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Abstract

Many surgeons often find statistics to be unfamiliar and challenging. In the context of
contemporary medicine, understanding statistical concepts is crucial for professional
development. This article provides a basic overview of statistics and terminology com-
monly used in Orthopaedics and Trauma research. Orthopaedic surgery research often
involves comparing two groups: one that has undergone a specific procedure and another
that hasn't or has had a different procedure. The central question is whether the differ-
ences in outcomes are due to the surgical intervention or random chance. For instance,
in a study assessing a new knee replacement surgery, there's a need to balance Type 1
and Type 2 errors, which relate to incorrectly concluding effectiveness. A larger sam-
ple size increases statistical power but also comes with practical and cost constraints.
Choosing the appropriate study design depends on research questions, ethical consider-
ations, resources, and the nature of the intervention. Common designs include Random-
ized Controlled Trials (RCTs), Prospective Cohort Studies, Retrospective Cohort Studies,
Case-Control Studies, Cross-Sectional Studies, Systematic reviews and Meta-Analyses.
Understanding the nature of data (qualitative and quantitative) and data distribution, es-
pecially Gaussian distribution, is essential in orthopaedic or any type of research. Dif-
ferent types of data require distinct statistical approaches, ensuring the selection of the
most suitable analytical techniques. Proper selection of a statistical test starts with for-
mulating a null hypothesis. The p-value is crucial in assessing the strength of evidence
against the null hypothesis. A low p-value (typically < 0.05) indicates a significant dif-
ference, while a high p-value suggests results could be due to random chance. Various
statistical tests, like Chi-Square, Student's T Test, ANOVA, and regression analysis, can
be used depending on the research question and data type. Each test is applied to analyze
specific aspects of the data, such as relationships between categorical variables, differ-
ences in means, or the influence of various factors. In summary, understanding statistics
is fundamental in assessing the efficacy of orthopaedic treatments. Researchers must
manage errors, choose the right study design, understand the nature of data, and select
appropriate statistical tests. This statistical literacy is essential for evidence-based deci-
sion-making in orthopaedic practice.

Keywords: Orthopaedic surgery research, Statistical analysis, Data distribution,
Hypothesis testing, Effectiveness assessment

Introduction have a solid understanding of statisti-

cal concepts (1). The ability to effec-
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Many surgeons find statistics to be an
unfamiliar and challenging field. In
the context of contemporary medicine,
where publications and research play
a crucial role in professional devel-
opment, it is of utmost importance to
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tively examine a study and make in-
formed decisions regarding its validity,
as well as the capacity to present one's
own work in a compelling and persua-
sive manner, are both facilitated by this
skill. This article offers a rudimentary
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overview of the statistics and the terminology used
for most studies done in Orthopaedics and Trauma.

In the realm of orthopaedic surgery research, a fun-
damental study typically involves the examination of
two distinct groups: one group of patients who have
undergone a specific orthopaedic surgical procedure,
and another group of patients who have not undergone
any surgical intervention or undergone a different sur-
gical procedure or a variation of the specific proce-
dure under consideration. The research team meticu-
lously documents the outcomes for both groups. The
central inquiry revolves around determining whether
there exists a notable dissimilarity in outcomes—this
is the anticipated outcome for the researcher. The key
question at hand is, what is the probability that the
disparity in outcomes can be attributed solely to the
orthopaedic surgical intervention and is not merely a
result of random chance?

The Gold standard of studies is a RCT. Imagine a
group of researchers-in this case orthopaedic sur-
geons- aim to assess the effectiveness of a novel knee
replacement surgery. Researchers divide their partici-
pants into two groups:

Intervention Group: This group consists of
individuals who have received the new knee re-
placement surgery.

Control Group: This group comprises
individuals with similar knee conditions, but
they have had the conventional knee replace-
ment surgery.

First the researchers need to determine that both
groups are comparable in every aspect other than
what knee replacement they will receive; a similar
age range, pre-operative functional range, pre-oper-
ative pain score, co-morbidities etc....Otherwise it
could be interpreted that it was something else that
was responsible for the outcome and not the interven-
tion itself. These factors that may have an extraneous
influence on the outcome are called confounders and
need to be accounted for.

This is what leads to the term Controlled. Thereaf-
ter the scientists need to make sure that every patient
has an equal chance of either receiving the interven-
tion -in this case the new knee replacement -or not.
In other words, there is no bias in who receives and
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who does not receive the intervention. Because in-
advertently one might be influenced by who gets the
new knee or not. This process of randomly allocating
the treatment leads to the term Randomized. Which
leads to the term RCT. The platinum standard of a
RCT is a triple blinded RCT where the subjects, re-
searchers and those who analyse the research data are
all kept blinded as to which is which. However, as
one can see even if one keeps the patients and the data
analysts blinded it is a near impossibility to keep the
surgeon blinded as to what he/she is doing!

In the above example both groups are closely moni-
tored over a specific period, and their knee function
and pain levels are recorded. The hypothesis here is
that the new knee replacement surgery will lead to
better outcomes in terms of improved knee function
and reduced pain compared to the control group.

In the orthopaedic study assessing the effectiveness of
a new knee replacement surgery, researchers face the
challenge of distinguishing whether observed differ-
ences in outcomes between the intervention and con-
trol groups are real or the result of random chance. To
overcome these challenges, researches needs to iden-
tify following errors that are possible (2).

1. Type 1 Error (False Positive):

If the researchers are too strict in their judgment, they
might wrongly think the surgery is effective when
there's no real difference between the new knee re-
placement surgery versus the conventional surgery.
It's like getting too excited for something that's not
actually working.

2. Type 2 Error (False Negative):

On the other hand, if they are too lenient in their judg-
ment, they could miss the true benefits of the surgery.
They might conclude there's no real difference when
there actually is. This is like missing out on some-
thing good.

A larger sample size provides increased statistical
power, making it more likely to detect real effects
while reducing the risk of both Type 1 and Type 2
errors. However, increasing the sample size can come
with practical and cost constraints, so it's essen-
tial to strike a balance between achieving adequate
statistical power and managing resources effectively in
research studies (3).
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Balancing these errors is crucial for the orthopaedic
study. Researchers must choose an appropriate level
of judgment and strive to maximize the study's sta-
tistical power. By doing so, they ensure that any sig-
nificant differences in outcomes are reliably detected
while minimizing the chances of both false positive
and false negative conclusions. In the above example
this careful balance allows for a more accurate as-
sessment of the surgical intervention's true impact on
knee function and pain levels.

It is imperative to understand that sample size, spec-
ificity of the research question and the power of the
study are intimately related to one another. For ex-
ample, if the researchers want to be 95% confident
- a very powerful study- and consider that a 5% im-
provement of the functional outcome is the signifi-
cant difference, then the sample size will have to be
much larger than if they expected a 30% improve-
ment in the functional outcome as being significant.
On the other hand, if they wanted only to be 75%
confident about their conclusions, then the samples
once again can be smaller. The lower the difference
that is expected to be demonstrated as significant; the
sample size will increase with the power of the study.

A proper study design and adequate sample size is
mandatory to keep this balance.

The choice of the best study design to assess the ef-
fectiveness of an orthopaedic surgical intervention
depends on various factors, including the research
question, ethical considerations, available resourc-
es, and the nature of the intervention (4-6). Sample
size calculators or statistical software to calculate the
required sample size, considering alpha, power, and
effect size can be utilized. However, these are best
discussed with a statistician before commencing on
your research project.

In orthopaedic research, various study designs are
employed to assess the effectiveness of surgical
interventions. The gold standard is the Randomized
Controlled Trial (RCT), where patients are randomly as-
signed to receive the ‘surgery of interest ‘(intervention
group) or not (control group), allowing for a rigorous
evaluation. This is unfortunately not possible at all
times.(5, 7, 8). Prospective Cohort Studies involve
following a group of patients over time, providing in-
sights into long-term outcomes of different modes of
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intervention. This is generally the most common and
accepted study method in surgical specialties inclu-
sive of orthopaedics. Retrospective Cohort Studies
are the next best type of studies; they analyze exist-
ing medical records to compare patient outcomes, of-
fering real-world effectiveness insights. Case-Control
Studies are useful for rare conditions or when pro-
spective studies aren't feasible, comparing historical
data between surgery and non-surgery groups (4).
Cross-Sectional Studies measure outcomes at a spe-
cific point in time, offering a snapshot of patient re-
sults, while Meta-Analyses and Systematic Reviews
synthesize existing research to provide a comprehen-
sive overview of evidence and are considered as the
highest level of evidence based medicine.

The choice of study design depends on the specific
research question, the availability of resources, and
the ethical considerations involved in conducting or-
thopaedic research. In many cases, a well-designed
RCT or a prospective cohort study offers the most
robust evidence for assessing the effectiveness of sur-
gical interventions, but other designs can also provide
valuable insights, especially when RCTs are not fea-
sible or ethical (4).

In any research study, a fundamental principle is to
thoroughly understand and accurately describe the
nature of the data being collected. This crucial step
forms the foundation for determining the appropriate
statistical analysis methods. Different types of data,
such as categorical, continuous, or ordinal, require
distinct statistical approaches. For example, nomi-
nal or categorical data might necessitate chi-squared
tests, while continuous data may be analyzed using
t-tests or regression models. The critical aspect here
is that the choice of statistical analysis hinges on a
comprehensive comprehension of the data's charac-
teristics, distribution, and measurement scales. An
accurate description of the data ensures that research-
ers select the most suitable analytical techniques, ul-
timately leading to more valid and reliable research
findings. It underscores the importance of data quali-
ty and integrity in the research process (5-7, 9).

Types of Data

Raw data refers to a collection of observations that
have been obtained from a sample taken from the
larger population of interest. Each discrete data point
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is referred to as a variable. These can be divided into

two broad categories- Qualitative data/ Categorical
data and Quantitative/numerical data (5)

1. Qualitative data- Often known as categorical
data, does not include numbers but rather
categories.

Nominal data (Categorical): Researchers may use a
nominal scale to categorize patients' preferences for
anesthesia type during the surgery (forefoot recon-
structive surgery). Patients might have three options:
General Anesthesia, Spinal Anesthesia, and an ankle
block. Using a nominal scale, patients can select their
preferred type without any inherent order or ranking.
This allows for the collection of qualitative data to
understand the distribution of preferences among
patients.

Ordinal Scale: To assess the level of satisfaction with
the total knee replacement therapy, an ordinal scale
can be employed. Patients may be asked to rate their
satisfaction on a scale of "Very Dissatisfied," "Dissat-
isfied," "Neutral," "Satisfied," and "Very Satisfied."
The ordinal scale captures qualitative data that pro-
vides insight into patients' perceptions of their over-
all experience with the treatment. This data can help
healthcare providers identify areas for improvement
and patient satisfaction trends.

2. Quantitative data

Quantitative Data: Quantitative data in the context of
total knee replacement therapy involves numerical
measurements and objective assessments. For exam-
ple, researchers may collect data on:

Range of Motion (ROM): Measurement of the degree
to which a patient can flex and extend their knee joint
post-surgery.

Pain Scores: Numerical ratings from patients assess-
ing their pain levels, often on a scale from 0 to 10,
where 0 indicates no pain and 10 is the worst possible
pain.

Physical Function Scores: Objective assessments of
a patient's ability to perform specific tasks, such as
walking, climbing stairs, or getting in and out of a
chair.

Quantitative data provides precise, measurable in-
formation. In our example- allowing researchers
and healthcare providers to quantify the degree of
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improvement or any potential complications follow-
ing total knee replacement.

While focusing on the type of data, the distribution
of the data is important and crucial in statistical anal-
ysis. Data distribution, particularly the Gaussian dis-
tribution, plays a pivotal role in analyzing patient
outcomes.

Imagine a study that aims to assess the effectiveness
of a novel surgical procedure for patients with hip
fractures. Researchers collect data on the time it takes
for patients to regain mobility- fully weight-bearing-
after the surgery. This dataset might exhibit a Gauss-
ian distribution, meaning that the majority of patients'
recovery times cluster around a central value, while
fewer patients experience significantly faster or
slower recoveries.

In this scenario, the Gaussian distribution provides
insights into the typical patient's recovery time, rep-
resented by the mean. Researchers can calculate the
mean recovery time to understand the central tenden-
cy, which is vital for establishing an average bench-
mark for recovery expectations (6). In a Gaussian dis-
tribution the mean (average), mode (commonest) and
the median (middle) are the same value.

Additionally, the dispersion of data, often quantified
through the standard deviation, helps to understand
how much the recovery times vary from the mean.
A smaller standard deviation indicates that recovery
times are more tightly clustered around the mean,
suggesting a more predictable outcome for patients. A
larger standard deviation, on the other hand, implies
greater variability, potentially highlighting factors af-
fecting patient recovery that require further investiga-
tion (5, 6, 9).

It is best to discuss with a statistician as to how you
should best represent your data.

Selecting a proper statistical test

Null hypothesis:

In the realm of statistical analysis for clinical stud-
ies, selecting a proper statistical test is critical to draw
meaningful conclusions about the effectiveness of in-
terventions. The foundation of this process often be-
gins with the formulation of a null hypothesis (HO).
In the context of a knee replacement surgery, a null
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hypothesis might be stated as follows: "There is no
significant statistical difference in post-operative pain
scores between patients who received the traditional
knee replacement procedure and those who under-
went a minimally invasive knee replacement”. This
null hypothesis serves as the starting point for statis-
tical analysis and is typically tested against an alter-
native hypothesis (H1), which suggests that there is a
significant statistical difference between the two sur-
gical approaches. The chosen statistical test, would
then be applied to the data to determine whether the
null hypothesis can be rejected, indicating a meaning-
ful difference, or retained, signifying no significant
distinction in post-operative pain scores between the
two groups. Accurate hypothesis testing is fundamen-
tal in providing evidence for guiding clinical deci-
sion-making.

P value

In the context of selecting a proper statistical test,
understanding the concept of the p-value is essential
when assessing the effectiveness of treatments like

Demystifying Statistics in Surgical Research:

total knee replacement therapy. Once a null hypothe-
sis (HO) is formulated, such as "There is no statistical-
ly significant difference in post-operative pain scores
between patients who received traditional knee re-
placement and those who underwent minimally inva-
sive knee replacement," the p-value represents a key
component in hypothesis testing. The p-value quan-
tifies the strength of evidence against which the null
hypothesis is tested. In our example, a low p-value
suggests (less than 0.05) that the observed difference
in post-operative pain scores between the two surgi-
cal approaches is unlikely to have occurred by ran-
dom chance alone, indicating that the null hypothesis
may be rejected. Conversely, a high p-value (Usual
cut off level is 0.05) implies that the observed differ-
ence could have occurred due to random variability,
leading to the retention of the null hypothesis. Proper
selection of a statistical test and a clear understand-
ing of the p-value are pivotal in providing statistical
evidence for the efficacy of clinical decision-mak-
ing, and contributing to the advancements in surgical
(cliical) practice.

When and what type of statistical test can be used (Figure 1)?

Chi square
test
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Categorical
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Figure 1- Schematic diagram on how to
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Chi Square test - The chi-square test is a valuable
tool when investigating the relationship between
categorical variables. For example, it can help de-
termine whether there is a significant association
between the type of hip implant used (e.g., met-
al or ceramic) and post-operative complications
(such as infections or dislocations). Data is col-
lected from a sample of patients, organized into a
contingency table, and hypotheses are formulated.
When the chi-square test is applied, it calculates
a statistic by comparing observed and expected
values. By comparing this statistic to a critical
value and assessing the p-value, researchers can
interpret the results. If the test shows a significant
association, it implies that the choice of implant
material significantly influences post-operative
complications, providing crucial guidance for or-
thopaedic surgeons in optimizing hip implant se-
lection for various patient profiles (4, 5, 8, 10).

Student T Test - The Student's t-test serves as
a valuable statistical tool in the assessment sur-
gery outcomes. In this scenario, it's employed to
discern whether there is a significant distinction
in post-operative recovery times between two
groups of patients—one with the metal implants
and the other with ceramic implants. By collect-
ing data from 100 patients, 50 in each group, and
noting the time required for them to regain full
mobility post-surgery, the t-test aims to evalu-
ate differences. The null hypothesis posits that
there's no substantial variation in recovery time,
while the alternative hypothesis suggests other-
wise. Upon calculation, a t-statistic is obtained
(e.g., 2.5), and its comparison to a critical value
from a t-distribution table, along with a p-value
assessment, determines the outcome. If the t-sta-
tistic surpasses the critical value and the p-value
is less than 0.05, the null hypothesis is rejected.
This implies a statistically significant difference
in post-operative recovery time between patients
with metal and ceramic implants, informing or-
thopaedic surgeons about the expected recovery
durations and aiding in more informed implant
selection for patients (4-6).

ANOVA, also known as Analysis of Variance,
is a statistical method employed to compare the
means of three or more groups that are mutually
exclusive. Analysis of Variance (ANOVA) is

a powerful tool when evaluating the impact of
different surgical techniques. In this particu-
lar scenario under consideration, ANOVA is
applied to investigate whether there is a significant
difference in post-operative mobility improve-
ment among patients who have undergone total
knee replacement using three distinct surgical
approaches: traditional open surgery, minimal-
ly invasive surgery, and robot-assisted surgery.
Data is collected from 120 patients, with 40 in
each surgical group, and the degree of mobility
improvement post-surgery is recorded. The null
hypothesis (HO) posits no significant difference in
mobility improvement between the three surgical
techniques, while the alternative hypothesis (H1)
suggests at least one surgical approach differs
significantly. ANOVA calculates an F-statistic
based on the variance in mobility improvement
scores among the surgical technique groups, and
the comparison of this F-statistic to a critical
value, along with a p-value assessment, guides
the interpretation. If the F-statistic exceeds
the critical value and the p-value is less than
0.05, the null hypothesis is rejected, indicating
a statistically significant difference in post-
operative mobility improvement among the sur-
gical techniques. In this example this informa-
tion equips orthopaedic surgeons with insights
to select the most effective surgical approach,
ultimately enhancing patient mobility and
recovery after total knee replacement therapy
(4, 6).

Regression analysis is a statistical method
that aims to predict the extent of change in one
variable when another variable is altered by one
unit. Regression analysis plays a crucial role in
investigating the intricate relationship between
patient-specific variables and outcomes. In any
one of the above scenarios, researchers seek to
identify which factors significantly influence the
time required for patients to regain full mobility
post-surgery. They collect data from a cohort
of 200 patients, documenting their age, pre-
operative health status, body mass index (BMI),
and the duration of post-operative recovery.
Employing multiple linear regression analy-
sis, researchers model the intricate interplay
between these variables while controlling for
potential confounding factors. The results
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offer valuable insights, potentially reveal-
ing that older patients with higher pre-oper-
ative health scores tend to experience longer
recovery times, while BMI may exert a less
pronounced effect. In this scenario such find-
ings provide orthopaedic surgeons with a clear-
er understanding of which patients may require
tailored post-operative care and rehabilitation,
ultimately enhancing the overall success of their

surgeries(4-6).
Conclusion

Statistical understanding is paramount for assessing
the efficacy of different types of surgical interven-
tion. Researchers often compare groups to determine
if an intervention leads to significant improvements
beyond chance. This entails managing Type 1 and
Type 2 errors, where sample size plays a pivotal role
in achieving a balance between power and resource
efficiency. Various study designs, including RCTs and
Prospective Cohort Studies are employed, depending
on research questions and ethical considerations. Rec-
ognizing the nature of the data, understanding data
distribution, and selecting appropriate statistical tests
are crucial steps in this process. Properly addressing
the null hypothesis and interpreting the p-value are
pivotal in determining treatment effectiveness. This
statistical literacy is essential for evidence-based de-
cision-making in orthopaedic practice.
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