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INTRODUCTION

DOI

10.25259/]MSR_117_2024 Formulating hypotheses for any scientific research is significant for health-care professionals

because it guides research, promotes evidence-based practice, enhances critical thinking,
Quick Response Code: augments medical knowledge, improves resource allocation, and ensures ethical conduct.

When health professionals evaluate scientific reports about any intervention or experiment, it is
essential to know whether reports are reliable and based on valid and appropriately conducted
studies. For this purpose, some elements must be considered. The construction of a hypothesis
and the experimental design to test the hypothesis are elementary components of the scientific
method. Hypotheses are important for health-care professionals in different ways [Figure 1]. By
constructing and testing hypotheses, health-care professionals enhance patient care, scientific
understanding, and global health.

The available literature on hypothesis development is broad,™ but there is a paucity of resources
that specifically target health-care professionals in musculoskeletal (MSK) care. This review
aimed to bridge this gap by providing a comprehensive guide to hypothesis development for
MSK health-care professionals.

This review aimed to highlight the significance of framing a clear and testable hypothesis grounded
in existing literature as the research base. To test the hypothesis, a methodologically competent
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Figure 1: Importance of hypothesis for health care professional.

study must be designed, data must be gathered and analyzed,
and reliable results must be confirmed. Interpreting these
findings should reveal meaningful conclusions relevant to
the research question and broader scientific knowledge.

WHAT IS HYPOTHESIS

The research study’s completion depends critically on the
research hypothesis. Without the research hypothesis, we
would not be able to discover all the essential components
of the study method, and the conclusions’ applicability
would be constrained.®”! A hypothesis is a tentative
prediction or educated guess suggesting a possible
explanation for a phenomenon or the relationship between
dependent and independent variables. It serves as a refined
and precise statement of the research problem, guiding the
direction of experimental and exploratory studies.*!

In clinical trials and research, a hypothesis is a provisional
supposition accepted as highly reasonable based on known
evidence. It directs inquiry and helps achieve conclusions by
predicting relationships between variables, making research
more focused and systematic.[**

A good proposition must be established on a good research
question. It should be testable, simple, specific, logical, clear
and concise, falsifiable, parsimonious, refined, predictive,
observable, and measurable.*’

TYPES OF HYPOTHESES

Hypotheses can vary depending on the nature of the research
and study design being conducted. Different study designs

utilize various types of hypotheses. However, formulating
a hypothesis is essential for studies that employ statistical
significance tests to compare findings.'” The different types
of hypotheses are classified in Figure 2.

Based on directionality
Directional hypothesis

The directional hypothesis describes the association between
variables in terms of a difference but also gives a direction to
that difference. The directional hypothesis is also known as
the unidirectional hypothesis. Different study designs develop
directional hypotheses, which predict the relationship
between one variable and another. They may be supported
by solid theoretical justification or consistent earlier findings,
particularly in experimental settings or meta-analyses.
However, careful presentation is essential, recognizing that
unexpected outcomes are possible. Remember that both
directional and non-directional (predicting only a difference)
hypotheses maintain value based on existing knowledge,
even though the studies that generate them vary between
fields.""'? For example, children with cerebral palsy who
receive direct myofascial release technique in combination
with functional training will have a significantly faster
resolution of contracture, greater reduction of spasticity, and
greater improvement in gross motor function when compared
with children who receive functional training alone.

Non-directional hypotheses

Non-directional hypotheses, predicting a relationship
without direction, frequently emerge when knowledge
is constrained (new phenomenon, conflicting previous
finding) or exploratory is key (exploratory studies, many
variables). A non-directional hypothesis, also known as a
bi-directional hypothesis, suggests that two variables change
each other. It implies an equal relationship where both
variables can affect each other. Even without guidance, they
remain helpful since they can lead to unexpected findings
and a deeper understanding, particularly in controversial
or developing fields of study.'""'¥ For example, there is an
association between social media use and mental health, but
the direction of the effect is uncertain. Brown et al. (2021)!"4
conducted research comparing manual and exercise therapy’s
effectiveness in treating shoulder pain. They hypothesized
that there would be differences in the outcomes between the
two therapies. Involving 150 patients randomly assigned to
either manual or exercise therapy over 12 weeks, the study
measured outcomes such as pain intensity, range of motion,
and patient-reported functional status. The results indicated
significant differences between the treatment groups, with
varying directions and magnitudes across different measures.
This non-directional hypothesis facilitated an unbiased
assessment of both therapies’ effectiveness.
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Figure 2: Classification of hypothesis.

Based on complexity
Simple hypothesis

A simple hypothesis forecasts a relationship or difference
between variables without specifying the direction and
nature of the relationship. It consists of one independent
variable and one dependent variable. It is commonly used in
observational (cross-sectional and case—control) studies,!"!
experimental (pre-test/post-test control group and pilot)
studies,'® and sometimes in case reports or descriptive
studies; formulation of a simple hypothesis is needed for
further exploration."”” While simple hypotheses’ clarity and
focused approach are advantageous, they are inappropriate
for addressing complicated relationships or interactions
between multiple variables. For example, to illustrate the
application of simple hypotheses in MSK research, we can
consider a few specific examples. In a study by O’Bryan
et al. (2020), researchers hypothesized that a 12-week strength
training program would reduce pain in patients with chronic
low back pain (LBP).!"! The hypothesis was straightforward:
Participating in the strength training program would lead to
a decrease in pain levels. The study involved 100 participants
who engaged in supervised strength training sessions;
with pain levels measured using a standardized pain scale
before and after the intervention. The results supported the
hypothesis, showing a significant reduction in pain among
participants.

Complex hypotheses

A complex hypothesis contains multiple variables and

predicts more complex relationships between them. It

may specify the influence of the interface among variables.

The choice of study design for research using a complex

hypothesis can be determined by various circumstances

involving the definite nature of the hypothesis, the research

questions being addressed, and the available resources.

However, some common designs that are well-suitable for

complex hypotheses include:

e  Experimental (randomized controlled trials [RCTs],
factorial designs) studies,

e  Observational (cohort and case—control) studies, and

e Mixed method studies combine qualitative and
quantitative methods to collect data because they involve
both subjective and objective factors.!'>!”]

For example, several detailed examples can be explored
to demonstrate the use of complex hypotheses in MSK
research. In a study by Thompson et al. (2020), researchers
proposed that combining strength training with dietary
supplementation would improve muscle mass and functional
performance in elderly patients with sarcopenia compared
to either intervention alone.? This hypothesis suggested
that the interaction between exercise and nutritional support
would provide synergistic benefits. The study included
200 participants who were randomly assigned to one of
four groups: Strength training, dietary supplementation,
combined interventions, or a control group. Outcomes
such as muscle mass, grip strength, and walking speed
were measured before and after a 12-week intervention
period. The results confirmed the hypothesis, showing that
the combined intervention group experienced the most
significant improvements across all measures.

Based on function
Null hypothesis

When there is no significant relationship or association
between independent and dependent variables, the statistical
hypothesis is called the null hypothesis (H,)."! In hypothesis
testing, it is the default position, and researchers try to
invalidate it using statistical analysis. Here is a summary of
the most common types of study design and how they use

H,:(1621)

e Observational (cohort,
sectional) studies,
Experimental RCT studies and

e  Systematic reviews and meta-analysis — They do not
usually do H, testing. However, it is a useful tool for
determining the overall strength of the evidence in favor
of or against a specific hypothesis.

case—control, and cross-
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For example, in a recent investigation by Garcia et al. (2021),
researchers explored how various stretching techniques affect
hamstring flexibility among athletes.”?! The H, posited that
there would be no discernible variance in hamstring flexibility
enhancement between athletes engaging in static stretching
versus those practicing dynamic stretching. The study
encompassed 80 athletes, each randomly allocated to one of
three groups: static stretching, dynamic stretching, or a control
group. Evaluations of hamstring flexibility were conducted
using the sit-and-reach test both before and after a four-week
intervention phase. The outcomes demonstrated no statistically
significant disparity in flexibility enhancement between the two
stretching regimens, thereby corroborating the Ho.

Alternate hypothesis

In contrast to the H,, the alternative hypothesis suggests
that there is a significant association or difference between
the variables. It is represented as H; or H.. Accepting the
alternative hypothesis instead of the H, implies that there
is a difference between the groups or that the variables are
connected.” The alternative hypothesis cannot be tested
directly; it is accepted by rejection if the test of statistical
significance rejects the Hy. Although most studies do not
generate alternate hypotheses directly, they can be developed
with the help of a variety of research techniques. Various
studies used alternative hypotheses, and these are: 2%

Observational studies

e Descriptive studies - These studies do not test hypotheses.
They can spot patterns and linkages in the data that point
to possible alternative research hypotheses®!

e Correlational studies - These studies evaluate the
connections between variables, but they do not prove cause
and effect. Observing a connection between two variables
can lead to different theories regarding possible causes. !

Literature reviews:

e Systematic review - these reviews comprehensively
analyze existing research on a particular topic and detect
knowledge gaps. These gaps can act as starting points for
alternate hypotheses to explore further. For example, a
systematic review of individuals with knee osteoarthritis
(OA) may encounter conflicting information about
various exercise programs. This could prompt them to
explore personalized exercise routines or investigate the
effectiveness of specific exercises for their condition.?”!

e Qualitative research (Interviews, focus groups)?
exploratory research (pilot and feasibility studies)!"?)

e  Case studies (rare or unique cases).”!

For example, to demonstrate the application of alternate
hypotheses in MSK research, consider the following

scenarios. A recent study by Izquierdo et al. (2021) aimed
to determine whether a novel resistance training method
would yield superior gains in muscle mass compared to
conventional weightlifting techniques.®’” The alternate
hypothesis suggested that participants undergoing the
new resistance training protocol would show significantly
greater increases in muscle mass than those following
traditional weightlifting methods. The study included 100
participants randomly allocated to either the experimental or
control group. Muscle mass was assessed using dual-energy
x-ray absorptiometry (DEXA) before and after a 12-week
training period. The results revealed that individuals in the
experimental group experienced notably higher gains in
muscle mass than those in the control group, thus supporting
the alternate hypothesis.

Based on the direction of reasoning
Inductive hypotheses

Using specific observations as a starting point, inductive
reasoning generates new concepts and investigates poorly
understood phenomena. For example, imagine viewing white
swans and concluding that they are all white. This method,
meanwhile, may lead to oversimplification.*"

General
conclusion

Pattern
recognition

Specific

observation

Many studies use inductive hypotheses for generalized
conclusions and these are:

Exploratory studies

In these types of studies, the aim is to identify novel
occurrences and provide a preliminary understanding of
them. For instance, the inductive hypothesis that a new
medication increases healing rates may be supported by the
observation that multiple patients recover more quickly after
using it.*!

Grounded theory

In grounded studies, theories are generated directly
from qualitative data through systematic theme and
pattern analysis. For example, conducting interviews with
participants regarding their experiences with the counseling
programs regarding health may result in the inductive
premise that health depends heavily on peer support.©*?

For example, a recent Garcia et al. (2020) investigation
examined the connection between physical activity levels
and bone mineral density (BMD)in postmenopausal women.
Utilizing inductive reasoning, the researchers postulated
that heightened physical activity levels would correlate with
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Existing Formulate
theory hypothesis

increased BMD in this demographic.” The study comprised
150 postmenopausal women whose physical activity levels
were gauged through self-reported surveys, while BMD was
measured through DEXA scans. The outcomes unveiled
a positive correlation between physical activity and BMD,
suggesting that regular physical activity may contribute to
preserving bone health in postmenopausal women.

Deductive hypothesis

A deductive hypothesis is derived from theory and is
designed to establish evidence that supports, expands,
or contradicts properties of a given theory. Conversely,
deductive hypotheses undermine accepted ideas./>*!]

Studies using deductive hypothesis are as follows:

Hypothesis testing

Aims to validate or refuse hypotheses that have been derived
from previous research. For instance, a scientist might put
out the deductive idea that light bends around big objects
based on the theory of relativity. After that, they would
design experiments to verify this hypothesis.*

Confirmation bias research

It investigates the tendency of people to look for evidence to
support their pre-existing ideas. A healthcare professional
might, for instance, propose the deductive hypothesis that
individuals who believe in conspiracy theories are more
prone to believe in self-exercise than in evidence-based
guidelines for chronic shoulder pain. Then, to verify this
prediction, they conduct surveys and experiments.©*

To demonstrate the application of deductive hypotheses
in MSK research, consider these instances. In a study
conducted by O’Bryan et al. (2021), researchers aimed to
validate a deductive hypothesis suggesting that individuals
with a consistent history of resistance training would display
higher BMD than those without prior engagement in such
activities." The hypothesis was rooted in the understanding
that resistance training, known for its capacity to stimulate
bone growth, would enhance BMD over time. The study
enrolled 200 participants, half with a documented history
of regular resistance training, while the remainder had not
participated in such exercises. The BMD was quantified using
DEXA scans. The findings affirmed the deductive hypothesis,
demonstrating notably elevated BMD levels among
individuals with a history of resistance training compared to
those without.

Collect data

Accept or
reject
hypothesis

Analyze
data

Associative hypothesis

An associative hypothesis suggests that a modification in one
variable results in a change in another variable, but it does
not determine which variable is causing the changes in the
other. Interdependency between two variables is termed an
associative hypothesis but cannot establish causality (cause-
and-effect).’™ For example, there is an association between
long-term sloughed sitting and an increased risk of neck
pain.

Studies that use associative hypothesis are as follows:

Observational studies

Gather data through observation without active manipulation
of variables. Examples: Surveys, case-control studies, and
cohort studies. For example, improved cardiovascular health
positively correlates with increased activity levels (Note:
Other factors, such as food, may contribute to improved
cardiovascular health; exercise is not the sole cause).?"

In MSK research, associative hypotheses are vital in
exploring potential relationships between variables. Lee and
Patel (2021) investigated the association between physical
activity levels and joint health in individuals with OA. The
associative hypothesis proposed that higher levels of physical
activity would be correlated with improved joint function
and reduced pain in this population. The study involved 200
OA participants whose physical activity levels were assessed
using activity trackers, while joint function and pain levels
were measured through standardized assessments. The
results revealed a significant association between higher
physical activity levels, better joint function, and reduced
pain, supporting the associative hypothesis.

Causal hypothesis

The causal hypothesis proposes a cause-and-effect interaction
between variables. It indicates that manipulating one variable
(independent) directly causes changes in another variable
(dependent).”! For example, not treating anterior cruciate
ligament tears properly will cause OA.

Studies that use causal hypothesis are as follows:

Experimental studies

Actively change an independent variable and examine its
effects on the dependent variable. Examples: RCTs and A/B
testing (type of RCT experiment in which you run two
different exercises simultaneously and see which performs
better). For example, a study by Nguyen et al. (2020) aimed
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to establish a causal relationship between smoking and BMD
in young adults.’” The causal hypothesis suggested that
smoking would lead to decreased BMD over time due to its
detrimental effects on bone metabolism. The study involved
200 young adults, half smokers, and half non-smokers, with
BMD measured using DEXA scans. The results showed a
significant reduction in BMD among smokers compared to
non-smokers, supporting the causal hypothesis.*

Various types of hypotheses and their corresponding study
designs are summarized in Table 1.

HYPOTHESIS IN QUALITATIVE AND
QUANTITATIVE STUDIES

In a quantitative study, a hypothesis is developed based
on theory or information gathered from reading relevant
literature. Before beginning a study, qualitative researchers
typically do not formulate formal hypotheses.”! On the
other hand, a qualitative researcher might direct theories
for the suggested study. Once a guiding hypothesis has been
established, the qualitative researcher can operationalize it by
formulating research questions that give the data-gathering
process a clear direction. As a result of their investigation,
qualitative researchers are likely to create new theories.

STATISTICAL UNDERPINNINGS AND
CONSIDERATIONS IN HYPOTHESIS TESTING

Hypothesis testing in MSK research involves inferring
population characteristics based on sample data. The process
starts with formulating an H,, which generally asserts no
effect or no difference, and an alternative hypothesis, which
posits the existence of an effect or a difference. The goal is
to evaluate whether the observed data provide sufficient
evidence to reject the Hyin favor of the alternative.

Significance level (o)

The significance level, denoted by alpha (), is the threshold
probability for rejecting the H,, representing the risk of
a Type I error (incorrectly rejecting a true Hy). Common
significance levels are 0.05, 0.01, and 0.10. For instance, an o
of 0.05 means that there is a 5% chance of concluding that an
effect exists when it actually does not.

P-values

P-value indicates the probability of obtaining results as
extreme as those observed, assuming the Hyis true. If P-value
is less than or equal to the chosen «, it suggests strong
evidence against the Hy, leading to its rejection. For example,
with P = 0.03 and o = 0.05, we reject the H,, indicating
statistical significance.

Table 1: A summary of the types of hypotheses and their
associated study designs.

Hypothesis type Study design

Directional Quantitative studies (e.g., experiments,

hypothesis meta-analysis, surveys)

Non-directional Exploratory studies, Quantitative studies

hypothesis (Experiments, surveys)

Simple hypothesis Observational (cross-sectional and
case-control) studies, Experimental
(pre-test/post-test control group and
pilot) studies!"® and, sometimes, in a case
report or descriptive studies

Complex hypothesis ~ Experimental (RCTs, factorial designs)
studies, Observational (cohort and case—
control) studies, and mixed-method
studies.

Null hypothesis Observational (cohort, case—control, and
cross-sectional) studies, Experimental
(RCTs) studies, Systematic reviews and
meta-analysis.

Alternate hypothesis ~ Observational (descriptive, correlational)
studies, literature (systematic) reviews,
and qualitative research (interviews),
Exploratory research (pilot and
feasibility studies), and case studies.

Inductive hypothesis ~ Exploratory studies, Grounded theory.

Deductive hypothesis  Hypothesis testing, confirmation bias
research.

Associative Observational studies (surveys, case—

hypothesis control studies, and cohort studies).

Causal hypothesis Experimental studies (RCTs, A/B

testing).

RCTs: Randomized control trials

Statistical power and sample size

Statistical power is the probability of correctly rejecting
a false H, (avoiding a Type II error). Power is influenced
by the sample size, effect size, and significance level.
Conducting a power analysis during the study design
phase helps determine the necessary sample size to detect
a meaningful effect. Typically, a power of 0.80 (80%) is
deemed sufficient, indicating an 80% chance of detecting an
effect if it exists.

Effect size

Effect size measures the magnitude of the difference
between groups or the strength of a relationship between
variables, providing practical significance beyond mere
statistical significance. Common effect size metrics include
Cohen’s d for mean differences, Pearson’s r for correlations,
and odds ratios for binary outcomes.
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Confidence intervals (CIs)

ClIs offer a range within which the true population parameter
likely lies, with a certain confidence level (usually 95%).
A 95% CI means that 95% of the calculated intervals would
contain the true parameter if the study were repeated
numerous times. Cls complement P-values by providing
information about the estimate’s precision and uncertainty.

Controlling for confounding variables

Confounding variables are extraneous factors that can affect
the study’s outcome, leading to misleading conclusions.
Controlling for confounders is vital to isolate the effect
of the independent variable on the dependent variable.
Strategies include randomization, matching, stratification,
and statistical adjustments such as multivariable regression
analysis.

Types of statistical tests

The choice of statistical test depends on the study design,
type of data, and variable distribution. Common tests in
MSK research include:

e t-tests: Compare means between two groups
(e.g., independent t-test for two different groups, paired
t-test for the same group at different times)

e  Analysis of variance: Compare means among three or
more groups

e  Chi-square tests:
categorical variables

e  Regression analysis: Explore relationships between one
or more independent variables and a dependent variable
(e.g., linear regression for continuous outcomes and
logistic regression for binary outcomes).

Examine associations between

Multiple testing and adjustment

Performing multiple statistical tests increases the risk of
Type I errors. To address this, adjustments such as the
Bonferroni correction can be applied, which involves
dividing the significance level by the number of tests
performed. Alternatively, methods like the false discovery
rate control can balance the trade-oft between detecting true
effects and limiting false positives."*”!

Interpreting and reporting results

It is crucial to report statistical significance and the practical or
clinical significance of the findings. This includes presenting
effect sizes, Cls, and a clear interpretation of the results within
the context of existing literature and clinical relevance.

For example, in an RCT comparing a new physical therapy
protocol with standard care for reducing pain in patients
with chronic LBP:

e Null hypothesis (H,): No difference in pain reduction
between the new physical therapy protocol and standard
care

e  Alternative hypothesis (H;): The new physical therapy
protocol reduces pain more than standard care

e  Statistical test: An independent t-test compares the mean
pain scores between the two groups

e  Significance level: Set at ot = 0.05

e  Power analysis: Conducted to ensure a sample size large
enough to detect a clinically meaningful difference with
80% power

e  Effect size and CIs: Reported to indicate the treatment
effect’s magnitude and precision.

COMMON PITFALLS AND CHALLENGES IN
FORMULATING AND TESTING HYPOTHESES
IN MSK RESEARCH

e Researchers might unintentionally incorporate personal biases
or preconceived notions into developing hypotheses, leading
to skewed or invalid results. Encourage a comprehensive
literature review and inclusion of diverse perspectives during
hypothesis formulation to mitigate bias.*’

e  Simplistic hypotheses might fail to capture the complexity
of MSK conditions and the multifactorial nature of
interventions. Develop detailed hypotheses considering
multiple influencing factors, such as patient demographics,
comorbidities, and treatment adherence.!!)

e Ambiguities in defining key variables and outcomes
can lead to inconsistent data collection and analysis,
compromising study validity. Clearly define all variables
and outcomes using standardized criteria to ensure
consistency and reproducibility.

e Inadequate sample sizes or low statistical power can
result in the inability to detect true effects or produce
false-positive results. Perform power analyses during the
study design phase to determine the appropriate sample
size needed to achieve sufficient statistical power.*?

e  Failing to account for confounding variables can lead to
misleading conclusions about the relationships between
studied variables. Identify potential confounders during
study design and use statistical methods to control for
these variables in the analysis.

e  Flaws in study design, such as lack of randomization or
control groups, can undermine the validity of hypothesis
testing. Employ rigorous study designs, such as RCTs,
and adhere to established methodological standards.

e  Variability in data collection procedures can introduce
measurement errors and reduce the reliability of findings.
Standardize data collection protocols and thoroughly
train research staff to ensure uniformity and accuracy.

e Fthical considerations may be overlooked, leading to
potential harm to participants or ethical violations.
Conduct thorough ethical reviews and obtain necessary
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approvals from the Institutional Review Boards before
commencing the study.

e Findings from narrowly defined populations may
not apply to broader patient groups. To enhance the
generalizability of results, design studies with diverse
and representative samples.

e  Unique results from single studies may not be replicable,
questioning the reliability of the findings. Encourage
replication studies and meta-analyses to confirm
findings and establish robust evidence.

STRATEGIES TO OVERCOME CHALLENGES

e Collaborate with multidisciplinary teams to incorporate
varied expertise and perspectives, enhancing the quality
and scope of hypothesis testing!*!

e Apply sophisticated statistical methods to analyze
data and control for confounding variables, thereby
improving the robustness of findings*!

e Conduct pilot studies to test and refine hypotheses
and study designs before launching full-scale research
projects*’!

e Provide ongoing training for researchers and clinicians
on the latest methodologies, ethical standards, and best
practices in hypothesis formulation and testing

e  Encourage sharing of data, methodologies, and findings
through open-access platforms to facilitate transparency
and reproducibility in research. !

CONCLUSION

This review stresses the indispensable role of hypotheses
in healthcare in general and MSK research in particular,
advocating for their inclusion in every scientific endeavor.
It offers practical insights into crafting hypotheses,
encouraging readers to embrace the discipline’s inherent
challenges and opportunities. It seeks to empower health-
care professionals to engage in robust, innovative, and
ethically sound research initiatives that contribute
meaningfully to improving patient care and advancing
scientific discovery.
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