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Background: The KOJI AWARENESS (KA) test is a practical self-evaluation tool that assesses body movements and may help
develop individual conditioning plans to improve movement function. However, the association between preseason KA scores
and in-season injury occurrence remains unexplored.

Purpose: To investigate whether the KA self-screening test score can predict running-related injuries in elite long-distance
runners.

Study Design: Cohort study; Level of evidence, 2.

Methods: A total of 47 elite college male long-distance runners (age, 18-22 years) were enrolled in this study in June 2022. The
participants underwent the KA self-screening test to assess preseason upper limb, core, and lower limb function. Running-related
injuries with a training time loss of >3 weeks were tracked for 6 months during the season. The participants were divided into
injury and noninjury groups, and between-group comparisons and receiver operating characteristic (ROC) curve analysis were
used to determine the association between the KA scores and the injury incidence. Chi-square tests and risk ratios were calcu-
lated based on the cutoff value- and injury-based grouping.

Results: Among the runners, 10 (21.3%) sustained an injury. There were no significant differences in the demographic character-
istics between the injury and noninjury groups. The injury group had significantly lower KA scores than the noninjury group
(median, 44.5 [interquartile range, 43-46.8] vs median, 48 [interquartile range, 46-50], respectively; P = .009). The ROC curve anal-
ysis determined a cutoff value of 46.5 points (sensitivity, 73%; specificity, 63.6%), indicating that the KA scores exhibited a rela-
tively high predictive value for running-related injuries (area under the ROC curve, 0.764 [95% ClI, 0.600-0.930]). The risk ratio for
group division based on the cutoff value was 2.590 (95% CI, 1.329-5.047).

Conclusion: These findings demonstrated that the KA test is an effective self-screening tool for predicting the risk of running-
related injuries in elite male long-distance runners.
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Long-distance running has become increasingly popular in
recent years, regardless of whether it is an elite or recrea-
tional sport.*172331 Specific injuries are more commonly
associated with long-distance running because of the
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activity’s repetitive nature and high impact on the body.®
Common injuries in distance runners include medial tibial
stress syndrome, runner’s knee, plantar fasciitis, stress
fractures, and iliotibial band syndrome (iliotibial band fric-
tion syndrome).'* The incidence of injuries in long-distance
runners can vary based on the characteristics of the study
population, type of injury, and duration of the study. Pre-
vious studies®14152% have reported injury rates ranging
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between 30% and 75%. Injuries can significantly affect
runners’ performance by reducing their training volume,
intensity, and frequency. When runners are injured, they
may need to take time off from training, modify their train-
ing program, or even stop competing. This can lead to
decreased fitness, running economy, and running speed.
In addition, injured runners may experience pain, fatigue,
and psychological distress, further hindering their
performance.®1829

Many studies have analyzed the relationship between
running injuries and physical factors such as muscle
strength, flexibility, mobility, and stability.'t Studies have
found that weakness at lower strength levels, particularly
in the hips, core, and lower extremities, increases the risk
of running injuries.!®253% Poor flexibility, particularly in
the lower extremities, can also increase the risk of specific
injuries such as plantar fasciitis and Achilles tendini-
tis 6713242630 Similarly, limited mobility and poor stability
of the lower extremities have been linked to a higher risk of
injuries such as iliotibial band syndrome and patellofemoral
pain syndrome. 326283032 Djstance runners need to be
aware of potential injury risks and take preventive meas-
ures, such as using proper training techniques and incorpo-
rating them into their routines to evaluate body functions
such as flexibility, stability, mobility, and strength.

Our author group?’ invented the KOJI AWARENESS
(KA) self-screening test with 11 components to assess
mobility, stability, and strength combinations. It is a prac-
tical self-evaluation tool that evaluates each body part’s
function without using specific equipment, and it is compa-
rable in accuracy to the Functional Movement Screen
(FMS), which was developed to monitor movement pat-
terns and has been widely utilized in sports rehabilita-
tion.?? In our 2023 study,? we analyzed the reliability of
the KA test and found high reproducibility (intraclass cor-
relation coefficient [1.1], 0.876 [95% CI, 0.434-0.981]). The
KA test showed a significant negative correlation between
the test score and musculotendinous pain grade in regularly
trained individuals.?! Therefore, it effectively assesses body
movements, and the scores may help develop individual con-
ditioning plans to improve movement function.

If the association between preseason KA scores and in-
season injury occurrence is clarified, athletes at high risk
of injury can be identified based on their preseason KA

tTReferences 6, 7, 11, 12, 13, 24, 26, 28, 30, 32.
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scores, and preventive strategies for running injuries
can be implemented in advance. However, the potential
association between the KA score and the risk of running
injuries in elite long-distance runners remains unexplored.
Therefore, our study aimed to investigate whether the total
KA score can be a predictive tool for injuries in this popula-
tion. We hypothesized that the KA score is a reliable predic-
tor of running injuries in elite long-distance runners.

METHODS
Participants

Our prospective cohort study included male athletes from
a single university men’s track and field team who partic-
ipated in the Tokyo-Hakone Round-Trip College Ekiden
Race in January 2023. This is an esteemed long-distance
relay race, with a total length of 217.1 km, that has been
held annually for >100 years. It is widely recognized as
one of Japan’s most prestigious and challenging athletic
events, attracting top collegiate teams nationwide. The exclu-
sion criteria were athletes with (1) a severe psychiatric, neu-
rological, or cardiovascular disease; (2) an orthopaedic
disorder; and (3) an acute infectious disease. This study
was conducted in accordance with the ethical principles out-
lined in the Declaration of Helsinki (October 2000) for medi-
cal research involving human participants, and the study
protocol was approved by the research ethics committee of
our institution.

The KA screening test was administered to the included
participants in June 2022 before they participated in the
preseason preparation for the Tokyo-Hakone Round-Trip
College Ekiden Race. All participants were asked about
their physical attributes (height, weight, sex, and age),
medical history, sports history, sports level, and daily
activity level in a questionnaire before taking the KA
test. The athletes were instructed to stop if they experi-
enced pain during the test. However, none withdrew
from the study because of injury or discomfort throughout
the entire study duration.

Descriptive data—including age, height, weight, and
body mass index—were obtained through interviews. The
participants were also asked whether they had sustained
a running injury for >3 weeks in the past.?!® The partici-
pants were monitored for 6 months to record any inability
to participate in training due to their physical condition.
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KA Screening Test

The KA screening test consists of 11 components—
including neck mobility, shoulder mobility, scapular mobil-
ity, thoracic spine mobility, upper extremity stability and
strength, hip mobility, hip and spine mobility, upper and
lower extremity mobility and stability, midsection stability
strength, lower extremity strength, and ankle mobility—to
assess combinations of mobility, stability, and strength?’-22
without using specific equipment. Each test component has
explicit scoring criteria, with a maximum total score of 50.
Higher scores indicate better physical function. The KA
screening test and scoring sheet are available separately
as Supplemental Material.

Injury Surveillance

After the KA assessment, injury surveillance was con-
ducted to monitor the incidence of running-related injuries
over 6 months during the competitive season. The survey
recorded the specific types of injuries and the correspond-
ing number of days lost from training and competition.
The calculation of days lost encompassed the period from
the first day of absence to the participant’s full return to
training and competition. Athletic trainers managed
injured athletes. Athletes visited the hospital for diagnosis
when necessary. After injury, medical treatment and reha-
bilitation were provided, and return to competition was
determined based on medical information, physical func-
tion, and degree of performance. The team’s dedicated ath-
letic trainer meticulously tracked the presence of injury
and the number of days lost. The athletic trainer fully
understood the measurement protocol and conducted the
injury surveillance.

Definition of Running Injury and Group Classification

Participants were classified into 2 groups based on the
presence or absence of running injuries during the season.
Running injuries were defined as lower limb fatigue frac-
tures, medial tibial stress syndrome, and tendinosis disor-
ders that specifically occurred due to running.'®!%19:30
Participants who experienced running injuries resulting
in an absence from training and competition for >3 weeks
were classified into the running injury group.?®

Statistical Analysis

Statistical analysis was performed to assess the normality
of the variable distributions using histograms and the
Shapiro-Wilk normality test. Descriptive statistics are pre-
sented as mean * standard deviation for normally distrib-
uted variables and median (interquartile range [IQR]) for
nonnormally distributed variables. Group differences in
participant characteristics and KA scores based on the
presence or absence of running injuries were analyzed
using the Mann-Whitney U test. The Fisher exact test
was performed to analyze the association between the
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Had the KA score before training camp
(53 runners)
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I
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Injured during the season Uninjured during the season
(10 runners) (37 runners)

Figure 1. Flowchart illustrating the procedures of this study.
KA, KOJI AWARENESS.

presence or absence of a history of running injury among
the groups. Receiver operating characteristic (ROC) curves
were generated to determine the optimal cutoff value of the
KA score, maximizing sensitivity and specificity for pre-
dicting running injuries. The predictive ability of the KA
score was evaluated using the area under the ROC curve
(AUC), with AUC values categorized as high (0.9-1), mod-
erate (0.7-0.9), or low (0.5-0.7) accuracy.? The optimal cut-
off value was determined using the Youden index!
(sensitivity + specificity) — 1. The risk ratio was calcu-
lated using the chi-square test. SPSS Statistics 27 (IBM)
was used for all statistical analyses, with a significance
level set at P < .05.

RESULTS

A total of 47 runners were included in the analysis (Figure
1). Of these runners, 10 athletes sustained an injury
within the 6-month study period, for an incidence rate of
21.3%, and were included in the injury group. The remain-
ing 37 athletes comprised the noninjury group. No signifi-
cant differences were found between participants in the
injury versus the noninjury group in the descriptive data
(Table 1). Details regarding the specific types and distribu-
tion of running injuries and the number of days lost
because of these injuries in the injury group are shown
in Table 2. None of the 10 runners in the injury group
required surgical intervention.

In the injury group, the number of participants with
reduced scores according to the KA component was as fol-
lows: neck mobility (n = 5), shoulder mobility (n = 2), scap-
ular mobility (n = 4), thoracic spine mobility (n = 6), hip
mobility (n = 1), hip and spine mobility (n = 4), upper
and lower extremity mobility and stability (n = 2), lower
extremity strength (n = 2), and ankle mobility (n = 2).
There were no problems regarding upper extremity



4  Murofushi et al

The Orthopaedic Journal of Sports Medicine

TABLE 1
Characteristics of the Study Cohort Overall and in Each Group®
Overall (N = 47) Injury Group (n = 10) Noninjury Group (n = 37) p
Age, y 19.8 £ 1.2 19.8 = 1.6 19.8 = 1.3 .870
(18.0-21) (18-21) (18-22)
Height, cm 172.7 £ 5.6 170.3 = 5 173.2 £ 4.6 .194
(161-187) (163-178) (161-187)
Weight, kg 55.8 £ 44 54.8 + 3.7 56.0 £ 4.6 .523
(45-65) (48-60) (45-65)
BMI, kg/m> 18.7 = 0.8 18.9 = 0.7 18.6 = 0.9 438
(16.8-21) (17.7-20.1) (16.8-21)
History of running injury, n (%) 35 (74.5) 6 (60) 29 (78.4) 714

“Data are presented as mean = SD (range) unless otherwise indicated. BMI, body mass index.

TABLE 2
Types of Running Injuries and Competition and Training Time Lost in the Injury Group (n = 10)*

Type of Running Injury n

Competition and Training Time Lost, Days

Femoral stress fracture

Medial tibial stress syndrome

Iliotibial band friction syndrome

Achilles tendinitis

Plantar fasciitis

All 1

O H = DN Www

79 (53-119)
45 (23-49)
46 (36-56)
50
67

51.5 (23-119)

“Data are presented as median (range).

stability and strength or regarding midsection stability
strength. The KA score was significantly lower in the
injury group versus the noninjury group (median, 44.5
[IQR, 43-46.8] vs median, 48 [IQR, 46-50], respectively;
P =.009) (Figure 2).

ROC curve analysis yielded an AUC of 0.764, indicating
moderate accuracy in predicting running injuries (Figure 3
and Table 3). The sensitivity and specificity of the KA score
for predicting running injuries were 73% and 63.6%,
respectively (Table 3). The cutoff value for the KA score
to predict running injuries was 46.5 (Table 3). The chi-
square test revealed a risk ratio of 2.590 (95% CI, 1.329-
5.047) for participants with a KA score below the cutoff
value, indicating a higher risk of running injuries (Table
3). Of the players with a KA score of >46.5 (n = 30), 3 play-
ers (10%) were injured, whereas of the players with a score
of <46.5 (n = 17), 7 players (41.2%) were injured.

DISCUSSION

In this study, we found that the running injury incidence
rate during the season was 21.3%, and the running-injury
group exhibited significantly lower KA scores than the
noninjury group. Furthermore, the preseason KA scores
predicted the incidence of running injuries during the sea-
son with a sensitivity of 73% and a specificity of 63.6%.
Additionally, the cutoff value for the KA score to predict
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Figure 2. Preseason KA scores in the injury and noninjury
groups. The middle line indicates the median and the top
and bottom lines indicate the interquartile range. *Statisti-
cally significant difference between groups (P < .05). KA,
KOJI AWARENESS.

running injuries was determined to be 46.5, with a risk
ratio of 2.590. These findings support our study hypothesis
and provide new insights into the possible utilization of the
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Figure 3. The receiver operator characteristic curve was
used to evaluate the ability of the KOJI AWARENESS score
to predict running injuries.

TABLE 3
Ability of the KOJI AWARENESS Score to Predict
Running Injury in Elite Long-Distance Runners®

Parameter Value
Cutoff score 46.5

AUC (95% CI) 0.764 (0.600-0.930)
Sensitivity, % 73

Specificity, % 63.6

Risk ratio for KA score <46 (95% CI) 2.590 (1.329-5.047)

“AUC, area under the receiver operating characteristic curve;
KA, KOJI AWARENESS.

preseason KA score for predicting the incidence of running
injuries during the season.

The incidence of running injuries reported in the pres-
ent study (21.3%) was lower than that of running injuries
during the season reported in a previous study by Baltich
et al® (40%). The difference in incidence rates may be
attributed to differences in the competition level of the
study cohort and the definition of running injury. We
included elite collegiate runners and defined running inju-
ries as lower limb injuries—including tendon and stress
fractures—resulting in an inability to train or compete
for >3 weeks. In contrast, Baltich et al included novice
runners and defined running injuries as impairments
restricting running for >1 week. The median number of
days missed because of running injuries during the season,
which was 50 days in this study, highlights the need for
prolonged treatment and emphasizes the importance of
preventing running injuries in long-distance male runners.
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The running-injury group in this study showed signifi-
cantly lower KA scores compared with the noninjury
group. Factors contributing to the incidence of running
injuries included reduced ankle mobility, decreased core
stability, and lower extremity muscle weakness, which
have been reported in previous studies.®"11:24:25:28:32 ¢
has also been reported that decreased upper extremity
function can contribute to running injuries because arm
swinging is associated with propulsion during running.?’
These findings suggest that an overall functional decline
may be associated with the incidence of running injuries.

A report by Hreljac'® showed that deep-squat and active
straight-leg-raise scores on the FMS effectively predict the
risk of running injury, while the FMS composite score did
not predict this risk in male athletes. In contrast, the KA
test can predict this risk with a total score. The differences
in the evaluation items between the FMS and KA likely
influence the results. Overall, this study revealed novel
findings that the total KA score, which assesses overall
body function, can predict the incidence of running
injuries.

This study showed that athletes with a preseason KA
score <46.5 have a higher risk of experiencing running
injuries during the season. This association between low
KA scores, musculoskeletal issues, and pain severity high-
lights the relevance of the KA test as a valuable tool for
self-assessment without needing specialized devices.?!
Furthermore, the confirmed validity of the KA score, as
evidenced by its correlation with the evaluations conducted
by specialized staff, emphasizes its reliability.2%22

Clinical Implications

The findings underscore the importance of incorporating
the KA test into preseason evaluations to identify athletes
at risk of running injuries. By identifying high-risk ath-
letes based on their KA scores, proactive interventions
can be implemented to improve musculoskeletal function
and prevent injury. Moreover, the ability of the KA score
to improve with corrective exercises further supports its
potential as a modifiable intervention variable.?’ In our
previous study,?’ we instructed athletes to perform correc-
tive exercises on the areas with decreased scores in the KA
test and analyzed changes in pain and KA scores. The
results showed that corrective exercises increased the KA
score and reduced pain. The incidence of running injuries
may be effectively reduced by assessing the risk of running
injuries based on the KA preseason score and implement-
ing targeted preventive measures, such as corrective exer-
cises, for those at high risk.

Limitations

Our study had several limitations. First, the sample size
was small (n = 47 participants). This study included run-
ners from a single university; thus, caution must be exer-
cised in generalizing the results. Additional studies with
more participants are required to draw a robust conclu-
sion. Second, the study focused only on male athletes
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from a top-level university team in Japan, which limits the
generalizability of the findings to female athletes, different
age groups, and athletes of different competitive levels and
disciplines. Third, results may differ depending on the def-
inition of injury. The definition of injury used in this study
was a lower extremity running injury that resulted in a lon-
ger than 3-week break from running. Previous reports
defined injury as lasting >1 week; thus, results depend
on the definition.? However, since lower extremity running
injury lasting for >3 weeks significantly reduces physical
function and performance, the results of this study are
important because they suggest that the KA score predicts
running injury that forces long-term withdrawal from run-
ning. Therefore, future studies should aim to increase the
sample size and expand the range of sports disciplines
and competitions. Furthermore, the relationship between
the KA scores and specific injury types was investigated
to enhance injury prevention strategies. Nonetheless, this
study provides important findings using a prospective
cohort analysis targeting elite male runners and demon-
strating that the KA test can predict the risk of running
injuries.

CONCLUSION

The KA preseason score was able to predict running-
related injuries during the season. Specifically, athletes
with KA scores <46.5 had a higher risk of experiencing
running-related injuries. Incorporating KA assessments
into training programs may help identify high-risk ath-
letes so that preventive measures can be implemented.
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