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Abstract

Introduction: This study aimed to present the epidemiological and clinical effects of skiing
training and use of protective equipment on skiing, sledding and snowboarding injuries.
Methods: The patients were evaluated in two groups according to both their skiing experience
and use of protective equipment. The characteristics of the patients, such as age, gender, injury
area, and injury type were statistically evaluated according to the groups.
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Keywords: Results: A total of 191 patients, 68 (35.6%) female and 123 (64.4%) male, were evaluated. There
 Winter Sports was a significant difference between the patients with and without skiing experience (P=0.001).
o Trauma When the patients were evaluated according to the presence of protective equipment, 25

o Skiing Experience
Protective Equipment

(59.5%) patients who had no experience did not wear protective equipment, and this rate
was statistically significant compared to the experienced group (P=0.001). Concerning the
Ski diagnoses of the patients according to injury areas, joint dislocation and soft tissue trauma were
Snowboard mostly detected in the upper extremities, bone fractures in the lower extremities and organ
injury in the thorax.

Conclusion: Shoulder and wrist traumas were the most common injuries among the patients
with previous skiing experience while tibial fractures were mostly seen in those without such
experience. Tibia fractures were mostly observed in the patients using protective equipment,
and skin incisions in those that did not use protective equipment. Therefore, in winter sports
injuries, patients’ skiing experience and protective equipment use should be questioned and
more attention should be paid to the above-mentioned injuries.

Introduction this activity.”

Winter sports are among the sport activities with
increasing annual prevalence. Skiing, sledding and
snowboarding are popular winter sports.! Winter sports
are not only performed by professional athletes, and many
amateurs also engage in these activities.> Although it is
estimated that four to eight of every 1000 athletes suffer
injuries that require emergency medical care each winter
season, the actual number is not known due to various
reasons.’

While winter sports offer people great fun and high
adrenaline, they also pose a serious risk of injury.
Although many precautions are taken on ski tracks,
ski injuries cannot be prevented.* Many patients with
or without skiing experience present to the emergency
services following skiing accidents. Falls are the most
common cause of skiing injuries, frequently resulting
in lower extremity, upper extremity, vertebral and head
traumas.>® Therefore, to prevent skiing-related injuries, it
is very important to have experience, familiarize with the
ski track in advance, use protective equipment, and ensure
the suitability of ski equipment for individuals engaging in

This study aimed to present the demographic and
clinical effects of skiing training and use of protective
equipment on winter sports injuries.

Methods

This is a descriptive-analytical, cross-sectional study,
conducted prospectively in the emergency department
of a tertiary university hospital between November 1,
2020 and April 31, 2021. This wide range of dates was
chosen considering that the skiing season starts early
and ends late, depending on the geographical location
of the province. However, since ski resorts could not be
opened due to both the pandemic period and the winter
season, patients presented to the emergency service with
winter sports injuries from December to March. The
study was started after receiving the approval of the ethics
committee (approval number: B.30.2.ATA.0.01.00/418,
date: 01.10.2020). Written informed consent was obtained
from the volunteers participating in the study. For
unconscious patients, informed consent was obtained
from the relatives.
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The study included patients presenting to the
emergency department after incurring injuries while
skiing, snowboarding or sledding. Patients under the
age of seven years, pregnant women, and patients who
presented to the emergency department following trauma
in a ski resort other than skiing, snowboarding, or
sledding were excluded from the study. During the study
period, the emergency department received a total of
61258 patients. Among these patients, trauma was present
in 12315, of whom 198 were due to winter sports injuries.
After excluding pregnant women (n =3) and patients aged
under seven years (n=>5), the final sample included 191
patients.

Patients who were injured while engaging in winter
sports were questioned and their data were recorded in
the emergency department according to the previously
prepared ski fall analysis form. This form included
information on the patient’s age, gender, skiing experience,
time of fall, month of fall, type of winter sports, type of
injury, use of protective equipment, injury area, diagnosis,
treatments, and inpatient clinic and length of stay if
hospitalized. The patients were evaluated according to the
Advanced Trauma Life Support (ATLS) guidelines. The
patients with winter sports injuries were divided into two
groups according to their skiing experience (experienced
and non-experienced groups). While professional athletes
who had taken lessons in previous seasons and had a
history of skiing were considered as experienced, those
that were skiing for the first time or had only started to
take lessons during that season were considered non-
experienced. The patients were also divided into two
groups according to the use of protective equipment,
such as gloves, helmets, goggles, knee pads and other
clothing. As the type of winter sports, sledding, skiing and
snowboarding groups were evaluated. The mechanism of
injury was analyzed as falls or impaction. Injury areas were
examined separately as head and neck, thorax, abdomen,
pelvis, upper extremity, lower extremity, and lumbar
region. The patients with injuries in more than one area
were evaluated according to the severity of the injury. The
general injury diagnoses of the patients were evaluated
as soft tissue trauma, bone fracture, organ injury, skin
laceration, and joint dislocation. Then, the diagnoses
were evaluated separately for groups according to the
main diagnoses included in the International Statistical
Classification of Diseases and Related Health Problems
(ICD) codes.

Statistical analyses

Statistical analysis was performed usingIBM SPSS software,
version 25.0 (IBM Corp., Armonk, New York, USA). The
distribution of variables was evaluated for normality using
the Kolmogorov-Smirnov test. Descriptive statistics were
given as frequency (n) and percentage (%) for categorical
variables. In 2x2 comparisons of categorical variables, the
Pearson chi-square test was run if the expected value was

>5, the Yates’s chi-squared test was run if the expected
value was 3-5, and Fisher’s exact test was run if the
expected value was <3. For the comparison of categorical
variables between more than two groups, the Pearson chi-
square test was used when expected value was >5 and the
Fisher-Freeman-Halton test was used when the expected
value was <5. The statistical significance level was taken
as P<0.05.

Results

The study included a total of 191 patients, 68 (35.6%)
female and 123 (64.4%) male. The mean age of the
patients was 25.66+12.77 years. There were 129 (67.5%)
with skiing experience and 62 (32.5%) without skiing
experience. The number of patients using protective
equipment was 149 (78%) and the number of those not
using such equipment was 42 (22%).

The demographic characteristics of the patients are
given in Table 1. The highest number of injuries occurred
between 12:01 and 16:00 hours (42.9%). The highest
rate of injuries occurred in February (48.2%), and skiing
injury (89.5%) was the most common type of winter
sports injury. The patients were mostly injured due to falls
(95.8%). The area of injury was mostly upper extremities
(31.9%), and the most common injury diagnosis was soft
tissue trauma (55.0%) (Table 1).

When the patients were evaluated according to their
skiing experience, a statistically significant difference was
found between the time of falling between the experienced
and non-experienced groups (P=0.044). There was also
a significant difference between the skiing styles of the
patients with and without ski experience (P=0.001).
Fifteen (24.2%) patients with no skiing experience were
injured while sledding. Six (9.7%) patients in the non-
experienced group were injured as a result of impaction,
and this rate was statistically significant compared to
the patients with skiing experience (P=0.009). Twenty
(40.3%) patients without skiing experience did not use
protective equipment, and this rate was also statistically
significant compared to the experienced group (P=0.001).
There was no statistically significant difference between
the experienced and non-experienced groups according
to injury area or injury diagnosis. Other clinical and
demographic data are detailed in Table 2.

When the patients were evaluated according to the
presence of protective equipment, 25 (59.5%) patients
without skiing experience were determined to have used
no protective equipment, and this rate was statistically
significant compared to the experienced group (P=0.001).
The type of winter sports was sledding in 15 (35.7%)
patients without protective equipment use, and this rate
statistically significantly differed between the two groups
(P=0.001). When the type of injury was compared between
the groups, lower extremity injuries were most common
(34.2%) in those using protective equipment while head
and neck injuries were mostly observed (33.3%) in those
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Table 1. Demographic data of all patients

Variables

N=191 (100%)

Age (mean =SD) (y)

Gender

Skiing experience

Time of injury

Month of injury

Type of winter sports

Mechanism of injury

Protective equipment use

Area of injury

Diagnosis

Treatment applied

Mortality

Clinic stay

25.66+12.77
Female

Male

Present

Absent
08:00-12:00 hours
12:01-16:00 hours
16:01-20:00 hours
20:01-07:59 hours
December
January

February

March

Sledding

Skiing
Snowboarding

Fall

Impact

Present

Absent

Head-neck

Thorax

Abdomen

Pelvis

Upper extremity
Lower extremity
Lower back

Soft tissue trauma
Bone fracture
Organ injury

Skin laceration
Joint dislocation
Medical
Operation
Plaster-splint
Binder-neck collar
Suture

Tube thoracostomy
Reduction

Yes

No

None

Short stay unit in the
emergency department

Orthopedics
General surgery

Other

Length of stay/days (min-max) 0-6

68 (35.6)
123 (64.4)
129 (67.5)
62 (32.5)
28 (14.7)
82 (42.9)
77 (40.3)
4(2.1)
22 (11.5)
33 (17.3)
92 (48.2)
44 (23.0)
15(7.9)
171 (89.5)
5(2.6)
183 (95.8)
8(4.2)
149 (78.0)
42 (22.0)
41 (21.5)
15(7.9)
4(2.1)
7 (3.7)
61(31.9)
59 (30.9)
4(2.1)
105 (55.0)
64 (33.5)
5(2.6)
8(4.2)
9 (4.7)
77 (40.3)
29 (15.2)

191 (100)
142 (74.3)

14 (7.3)

using no protective equipment, and the difference was
statistically significant (P=0.026). Skin lacerations were
present in six (14.3%) patients without skiing experience,
and there was a statistically significant difference
(P=0.009). Therefore, there were also differences between
the groups according to the applied treatments (P=0.032).
Other data are demonstrated in details in Table 3.

In patients with skiing experience, soft tissue trauma
was the most common diagnosis (16.3%), followed by
wrist trauma (8.5%). In the non-experienced group, soft
tissue trauma was observed at most (19.4%), followed
by tibial fractures (11.3%). Among the patients using
protective equipment, soft tissue trauma was the most
common diagnosis at 14.8% while tibial fractures were
detected as the second most common diagnosis at 9.4%.
In the group that did not use protective equipment, the
most frequent diagnosis was soft tissue trauma (26.2%),
followed by skin lacerations (14.3%). Table 4 presents the
other main diagnoses of the patients.

When the injury diagnoses of the patients were
evaluated according to the injury area, joint dislocation
and soft tissue trauma were mostly detected in the upper
extremities, bone fractures in the lower extremities, and
organ injury in the thorax (Figure 1).

Discussion

In this study, patients who presented to the emergency
department after incurring injuries while performing
winter sports were evaluated epidemiologically and
clinically according to their skiing experience and use of
protective equipment. In previous studies, the number of
individuals using protective equipment when engaging in
winter sports activities varied between 16% and 90%.%°
The rate of individuals performing winter sports with
skiing experience is reported to be 84%.° In our study, the
rate of patients with skiing experience was 67.5% and the
rate of protective equipment use was 78%, which is similar
to the existing literature.

injury_area
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407 Ethorax
O abdomen
M pelvic
Ol upper extremity
M lower extremity
Diower back
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Figure 1. Diagnoses According to the Area of Injury.
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Table 2. Comparison of the patients according to skiing experience

Experienced

Non-experienced

Variables (=129, 100%) (n=62, 100%) Pvalue
Age (mean+SD) (y) 25.6 (12.1) 25.6 (12.6) 0.979°
Female 50 (38.8) 18 (29.0)
Gender 0.249°
Male 79 (61.2) 44 (71.0)
08:00-12:00 17 (13.2) 11(17.7)
12:01-16:00 63 (48.8) 19 (30.6)
Time of injury (h) 0.044°
16:01-20:00 48 (37.2) 29 (46.8)
20:01-07:59 1(0.8) 3 (4.8)
December 15 (11.6) 7 (11.3)
January 16 (12.4) 17 (27.4)
Month of injury 0.080°
February 66 (51.2) 26 (41.9)
March 32 (24.8) 12 (19.4)
Sledding 0 (0) 15 (24.2)
Type of winter sports Skiing 124 (96.1) 47 (75.8) 0.001°
Snowboarding 4(3.9 0 (0)
Fall 127 (98.4) 56 (90.3)
Mechanism of injury 0.009"
Impact 2 (1.6) 6(9.7)
Present 112 (86.8) 37 (59.7)
Protective equipment use 0.001°
Absent 17 (13.2) 25 (40.3)
Head-neck 28 (21.7) 13 (21.0)
Thorax 10 (7.8) 5(8.1)
Abdomen 2 (1.6) 2(3.2)
Area of injury Pelvis 4(3.1) 3(4.8) 0.836"
Upper extremity 45 (34.9) 16 (25.8)
Lower extremity 38(29.5) 21(33.9)
Lower back 2(1.6) 2(3.2)
Soft tissue trauma 76 (58.9) 29 (46.8)
Bone fracture 39(30.2) 25 (40.3)
Diagnosis Organ injury 3(2.3) 2(3.2) 0.403"
Skin laceration 4(3.1) 4 (6.5)
Joint dislocation 7 (5.4) 2(3.2)
Medical 54 (41.9) 23 (37.1)
Operation 18 (14.0) 11(17.7)
Plaster-splint 43 (33.3) 22 (35.5)
Treatment applied Binder-neck collar 3(2.3) 0 (0) 0.533°
Suture 4(3.1) 4(6.5)
Tube thoracostomy 1(0.8) 0 (0)
Reduction 6(4.7) 2(3.2)
Yes 0(0) 0(0)
Mortality )
No 129 (100) 62 (100)
None 97 (75.2) 45 (72.6)
Short stay unit in the emergency department 10 (7.8) 4(6.5)
Clinic stay Orthopedics 16 (12.4) 10 (16.1) 0.941°
General surgery 3(2.3) 2(3.2)
Other 3(2.3) 1(1.6)
Length of stay/days (min-max) 0-6 0-6 0.328°

* Independent samples t test; ® Pearson chi-square test.

4 | JRes Clin Med, 2022, 10: 2



Winter Sports Injuries

Table 3. Comparison of the patients according to protective equipment use

Using protective equipment  Not using protective equipment

Variables (n=149, 100%) (n=42, 100%) Pvalue
Age (mean+SD) 26.1(12.5) 23.8 (11.0) 0.283°
Female 55(36.9) 13 (31.0)
Gender 0.476°
Male 94 (63.1) 29 (69.0)
08:00-12:00 21 (14.1) 7 (16.7)
12:01-16:00 67 (45.0) 15 (35.7)
Time of injury (h) 0.490°
16:01-20:00 59 (39.6) 18 (42.9)
20:01-07:59 2(1.3) 2 (4.8)
December 11 (7.4) 11 (26.2)
January 28 (18.8) 5(11.9)
Month of injury 0.005°
February 77 (51.7) 15 (35.7)
March 33 (22.1) 11(26.2)
Present 112 (75.2) 17 (40.5)
Skiing experience 0.001°
Absent 37 (24.8) 25 (59.5)
Sledding 0 (0) 15 (35.7)
Type of winter sports Skiing 145 (97.3) 26 (61.9) 0.001°
Snowboarding 4(2.7) 1(2.4)
Fall 145 (97.3) 38 (90.5)
Mechanism of injury 0.051°
Impact 4(2.7) 4(9.5)
Head-neck 27 (18.1) 14 (33.3)
Thorax 14(9.4) 1(2.4)
Abdomen 3(2.0) 1(2.4)
Area of injury Pelvis 3(2.0 4(9.5) 0.026"
Upper extremity 49 (32.9) 12 (28.6)
Lower extremity 51(34.2) 8 (19.0)
Lower back 2(1.3) 4(4.8)
Soft tissue trauma 83 (55.7) 22 (52.4)
Bone fracture 51(34.2) 13 (31.0)
Diagnosis Organ injury 5(3.4) 0 (0) 0.009"
Skin laceration 2(1.3) 6 (14.3)
Joint dislocation 8 (5.4) 1(2.4)
Medical 59 (39.6) 18 (42.9)
Operation 23 (15.4) 6 (14.3)
Plaster-splint 54 (36.2) 11(26.2)
Treatment applied Binder-neck collar 3(2.0 0 (0) 0.032°
Suture 2(1.3) 6 (14.3)
Tube thoracostomy 1(0.7) 0 (0)
Reduction 7 (4.7) 1(2.4)
Yes 0(0) 0(0)
Mortality i
No 149 (100) 42 (100)
None 111 (74.5) 31(73.8)
Short stay unit in the emergency department 9 (6.0) 5(11.9)
Clinic stay Orthopedics 21 (14.1) 5(11.9) 0.544°
General surgery 5(3.4) 0 (0)
Other 3(2.0) 12.4)
Length of stay/days (min-max) 0-6 0-6 0.862°

* Independent samples ¢ test; ® Pearson chi-square test.
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Table 4. Main diagnoses according to groups

Experienced

Main diagnosis (n=129, 100%)

Non-experienced \
(n=62, 100%)

Using protective equipment
(n=149, 100%)

Not using protective equipment
(n=42, 100%)

Subgaleal hematoma 6 (4.7) 1(1.6)
Shoulder tissue trauma 11 (8.5) 1(1.6)
Radius fracture 9(7.0) 1(1.6)
Nasal fracture 43.1) 3 (4.8)
Ankle tissue trauma 5(3.9) 1(1.6)
Pneumothorax 2(1.6) 1(1.6)
Tibia-fibula fracture 4 (3.1) 5(8.1)
Soft tissue trauma 21 (16.3) 12 (19.4)
Tibial fracture 9 (7.0) 7 (11.3)
Clavicular fracture 2(1.6) 4 (6.5)
Elbow tissue trauma 11 (8.5) 2(3.2)
Other diagnosis® 7 (5.4) 3(4.8)
Skin laceration 4(3.1) 4 (6.5)
Rib fracture 3(2.3) 233.2)
Vertebral fracture 3(2.3) 0 (0)
Leg tissue trauma 7(5.4) 1(1.6)
Knee tissue trauma 4(3.1) 5(8.1)
Wrist tissue trauma 6 (4.7) 3 (4.8)
Olecranon dislocation 1(0.8) 1(1.6)
Shoulder dislocation 5(3.9) 1(1.6)
Patellar fracture 1(0.8) 1(1.6)
Pelvic fracture 1(0.8) 1(1.6)
Femoral fracture 3(2.3) 0 (0)
Humeral fracture 0(0) 2(3.2)

6 (4.0) 1(2.4)
12.(8.1) 0(0)
8 (5.4) 2 (4.8)
5(3.4) 2 (4.8)
6 (4.0) 0 (0)
3(2.0 0(0)
7 (4.7) 2 (4.8)
22 (14.8) 11 (26.2)
14 (9.4) 2 (4.8)
4(2.7) 2 (4.8)
12 (8.1) 1(2.4)
6 (4.0) 4(9.5)
2(1.3) 6 (14.3)
5(3.4) 0(0)
3(2.0) 0(0)
6 (4.0) 2 (4.8)
8 (5.4) 1(2.4)
7(4.7) 2 (4.8)
1(0.7) 1(2.4)
6 (4.0) 0(0)
1(0.7) 1(2.4)
1(0.7) 1(2.4)
3(2.0 0(0)
1(0.7) 1(2.4)

@ Mandibular fracture, spleen laceration, liver laceration, scapular fracture, maxillary fracture.

It is reported that the rate of skiing injuries is higher in
males than in females, but there is no significant difference
between the genders in relation to type of injuries.'"? In a
study conducted in Finland, it was found that 35 (57.4%)
cases with skiing injuries were male and 25 (42.6%)
cases were female.!" Similarly, in our study, there was no
significant difference between the experienced and non-
experienced groups or between the patients with and
without protective equipment use according to gender,
and the rate of injuries was more common in males.

Falls are the most common cause of injury when skiing
due to uneven ground, melted or icy snow, and speed
among many other reasons. In the existing literature, the
most common cause of injury in skiing is reported as
falling."*** In our study, the most common mechanism of
injury was a fall in both patients with and those without
skiing experience. However, in patients without skiing
experience, the incidence of impaction was higher than the
experienced group. This may be due to personal factors,
such as lack of attention and experience or environmental
factors, such as type of the snow in the ski resort, obstacles
in the track (e.g., trees and rocks, width of the track) and
number of skiers.

Most studies suggest that among individuals engaging

in winter sports, skiing injuries mostly result in fractures,
followed by sprains.'>* In a study conducted in Antarctica,
Cattermole reported that the most common type of injury
was sprains at a rate of 62.7% while the rate of fractures
was lower at 15%." In our study, soft tissue trauma was
the most common type of injury in not only the patients
with and without skiing experience but also those with
and without protective equipment use, and the frequency
of fractures ranked second. Bone fractures were seen at a
higher rate in those who did not have skiing experience
than those with skiing experience. In a previous study, it
was shown that as the skill level of individuals engaging
in winter sports increased, the severity of injury also
increased.’® At the same time, in the current study, the
rate of bone fractures was higher in those using protective
equipment than in those without protective equipment
use. We consider that the reason for this is that individuals
who do not have skiing experience try to be more careful
when performing winter sports. On the other hand, the
rate of bone fractures was found to be higher in those
using protective equipment, which can be attributed to
this equipment increasing the confidence and courage of
skiers.

Studies have reported that more than 50% of winter
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sport injuries occur in the lower extremities, followed
by the upper extremities.'"'>' This is because the lower
extremities, which are under the control of the ski, board
or sled, are exposed to more physical stress while skiing,
resulting in a higher rate of injury in this area.'* In another
study, the rate of upper extremity injuries was found to be
higher at 54.3%.% In the current study, upper extremity
injuries were more common than lower extremity
injuries among the patients with skiing experience. At
the same time, upper extremity injuries were detected
more frequently in the group that did not use protective
equipment. This may be because most of the injured
patients presented to the emergency department due to
falling when skiing, and therefore they tried to get support
from their upper extremities to protect themselves during
the fall. This was proven by joint dislocations mostly being
seen in the upper extremities.

Our study has some limitations. First, this is a single-
center study. Our second limitation was that patients with
full protective equipment were evaluated in this study. The
partial does not contain any data on the use of protective
equipment.

Conclusion

The use of protective equipment and receiving training are
among the measures to be taken to minimize winter sports
injuries. However, we determined that both the patients
with skiing experience and protective equipment use were
mostly exposed to soft tissue traumas. Shoulder and wrist
traumas were the most common types of injuries in those
with skiing experience while tibial fractures were mostly
seen in the non-experienced group. Tibial fractures were
most common in those using protective equipment and
skin lacerations in those that did not use such equipment.
Therefore, in the presence of winter sports injuries, the
patient’s skiing experiences and protective equipment use
should be questioned and more attention should be paid
to the above-mentioned injuries.
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o Falls are the most common cause of skiing injuries,
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in the lower extremities, and organ injury in the
thorax.
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