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and Groin Region

An Elite Coach and Player Perspective

Tobias Wérner,*™ PhD, Ryan J. Frayne,* PhD, Thomas Magnusson,® and Frida Eek,’ PhD
Investigation performed at Lund University, Lund, Sweden

Background: Many ice hockey goaltending techniques force hip joints and groin muscles into extreme ranges of motion, which
may increase the risk of hip and groin problems.

Purpose: To explore how elite goaltenders and goaltending coaches perceive the demands of common goaltending techniques on
the hip and groin region. We further explored differences in perception between goaltenders and their coaches as well as between
junior (age <20 years) and senior (age >20 years) goaltenders.

Study Design: Cross-sectional survey.

Methods: We developed a model to categorize common ice hockey goaltending techniques into quantifiable units and invited elite
goaltenders and coaches in Sweden to complete an online survey. Participants were asked to rate the perceived demands of each
technique on the hip and groin using a Likert scale (not at all, slightly, somewhat, very, or extremely demanding). Using the chi-
square test, the proportion of participants perceiving each technique as very or extremely demanding were compared between
goaltenders and coaches as well as between senior and junior goaltenders.

Results: We received responses from 132 goaltenders and 43 coaches. The stances most frequently perceived as very or
extremely demanding were the reverse vertical horizontal post-play (40%) and the butterfly save (25%). Among transitions,
movements into the post were most frequently rated as very or extremely demanding (11%-40%). Several techniques were
perceived as demanding by a larger share of coaches than goaltenders (difference, 13%-46%; P < .001-.028) and a larger share of
senior versus junior goaltenders (difference, 12%-20%; P = .13-.18).

Conclusion: The post-play and the butterfly were the goaltending techniques most frequently perceived as demanding, and more
coaches than goaltenders percieved these techniques demanding. The results of this study may inform injury prevention efforts for
ice hockey goaltending.
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At some point during an ice hockey season, 7 of 10 goaltenders
experience hip and groin problems.?? If we were to take a
snapshot at any given time during the season, an average of
3 of 10 goaltenders would be experiencing hip and groin
problems.?? The modern style of goaltending, characterized
by more kneeling body postures and increased usage of the
butterfly save technique, is suspected to put these athletes at
increased risk for hip and groin problems.'” These problems
often significantly impair athletic performance®® and may
lead to long absences from participation.®13
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Groin pain can be classified into clinical entities of
adductor-, iliopsoas-, pubic-, or inguinal-related pain,?°
but pain may also originate from the hip joint.'* The hip
joint is involved in approximately 10% of all hip and groin
problems in the National Hockey League® and these
injuries may require surgical treatment, which results in
long absences from the sport.>® Morphological variations
of the hip joint, such as cam and pincer morphology, that
lead to a compromised fit between the femoral head and
acetabulum are common in ice hockey players, with goal-
tenders displaying the greatest prevalence.!’ These mor-
phological variations are associated with the development
of femoroacetabular impingement syndrome (FAIS).®
FAIS can be considered an overuse injury in these athletes
because of the repeated exposures to extreme ranges of
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motion in the hip.”2122 These ranges of motion also
repeatedly load the groin muscles. As a result, the major-
ity of hip and groin problems in ice hockey goaltenders are
considered overuse problems.?? We therefore need better
understanding of ice hockey goaltender save techniques
and movement patterns to help prevent overuse injuries.

Existing research has mainly investigated hip kine-
matics during the butterfly save technique,”2%?2 a fre-
quently used goaltender movement that is considered to
expose athletes to an increased risk for injury. During a
butterfly save, the goaltender drops down to their knees
and flairs their lower leg by maximally internally rotating
the hip joint. The large hip internal rotation angles com-
bined with the vertical impact through the femur from the
knees up into the hip is suspected to increase the risk of
injury at the hip joint. Additional research has found that
other types of movement patterns such as goaltender
skating or decelerating (specifically, the T-push goal-
tender movement) also place the hip joint in large inter-
nally rotated positions that potentially result in high hip
joint loads.?! These biomechanical investigations are
essential to our understanding of goaltender body posi-
tions during specific goaltender movements. They also
help explain the effects that repeated movement expo-
sures have on the development of athletes’ hip and groin
pain. However, biomechanical analyses focus on very spe-
cific movements, investigating a small portion of the goal-
tending game, which does not account for how different
movement patterns are experienced by goaltenders.

A deeper understanding of typical goaltending tech-
niques that cause discomfort and may lead to hip and groin
problems is an integral first step to planning risk-reduction
strategies for athletes and directing future biomechanical
evaluations. In this study, we aimed to explore the per-
ceived demand that common goaltending techniques have
on the hip and groin region. Furthermore, we explored
potential differences in perspective between goaltenders
and goaltending coaches, as well as between junior and
senior goaltenders.

METHODS

In this cross-sectional study, we surveyed elite ice hockey
goaltenders and their coaches to identify which typical
goaltending techniques are perceived as highly demanding
and may result in future hip and groin problems. The ethics
board at Lund University decided that ethical approval was
not necessary for this study, as we did not handle any sen-
sitive personal data or include physical engagement.
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Participants

We invited all ice hockey goaltenders and their coaches at
the highest levels of play in Sweden (Swedish Hockey Lea-
gue, Swedish Women’s Hockey League, Hockey Allenesque,
J20 National League, and elite ice hockey high schools) to
participate in a web-based survey. Contact data for all eli-
gible players and coaches were provided by a representa-
tive of the Swedish Ice Hockey Association.

Survey

We based the survey on a model that categorized ice hockey
goaltending movements into quantifiable units. The survey
was pilot tested to ensure that the generated questions
adequately covered all aspects of the model. Pilot testing
on 5 goaltenders and 5 goaltending coaches confirmed con-
tent validity, face validity, and comprehensiveness of the
survey. The final survey consisted of 44 questions and took
approximately 15 minutes to complete.

Model for the Survey. To quantify the perceived hip joint
and groin loads on goaltenders, we developed a comprehen-
sive model of the different components of a goaltender’s
postures and movements on the ice. A former elite goal-
tender and head of goaltending at the Swedish Ice Hockey
Association (T.M.) developed the first version of the model,
which was then sent for feedback to 5 current Swedish elite
goaltending coaches. These coaches were encouraged to
confirm the model’s content and identify any missing
aspects of goaltending. The finalized model (Figure 1) cat-
egorized goaltending into (1) stances (body postures that
goaltenders commonly adopt: stand up, butterfly, or post-
play [saves that incorporate leaning or being in contact
with the goal post]) (Figure 2), (2) transitions (movements
between stance postures), and (3) standing or kneeling
movements in the goal crease (the area directly in front of
the goal) (Table 1).

Question Generation. Questions were generated through
collaborative discussions within the research team and cov-
ered all aspects of the goaltending model (Figure 1). Partic-
ipants were asked to rate the perceived demand that
different goaltending stances, transitions, and crease
movements placed on the hip and groin, by using a
5-point Likert scale (not at all, slightly, somewhat, very,
or extremely demanding). Open text fields were provided
to obtain greater detail regarding the most demanding part
of stances, transition movements, and crease movements.
Participants who rated a transition movement as some-
what, very, or extremely demanding were asked which part
of the movement (pushoff, transition, or landing) was the
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Crease Movements

Figure 1. Diagrammatic model of the different components of goaltending movements. Red indicates stance positions, black

indicates transition movements between stances, and green indicates movements in the crease. RVH, reverse vertical horizontal;
VH, vertical horizontal.

Figure 2. Goaltending stances: (A) standing, (B) butterfly, (C) reverse vertical horizontal post-play, and (D) vertical horizontal
post-play.
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TABLE 1
Breakdown of Crease Movements
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Standing Movements

T-push A lateral movement achieved by pointing the lead
skate in the direction of travel and pushing with
the opposite skate, followed by a glide and stop

Shuffle A lateral movement achieved by the lead leg and
skate maintaining position while the opposite
skate pushes the goaltender; both skates remain
perpendicular to the direction of movement

C-cut A rotating movement achieved by 1 skate applying
force to the ice in a semicircular (or “C”) fashion.
When performed in tandem with the opposite leg,
the goaltender moves forward or backward

Kneeling Movements

Side-to-side Lateral movement achieved by keeping the lead leg
pad on the ice, while the opposite leg is off the ice
pushing the goaltender laterally

C-cut A rotating movement achieved by keeping 1 leg pad
on the ice, while the opposite leg is off the ice and
the skate applies force to the ice in a semicircular
(or “C”) fashion

Pivot and A combination of a C-cut (to rotate the body) that is

push quickly followed by a side-to-side movement (to
move laterally)

most demanding. Participants who rated crease move-
ments as somewhat, very, or extremely demanding were
asked to choose the most demanding part of the movement
(for standing crease movements: T-push, shuffle, or C-
cut; for kneeling crease movements: side to side, pivot and
push, or C-cut). We further asked participants to rank the
frequency that different stances, transitions, and crease
movements occur during regular team practice,
goaltending practice, and games. Basic characteristic
information (sex, experience, and level of play) was also
collected.

Data Collection

The survey was sent to all participating goaltenders and
coaches in November 2020. Two reminders were sent
1 week apart. Participation in the survey was voluntary
and anonymous, and participants provided informed con-
sent after receiving information about the study and before
responding.

Statistical Analysis

Descriptive statistics regarding perceived demand were
presented in the form of percentages for categorical data
or median and interquartile range for ordinal data. In
addition, we compared differences in perceived demand
between goaltenders and coaches, and between junior
goaltenders (age <20 years) and senior goaltenders
(age >20 years). For group comparisons, ordinal scales of
perceived demand were dichotomized by collapsing the

TABLE 2
Characteristics of Participants (N = 175)
Goaltending
Goaltenders Coaches
(n =132) (n =43)
Age,y
Mean + SD 20.9+5.2 38.4+8.8
Median (IQR) 18 (17-25) 35 (31-44)
Range 15-40 24-58
Sex, n (%)
Male 112 (85) 41
Female 20 (15) 2
Level of play, n (%)
National team: senior league 10 (14) 7(3)
National team: junior league 11 (15) 16 (7)
Swedish Hockey League 17 (23) 35 (15)
Swedish Women’s Hockey League 10 (14) 12 (5)
Hockey Allsvenskan 21 (28) 21 (9)
J20 National League 29 (38) 44 (19)
Elite ice hockey high school 46 (67) 53 (23)
Years of playing/coaching at
specified level of play
Mean + SD 3.5+3.1 7.3+54
Median (IQR) 2 (1-4) 6 (3-10)
Range 1-16 1-22
Years of playing ice hockey Not applicable
Mean + SD 15+5
Median (IQR) 13 (11-18)
Range 6-26

2 highest alternatives (very /extremely demanding) and
the 3 lowest alternatives (not at all/slightly/somewhat
demanding). Potential group differences were analyzed
by chi-square test. The ranking of performance frequency
of different goaltending aspects was presented as mean
rank for each aspect. Data were analyzed using SPSS Sta-
tistics 26 (IBM Corp).

RESULTS

We invited 196 elite goaltenders and 54 goaltending
coaches to participate in the study. A total of 132 goalten-
ders (response rate, 67%) and 43 goaltending coaches
(response rate, 81%) responded. Characteristic information
of the 175 participants (total response rate, 70%) is summa-
rized in Table 2.

Perceived Hip and Groin Demands Associated
With Goaltending Movements

The stance that most frequently was considered demanding
was the reverse vertical horizontal (RVH) post-play, rated
as very or extremely demanding by 40% of the participants,
followed by the butterfly stance, rated as very or extremely
demanding by 25.2% of the participants (Figure 3). Transi-
tions involving RVH post-play were rated most demanding,
with transitions from standing to post-play and post-play to
post-play rated as very or extremely demanding by 39.7%
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Figure 3. Perceived demand of different goaltending stances on the hip and groin among goaltenders and goaltending coaches.

RVH, reverse vertical horizontal; VH, vertical horizontal.
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Figure 4. Perceived demand of different goaltending transitions on the hip and groin among goaltenders and goaltending coaches.

RVH, reverse vertical horizontal.

and 37.8% of the participants, respectively (Figure 4).
Adopting or landing in the RVH post-play stance was con-
sidered demanding during transitions, but also pushing out
of the RVH post-play stance was associated with high per-
ceived load on the hip and groin (Table 3). Standing crease
movements were rated to be at least somewhat demanding
by 25% (n = 44) of the participants. Among those partici-
pants, the T-push was most frequently rated as very or
extremely demanding by 39% (n = 17). Crease movements
while in a butterfly (ie, kneeling posture) were rated to be at
least somewhat demanding by 47% (n = 82) of participants.
Among those participants, the pivot and push crease move-
ments were most frequently rated very or extremely
demanding (37%; n = 30).

Perceptual Differences by Group

Compared with coaches, goaltenders consistently perceived
movements as less demanding on the hip and groin region.
Senior goaltenders generally perceived most movements more
demanding than junior goaltenders, but this difference was
statistically significant only for the transitions from standing
to butterfly, butterfly to RVH, and RVH to RVH (Table 4).

Perceived Frequency of Goaltender Stances
and Transitions

Standing stances and butterfly stances were ranked as the
most frequently performed among different stances during
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team practice, goaltender practice, and games; post-play
stances were ranked as less frequently performed. Transi-
tions between standing stance to butterfly stance were
identified to be the most frequently performed (Figure 5).

DISCUSSION

In this study, 67% of all Swedish elite league goaltenders
and 81% of their goaltending coaches provided their percep-
tions on which goaltending techniques and movements
place stress on the athletes’ hip and groin region. The main
findings were that (1) RVH stances and butterfly stances as
well as transitions involving RVH are most frequently per-
ceived as demanding; 40% respectively 25% (RVH and but-
terfly stance) as well as 11-40% (RVH transitions) of

TABLE 3
Perceptions Regarding the Most Demanding Part of Each
Transition Movement®

Transitions rated as demanding® Pushoff Transition Landing

RVH to RVH (n = 121) 14 (17) 42 (51) 44 (53)
Standing to RVH (n = 112) <11 25 (28) 74 (83)
RVH to standing (n = 110) 53 (58) 39 (43) 8(9)
Butterfly to RVH (n = 104) 12(12) 1111 78 (81)
Standing to butterfly (n = 81) 4(4) 16 (13) 79 (64)
RVH to butterfly (n = 55) 80 (44) 13(7) 7 (4)
Butterfly to standing (n = 50) 70 (35) 18(9) 12 (6)

“Data are reported as % (n). RVH, reverse vertical horizontal.
®Number of goaltenders and coaches who rated the movement
as somewhat, very, or extremely demanding on the hip and groin.

TABLE
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participants rated these techniques as very or extremely
demanding (2) most (10 of 13) goaltending techniques were
perceived as demanding by a larger share of coaches than
goaltenders (difference, 13%-46%; P < .001-.028), and
(3) some goaltending techniques were perceived as
demanding by a larger share of senior goaltenders than
junior goaltenders (difference, 12%—20%; P = .13—.18).

Both goaltenders and coaches perceived the RVH post-
play stance, butterfly stance, and the transitions involving
RVH to be the most demanding for the hip and groin region.
Taking a closer look at these movements, forces on the hip
joint appear to be the common factor behind these percep-
tions. The butterfly and RVH stances require the goal-
tender to internally rotate and flex the hip joint. RVH
also require these postures, but there is an additional ele-
ment of adduction and hip internal rotation caused by rota-
tion of the trunk toward the post. The combination of
internal rotation, flexion, and adduction body postures are
used during clinical examinations of the hip joint as a prov-
ocation test for FAIS.'® However, these clinical evaluations
have low specificity and frequently provoke pain in the
absence of FAIS. The flexion, adduction, and internal rota-
tion (FADIR) test, for example, provokes pain in 95% of
symptom-free individuals without FAIS.'® Therefore, goal-
tenders may experience pain and discomfort in these posi-
tions without FAIS-related hip morphology. On the other
side, the FADIR will provoke pain in 99% of all individuals
with FAIS and related morphological variations,'® meaning
a goaltender with FAIS will most likely experience pain
while performing an RVH or butterfly.

Goaltending coaches perceived all movements involving
the butterfly and RVH to be more demanding for the hip
and groin than goaltenders. Senior goaltenders perceived

4

Perceptions Regarding the Most Demanding Part of Goaltending Movements According to Group®

Goaltenders vs Coaches

Junior vs Senior Goaltenders®

Goaltending movement Goaltenders (n = 132) Coaches (n = 43) P Juniors (n = 78) Seniors (n = 54) P
Stances
Standing stance 5.5 (7) 9.3(11) 467 3.8(3) 7.4 (4) .443
Butterfly stance 18.2 (24) 46.5 (20) <.001 14.1 (11) 24.1 (13) 171
Post-play (VH) 16.7 (22) 20.9 (9) .500 15.4 (12) 18.5 (10) .643
Post-play (RVH) 49.2 (65) 95.3 (41) <.001 42.3 (33) 59.3 (32) .076
Transitions
Standing to RVH 29.5 (39) 72.1 (31) <.001 23.1(18) 38.9 (21) .055
RVH to standing 22.7 (30) 44.2 (19) .010 19.2 (15) 27.8 (15) .293
Butterfly to standing 6.1(8) 18.6 (8) .028 6.4 (5) 5.6 (3) >.999
Standing to butterfly 7.6 (10) 20.9 (9) .023 2.6 (2) 14.8 (8) 015
Butterfly to RVH 18.9 (25) 58.1 (25) <.001 11.5(9) 29.6 (16) .013
RVH to butterfly 5.3(7) 27.9 (12) <.001 2.6 (2) 9.3 (5) 122
RVH to RVH 28.8 (38) 65.1 (28) <.001 20.5 (16) 40.7 (22) .018
Crease movements
Standing 1.5 (2) 4.7 (2) .253 2.6 (2) 0(0) 513
On the ice 8.3 (11) 25.6 (11) .006 7.7 (6) 9.3 (5) .759

“Data are reported as % (n). Comparison between the proportion of participants who rated the movement as very or extremely demanding
on the hip and groin. Bolded P values indicate statistically significant difference between groups (P < .05, chi-square test). RVH, reverse
vertical horizontal; VH, vertical horizontal.

bJuniors = age <20 years; seniors = age >20 years.
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Figure 5. Frequency (mean rank) of goaltending stances (ranked 1-4) and transitions (ranked 1-7) in team practice, goaltending
practice, and matches as perceived by goaltenders and their coaches. RVH, reverse vertical horizontal post-play; VH, vertical

horizontal post-play.

transitions involving the butterfly and RVH as more
demanding than junior goaltenders. These findings indi-
cate a gradual increase in perceived demand as age and
experience increase. Older players get injured more fre-
quently* and since goaltending coaches are often previous
goaltenders, they may have experienced or witnessed more
injuries. As we have established in the previous paragraph,
hip loads and hip morphology may influence the extent that
the butterfly and RVH are experienced as demanding or
painful. In ice hockey players, cam morphology develops
between 13 and 16 years of age.® Once skeletal growth is
completed, change in hip morphology is unlikely.'® Consid-
ering the results of previous studies, we can assume that up
to 70% of our participants have cam morphology.'® The
presence of cam morphology does not equal the presence
of FAIS® but is associated with articular changes over
time.! Therefore, the high hip load of the RVH and butterfly
may explain why older participants rate these movements
as more demanding than younger participants.

The differences observed in our study may also be owing
to personal and environmental factors. Goaltending coa-
ches may have responded in the context of their experiences
with many goaltenders and the hip and groin problems they
encountered over time. Although the survey did not meas-
ure individual pain experiences, goaltenders may have
responded to our survey from a perspective based on their
individual on-ice experiences. That individual perspective
is likely focused on performance and playing time, which
may lead to a tendency to shut out discomfort and pain.
Even though the proportion of participants rating

techniques as very or extremely demanding differed
between goaltenders and coaches, there were similarities
in what techniques they perceived to be the most demand-
ing. Future studies may involve or at least include the per-
spectives of medical officials, such as sports medicine
physicians, physiotherapists, and athletic trainers, in a col-
laborative effort to drive the theme of prevention.

Hip and groin problems are highly prevalent in ice
hockey goaltenders and often associated with reduced per-
formance and sporting function.?® Once the magnitude of
the injury has been described, determining the cause and
mechanism of hip and groin problems is considered the next
step in the injury prevention sequence.'® The cause of
injury has been described as a multifactorial and dynamic
process'? in which a predisposed athlete (eg, a goaltender
with potential intrinsic risk factors such as cam morphol-
ogy or previous hip and groin problems) is exposed to cer-
tain extrinsic risk factors (high repetitions of a movement
that has extreme ranges of motion) and therefore becomes
an athlete that is susceptible to injury. Once a susceptible
athlete goes through an inciting event in which tissue
capacity is overloaded, an injury may be inflicted. In ice
hockey goaltenders, hip and groin problems most often
have gradual onsets and can be considered overuse inju-
ries.? Hence, it is unlikely that a single event incites hip
and groin problems; rather, they are caused by a series of
events in which load repeatedly exceeds the goaltenders
load tolerance.'® Our study provides new insights about
how repetitive load is experienced by goaltenders and
coaches and has practical implications for future efforts to
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reduce the risk for hip and groin problems in ice hockey
goaltenders.

Future Directions

Goaltenders are expected to save pucks, and saving pucks
is the reason techniques such as the RVH and butterfly
were developed and are frequently used. However, our
study implies that these techniques, although they may
improve goaltender efficiency, may come at the expense of
hip and groin health. The butterfly is reported to be per-
formed most frequently and may, over time, lead to hip and
groin problems.® However, the association between objec-
tive performance, load, and subsequent problem develop-
ment needs further examination. Therefore, in future
studies, it may be appropriate to count the number of but-
terfly movements, like pitch counts in baseball.®!! Keeping
track of goaltender workloads by quantifying their expo-
sure to techniques such as the butterfly or the RVH may
be an important step toward primary injury prevention of
hip and groin problems. In addition, goaltenders that
already suffer from hip and groin pain may benefit from
modifications to the frequency and execution of the RVH
and the butterfly as a measure of secondary prevention.
There is only 1 study, published in 2008,% that quantified
common goaltender movements, but that study no longer
accurately depicts modern goaltending techniques because
it does not include the RVH.? Our study hence emphasizes
the need for updated biomechanical evaluations that look
beyond the frequently executed butterfly by including the
highly demanding RVH. Such biomechanical investigations
may further improve our understanding of the forces acting
on goaltenders’ hips and groins and facilitate adaptation of
protective equipment and potential technique modifica-
tions to reduce the risk for injury.

Strengths and Limitations

Our study reported the perceived load on the hip joint and
groin muscles during different goaltending movements. We
did not investigate the forces applied to the goaltenders’ hip
and groin. Therefore, conclusions drawn from our results
are limited to goaltenders’ perceptions. While this may be
seen as a limitation, we consider it a strength since it
allowed us to provide a comprehensive picture of perceived
demand during goaltending in general as opposed to very
specific and limited biomechanical aspects of goaltending.
Our study is the first of our knowledge to measure both
players’ and coaches’ perceptions of goaltending tech-
niques, and as a result there were no previously validated
instruments to evaluate this specific research question.
Therefore, extensive measures were taken during question-
naire development to create a valid data collection tool. The
goaltending model underlying our survey was developed by
an established expert in the field and pilot tested for face
validity and comprehensiveness by high-level coaches and
goaltenders.

The cooperative effort between researchers and the
Swedish goaltending community enabled the whole popula-
tion of Swedish elite goaltenders and coaches to be invited
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for participation in our study, which resulted in a relatively
high response rate. Within the population of respondents
were subgroups, such as senior and junior goaltenders,
female and male goaltenders, and goaltenders with current
or previous hip and groin problems. Perceptions of goal-
tending techniques may differ in these subgroups, but we
only investigated differences between coaches and players
as well as between junior and senior players. Potential dif-
ferences between female and male players may exist; how-
ever, they were not investigated. In addition, goaltenders
were not asked about previous or current hip and groin
problems, since our aim was to examine the perceived
demand of goaltending techniques on the hip and groin,
rather than existing problems. Therefore, we do not know
whether goaltending movements are experienced differ-
ently by individuals with and without personal experience
of hip and groin problems.

CONCLUSION

Post-play and the butterfly were the goaltending tech-
niques most frequently perceived as demanding, and a signi-
ficantly larger share of coaches than goaltenders held this
perception. A larger share of senior than junior goaltenders
perceived transitions between these types of goaltending
techniques to be demanding. The results of this study may
inform primary and secondary injury prevention efforts for
ice hockey goaltenders and drive future biomechanical
investigations goaltender injury patterns.

ACKNOWLEDGMENT

The authors thank all participating goalies and goalie
coaches for their contributions.

REFERENCES

1. Agricola R, Heijboer MP, Bierma-Zeinstra SM, et al. Cam impinge-
ment causes osteoarthritis of the hip: a nationwide prospective cohort
study (CHECK). Ann Rheum Dis. 2013;72(6):918-923.

2. Bell GJ, Snydmiller GD, Game AB. An investigation of the type and
frequency of movement patterns of National Hockey League goalten-
ders. Int J Sports Physiol Perform. 2008;3(1):80-87.

3. Bizzini M, Notzli HP, Maffiuletti NA. Femoroacetabular impingement in
professional ice hockey players: a case series of 5 athletes after open
surgical decompression of the hip. Am J Sports Med. 2007;35(11):
1955-1959.

4. Emery CA, Meeuwisse WH. Risk factors for groin injuries in hockey.
Med Sci Sports Exerc. 2001;33(9):1423-1433.

5. Epstein DM, McHugh M, Yorio M, Neri B. Intra-articular hip injuries in
national hockey league players: a descriptive epidemiological study.
Am J Sports Med. 2013;41(2):343-348.

6. Feeley BT, Schisel J, Agel J. Pitch counts in youth baseball and soft-
ball: a historical review. Clin J Sport Med. 2018;28(4):401-405.

7. Frayne RJ, Kelleher LK, Wegscheider PK, Dickey JP. Development
and verification of a protocol to quantify hip joint kinematics: an eval-
uation of ice hockey goaltender pads on hip motion. Am J Sports
Med. 2015;43(9):2157-2163.

8. Griffin DR, Dickenson EJ, O’'Donnell J, et al. The Warwick Agreement
on femoroacetabular impingement syndrome (FAI syndrome): an
international consensus statement. Br J Sports Med. 2016;50(19):
1169-1176.



The Orthopaedic Journal of Sports Medicine

9.

10.

11.

12.

13.

14.

15.

Hanke MS, Schmaranzer F, Steppacher SD, et al. A cam morphology
develops in the early phase of the final growth spurt in adolescent ice
hockey players: results of a prospective MRI-based study. Clin
Orthop Relat Res. 2021;479(5):906-918.

Lerebours F, Robertson W, Neri B, et al. Prevalence of cam-type
morphology in elite ice hockey players. Am J Sports Med. 2016;
44(4):1024-1030.

Lyman S, Fleisig GS, Andrews JR, Osinski ED. Effect of pitch type,
pitch count, and pitching mechanics on risk of elbow and shoulder
pain in youth baseball pitchers. Am J Sports Med. 2002;30(4):
463-468.

Meeuwisse WH, Tyreman H, Hagel B, Emery C. A dynamic model of
etiology in sport injury: the recursive nature of risk and causation. Clin
J Sport Med. 2007;17(3):215-219.

Philippon MJ, Weiss DR, Kuppersmith DA, Briggs KK, Hay CJ.
Arthroscopic labral repair and treatment of femoroacetabular
impingement in professional hockey players. Am J Sports Med.
2010;38(1):99-104.

Reiman MP, Agricola R, Kemp JL, et al. Consensus recommendations
on the classification, definition and diagnostic criteria of hip-related
pain in young and middle-aged active adults from the International
Hip-related Pain Research Network, Zurich 2018. Br J Sports Med.
2020;54(11):631-641.

Reiman MP, Goode AP, Cook CE, Holmich P, Thorborg K. Diagnostic
accuracy of clinical tests for the diagnosis of hip femoroacetabular
impingement/labral tear: a systematic review with meta-analysis. BrJ
Sports Med. 2015;49(12):811.

16.

17.

18.

19.

20.

21.

22.

23.

Ice Hockey Goaltending Techniques 9

Roos KG, Marshall SW. Definition and usage of the term “overuse
injury” in the US high school and collegiate sport epidemiology liter-
ature: a systematic review. Sports Med. 2014;44(3):405-421.

Torry MR, Schenker ML, Martin HD, Hogoboom D, Philippon MJ.
Neuromuscular hip biomechanics and pathology in the athlete. Clin
Sports Med. 2006;25(2):179-197, vii.

van Kilij P, Heijboer MP, Ginai AZ, et al. Cam morphology in young
male football players mostly develops before proximal femoral growth
plate closure: a prospective study with 5-yearfollow-up. Br J Sports
Med. 2019;53(9):532-538.

van Mechelen W, Hlobil H, Kemper HC. Incidence, severity, aetiology
and prevention of sports injuries. A review of concepts. Sports Med.
1992;14(2):82-99.

Weir A, Brukner P, Delahunt E, et al. Doha agreement meeting on
terminology and definitions in groin pain in athletes. Br J Sports Med.
2015;49(12):768-774.

Whiteside D, Deneweth JM, Bedi A, Zernicke RF, Goulet GC. Fem-
oroacetabular impingement in elite ice hockey goaltenders: etiologi-
cal implications of on-ice hip mechanics. Am J Sports Med. 2015;
43(7):1689-1697.

Wijdicks CA, Philippon MJ, Civitarese DM, LaPrade RF. A mandated
change in goalie pad width has no effect on ice hockey goaltender hip
kinematics. Clin J Sport Med. 2014;24(5):403-408.

Worner T, Clarsen B, Thorborg K, Eek F. Elite ice hockey goalkeepers
have a high prevalence of hip and groin problems associated with
decreased sporting function: a single-season prospective cohort
study. Orthop J Sports Med. 2019;7(12):2325967119892586.



	The Perceived Demands of Ice Hockey Goaltending Movements on the Hip and Groin Region: An Elite Coach and Player Perspective
	METHODS
	Participants
	Survey
	Outline placeholder
	Model for the Survey
	Question Generation


	Data Collection
	Statistical Analysis

	RESULTS
	Perceived Hip and Groin Demands Associated With Goaltending Movements
	Perceptual Differences by Group
	Perceived Frequency of Goaltender Stances and Transitions

	DISCUSSION
	Future Directions
	Strengths and Limitations

	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


