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Abstract: Considering the increasing popularity of ice hockey in South Korea, types of injuries and
protective equipment for amateur club members need to be further studied. The purpose of the study
is to investigate various injuries and protective equipment used by amateur players and to analyze
different risk factors by collecting information on areas of injury and their mechanisms. The online
survey for 102 participants was designed to address the general information of participants, types
of injuries, information about ice hockey equipment, and open-ended questions about injuries and
equipment. We conducted in-depth face-to-face interviews with five players about their experiences
with injury and opinions about the protective equipment. In total, 60% of the survey participants had
experienced injuries, including to the knee (22.6%), shoulder (21.6%), ankle (20.6%), and wrist (14.7%),
in order of frequency. Types of injury included sprain (33.3%), contusion (31.4%), fracture (17.7%),
abrasion (10.8%), and concussion (0.9%). Injury mechanisms included instances in which those
with less proficiency in skating would be injured initially from player-to-player contact, and from
landing on the ice or crashing into the fence afterward. We acknowledged how important wearing
correctly sized equipment is for protection, and we highlighted the need to develop protective gear
that accommodates Asian body measurements.

Keywords: ice hockey; amateur; injury; risk factor; protective equipment

1. Introduction

Ice hockey is a high intensity sport involving high speed and frequent physical contact.
While ice hockey is most popular in Canada, the U.S., and northern Europe, it is currently
enjoyed and played by most nations around the world [1]. In Korea, the sport is also recently
being played by an increasing number of club members whose age varies widely between
20-70 years. The amateur club leagues are also highly competitive, further demonstrating
the growth in popularity of the sport [2].

Ice hockey is a combination of high speed with the use of sticks, a fast-moving puck,
and physical contact among players, which predisposes athletes to the risk of serious
injury. It is also a sensitive sport that can result in risk of injury from even the slightest
inattention [3,4]. In order to prevent the potentially high risk of injury, ice hockey players
wear protective gear over the entire body. Thus, wearing impact protective clothing
and equipment is essential while playing ice hockey. The protective equipment used in
ice hockey includes helmets, mouth guards, shoulder pads, elbow pads, padded gloves,
padded pants, and shin guards. Even with such impact protective equipment over the
whole body, the risk of injury is still considerably high. Head injuries are also dangerous,
which explains why the majority of research related to injury and protective wear are
based on cerebral concussions and dental injuries [5-11]. On the other hand, research on
injury of other body parts demonstrated results as follows. The distribution of typical
ice hockey injuries in the American NHL and Canadian and European leagues showed
knee injuries at 40%, shoulder injuries at 20%, groin injuries at 15%, and back injuries at

Int. ]. Environ. Res. Public Health 2022, 19, 4232. https://doi.org/10.3390/ijerph19074232

https:/ /www.mdpi.com/journal/ijerph


https://doi.org/10.3390/ijerph19074232
https://doi.org/10.3390/ijerph19074232
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-6034-9931
https://orcid.org/0000-0002-9295-8106
https://doi.org/10.3390/ijerph19074232
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19074232?type=check_update&version=1

Int. |. Environ. Res. Public Health 2022, 19, 4232 2of 11

10% [12]. An analysis of traumatic injuries and overuse injuries of high-level junior ice
hockey players showed that injuries of the hip and lower limbs such as the thigh and knee
were 32% prevalent, upper limbs such as the shoulder, wrist, and hand were 31%, and
the rest involved the head, neck, and the trunk [13,14]. The shoulder was also one of the
most frequently injured areas for Korean high school players, and the knee was the most
common cause of hospital visits [15]. Thus, typical ice hockey injuries frequently include
the knee, shoulder, wrist, and other various areas. There are some studies analyzing injury
mechanisms and patterns in order to prevent injuries. Collision with an opponent, body
checking, stick and puck contact, and falling were frequent mechanisms for ice hockey
injuries [3]. As aggressive act was the cause for primary injury in young boys; injuries
were reduced by changing mandatory rules and educational and cognitive behavioral
interventions to decrease aggression [16-18]. In addition, a study about the association of
gender and injuries showed that male hockey players have higher rate of injury than women
due to accepting body checking for the male players, although the predominant mechanism
of injury was via direct contact for both male and female players [19]. Thus, it was shown
that the area, mechanism, and prevention of injury depends on the characteristics of subjects
of each study. In this regards, Asian amateur ice hockey club members can be seen as a
unique characteristic for analyzing injuries. However, there is a lack of recent research on
this important topic.

While the impact protective equipment in sports is critical for protection of the body,
the effect of exercise and the performance of a player can be reduced and risk of injury
may increase if not worn properly. As expected, there have been occasional reports of how
the protective equipment is inconvenient to use, how the fit is incompatible, and how it
hinders movement and adds to discomfort due to thermal stress [20-23] Between various
ice hockey protective equipment, there has been relatively more research on the helmet
and mouthguard, with their fit and significance highly emphasized [24-27]. However,
there has been a dearth of research on ice hockey protective equipment concerning the
entire body. Nevertheless, for amateur ice hockey players with less experience in skating or
participating in games, the effect of overall protective equipment needs to be considered, as
the protection that the equipment provides can have a far greater significance. Considering
the increasing popularity of ice hockey between non-trained children and adults, types of
injuries and protective equipment for less skilled club members need to be further studied.

Thus, our purpose is to study various injuries and protective equipment used by ama-
teur players in South Korea who participate in ice hockey more as a hobby for enjoyment.
Additionally, we seek to analyze different risk factors by collecting information on areas of
injury and their mechanisms along with use of protective equipment based on the years
played. Furthermore, the data collected in our study can contribute to further pursuits to
prevent injury for the amateur players.

2. Method
2.1. Survey for Data Collection

Upon IRB approval (2022-008) from the researchers’ university, ice hockey amateur
players were recruited. We selected participants through a random sampling process and
asked them to participate. Afterwards, they completed the online survey using the URL
link (NAVER Formf} online survey service, NAVER Corp., Seongnam-si, Korea). The
participants recruited were enrolled in ice hockey clubs in Seoul and Daejeon, South Korea.
The number of participants was 102, and their age range was 20-60 years. The questionnaire
based on the literature review consisted of four sections [8,13,15,16]. Section 1 was designed
to address the general information of participants. Section 2 assessed the data of injuries.
In this section, participants were allowed to choose multiple areas of injury on the given
body illustration (Figure 1). Section 3 addressed the information about the replacement of
equipment for ice hockey. Participants responded with what factors they place priority in
when they replace each equipment, from first to third. In addition, the principal equipment
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that participants choose to replace first in regard to protection was addressed in this section.
Section 4 included open-ended questions about the injuries and equipment.

13.upper arm .’\

12.forearm 1

" |17.hip joint
and buttock

Front Back

Figure 1. Area of injury.

2.2. Data Analysis

We used SPSS 24.0 (IBM software, New York, NY, USA) for statistical analysis of
frequency analysis and multiple response analysis. In order to analyze the replacement
of protective equipment, the rankings were calculated with weighted values for each
ranking order. The ranking system was 1st, 2nd and 3rd, with a score of 5, 3, and 1 given,
respectively. The total order score rankings were then made up from the sum of all the
scores. A Chi squared test was implemented with the ice hockey players’ characteristics
as independent variables and experience of injury as the dependent variable in order to
assess their relationships. We analyzed participants” statements in open-ended questions
by using NVivo 12.0. Data was analyzed and coded with context analysis as the qualitative
method [28]. Researchers repeatedly read the collected data and directly categorized them
by specific topics. In addition, coding created with implied categorized meaning was
achieved [29]. In this step, we discussed for to ensure agreement of our opinion, and the
code was compared and analyzed. The frequency of topic words were identified through
the content analysis by the coding. For the validity of the process and result of the study,
peer review was used. NVivo 12.0 can clearly show the data process of the study in the
qualitative research, and help find the quantitative value.

2.3. In-Depth Interview

We conducted in-depth face-to-face interviews as there was a limitation to sufficiently
draw out the opinion of amateur players using only self-reported surveys. Information
about injury experiences and ice hockey equipment were hardly collected through surveys,
thus being collected through interviews. Using convenience sampling, which collects data
from a conveniently accessible population, we recruited 5 players from an amateur ice
hockey club (Ice Unicorns in Daejeon) for an in-depth interview. We requested permission
to conduct the in-depth interview and provided details about the study to individuals who
agreed for the interview. The researcher audio recorded each interview with permission,
as well. The study team organized interview questions into two sections based on the
results from statistical analysis. In the first section, questions included: Do you have any
experience of injuries? If so, can you explain the situation? What is your effort to prevent
injuries? Questions in the second section included: How does the size of the protective
equipment fit you as a Korean? What is your thought about the safety of the protective
equipment? Characteristics of participants are shown in Table 1. The result of the in-
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depth interview was analyzed by coding using NVivo 12.0. The procedure was similarly
applied with the above mentioned analysis in the open-ended questions. In particular,
coding was separately implemented according to each of the questions and subtopics,
including sentences or phrases that were grouped into subcategories of related codes. Then,
the subcategory was grouped into the category of related subcategory, which was then
grouped together into the emergent theme through the inductive method.

Table 1. Description of Participants of Interviewed.

Sex Years Played Age Group Number of Times Played Per Week
P1 Male 5 years 40s 3 times
P2 Male 4 years 40s 2 times
P3 Male 10 years 40s 3 times
P4 Female 10 years 30s 1 time
P5 Male 15 years 40s 5 times

3. Results
3.1. Characteristics of Survey Participants

Characteristics of participants are listed in Table 2. A total of 102 participants replied,
with 80 male participants (78.5%) and 22 female participants (21.6%). Participants had
various occupations including 25 working in the professional field (24.5%), 23 office workers
(22.6%), 17 self-employed (16.7%), 11 college students (10.8%), and others involved in
education, service, and administration.

Table 2. Characteristics of Survey Participants.

Category N (%)
S Male 80 (78.4)
ex Female 22 (21.6)
College students 11 (10.8)
Working in 25 (24.5)
Occupation professional field

Administration 6 (5.9)
Office worker 23 (22.6)
Self-employed 17 (16.7)
Others 20 (19.6)
20s 15 (14.7)
30s 24 (23.5)
Age group 40s 55 (53.9)
50s 6 (5.9)

60s 2 (1.9)
Less than 1 year 13 (12.8)
1-5 years 35 (34.2)
years played 5-10 years 18 17.7)
More than 10 years 36 (35.3)
Less than 4 times 51 (50.0)
number of times played per month 5-9 times 33 (32.4)
More than 10 times 18 (17.6)

The age range of participants was between 20-60 years, including 55 individuals
aged 40 years (53.9%) and 24 aged 30 years (23.5%). Of these participants, 35.3% indicated
playing ice hockey for more than 10 years, 34.2% for 1 to 5 years, 17.7% for 5 to 10 years, and
12.8% reported playing ice hockey for less than 1 year. Additionally, 50% of participants
played less than 4 times per month, 32.3% played 5-9 times per month, and 17.8% played
more than 10 times per month.
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3.2. Experience of Injury

Based on the analysis of injury information (Table 3), this study showed that 60 (58.9%)
out of 102 participants have been injured during play at the ice hockey club. For the area
of injury, the distribution showed knee injuries to be 22.5%, shoulder 21.6%, ankle 20.6%,
wrist 14.7%, waist 8.8%, chest and finger each 7.8%, as well thigh, neck, hip joint, and
buttock each 4.9%. Meanwhile, there were rarely injuries involving the head, elbow, or
toes. The majority of the type of injury was sprain 33.33% and contusion 31.3%, followed
by fracture 17.6% and abrasion 10.7%. Although only one case of a concussion emerged
within the study;, it is frequently shown that it is common amongst professional ice hockey
players. In order to ascertain the relationship between the experience of injury and the
amateur hockey players’ characteristics, a Chi squared test was conducted (Table 4). Out of
the participants who have played for more than 5 years, 75.5% experienced injury, while
60.4% (p = 0.001)) of participants who have played for less than 5 years had no experience
of injury to date. In addition, 65% of male participants had experienced injury, whereas
68.2% (p = 0.000) of female participants had no experience of injury.

Table 3. Injury Information of Participants.

Category N (%)
Experience of injury Yes 60 (58.8)
No 42 (41.2)
Knee 23 (22.6)
Shoulder 22 (21.6)
Ankle 21 (20.6)
Wrist 15 (14.7)
Area of injury Waist 9 (8.8)
Chest 8 (7.8)
Fingers 8 (7.8)
Others (thigh, neck, hip joint, head, etc.) 23 (17.8)
Total 129 (126.5)
Fracture 18 (17.7)
Contusion 32 (31.4)
Sprain 34 (33.3)
Type of injury Abrasion 11 (10.8)
Concussion 1 0.9)
Others 9 (8.9)
Total 105 (102.9)

Table 4. Injury Experience based on Years Played and Sex of Participants.

Experienced Injury Have No Experience of Injury 2 p
N (%) N (%) X
Less than 5 years 20 (39.6) 29 (60.4)
Yearplayed  \ 1o e than 5 years 39 (75.5) 14 (26.4) 11212 0.001
Male 53 (65.0) 27 (33.8)
Sex Female 7 (31.8) 15 (68.2) 59.941  0.000

3.3. Replacement of Protective Equipment

To better understand the replacement of protective equipment, two categories were
analyzed: priority factors to consider for replacement and principal equipment replaced
first in regard to protection (Table 5). In the priority factors considered for the replacement
of equipment, we found that protective function was a major consideration factor, followed
by price, weight, size, brand, and design. Additionally, in the aspect of the principal
equipment selected for replacement, participants indicated that they choose to replace the



Int. |. Environ. Res. Public Health 2022, 19, 4232 60f 11

shin guard first for protection, followed by pants, shoulder pads, jock pants, elbow pads,
and neck guard. Based on the result of the injury distribution which revealed that knee
injury occurred most frequently, it was shown that the participants used their experiences
with injury when choosing to replace the shin guard first for protection.

Table 5. The Aspect of the Replacement of Protective Equipment.

Protective Function Price Weight Size Brand Design

First 48 19 5 12 8 10

Second 31 30 16 12 5 8

Third 14 31 13 16 12 16
Priority factors t ider for repl t Total

riority factors to consider for replacemen order 347 216 86 112 67 90
score @

Rankings 1 2 5 3 6 4

Jock Pants Shin Guard Elbow Pad Shoulder Pad Pants Neck Guard

First 21 31 6 18 23 3

Second 5 37 17 21 17 5

o . Third 7 13 30 17 33 2
Principal equipment chosen for replacement Total

when considering protection order 127 279 111 170 199 32
score ?

Rankings 4 1 5 3 2 6

@ Total order score = 1st(n) x 5 + 2nd(n) x 3 + 3rd(n) x 1.

3.4. Response of Open-Ended Questions

The respondents were asked to freely describe their opinions at the end of the sur-
vey. Thirty-eight out of one hundred two participants offered their impression. Table 6
represents the analytical results using ‘open coding method’. Size, management, wearing,
the protective level of equipment, and price for the ice hockey protective equipment were
classified. The protective level of equipment has a positive correlation with the price, and
respondents believe that more expensive equipment is more comfortable (n = 12, 31.6%). In
addition, they expressed discomfort due to the heavy weight and how the elbow pad or
the shin guard would slip down (n = 13, 34.2%). For the size, participants felt that the ice
hockey equipment being mostly from overseas was too large for the Korean measurements.
Along with the fact that the equipment was too big on the body, the inability to try the
equipment on was also noted (n = 10, 26.3%).

Table 6. The categories for the open-ended questions about ice hockey equipment (n = 38).

Category (n, %) Subtopics Frequency (n, %)
Discomfort due to the different size system especially if worn without (n=9,23.6%)
Size (n = 10, 26.3%) testing it on T 7reomre
For women, finding the right fitted size n=1,2.6%)
Management (n = 3, 7.8%) Dissatisfaction due to inability of washing/cleaning equipment (n=23,7.9%)
. _ o Discomfort due to heavy weight (n=8,21.0%)
Wearing (n =13, 34.2%) Discomfort from elbow pad or shin guards slipping (n=5,13.1%)
Increased protective ability of equipment means increased price. (n=6,15.8%)
Equipment of protective level and price (n = 12, 31.6%) Higher protective ability means more safe and comfortable (n=4,10.5%)
More expensive equipment is more comfortable (n=2,52%)

3.5. In-Depth Interview

The response results from in-depth interview were coded according to question, and
extracted topics were categorized and analyzed. Injury mechanism and the area of injury
were represented with the diagram shown in Figure 2. Injury mechanism was analyzed
with three categories, which were the follow up injury due to a collision with opponent
players from a lack of skating skills by losing balance, direct collision with an opponent
player, and being hit with the puck. All the interviewees have had experiences with wounds
from pucks hitting areas without protection, such as the teeth, inner and outer thigh, feet,
flank, etc., as well as knee, ankle, shoulder, and chest injuries after collision. Particularly, P1
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and P2 also mentioned experiencing shoulder trauma. Such injuries were usually due to
slipping and falling on the ice or crashing onto the fence after colliding with an opponent.
Bumping with an opponent can also directly lead to ankle injury after entangling and
falling onto each other.

Injury Mechanism

{ Area of Injury ]

)

Falling due to losing balance while stopping to avoid colliding
with opponent (2)

)

Injury from inability to bear weight due to lack of skating skills (2)

Knee (4)
Lower
body
Ankle (4)

—
Shoulder
Upper @
body
Chest (1)

The follow up injury due to
a collision from losing
balance as a beginner (13)

Falling on the ice without the correct falling techniques to avoid
injury (2)

Injury from losing balance after a collision (2)

Slipping and hitting the fence while spraining the ankle after
collision (3)

Injury by collision with opponent (2)

Injury due to collision with
opponent players (5)
Injury from landing in tangles with opponent on the ice (3)

Injury due to getting hit by Injury to unprotected areas by getting hit from a puck (5) ]—( ‘}
the puck (6)
Injury when wearing the helmet without a visor (1) ]—[ Teeth (1) ]

\

— - JC _JL _J _J _J_J_J

Side, Thigh, Heel (5)

Figure 2. Injury mechanism and area of injuries (coding number in parenthesis).

For responses of preventing injuries (Figure 3), mindset, stretching, and fastening
of protective equipment were classified as three categories. Interviewees emphasized a
mindset involved in staying focused and tense, the necessity for safety education, and
avoiding collision circumstance. In order to avoid collision, P3 and P4, with 10 years of ice
hockey experience, described how they intentionally fall on areas that are well-protected in
order to avoid head-on-collisions. They pointed out the decrease in frequency of injuries
compared to when they were beginners. Thus, the ability to react proficiently to risk of
injury varies based on one’s experience and skills. Additionally, they highlighted their
habits of adding taping and banding in order to secure on the shin guards. While the
equipment usually allows for safe games, knee injuries can result from shin and elbow
guards sliding down and around. In addition, based on such experiences, participants
explained how they made sure to stretch and relax the body enough before playing.

Injury prevention ]

—

s Y

Staying focused and tense (2)

. J

'

Avoid head-on-collision (4)

e N\
Mindset (10) } Need for safety education (1) J

J

~

p
Avoiding situations with
L possible collisions (7)

Try not to get involved in plays that can get
aggressive (2)

Try to use the correct falling techniques (1) ’

equipment (6)

'

Fastening of protective ]—[ Fix the shin guard in place with tapings (6) ’

'

Stretching (3) ]—[ Stretch for a long time before and after getting on the ice (S)J

Figure 3. Prevent injuries (coding number in parenthesis).



Int. |. Environ. Res. Public Health 2022, 19, 4232 8of 11

Figure 4 categorized the opinion of protective equipment into two big groups: dis-
comfort felt by Asians due to the size system made for the Western population, and the
safety awareness of protective equipment. Interviewees required fitted protective equip-
ment because they were not familiar with Western size systems and are structurally out of
proportion. Moreover, there were notable discomforts due to the difference in head shapes
between Asians and Westerners. Amongst the Koreans, there were many complaints about
the helmet when it came to opinions regarding size of the equipment. Every interviewee
responded that it is difficult to find a properly sized helmet considering how the head is
shaped differently between Asians and the Western population. The helmets which are
adjustable for front-to-back size differences were a better fit for Westerners and failed to
accommodate for side-to-side differences of the heads of Asians. Even helmets that could
be adjusted side-to-side tended to be much smaller than needed. Likewise, P1, P2, and P4
replied that the shin guards designed according to the Western populations were much
too long for their legs. In regards to the safety of the equipment, every participant thought
that they were very safe, but emphasized how important it is to select the correctly sized

equipment for the body.
[ The awareness of protective equipment of ice hockey ]
Thought the proportions were not fit for — X . .
Asians (3) Would like to purchase protective equipmentthat fits (4)

when purchasing due to discrepancy with equipmentdue to lack of wearing trials (1)
the foreign measuring system (1)

Discomfort with western
size system (11) i
L Discomfortdue to the overly long length

Dug out the foam paddings on the sides of the helmets due to
B the relatively larger side-to-side measurements of Asian’s

heads (1)

of the shin guard even if the girth size fits

)

Need to be able to adjust size of helmets side-to-side rather
than the current front-to-back adjustments (2)

shapes of Asian and Westerners (5)

Discomfortdue to the difference in head }

Have experiences repurchasing the helmets several times

Difficulty in selecting the correct size [ Too much time required to find correctly sized protective ]
because they did not fit at all (2) ’

[ Safety awareness of

protective equipment (4) ]—[ Made efforts to purchase expensive equipment because safety is guaranteed with high-quality products (4) ]

Figure 4. The awareness of protective equipment for ice hockey (coding number in parenthesis).

4. Discussion

Ice hockey is a fast sport on a slippery surface with a high risk of injury due to
collisions. Even professional ice hockey players with substantial experience and who
display great performance can easily be injured. Our study showed that 60% of the
surveyed participants had experienced injuries, including to the knee, shoulder, ankle, and
wrist, in order of frequency. Such results were similar to those from North American and
European professional league players which showed that the knee (40%) was injured the
most, followed by the shoulder (20%), groin (15%), and back (10%) [1]. In addition, amateur
ice hockey players in Switzerland showed the most injured area as the knee (17.9%), foot
(14.3%), head (12.5%), and shoulder (10.7%) [30]. Listola et al. [13] reported that shoulder
(20.3%), groin/hip region (20.3%), thigh (13%), and knee (5%) injuries occurred most
commonly in elite junior ice hockey players, and that lower limb injuries occurred over
fiftty percent of the time. For Korean high school players, the maximum hospital visits per
year by injury sites were knee (50 visits), foot and ankle (32 visits), and back (30 visits) [15].
Knee injury was the most frequent for ice hockey players in all ages in Sweden, and was
the highest incidence of permanent medical impairment in female ice hockey players.
Other research also showed the lower limbs as the area seeing the most injuries during
ice hockey, especially the knee. Although it appeared that professional players had the
highest incidence of injury to the head and neck due to aggressive body checking [31],
head injury did not seem prominent in this study. This result deems that amateur players
play less aggressively during the game. Furthermore, male club members received injuries
more frequently. The male players had higher aggressiveness and hostile acts, and these
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qualities were shown to be the primary etiological factor for injury in ice hockey [32]. The
precise mechanisms of injuries were made clear through the in-depth interviews. Excluding
the coincidental hits from an airborne puck, collisions with other players led to most of
the injuries. There were instances in which those with less proficiency in skating would
be injured initially from player-to-player contact, but they would also be wounded from
landing on the ice or crashing into the fence afterwards. The most frequent mechanisms
for ice hockey injuries were shown to be collision with an opponent, body checking, stick
and puck contact, and falling [3]. While Kuzuhara et al. [33] claimed that contact with the
hockey stick was the most frequent mechanism, as amateur players do not engage in games
that are as aggressive as those played by professional players, most of the injuries seemed
to be due to the unintentional collisions with other opponents. Players experienced with
such situations would focus and maintain a defensive attitude to avoid such contact. It is
essential for amateurs to build their basic skills through continuous skating practice, as they
lack the training for matches and skating. As described in the in-depth interviews, unlike
the beginners, advanced players avoid injuries by intentionally falling on well-protected
areas after collisions; amateur players should be given training according to their level of
experience and skill. A decrease in aggressive actions reported to help significantly reduce
injury rate, which were the mandatory rules involving the intended decrease of aggression,
educational interventions, and cognitive behavioral modification [18,34]. As injuries were
highly correlated with psychological factors, environmental factors, as well as physical
factors for the collision [15], it is recognized that amateur players need safety education
with the mindset of intervention in order to effectively prevent injury. Thus, upon joining
the club, one would be able to avoid severe injuries with the education to prevent injury
and a defensive mindset during the games.

The factors that survey participants placed priority in when using the equipment
were the level of protection provided, cost, and size, in order of importance. The level of
protection provided was especially emphasized in shin guards, followed by pants, then
shoulder pads. This correlates significantly with the previously determined fact that the
knee and shoulders were the most frequent area of injury. The details were likewise made
clear through the in-depth interviews. In order to avoid injury, there were efforts to stretch
sufficiently before the games and skate defensively, as well as take extra steps to wear
the protective equipment. Especially when putting on the shin guard that is supposed
to protect from the knee and the anterior portion of the shin to the ankles, participants
had to add tapings and bandings to prevent the protective shell from rotating out of place
during play. Several previous studies showed how wearing the protective equipment
is uncomfortable and restricts the range of motion when playing [18,35]. In this respect,
the amateurs experienced significant discomfort from the shin and elbow guards sliding
down or moving around. Most of the shin and elbow guards up to the present use
elastic bands and Velcro to secure them in place from the posterior side [3]. The fact that
the protective equipment fails to stay in place calls for serious consideration of possible
solutions regarding its technical design. Furthermore, while there was much discontent in
respect to the size of equipment all from Western brands, especially concerning the shape
and structure of helmets and the proportions of shin guards, participants were satisfied
with the overall safety of the equipment. Thus, the need to develop protective gear that
accommodates for Asian body measurements was highlighted. Boorady [36] claimed
that poor fitting not only diminishes the protective function of the equipment but also
exacerbates the problem of the pad shifting. Such problems were similar to those pointed
out in this study.

5. Conclusions

We conducted a survey and an in-depth interview for amateur club members on ice
hockey injuries and use of protective equipment. Qualitative and quantitative findings
indicated that ice hockey amateur players had the most injuries in the knee, shoulder, and
ankle, and how lack of experience and skill contributes significantly to the risk of injury.
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Club members were satisfied with the overall safety when wearing the equipment properly.
In regard to the technical design, however, we addressed the problem with securing the
shin and elbow guards in place, and with developing helmets that can accommodate for
the Asian measurements.

By conducting research about the injuries and protective equipment used by Asian
amateur ice hockey players, our results can contribute to providing a safer environment for
the increasing number of ice hockey club members.

This study was limited to amateur ice hockey players located in Daejeon city in South
Korea, which was not a large enough sample size to sufficiently generate for statistical
inference. This study was also limited by recall bias with the retrospective data collection.
However, it is meaningful that the result of this study is valuable for public health develop-
ment, and has derived the needed further research with consideration to develop protective
equipment design for the Asian body size.

Author Contributions: Conceptualization: H.L.; methodology: H.L. and H.].; formal analysis: H.L.
and H.J.; investigation: H.L. and H.].; resources: H.L.; data curation; H.L.; writing—original draft:
H.L.; writing—review and editing: H.J.; visualization: H.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the Kongju National University in 2019.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of Kongju National University
(protocol code 2022-008 and date of approval 12 January 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Biasca, N.; Simmen, H.P; Bartolozzi, A.R.; Trentz, O. Review of typical ice hockey injuries. Survey of the North American NHL
and Hockey Canada versus European leagues. Unfallchirurg 1995, 98, 283-288.

2. Seoul Newspaper; Ryu, J. Passion on the Puck Equality on the Ice. Available online: https://www.seoul.co.kr/news/newsView.
php?id=20191018038001 (accessed on 17 July 2021).

3. Dlugosch, S.; Hu, H.; Chan, A.C. Impact protective clothing in sport: Areas of application and level of utilization. Res. J. Text
Appar. 2012, 16, 18-28. [CrossRef]

4. Emery, C.A;; McKay, C.D.; Campbell, T.S.; Peters, A.N. Examining attitudes toward body checking, levels of emotional empathy,
and levels of aggression in body checking and non-body checking youth hockey leagues. Clin. ]. Sport Med. 2009, 19, 207-215.
[CrossRef]

5. Asplund, C,; Bettcher, S.; Borchers, ]. Facial protection and head injuries in ice hockey: A systematic review. Br. . Sports Med.
2009, 43, 993-999. [CrossRef]

6. Biasca, N.; Wirth, S.; Tegner, Y. Head injuries and facial injuries in ice hockey. Eur. J. Trauma Emerg. Surg. 2005, 31, 369-374.
[CrossRef]

7. Crowley, PJ.; Crowley, M.J. Dramatic impact of using protective equipment on the level of hurling-related head injuries: An
ultimately successful 27-year programme. Br. |. Sports Med. 2014, 48, 147-150. [CrossRef] [PubMed]

8.  Rampton, J.; Leach, T.; Therrien, S.A.; Bota, G.W.; Rowe, B.H. Head, neck, and facial injuries in ice hockey: The effect of protective
equipment. Clin. J. Sport Med. 1997, 7, 162-167. [CrossRef] [PubMed]

9.  Cusimano, M.D.; Sharma, B.; Lawrence, D.W.; Ilie, G.; Silverberg, S.; Jones, R. Trends in North American newspaper reporting of
brain injury in ice hockey. PLoS ONE 2013, 8, e61865. [CrossRef]

10. Pashby, T.; Carson, ].D.; Ordogh, D.; Johnston, K.M.; Tator, C.H.; Mueller, F.O. Eliminate head-checking in ice hockey. Clin. |. Sport
Med. 2001, 11, 211-213. [CrossRef] [PubMed]

11. Kolstad, A.T.; Eliason, PH.; Galarneau, ].M.; Black, A.M.; Hagel, B.E.; Emery, C.A. 431 Protective Equipment in Youth Ice Hockey:
Are Mouthguards and Helmet Age Relevant in Evaluating Concussion Risk? Poster Present. 2021, 55, A164—A165.

12.  Hutchison, M.G.; Comper, P.; Meeuwisse, W.H.; Echemendia, R.J. A systematic video analysis of National Hockey League (NHL)
concussions, part I: Who, when, where and what? Br. |. Sports Med. 2015, 49, 547-551. [CrossRef] [PubMed]

13. Listola, J.; Ruismaki, H.; Valtonen, J.; Welling, J.; Hakkarainen, H. Overuse injuries of Finnish elite junior ice hockey players.

Prospective online survey. Eur. |. Soc. Behav. Sci. 2013, 7, 641-655. [CrossRef]


https://www.seoul.co.kr/news/newsView.php?id=20191018038001
https://www.seoul.co.kr/news/newsView.php?id=20191018038001
http://doi.org/10.1108/RJTA-16-03-2012-B002
http://doi.org/10.1097/JSM.0b013e31819d658e
http://doi.org/10.1136/bjsm.2009.060152
http://doi.org/10.1007/s00068-005-1049-5
http://doi.org/10.1136/bjsports-2012-092014
http://www.ncbi.nlm.nih.gov/pubmed/23418270
http://doi.org/10.1097/00042752-199707000-00002
http://www.ncbi.nlm.nih.gov/pubmed/9262881
http://doi.org/10.1371/journal.pone.0061865
http://doi.org/10.1097/00042752-200110000-00001
http://www.ncbi.nlm.nih.gov/pubmed/11753056
http://doi.org/10.1136/bjsports-2013-092234
http://www.ncbi.nlm.nih.gov/pubmed/23766438
http://doi.org/10.15405/ejsbs.100

Int. |. Environ. Res. Public Health 2022, 19, 4232 11 of 11

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.
29.

30.

31.

32.

33.

34.

35.

36.

Black, S.; Black, K.; Dhawan, A.; Onks, C.; Seidenberg, P.; Silvis, M. Pediatric sports specialization in elite ice hockey players.
Sports Health 2019, 11, 64-68. [CrossRef] [PubMed]

Lee, Y.Y;; Lee, C.H,; Lee, S.M.; Kim, T.G. Etiologic factors of ice hockey injuries in Korean high school players. Pain Phys. 2014, 17,
E747-E754. [CrossRef]

Emery, C.A.; Meeuwisse, W.H. Injury rates, risk factors, and mechanisms of injury in minor hockey. Am. J. Sports Med. 2006, 34,
1960-1969. [CrossRef] [PubMed]

Roberts, W.O.; Brust, ].D.; Leonard, B. Youth ice hockey tournament injuries: Rates and patterns compared to season play. Med.
Sci. Sports Exerc. 1999, 31, 46-51. [CrossRef] [PubMed]

Cusimano, M.D.; Nastis, S.; Zuccaro, L. Effectiveness of interventions to reduce aggression and injuries among ice hockey players:
A systematic review. Can. Med. Assoc. J. 2013, 185, E57-E69. [CrossRef] [PubMed]

MacCormick, L.; Best, TM.; Flanigan, D.C. Are there differences in ice hockey injuries between sexes? A systematic review.
Orthop. J. Sports Med. 2014, 2, 2325967113518181. [CrossRef]

Brisbine, B.R.; Steele, J.R.; Phillips, E.J.; McGhee, D.E. Use and perception of breast protective equipment by female contact
football players. J. Sci. Med. Sport. 2020, 23, 820-825. [CrossRef]

Glasgow, A. The Effects of Men’s Lacrosse Protective Equipment on Thermoregulation and Perceptions during Exercise Heat
Stress. Bachelor’s Thesis, University of Arkansas, Fayetteville, AR, USA, 2019. Available online: https:/ /scholarworks.uark.edu/
hhpruht/86/ (accessed on 15 February 2022).

Woods, S.; Sosa, EM.; Kurowski-Burt, A.; Fleming, M.; Matheny, K.; Richardson, A.; Scott, H.; Perry, B.; Zornes, 1. Effects of
wearing of metacarpal gloves on hand dexterity, function, and perceived comfort: A pilot study. Appl. Ergon. 2021, 97, 103538.
[CrossRef]

Nakayama, H.; Hijikata, H.; Tanaka, K. Evaluation of energy absorption characteristics for a sports protector based on high-speed
imaging. In Proceedings of the Abstracts of ATEM: International Conference on Advanced Technology in Experimental Mechanics:
Asian Conference on Experimental Mechanics, Niigata, Japan, 7-11 October 2019; The Japan Society of Mechanical Engineers:
Niigata, Japan, 2019; p. 1008B1000.

Cummins, N.K.; Spears, LR. The effect of mouthguard design on stresses in the tooth-bone complex. Med. Sci. Sports Exerc. 2002,
34,942-947. [CrossRef] [PubMed]

McCrory, P. Do mouthguards prevent concussion? Br. |. Sports Med. 2001, 35, 81-82. [CrossRef] [PubMed]

Wisniewski, ].F.; Guskiewicz, K.; Trope, M.; Sigurdsson, A. Incidence of cerebral concussions associated with type of mouthguard
used in college football. Dent. Traumatol. 2004, 20, 143-149. [CrossRef]

Pashby, T. Eye injuries in Canadian amateur hockey. Am. J. Sports Med. 1979, 7, 254-257. [CrossRef]

Bogdan, R.; Biklen, S.K. Qualitative Research for Education; Allyn & Bacon: Boston, MA, USA, 1997.

Strauss, A.; Corbin, J. Basics of Qualitative Research: Techniques and Procedures for Developing Grounded Theory; SAGE Publication
Inc.: London, UK, 1998; p. 312, ISBN 0-8039-5940-0.

Taeymans, J.; Blaser, V.; Kneubuehl, M.; Rogan, S. Injuries in Ice Hockey: A Questionnaire Survey in Second League Amateur Ice
Hockey Players in the Canton of Bern (Switzerland). Sportverletz. Sportschaden Organ Ges. Orthop.-Traumatol. Sportmed. 2019, 33,
216-223.

Aman, M.; Forssblad, M.; Larsén, K. National injury prevention measures in team sports should focus on knee, head, and severe
upper limb injuries. Knee Surgery Sports Traumatol. Arthrosc. 2019, 27, 1000-1008. [CrossRef]

Donaldson, L.; Asbridge, M.; Cusimano, M.D. Bodychecking rules and concussion in elite hockey. PLoS ONE 2013, 8, e69122.
[CrossRef] [PubMed]

Kuzuhara, K.; Shimamoto, H.; Mase, Y. Ice hockey injuries in a Japanese elite team: A 3-year prospective study. J. Athl. Train.
2009, 44, 208-214. [CrossRef]

Roberts, W.O,; Brust, ].D.; Leonard, B.; Hebert, B.J. Fair-play rules and injury reduction in ice hockey. Arch. Pediatr. Adolesc. Med.
1996, 150, 140-145. [CrossRef]

Buergi, F; Derrer, P; Niemann, S.; Bruegger, O. 036 Barriers to wrist protector use in Swiss snowboarders. Br. J. Sports Med. 2020,
54 (Suppl. S1), Al6.

Boorady, L.M. Impact protection equipment for female ice hockey players. Res. J. Text Apparel. 2006, 10, 67-72. [CrossRef]


http://doi.org/10.1177/1941738118800446
http://www.ncbi.nlm.nih.gov/pubmed/30289744
http://doi.org/10.36076/ppj.2014/17/E747
http://doi.org/10.1177/0363546506290061
http://www.ncbi.nlm.nih.gov/pubmed/16861577
http://doi.org/10.1097/00005768-199901000-00009
http://www.ncbi.nlm.nih.gov/pubmed/9927009
http://doi.org/10.1503/cmaj.112017
http://www.ncbi.nlm.nih.gov/pubmed/23209118
http://doi.org/10.1177/2325967113518181
http://doi.org/10.1016/j.jsams.2020.02.004
https://scholarworks.uark.edu/hhpruht/86/
https://scholarworks.uark.edu/hhpruht/86/
http://doi.org/10.1016/j.apergo.2021.103538
http://doi.org/10.1097/00005768-200206000-00006
http://www.ncbi.nlm.nih.gov/pubmed/12048319
http://doi.org/10.1136/bjsm.35.2.81
http://www.ncbi.nlm.nih.gov/pubmed/11273965
http://doi.org/10.1111/j.1600-4469.2004.00259.x
http://doi.org/10.1177/036354657900700410
http://doi.org/10.1007/s00167-018-5225-7
http://doi.org/10.1371/journal.pone.0069122
http://www.ncbi.nlm.nih.gov/pubmed/23874888
http://doi.org/10.4085/1062-6050-44.2.208
http://doi.org/10.1001/archpedi.1996.02170270022003
http://doi.org/10.1108/RJTA-10-04-2006-B008

	Introduction 
	Method 
	Survey for Data Collection 
	Data Analysis 
	In-Depth Interview 

	Results 
	Characteristics of Survey Participants 
	Experience of Injury 
	Replacement of Protective Equipment 
	Response of Open-Ended Questions 
	In-Depth Interview 

	Discussion 
	Conclusions 
	References

