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Villaviciosa de Odon, Madrid, Spain

Introduction: Injuries among elite alpine sky athletes can lead to both physical
and psychological consequences. While previous studies have pointed out how
emotional factors can influence the risk of injuries, there has not been much
investigation into how different psychological elements relate to the overall
injury burden.

Methods: This study aimed to evaluate how traits like neuroticism, anxiety,
depression, psychological inflexibility, loneliness, and conscientiousness predict
the frequency and severity of injuries in professional skiers. Additionally, it sought
to identify psychological profiles that might indicate a higher risk of injury.
We conducted a cross-sectional, observational, and analytical study involving
50 active professional alpine skiers. The data were analyzed using Poisson
regression for injury frequency, multiple linear regression for perceived injury
severity, and K-means cluster analysis to identify different psychological profiles.
Results: The findings revealed that neuroticism [Exp (B) = 1.15, p = 0.026] and
psychological inflexibility [Exp (B) = 1.09, p = 0.041] were significant predictors
of injury frequency. Perceived injury severity was associated with depressive
symptoms (p = 0.34, p = 0.009), inflexibility (B = 0.26, p = 0.034) and neuroticism
(B =0.21, p = 0.048). We identified three distinct psychological profiles: resilient,
average and vulnerable, with the vulnerable group experiencing the highest
injury burden (p < 0.05).

Conclusion: Certain psychological traits, especially neuroticism, inflexibility,
and depressive symptoms are associated with an increased risk and severity
of injuries. By identifying these psychological risk profiles, we can develop
targeted interventions to prevent injuries and support recovery. It's essential to
incorporate psychological assessments into health and performance programs
for athletes engaged in high-demand sports.
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Introduction

Snow sports such as alpine skiing are becoming more common
and available around the world. It is estimated that there are over
200 million active skiers globally (Davey et al., 2019). However, these
disciplines have a risk of injury, particularly in high-level competitive
contexts (Patrick et al., 2015; Schneider, 2003; Stenroos and Handolin,
2015). In alpine skiing, the most common injuries tend to affect the
knee, shoulder, and wrist, with an incidence rate of about two to five
injuries occurring for every 1,000 ski days (Davey et al., 2019
Burtscher et al., 2008; Coury et al., 2013). These injuries can have a
significant physical impact, but they also carry psychological
consequences that can impact well-being, motivation and the athletic
careers of elite skiers (Finkenzeller et al., 2022; Gao et al., 2024).

Traditionally, the focus on injury risk in winter sports has been on
biomechanical, environmental, and technical aspects (Seifert et al.,
2009; Koller et al., 2015). However, in recent years, there has been a
growing interest in how psychological factors might predict injury
susceptibility (Nicolo et al., 2017). Beyond isolated findings, several
theoretical models have attempted to clarify how physiological and
situational variables interact with psychological factors to influence
injury risk. According to the Wiese-Bjornstal et al. (1998) stress-injury
model, psychological responses to stress—shaped by coping
mechanisms, personal traits, and the athlete’s history—can directly
impact both the risk of sustaining an injury and the subsequent
recovery process. Similarly, the biopsychosocial model proposed by
Olmedilla Zafra and Garcia-Mas (2012) highlights the dynamic
interaction between emotional, contextual, and cognitive factors in
injury predisposition, showing how psychological vulnerability can
influence physical risk (Olmedilla et al., 2018). By combining these
theoretical frameworks, we can better understand how attributes such
as neuroticism or psychological rigidity may contribute to a higher
likelihood of injuries (Andersen and Williams, 1988). These traits can
shape how athletes perceive risk, maintain focus, regulate their
emotions and manage themselves, especially in high-speed and
technically challenging sports like alpine skiing (Birrer and Morgan,
2010; Eather et al., 2023).

In particular, athletes with high levels of neuroticism tend to
experience more negative emotions, lower stress tolerance and greater
emotional reactivity, which can lead to mistakes that result in injuries
(Xiao, 2024). Similarly, elevated anxiety has been linked to issues with
attention and decision-making when under pressure (Korkutata et al.,
2024). Psychological inflexibility reflects difficulty in managing
unpleasant internal experiences, which can result in maladaptive
responses to pain, fatigue or adversity (Junge, 2000; Arbinaga
Ibarzabal, 2025). This is particularly important in high-level alpine
skiing, where extreme physical conditions, social isolation, and intense
mental pressures come together, making it crucial for developing
effective prevention strategies (Gao et al., 2024).

Although previous studies have examined the impact of certain
psychological factors separately, an important gap remains in
understanding how these variables combine and cluster into
psychological risk profiles that could affect both the severity and
frequency of injuries. Most existing research has not incorporated
these aspects into a comprehensive theoretical framework, which
limits their explanatory power and practical applicability. Our analysis
adapts a multidimensional perspective grounded in well-established
theoretical models, such as the biopsychosocial model proposed by
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Olmedilla et al. (2018) and the stress-injury model developed by
Wiese-Bjornstal et al. (1998).

This study aims to address this gap by analyzing a broad set of
psychological  variables (neuroticism, anxiety, depression,
psychological inflexibility, loneliness, and conscientiousness) as
predictors of injury frequency and severity in professional skiers.
Rather than just examining each factor on its own, the research also
seeks to identify distinct psychological profiles through cluster
analysis, which can help highlight subgroups of athletes who may
be more psychologically vulnerable. We hypothesize that athletes with
higher levels of neuroticism, emotional symptoms and psychological
inflexibility, along with lower levels of conscientiousness, will face a
greater injury burden. Additionally, we expect that skiers who fit into
a “vulnerable” psychological profile will report significantly higher
rates of injury frequency and severity compared to those with more

resilient profiles.

Methods
Study design

A cross-sectional, observational, and analytical study was
conducted in accordance with the guidelines of the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
checklist (Cuschieri, 2019). The aim was to explore the relationship
between psychological variables and injury burden in elite alpine
skiing athletes. Data collection was carried out remotely through a
standardized online survey administered over a two-month period.

Participants

Participants were recruited from national and regional alpine
skiing teams through direct contact with coaches and team staff. A
total of 50 professional athletes (34 males, 16 females) participated in
the study. All were actively competing in elite-level sports, primarily
alpine skiing, at the time of participation. The mean age of the sample
was 27.6 years (SD = 4.3), with a mean height of 176.3 cm (SD = 8.9),
mean weight of 72.6 kg (SD = 10.3) and an average body mass index
(BMI) of 23.4 (SD = 2.3). Participants reported an average of 9.1 years
(SD = 3.2) of competitive experience in their sport.

Inclusion criteria required athletes to be over 18 years old,
currently engaged in national or international competition, and to
have sustained at least one injury in the past year. Exclusion criteria
included the presence of any diagnosed psychiatric or neurological
conditions that could compromise the accuracy of self-report data. No
athletes were excluded after recruitment, and no dropouts occurred
during data collection. All participants provided informed consent
prior to participation, and the study protocol received approval from
the Institutional Ethics Committee, following the ethical standards of
the Declaration of Helsinki.

Sample size calculation

The sample size was estimated using G*Power 3.1 software, based
on a multiple regression model with six predictors, an alpha level of
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0.05, a statistical power of 80% (1-p = 0.80) and a medium effect size
(f =0.15). The analysis indicated a minimum sample size of 48
participants; thus, the final sample of 50 was considered adequate to
ensure sufficient statistical power for the main analyses.

Variables

Variables were divided into two broad categories: psychological
variables and injury-related variables. The selection of instruments
was based on relevant previous studies (Martin-Rodriguez et al., 2021;
Rodriguez-Besteiro et al., 2023).

Psychological variables included personality traits, anxiety,
psychological inflexibility, perceived loneliness, and depressive symptoms.

Personality traits were assessed using the Spanish version of the
Big Five Inventory (BFI-44), developed by Benet-Martinez and John
(1998), which evaluates five major dimensions: extraversion,
agreeableness, conscientiousness, neuroticism and openness to
experience. The Spanish adaptation has demonstrated robust
psychometric properties, with internal consistency coefficients ranging
from a = 0.77 to 0.83 across dimensions in Spanish populations.

Anxiety levels were measured with the 10-item short version of
the State-Trait Anxiety Inventory (STAI), developed by Marteau and
Beklker (1992), with the Spanish validation showing excellent
reliability (o = 0.82) for state anxiety (Guillén-Riquelme and Buela-
Casal, 2011). This abbreviated version has shown good reliability and
validity for efficiently capturing transient anxiety symptoms.

Psychological inflexibility was assessed with the Acceptance and
Action Questionnaire-II (AAQ-II), developed by Bond et al. (2011).
It is a 7-item instrument designed to measure experiential avoidance
and unwillingness to remain in contact with aversive thoughts and
emotions. Higher scores indicate greater inflexibility. The Spanish
version of the AAQ-II demonstrated strong internal consistency
(a =0.88) and good construct validity (Ruiz et al., 2013). This
instrument is widely used in both clinical and non-clinical samples.

Perceived loneliness was measured with the UCLA Loneliness
Scale (Version 3) (Russell, 1996). The Spanish adaptation used in this
study shows adequate reliability (@ = 0.89) (Fernandez, 1993). This tool
assesses subjective feelings of social isolation and disconnection and
is commonly used in sports and mental health research (Russell, 1996).

Finally, depressive symptoms were measured using the Zung Self-
Rating Depression Scale (Zung, 1965), a 20-item self-report inventory
that evaluates affective, psychological, and somatic symptoms
associated with depression. This scale has been validated in Spanish-
speaking populations, which showed a Cronbach’s alpha of a = 0.84
(Zung, 1965; Biggs et al., 1978).

For injury-related variables, participants were asked to report the
number of injuries sustained during the past competitive season, the
anatomical location and type of their most serious injury, the time
required for recovery (in months), and to rate the perceived severity
of the injury on a Likert-type scale from 0 (not severe) to 10
(extremely severe).

Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics
(version 27) and R (version 4.3.1). Prior to analysis, data were screened
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for missing values, outliers, and assumptions of normality. Descriptive
statistics were computed for all variables. Pearson’s correlations were
used to examine bivariate associations between psychological traits
and injury-related outcomes.

Injury frequency, treated as a count variable, was analyzed using
Poisson regression with psychological predictors (neuroticism,
conscientiousness, anxiety, psychological inflexibility, depression, and
loneliness) and demographic covariates (age and sex). Injury severity,
measured on a continuous scale, was analyzed via multiple linear
regression using the same predictors.

A K-means cluster analysis was conducted to identify distinct
psychological profiles based on scores from the Big Five Inventory,
STAI, AAQ-II, UCLA, and Zung scales. The optimal number of
clusters was determined by visual inspection of the elbow plot and
silhouette values. Group differences in injury outcomes across
psychological profiles were tested using one-way ANOVAs and post
hoc comparisons with Bonferroni correction.

Multicollinearity among predictors was assessed using variance
inflation factors (VIFs), with values below 2.0 considered
acceptable. Statistical significance was set at p < 0.05 for all tests.
Effect sizes [e.g., B, Exp (B), n’] were reported to facilitate
interpretation of results.

Results
Descriptive and correlational analysis

Descriptive statistics were computed for all psychological and
injury-related variables. The sample showed moderate mean levels
of neuroticism (M =3.9 £1.0), anxiety (STAI short-form:
M =14.6 +4.3), psychological inflexibility = (AAQ-II:
M =19.8 +7.2), loneliness (UCLA: M = 5.1 + 1.5), and depressive
symptoms (Zung: M = 34.7 + 8.6). The average number of injuries
reported in the previous year was 2.3 + 1.9, with a mean severity
of 51+24 (on a 0-10 scale). Pearson correlation analyses
revealed significant associations between neuroticism and
depression (r=0.49, p <0.001), anxiety (r=0.61, p <0.001),
psychological inflexibility (r=0.38, p <0.01), and loneliness
(r=0.27, p < 0.05). Injury frequency was significantly correlated
with neuroticism (r=0.26, p=0.032) and AAQ-II scores
(r=0.23, p=0.041). These relationships are summarized in
Table 1.

Predictive analysis: Poisson regression on
injury frequency

A Poisson regression model was conducted with psychological
traits as predictors of injury frequency, including neuroticism,
AAQ-II, conscientiousness, and STAI, while controlling for age and
sex. Neuroticism [Exp (p) =1.15, p=0.026] and psychological
inflexibility [Exp (B) = 1.09, p = 0.041] emerged as significant positive
predictors. Conscientiousness showed a trend toward a protective
effect [Exp (B) = 0.92, p = 0.074], while anxiety, age, and sex were not
significant. The relationship between neuroticism and injury
frequency is visually depicted in Figure 1.
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TABLE 1 Correlation matrix.

Variable Injury freq. Injury Neuroticism
severity

Injury frequency 0.21% 0.26%* 0.18 0.23% 0.16 0.12
Injury severity 1 0.21* 0.15 0.26* 0.34%%* 0.19
Neuroticism 1 0.61%* 0.38%* 0.49%%* 0.27%*
STAI 1 0.54%% 0.72%% 0.25%
AAQ-TI 1 0.45%* 0.33%%
Zung 1 0.29%*
UCLA 1

STALI, State-Trait Anxiety Inventory (short-form); AAQ-II, Acceptance and Action Questionnaire-II (psychological inflexibility); Zung, Zung Self-Rating Depression Scale; UCLA, UCLA
Loneliness Scale; Injury Freq., number of injuries in the past year; Injury Severity, Self-rated severity of main injury (0-10 scale). p < 0.05; p < 0.01.

Linear regression: injury severity

A multiple linear regression analysis was conducted to identify 41 °
predictors of self-rated injury severity. The model was significant
(F=5.3, p<0.001, R* = 0.26). Significant predictors included Zung °
depression scores (B =0.34, p =0.009), psychological inflexibility >3 ’ "
(AAQ-II; p = 0.26, p = 0.034), and neuroticism (f = 0.21, p = 0.048). %
B2
Psychological profiles: cluster analysis s
=
. g . =11
A K-means cluster analysis using neuroticism, conscientiousness,
STAL AAQ-II, UCLA, and Zung scores revealed three distinct
psychological profiles: 0-
L] [ ] [ ]
o Cluster 1 (Resilient): Low neuroticism and anxiety, high 1'0 2'0 3'0 4'0 5'0
conscientiousness; low depression and inflexibility. Neuroticism
o Cluster 2 (Average): Mid-range levels across all traits.
o Cluster 3 (Vulnerable): High neuroticism, anxiety, depression, FIGURE 1
loneliness, and inflexibility; low conscientiousness. Scatterplot of neuroticism and injury frequency.

Group comparisons showed significant differences in injury
frequency (F=4.21, p=0.018) and injury severity (F=5.02,
p =0.012), with the Vulnerable group exhibiting the highest values.

These severity differences are presented in Figure 2. 10 1 == Resilient
&= Intermediate
8- @ Vulnerable
Discussion
2 6 1

This study aimed to analyze how psychological variables are 5
related to the frequency and severity of injuries in professional alpine A
skiers, as well as to explore if certain emotional profiles might S 47
be linked to a higher risk of injuries. The results support the idea that £
specific personality traits and emotional states are significantly 2 1
associated with both the occurrence and experience of injuries in
this sport. 0-

The findings revealed that higher levels of neuroticism and
psychological inflexibility were significantly associated with a higher . : .
frequency of injuries, while depressive symptoms were linked to Resilient Intermediate  Vulnerable
higher perceived injury severity. This relationship between emotional Psychological Cluster
vulnerability and sports injuries is consistent with previous studies

FIGURE 2

that have reported similar associations, especially in contexts of high Violin plots of injury severity by psychological cluster.

physical and mental demands (Rogers et al., 2024; Stephan et al., 2009).
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Psychological inflexibility has been identified as a factor that may
limit coping capacity in highly demanding situations. In sports such
as alpine skiing, this emotional rigidity might show up as a lack of
body awareness, less effective responses to pain or fatigue and an
increased chance of encountering risky situations (Johles et al., 2020).

From a theoretical perspective, these findings are consistent with
the stress—injury model (Wiese-bjornstal et al., 1998; Andersen and
Williams, 1988), which posits that emotional responses and cognitive
appraisal in the face of stressors—shaped by characteristics such as
neuroticism and coping strategies—can influence attention and
decision-making under pressure. Moreover, cognitive-behavioral
perspectives suggest that individuals with high levels of neuroticism
may exhibit heightened threat sensitivity and a tendency toward
rumination, which increases the likelihood of attentional lapses that
coincide with the occurrence of injuries (Olmedilla et al., 2018).
Likewise, low psychological flexibility reflects a rigid response pattern
and greater experiential avoidance, which can hinder the effective
management of pain, fatigue, or uncertain situations in alpine skiing
(Bond et al., 20115 Ruiz et al., 2013). These mechanisms may help
explain why inflexibility and neuroticism often coexist as factors
associated with risk. In addition, depressive symptoms may affect the
perceived severity of injuries by amplifying negative interpretations of
physical sensations and reducing self-efficacy, in line with pain
perception and adaptation models (Stephan et al., 2009; Yang
etal., 2014).

Regarding the perceived severity of injuries, athletes with higher
depression scores also rated their injuries as more severe. This could
be explained by a more negative interpretation of physical damage or
increased sensitivity to the emotional and social consequences of an
injury. This finding aligns with previous studies indicating that
changes in emotional states can influence pain perception, adjustment
to sport-related rest and rehabilitation adherence (Rogers et al., 2024;
Yang et al., 2014; Putukian, 2016).

For the psychological profile analysis, three clearly differentiated
groups were identified: one with adaptive traits and low emotional
distress (resilient profile), another with intermediate scores (average
profile), and a third with high emotional distress and low
conscientiousness (vulnerable profile). The latter group was associated
with a markedly higher injury burden compared to resilient athletes,
suggesting that the combination of certain traits may be critical in
understanding injury susceptibility.

The findings of this study become even more significant when
we look at recent research on psychophysiological responses to
prolonged physical stress during skiing. It has been observed that ski
sessions lasting 3 to 4 h are associated with differential effects on
fatigue, emotional perception and motor performance (Krautgasser
etal., 2012). Moreover, studies in cross-country skiing have pointed
out that factors like social isolation, unpredictable weather and high
technical demands may negatively influence the development of
personality traits and emotional states, such as anxiety or depression
(Davey et al., 2019; Broddadottir et al., 2021). These conditions may
act as chronic stressors that, when combined with maladaptive coping
structures, contribute to psychological vulnerability and
physical injury.

From a practical perspective, these findings highlight the need to
integrate psychological assessments into injury prevention programs in
high-performance sports. Brief screening tools that evaluate
characteristics such as psychological flexibility, anxiety, and neuroticism
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could be useful for identifying athletes at risk at an early stage.
Vulnerability can be reduced by including interventions such as
resilience training programs (Stephan et al., 2009), cognitive reappraisal
techniques (Birrer and Morgan, 2010), and mindfulness (Yang et al.,
2014; Tang et al., 2022), which can enhance emotional regulation and
psychological adaptability. Furthermore, these programs could
be implemented through brief and specific sessions integrated into
daily training routines and coordinated by coaches and sport
psychologists (Rogers et al., 20245 Weild et al., 2024), thereby enabling
the development of personalized prevention and rehabilitation strategies.

Nonetheless, some limitations should be acknowledged. The
relatively small sample size (n = 50), while sufficient according to a priori
power analysis, may reduce the stability of regression coeflicients and
limit the robustness of the cluster analysis. Future research with larger
samples is needed to replicate and validate these findings. Additionally,
the use of retrospective self-report measures for injury outcomes and the
operationalization of injury severity through a single self-rated Likert
scale introduce potential recall and common-method biases. Moreover,
the generalizability of these results may be limited by the cultural and
contextual characteristics of the sample (Spanish-speaking elite athletes),
and future research should examine whether similar patterns emerge
across different competitive levels, countries, and skiing disciplines.
Despite these limitations, the present study provides valuable preliminary
evidence on the psychological predictors of injury risk and severity in
elite alpine skiing and provides a theoretical and empirical foundation
for future longitudinal and experimental research in this field.

Conclusion

The results of this study demonstrate that certain psychological
characteristics, such as neuroticism, psychological inflexibility and
depressive symptoms, are significantly associated with higher
frequency and severity of injuries in professional alpine skiers.
Furthermore, the identification of a vulnerable psychological profile
provides a deeper understanding of how the interaction of multiple
emotional factors can increase injury risk.

These insights highlight the need to weave psychological
assessments into injury prevention strategies for elite athletes. Future
research should adopt a longitudinal approach, incorporate objective
measures of physical strain and recovery and broaden the sample to
include athletes from other sports disciplines. The implementation of
models that incorporate psychological components may not only
enhance injury prevention but also contribute to optimizing athletic
performance and athlete wellbeing.
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