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Abstract

Purpose: Diversity and inclusion in clinical trials are critical for increasing
the generalizability of research. Our objective was to examine the diversity
and inclusion of historically marginalized populations in clinical trials
focused on knee injuries in the United States.

Methods: Our systematic review and meta-analysis evaluated the diversity
and representation of clinical trials concerning knee injuries published
between 2018 and 2023. Published manuscripts of relevant knee injury
clinical trials were identified using the medical literature databases MED-
LINE (PubMed) and Embase (Elsevier). Two masked authors independently
completed data screening and extraction. We evaluated studies using the
Clinical trial Diversity Rating framework to assess their inclusion across
multiple demographic characteristics.

Results: A total of 13 studies met the inclusion criteria for the final meta-
analysis. Only 1 out of 13 (7.7%) received a ‘Fair’ representation score for race/
ethnicity participation, and 1 out of 13 (7.7%) received a ‘Poor’ representation
score. The remaining 11 out of 13 (84.6%) studies did not report information on
the race/ethnicity of their participants. Eight out of 13 (61.5%) trials received a
‘Good’ representation score when evaluating the inclusion of males and
females, 3/13 (23.1%) were ‘Fair’ and 2/13 (15.4%) were ‘Poor’. None of the
studies reported the number of participants aged =65 years.

Conclusion: The results of this study highlight a lack of demographic re-
porting in knee injury clinical trials, with the included studies consistently
failing to report information about the race/ethnicity and age breakdown of
participants. The lack of diversity goals and insufficient reporting of racial
and ethnic minority populations underscores the necessity for strategic
approaches going forward to ensure clinical trials are more inclusive and
representative of the incidence of knee injuries in the population.

Level of Evidence: Level lll, systematic review and meta-analysis.

Abbreviations: CDR, Clinical trial Diversity Rating; OSF, Open Science Framework; PDRR, participation-to-disease representation ratio; PRISMA, Preferred
Reporting Items for Systematic reviews and Meta-Analyses.
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INTRODUCTION

Knee injuries, including anterior cruciate ligament tears
[6], meniscus tears and other ligamentous and cartilage
injuries, are common musculoskeletal conditions that
affect a broad spectrum of the population [2]. These
injuries can result from a variety of activities ranging
from high-impact sports to everyday movements, and
can significantly impair mobility, quality of life and
overall function [2, 27]. As such, these injuries are a
critical area of focus in clinical research aimed at
developing effective treatments and rehabilitation
protocols.

The generalizability of clinical research heavily
depends on the diversity of trial participants [25]. It is
well recognized that race/ethnicity, sex and age can
influence both the incidence of knee injuries and the
outcomes of their treatment [6]. For instance, physio-
logical differences across demographic groups can
affect injury susceptibility, healing rates and response
to interventions [6, 33]. Despite these differences, there
has historically been a lack of reporting of participant
diversity in orthopaedic clinical trials, leading to findings
that may not be universally applicable [25].

This study evaluated the representation of race/ethni-
city, sex, and age in published manuscripts of clinical trials
for knee injuries. Using the Clinical trial Diversity Rating
(CDR) framework developed by Agboola and Wright, we
aimed to assess how well the demographic composition of
trial participants reflects the proportions of these groups in
the knee injury patient population [1].

Through this meta-analysis, we sought to identify
potential disparities in trial participation and advocate for
more inclusive research practices. This is particularly
important for knee injuries, which affect individuals across
a wide range of ages, races and activity levels, necessi-
tating tailored and effective treatment approaches for
diverse patient groups. Our objective was to examine the
diversity and inclusion of historically marginalized popula-
tions in published manuscripts of clinical trials focused on
knee injuries in the United States. We hypothesized that
there would be deficiencies in the reporting of clinical trial
participant information and a lack of diversity in clinical trial
participants.

METHODS
Study design

Our systematic review and meta-analysis evaluated
the diversity and representation of knee injury clinical

health disparities, knee, meta-analysis

trials using the CDR framework previously developed
by Agboola and Wright [1]. We sought to ensure study
accuracy and reproducibility by following the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) 2020 checklist [19]. To promote
transparency and accessibility, our methods were
made publicly available on the Open Science Frame-
work (OSF) [18].

Search strategy

To aid in the development of our search string, the
Cochrane Database of Systematic Reviews of Inter-
ventions was searched for knee injury-related reviews.
MeSH terms commonly used in relevant articles were
compiled, for example, ‘anterior cruciate ligament’
[MeSH Terms], ‘meniscus’ [MeSH Terms] and ‘patella’
[MeSH Terms]. The complete search string is available
on OSF [18]. A systematic literature review was con-
ducted on 28 May 2024—using the medical literature
databases MEDLINE (PubMed) and Embase (Elsevier)
to identify published manuscripts of clinical trials on
knee injuries and associated treatments. Following the
search, returns from each medical literature database
were uploaded to the systematic review screening
platform Rayyan [21]. Following deduplication, two
authors (FH AND CU) screened the titles and abstracts
in a masked duplicate fashion according to Cochrane
guidelines [5].

Eligibility criteria

To qualify for inclusion, each clinical trial met the fol-
lowing criteria: (1) published or available on 1 January
2018 through 31 December 2023, (2) assessed the
effects of an intervention on enrolled participants with
knee injuries (anterior cruciate ligament, posterior
cruciate ligament, medial collateral ligament, lateral
collateral ligament, meniscal or patellar injury) and (3)
was conducted in the United States. The following
studies were excluded: published outside of the date
range, studies not concerning knee injuries, second-
ary analyses, interim analyses, erratum, corrigendum,
trials with international sites, trial updates, protocols,
abstracts, studies in foreign languages, animal studies
and cadaver studies. After independent screening
of all search returns for inclusion eligibility, the two
screening authors (FH and CU) reconciled their deci-
sions. If a consensus was not met, a third author (CH)
was available for reconciliation.



Data extraction

Data extraction was conducted independently in a
duplicate, masked manner by two authors (FH and CU)
using a pilot-tested Google Form. The following gen-
eral study data were recorded: year of publication, title,
trial site type (single-centre or multi-centre), trial phase,
funding source, total sample size, blinding and type of
intervention (behavioural, pharmaceutical, surgical/
procedural or supplement/over the counter). For
demographic data, we collected available information
on age, sex, race and ethnicity of participants. These
demographics were chosen because they are essential
for assessing representation per Agboola and Wright
[1]. For the following demographics, we included re-
porting status (Y/N), and the percentage of participants
identified as: American Indian/Alaska Native, Asian,
Black, Hawaiian/Pacific Islander, white, Hispanic/La-
tinx, and male and female. Age data included reporting
status (Y/N), age ranges, mean with standard deviation
and median with interquartile range as reported by the
study. When necessary, a search using the National
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Clinical Trial number was conducted to find additional
study data for race, ethnicity, sex and age of partici-
pants if this information was not included in the man-
uscript. After independently completing the extractions,
two authors (FH and CU) reconciled their decisions. If a
consensus could not be reached, a third author (CH)
was available.

Statistical analysis

Participation-to-disease representation ratio
(PDRR) score and descriptive statistics

We evaluated the representation of age, race/ethnicity,
and sex in our sample of clinical trials relative to their
proportions in the disease population. The PDRR
measures a specific subgroup's participation in a clini-
cal trial compared to their representation in the disease
population and is the foundation for the CDR frame-
work. Due to knee injuries not being a disease state,
we use incidence data instead of prevalence. Incidence

193 duplicates removed

Exclusions with rationale
(n =716)

Outside of the United States (n = 154)
Wrong study type (n = 274)
Topic unrelated to knee injury (n = 59)
Abstract only (n = 133)
Animal study (n = 30)
Cadaver study (n = 37)
Duplicate (n = 9)
non-English (n = 20)

923 records returned
Returned
Search
String
|
Y
Title
and 730 records screened
Abstract
Screening
v
Full . )
Text 14 articles retained for
Screening data extraction
y
Data
Extraction 13 articles from which
data were extracted

s

FIGURE 1 Flow diagram of study selection.

Exclusions with rationale
n=1)
Wrong study type (n = 1)
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TABLE 1 Summary of characteristics of included
studies (n=13).
Review characteristics No. (%)
Sample size
<50 6 (46.2%)
50-100 2 (15.4%)
101-150 5 (38.5%)
>150 0 (0%)

No. of centres conducting clinical trial

Single-centre 11 (84.6%)

Multi-centre 2 (15.4%)
Funding source
No funding statement provided 5 (38.5%)
Private 0 (0%)
Industry 2 (15.4%)
No funding received 0 (0%)
Government 2 (15.4%)
Hospital/university 1(7.7%)
Self-funded 0 (0%)
Multiple 3 (23.1%)
Type of intervention
Pharmaceutical 1(7.7%)
Behavioural 2 (15.4%)
Supplemental/OTC 1(7.7%)
Surgical/procedural 9 (69.2%)
Other 0 (%)
Clinical trial phase
Phase 1 0 (%)
Phase 2 0 (%)
Phase 3 1(7.7%)
Phase 4 1(7.7%)

Not applicable 11 (84.6%)

Blinding
Single 6 (46.2%)
Double 4 (30.8%)
Triple 0 (0%)
None 3 (23.1%)

Abbreviation: OTC, over the counter.

data for sex and age were sourced from a peer-
reviewed article [11]. The US Census data was used to
define race and ethnicity incidence distributions, due to
specific race incidence data for knee injury not being

readily available [30]. PDRR was calculated by taking
the percentage of study participants from a specific
subgroup and dividing it by the incidence of a knee
injury within that same subgroup (or, for race/ethnicity,
the % of the population based on the US census). For
example, if a condition affects females in 50% of cases,
and a clinical trial regarding this condition includes 20%
female subjects, the PDRR would be 0.4 (0.20/0.50).
Previous studies have defined a PDRR between 0.8
and 1.2 as adequate representation. Additionally, a
PDRR <0.8 suggests underrepresentation, and a
PDRR > 1.2 suggests overrepresentation [1, 7, 20]. We
adopted these scoring criteria in our analysis. The CDR
framework then assigns a score (0-3) for each demo-
graphic category, based upon the PDRR value, using the
following thresholds: 3 for PDRR = 0.8, 2 for PDRR = 0.5 to
<0.8, 1 for PDRR>0 to <0.5, and 0 for PDRR of 0 [1].
Because race and ethnicity are standard reporting items
for US studies, unreported values were calculated as 0.
These scores are then summed up based on the overall
demographic characteristics and assigned an overall
diversity rating of ‘Good’, ‘Fair’ or ‘Poor’.

Meta-analysis and subgroup analysis

We used meta-analytic techniques to characterize
participant diversity within knee injury clinical studies.
For calculations, the PDRR score operated as the point
estimate to quantify the relative representation of
demographic groups between studies. Standard error
was calculated using the individual study sample size
as n. The upper and lower confidence intervals were
first calculated on the log scale using the natural log-
transformed PDRR and the standard error. The log
transform accounted for the skewed distributions
commonly found when analyzing ratios. The confi-
dence intervals were then back-transformed by taking
the exponential of the upper and lower confidence
intervals. The final PDRR and upper and lower 95%
confidence intervals were then used to create the forest
plots to illustrate the data.

RESULTS
PRISMA diagram

Our systematic literature search yielded 923 records.
After deduplication, 730 records were screened by title
and abstract, resulting in the exclusion of 716 records.
We then conducted a full-text review of 14 articles.
Based on our screening process and inclusion criteria,
13 studies were included in the final analysis [3, 9, 10,
12, 13, 15, 17, 24, 26, 28, 31, 32, 35]. A list of the
included studies is publicly available on OSF [18]. The
reasons for exclusion are detailed in Figure 1.
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General characteristics

The maijority of studies were conducted at a single-
centre trial site (11/13, 84.6%) and involved a surgi-
cal or procedural intervention (9/13, 69.2%). Almost
half of the studies had a sample size of <50 partici-
pants (6/13, 46.2%) and were conducted in a single-
blind manner (6/13, 46.2%). Additionally, most stud-
ies (11/13, 84.6%) were inapplicable for a clinical trial
phase. Further characteristics are presented in
Table 1.

Table 2 presents the knee injury incidence esti-
mates, proportion of participation by sex, older adults
(=65 years of age), race/ethnicity and the diversity
rating scores. Evaluating the overall representation
of males and females, 8 out of 13 (61.5%) trials
received a ‘Good’ representation score, 3 out of 13
(23.1%) received a ‘Fair’ score and 2 out of
13 (15.4%) received a rating of ‘Poor’. One out of 13
(7.7%) received a ‘Fair’ representation score for
race/ethnicity participation, and 12 out of 13 (92.3%)
received a ‘Poor’ representation score. Of the 12
studies with a ‘Poor’ representation score, 11 out of
13 (84.6%) did not report information on the race/
ethnicity of participants. None of the studies (0/13)
reported the number of participants included
265 years of age, so no diversity ratings could be
calculated for the age subgroups.

Meta-analysis

A forest plot of participation ratio for race/ethnicity
representation in knee injury clinical trials is displayed
in Figure 2.

Two studies reported race and ethnicity data of their
participant population (2/13, 15.4%). Of the two, one
study specified the white participant proportion but did
not report on other race/ethnicity information. In the
remaining study, Black and Hispanic/Latinx populations
had PDRR values below 0.8, with statistically signifi-
cant underrepresentation. White and Asian subgroups
had PDRR values greater than 1.2, which was con-
sidered overrepresentation, though this did not meet
statistical significance.

The participation ratio for females and males in
knee injury clinical trials is displayed in Figure 3.
Representation in our studies was generally com-
parable to the knee injury incidence in the United
States. Two studies included only female partici-
pants. For female participants, almost half of our
studies (6/13, 46.2%) had a PDRR above 1.2, which
is considered overrepresentation, though the differ-
ence was statistically significant in only one study.
Adequate male and female representation with a
PDRR of 0.8 was present in an equal number of
studies (3/13, 23.1%).
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Incidence Ratio by Study - Race/Ethnicity
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FIGURE 2 Forest plot of PDRR, with 95% CI (vertical line at one). Cl, confidence interval; PDRR, participant-to-disease-representation

ratio.

DISCUSSION

Our meta-analysis revealed that US-based clinical tri-
als for knee injuries infrequently provide demographic
information on the race/ethnicity and age breakdown of
study participants. Of the studies analyzed, only a
single study reported comprehensive demographic
information on the race and ethnicity of trial partici-
pants. In this study, white and Asian populations were
overrepresented, while Hispanic/Latinx and Black
populations were underrepresented relative to the
incidence of knee injuries in the general population.
The representation scores trended towards ‘Good’,
Male/Female representation. Reporting of participant
age group breakdown was absent, therefore making it
impossible to assess the age representation of the
studies. These findings underscore the critical lack of
demographic reporting in knee injury clinical trials,
highlighting the need for better reporting standards for
race and ethnicity and age of study participants.

Our findings align with previous results in ortho-
paedic and sports medicine literature. Kotlier et al.
similarly found that the race and ethnicity of trial parti-
cipants were reported in less than 10% of randomized
controlled trials for shoulder arthroplasty. Furthermore,
they found that none of the studies in their sample re-
ported sociodemographic variables in the results sec-
tion [14]. These results are especially concerning when
you factor in that historically marginalized communities
have been shown to have unequal health outcomes in
the treatment of knee pathologies. For instance, these

groups have been reported to have lower rates of knee
arthroplasty utilization while experiencing higher rates
of adverse health outcomes from the procedure [34].
Health inequities such as this highlight the need for
adequate representation in knee injury clinical trials,
which can be crucial in identifying causes for
inequitable outcomes in knee injury therapies. Fur-
thermore, we found that while every study in our
sample provided some statistics regarding the age of
participants, it was frequently reported as the mean or
median age of participants rather than the number of
patients falling in a particular age range. Knee injury
therapies and treatment responses are strongly
dependent on patient age, as age is an independent
risk factor for longer hospital stays, ICU admissions,
and complications in some cases [8]. The unique
considerations that accompany an individual's age
underscore the importance of reporting this information
in a standardized manner that allows subsequent
analyses.

Despite our results suggesting a lack of diversity in
clinical trial participation, we recognize the inherent
barriers to recruiting a diverse population in knee injury
trials. For example, in traumatic cases, patients with
knee injuries will invariably seek care at the closest
emergency room. In cases such as this, patients' ability
to participate in a clinical trial is dependent on the health
system they happen to receive care at and whether that
facility is a clinical trial site. Clinical trials with this enrol-
ment model are potentially susceptible to geographical
biases, especially if the study has only a few trial sites, as
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Incidence Ratio by Study - Sex

Zaslavetal. 2021 - Male

Zaslav et al. 2021 - Female ——-
Washabaugh et al. 2022 - Male —
Washabaugh et al. 2022 - Female ——
Walters et al. 2018 - Male ——
Walters et al. 2018 - Female —_——
Trofa etal. 2020 - Male —
Trofaetal. 2020 - Female ——
Tamura et al. 2020 - Female 4
Solomon et al. 2022 - Male —
Solomon et al. 2022 - Female ——
Murray et al. 2020 - Male ——
Murray et al. 2020 - Female ——
Krych et al. 2022 - Male ———
Krych et al. 2022 - Female
Hogan et al. 2022 - Male —_——
Hogan et al. 2022 - Female ——
Hartwell et al. 2020 - Male —_—
Hartwell et al. 2020 - Female ——
Forsythe et al. 2022 - Male ——
Forsythe et al. 2022 - Female —_—
Fleming et al. 2020 - Male ——
Fleming et al. 2020 - Female —_— )
Capinetal. 2019 - Female $
0.5 05 15 25 35 45 55 65 75

FIGURE 3 Forest plot of PDRR, with 95% CI (vertical line at one). Cl, confidence interval; PDRR, participant-to-disease representation

ratio.

they are limited to patients in the surrounding area. There
are cases in which knee injuries are not traumatic or a
time sensitive emergency, in which historical barriers
such a lack of transportation, financial restraints, fear of
adverse effects, and a lack of insurance coverage may be
the primary drivers for inadequate representation in clin-
ical trials [23, 25, 29]. Furthermore, barriers can be
culture-specific as seen in communities that report past
research abuses as reasons for mistrust in clinical
research [22, 25]. Addressing these barriers is crucial for
ensuring equitable access to clinical trials, which can lead
to more inclusive and generalizable study results,

ultimately improving health outcomes for the entire dis-
ease population.

A few notable initiatives have highlighted methodol-
ogy directed towards avoiding the geographic bias of
studies being conducted at a limited number of clinical
trial sites. One such example is the IRONMAN registry for
prostate cancer trials, which has partnered with several
consortia to help promote the establishment of geo-
graphically diverse trial sites that ensure the recruitment
of a diverse sample of participants [16]. Their model
includes many international trial sites, such as the
African-Caribbean Cancer Consortium and the Prostate



Cancer Transatlantic consortium, to increase opportuni-
ties for patients to participate in prostate cancer trials in
different populations. In addition to using trials such as
this as a template for techniques to overcome geo-
graphic biases, we also believe that research journals
could have an impact on the use of recruitment
strategies. Journals frequently recommend, or require
in some instances, the use of reporting guidelines to
promote best reporting practices [4]. We believe
journals can improve the use of recruitment strategies
by requiring clinical trials to report strategies em-
ployed in the recruitment of a diverse sample of par-
ticipants. Together, we believe practices such as these
can improve the overall quality of clinical trials by
ensuring that trial participants are truly representative
of the disease population. The lack of diversity goals
and insufficient reporting of racial and ethnic minority
populations underscores the necessity for strategic
approaches going forward to ensure clinical trials are
more inclusive. Ultimately, this will lead to research
with increased generalizability, improved under-
standing of how knee injuries and treatments affect
diverse populations, and better recovery outcomes.

Strengths and limitations

To limit bias, the search results were screened and
extracted by two authors (FH and CU) in a duplicate,
masked manner following the gold standard defined
by Cochrane Collaboration guidelines [5]. Our pro-
tocol, extraction forms and data were uploaded to
OSF to promote data sharing and transparency [18].
However, we were limited by a reliance on secondary
data and the lack of reporting in the studies eval-
uated. Only 2 out of 13 (15.4%) reported race/ethni-
city data, and one of those studies only reported the
number of white participants but failed to report the
number of Black, Asian, or Hispanic/Latinx partici-
pants. Unclear reporting creates uncertainty about
the composition of the recruited population, and the
study depended on published reports, which may
have inconsistencies, reporting biases, or missing
data. Our study is limited by a sample size of 13
clinical trials as additional studies could strengthen
the correlations. By only including studies conducted
in the United States, we may have excluded relevant
trials conducted at international sites with different
participant inclusion patterns. However, this was
intentional due to the difficulty of sourcing reliable
demographic and incidence data for each other's
country. Additionally, our study is limited by a
potential selection bias as the inclusion criteria and
search strategy may have inadvertently excluded
relevant trials. Our study is also limited by an inability
to assess age representation, as no studies reported
the number of participants included =65 years of age.
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CONCLUSION

The results of this study highlight a lack of demographic
reporting in knee injury clinical trials, with the included
studies consistently failing to report information about
the race/ethnicity and age breakdown of participants.
There is a need for knee injury clinical trials to be
transparent when reporting demographic information of
study participants and to recruit and retain a more
diverse population that is representative of the inci-
dence of knee injuries in the population.
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