop dependable guidelines 
and sustain shifts in standard of practice.

An essential component of such clinical research requires 
a baseline understanding of epidemiology and biostatistics. 
Unfortunately, evidence suggests that current OMS 
trainees on average may require more training in these 
areas (2). Given the rigorous and time-intensive training 
of OMS residency programs, however, the solution to 
the deficiencies in biostatistical skills may not be straight 
forward. In fact, many programs lack protected time for 
resident research endeavors (3).

Nevertheless, as OMS continues to lead health care at 
the nexus of dentistry and medicine, it is of paramount 
importance to devote resources to improve trainees’ 
and attending surgeons’ grasp on clinical research 
study design and statistical analysis (4). Beyond the 
aforementioned need to evaluate innovations, these skills 
are essential in understanding new scientific evidence, 
which can improve clinical decision making. The 
following paper provides an overview of epidemiology, 
common types of clinical studies, statistical analysis, and 
common pitfalls in clinical research. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://fomm.amegroups.
com/article/view/10.21037/fomm-21-16/rc).

Methods

A literature review was completed utilizing the PubMed 
online database between June 2020 and December 2020 
using search terms relevant to each section relevant to 
biostatistical study design and epidemiology. English 
language articles were screened by their titles and abstracts 
for their relevance and then synthesized to develop an 
overview relevant to surgeon-researchers in OMS. We 
summarized the evidence into the following sections: 
epidemiology and study design, clinical study designs, 
common statistical analyses, and types of errors and pitfalls.

Epidemiology and study designs

Epidemiology is defined as “the study of the distribution 
and determinants of health-related states or events in 
specified populations, and the application of this study to the 
control of health problems” (5,6). To dissect this statement, 
“distribution” refers to the frequency and pattern (e.g., 
temporal, geographic, etc.) of how health events occur in 
a population, while “determinants” refers to the search for 
factors that contribute to disease (6). “Health-related states 
or events” covers the gamut of phenomena that can affect 
the well-being of a population, ranging from communicable 
infectious disease to exercise and seat-belt use (6). “Specified 
populations” identifies an important distinction, especially 
relevant for OMSs, that epidemiological studies concern 
outcomes for entire populations, in contrast to patient care, 
which focuses on individuals. Finally, the “application” 
of epidemiological analyses can be incorporated and 
referenced when making policy and clinical decisions to 
improve the health outcomes in that population (6).

However, the definition of surgical epidemiology is 
more ambiguous (7). While this discussion can quickly get 
technical, it is important for OMSs to keep in mind the 
general principles of epidemiology and to design studies in a 
thought manner to appropriately answer research questions. 
Study design is of critical importance, as it dictates the 
subsequent analyses and conclusions.

Clinical study designs

Randomized controlled trials (RCTs) are considered the 
gold-standard in clinical research. Each subject is randomly 
assigned to a different treatment arm, often including a 
control group, and evaluated for certain outcomes in a 
prospective manner. Alternative methods to assign subjects 
to groups include randomization between match pairs 
or using a crossover method where subjects sequentially 
experience one treatment and then another (8). The specific 
treatment can be single-blinded (to the subject only), or 
double-blinded (to both the subject and researcher). Both 
randomization and blinding allow RCTs to minimize known 
and unknown biases that can skew data. It is also important 
to note that the sample size of the study must be large 
enough to enable statistical analyses to detect a difference 
between treatments, a determination that depends on the 
frequency and nature of the effect being studied (9).

Despite their positive qualities, RCTs are not always 
feasible, such as due to limited resources, so there are 
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other ways to investigate research questions. The closest 
alternative, quasi experimental research, are studies where 
subjects are not randomly allocated to study arms, which 
can introduce biases to the results. The next alternative to 
RCTs are prospective cohort studies, in which subjects are 
followed over a period of time and evaluated in two group 
based on whether or not they developed the effect being 
studied (e.g., disease).

In situations where there is limited time and resources, 
researchers can also conduct retrospective studies to identify 
clinical trends. Case-control studies involve comparing two 
groups of subjects, based on whether or not they developed 
a certain outcome, and then analyzing their attributes and 
looking for their statistical associations with the outcome. 
Finally, observational studies can provide a snapshot 
overview of the study population and identify statistical 
associations as well. These can be used to identify broad 
trends and potential areas of further reinvestigation using 
RCTs. In terms of data source for retrospective studies, 
researchers can use a range of databases, from the hospital 
level to large publicly available ones at the national level (10). 
Finally, researchers can use case-series to study trends in 
very rare pathologies and events.

Despite these different types of study designs, there 
are many nuances within each. For example, clustered 
observations are commonly used in OMS research, and 
can be collected as part of various clinical studies, ranging 
from RCTs to observational studies. To illustrate, multiple 
implants placed on one individual requires a different 
design and analyses than single implants placed on multiple 
individuals. To conclude this section, it is critical to note that 
only RCTs can be used to prove causation between factors 
and the outcome, whereas all of the other aforementioned 
studies can only be used to prove correlation.

Common statistical analyses

OMS researchers must be mindful to select the appropriate 
statistical test to analyze their data. To this end, the 
statistical test used must be based on the hypotheses of the 
study. Support from statisticians should be obtained when 
necessary.

When choosing a test, it is important to determine the 
type of data being analyzed. Data can be broadly categorized 
into qualitative and quantitative. Within qualitative data, 
there are nominal and ordinal data. Nominal data have no 
inherent order, while ordinal data does, such as a scale of 
low, medium, and high. Within quantitative data, there are 

interval and ratio data. Interval and ratio data have ordered 
differences between measurements, with the difference 
between the two being that ratio data have a true zero (e.g., 
age, height, weight) while interval does not (e.g., IQ, year, 
temperature not in Kelvin). The type of data that constitute 
the independent (input) and dependent variables (outcomes) 
dictate the type of statistical test that should be used.

It is also important to consider whether the data is 
normally distributed, as this can affect the test being used. 
For example, the paired t-test can are used to compare 
two normally distributed quantitative datasets, while the 
Wilcoxon signed-rank test is used if those two datasets are 
not normally distributed, nor non-parametric (8).

There are many nuances in statistical analyses and 
choosing the right test for the right situation. The British 
Medical Journal provides an excellent summary table for 
this (8). However, it is worth reiterating that if there is any 
uncertainty on the part of the researcher about statistical 
analysis, it is always better to consult a methodologic expert 
to ensure quality.

Types of errors & pitfalls

Scientific hypotheses are tested by using the data to either 
reject or fail to reject a null hypothesis, which suggests that 
the differences or associations in data are due to chance, and 
there is no true difference or association. Statistical tests 
will provide researchers with a P value, which signifies the 
probability that the differences in data observed occurred 
by chance. The P value helps researchers decide whether 
to reject the null hypothesis and conclude that there is 
a statistically significant difference or fail to reject the 
null hypothesis and conclude that there is no statistically 
significant difference.

Rejecting the null hypothesis to conclude that there is a 
statistical difference when in reality there is none constitutes 
a type 1 error (alpha), or a false positive. Meanwhile, failing 
to reject the null hypothesis and concluding that there is 
no difference when in reality there is constitutes a type 
2 error (beta), or a false negative. It is generally accepted 
alpha and beta should be less than or equal to 0.05 and 0.2, 
respectively. Relatedly, the power of a study, or the ability 
of a study to successfully avoid false negatives, is equal to 
1-beta. The power of a study can be calculated based on the 
sample size and the expected magnitude in difference being 
studied (9,11).

It is important to prescribe caution regarding the use of P 
values. While it conveys important information, researchers 
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must avoid what is colloquially known as p-hacking (12). 
P-hacking describes situations where researchers use a 
P value of less than or equal to 0.05 to make conclusions 
without interpreting the P value in context of the study. For 
example, while surgeon researchers should be encouraged to 
use large publicly available databases, the large sample size 
in these databases allow statistical tests to detect statistical 
differences of very small magnitude (10,12). For example, 
a study using a large national database comparing two 
different surgical techniques for mandibular advancement 
may find statistically significant differences with a P value 
<0.05 between an advancement of 7 mm in one group and  
8 mm in the other. However, even though there is a 
statistical difference, the magnitude of the 1 mm difference 
has little meaningful clinical impact in terms of outcomes for 
the patient. Another area prone to p-hacking involve using 
a dataset with many variables to look for associations (12). 
In these datasets, there will be many variables that have 
statistically significant associations with P value <0.05. 
Continuing the example above, researchers may be able 
to find statistically significant associations (P value <0.05) 
between the magnitude of mandibular advancement and 
a factor that is obviously not clinically relevant, such as 
the color of the shoes that the patient wore on the day 
of surgery. It is up to the researcher to interpret the 
results using their clinical expertise to rule out statistically 
significant but clinically meaningless findings (11). After all, 
the P value is merely meant to be a supplement, rather than 
a driver, in making conclusions.

In recent years, in fact, some surgical researchers have 
pushed to replace or augment P value s by requiring studies 
to also report confidence intervals, or the range of values 
that the “true” value will be in between 95% of the time (13).

Conclusions

This paper offers a brief review of epidemiology, study 
design, statistical methods, and common pitfalls. This is 
by no means a comprehensive guide, as entire disciplines 
are devoted to each of these areas. Moreover, there is a 
difference between topic experts, who have an intimate 
knowledge of the clinical aspect of the study, and 
methodological experts who specialize on study design and 
biostatistical analysis. It is up to the surgeon researcher 
to determine whether they can fulfil both roles or should 
seek support for either or both roles. Ultimately, rigorous 
research methods are critical to continuing to improve 
evidence-based standard of practice in order to sustain 

clinical innovations, protect the scope of OMS, and most 
importantly enhance patient outcomes in OMS.
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