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Abstract

Purpose In skating, the sudden controlled turning and stopping can cause the overuse of muscles in the adductor region,
altering the whole skating performance, causing muscular strains and, consequently, groin pain. The aim of the study was
to describe the movement pattern of a group of professional athletes with previous groin pain experience compared to a
no-groin pain group.

Methods A prospective case series study design was performed. Eight male quad hockey players (four have had previous
groin pain) were recruited. Players were asked to perform the Christiania stop: muscles activity patterns and lower limbs
kinematics were simultaneously acquired with an optoelectronic system and infrared cameras allowing a computerized
three-dimensional motion recording.

Results Groin pain group showed lower peak values in kinematic parameters and the most frequent pattern of surface electro-
myography amplitude referred to adductor longus muscle, vastus medialis, tensor fascia latae and transversus abdominis. In
the no-groin pain group, the most frequent pattern of surface electromyography amplitude referred to transversus abdominis,
adductor, vastus medialis and tensor fascia latae.

Conclusion Previous groin pain experience could affect the task performance by a subject’s unconscious attempt to preserve

the groin area.

Keywords Kinematics - Surface electromyography - Muscles - Athletes

Abbreviations
CS Christiania stop
sEMG Surface electromyography system

Introduction

In USA, 19.5 million people participated in skating sports
and 3.2 million of them play roller hockey [1]. Roller hockey
comprises quad and inline skating, both resembling ice
hockey skating, and the match demands of this sport include
periods of physical activity and recovery interspersed with
brief periods of sprinting; it was shown that the maximum
heart rate in roller hockey reached values between 85 and
90% of HR,,,, and blood lactate concentration between
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4.0 and 7.2 mmol [1-3]. Proprioceptive acuity, assessed
by measuring joint position sense, is increased in roller
hockey players than other team sport athletes [4, 5] and
this enhanced proprioception could potentially contribute
to injury prevention [6, 7]. However, in roller skating, as
well as for ice skating [1], the sudden controlled turning and
stopping can cause strain in the lower extremity resulting in
unstable side-to-side balance for the mediolateral muscles
of hip, knee and ankle [2]. Muscular strains may be caused
by repetitive eccentric contraction attempting to decelerate
the leg while skating or during stops [8].

The Christiania stop (CS) is the most abrupt stop in quad
roller hockey, consisting of a rapid deceleration performed
through a rotation of 90° of the pelvic girdle and a frontal
rotation of the lower limbs of 90° with respect to the stop-
ping direction [8]. The overuse of muscles in the adductor
region during the CS may alter the whole skating perfor-
mance causing muscular strains and, consequently, groin
pain.

Groin pain is a common problem in athletes with a prev-
alence between 5 and 28% [9, 10] in all sports involving
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rapid acceleration and sudden direction changes [11]. Groin
pain in elite hockey players is increasing [12], accounting
for approximately 10% of all injuries [13]. Hockey players’
muscle injuries can be painful and recurring especially dur-
ing stops, needing long periods of rehabilitation [2].

Despite hockey’s worldwide appeal, the lack of biome-
chanical studies is related to the difficulty in collecting data
due to methodological limitations of conventional motion
capture systems in large environments [14, 15]. The aim of
the present case series study was to describe the Christiania
stop dynamics in quad roller hockey players. Successively,
we described the movement pattern of a group of athletes
with previous groin pain experience compared to a no-groin
pain group. Kinematics data and surface electromyography
(sEMG) activity of the lower limbs were considered and
described. This study could be a preliminary step towards
the etiology of groin injuries in quad roller hockey players
and be a basis for further clinical trials.

Methods
Subjects

Eight male professional adults of the Italian National quad
hockey team with at least 15 years of experience, high level
of skills and conditioning, training every day, were involved
providing written informed consent to participate in this
study. Exclusion criteria were: tobacco use, working use of
medications, and medical conditions contraindicating physi-
cal exercise as diagnosed by the sports medicine physician.
All subjects were requested to abstain from training before
the data collection. Before performing the CS, anthropo-
metric evaluation of body mass (kg), height (m), and body
mass index (BMI, kg m~2) was performed and all partici-
pants provided personal anamnestic data to the investigators
to understand possible past injuries related to groin pain.
Table 1 reports players’ general characteristics.

Four players have had previous groin pain, while four
have never had any groin problem in the past. However, none
was affected by groin pain during acquisition.

Dominant and contralateral leg were considered for the
analysis. All research activities were approved by the Insti-
tutional Review Board and were conducted in accordance to
the Declaration of Helsinki; each subject provided written
informed consent to participate to this study. The study was
reported according to CAse REport (CARE) guidelines [16].

Procedures

All test sessions were conducted in the Motion Analysis
Laboratory of Galeazzi Orthopaedic Institute, Milan, Italy.
Muscle activity patterns and lower limbs kinematics during a
CS were simultaneously acquired. An optoelectronic system
(SMART-D; BTS Bioengineering, Milan, Italy) with eight
infrared cameras (sample rate of 100 Hz) allowed the com-
puterized three-dimensional motion recording. The system
is integrated with a 16-channel wireless surface electromyo-
graphy (SEMG) system, (FreeEMG 300, BTS Bioengineer-
ing, Milan, Italy) working with an acquisition frequency of
1 kHz. Twenty passive reflective markers were placed on
the player’s anatomic landmarks according to Davis proto-
col adapted to the skates worn [17]. The feet markers were
glued to the skates in correspondence to the feet anatomical
landmarks (heel and fifth metatarsus). Surface EMG elec-
trodes were placed as recommended by the Surface Elec-
tromyography for the Non-Invasive Assessment of Muscles
(SENIAM) [18]. To assure inter-tester reliability, the same
person applied all the markers and SEMG electrodes.

Participants were asked to perform CS task on a runway
within the area monitored by the cameras.

The task was repeated three times per subject. Stand-
ard instructions on how to complete the CS were provided.
Players had to start from a standing position and perform
an all-out frontal skating sprint towards the center of the
runway and practice the CS with their dominant leg (deter-
mined as the leg through which they would kick a ball).

Z?IZ::'; Lutl?jiiill?ﬁ;ﬁg;ﬁﬁ;ﬁgzz ID Age (years) Weight (kg) Height (cm) BMI (kg/m?)
into groin and no-groin pain Groin pain 1 42 74 179 23.10
2 25 85 178 26.83
3 23 73 173 24.39
4 21 85 178 26.83
Mean (SD) 27.75 (9.60) 77.75 (5.50) 179.75 (6.70) 24.11 (2.04)
No-groin pain 5 20 71 175 23.18
6 23 74 176 23.89
7 25 85 185 24.84
8 25 84 174 27.74
Mean (SD) 23.25 (2.36) 78.5 (5.07) 177.5 (5.07) 24.91 (2.01)
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We considered the left CS as the stop where the left leg
(dominant leg) is backward stopping and the right leg (con-
tralateral leg) is forward closing the stop, while the right CS
was the opposite.

The CS was isolated from previous skating (necessary to
reach an adequate velocity) by analyzing the hips and pelvis
markers’ trajectories. The CS beginning was considered as
the moment in which the pelvis marker of the non-domi-
nant leg started the intra-rotation for stopping, while the CS
ending as the moment in which the player stopped and was
upright standing.

Statistical analyses

Kinematic variables of interest during the CS were hip
flexion (lateral plane), hip internal rotation, hip adduction,
pelvic rotation and knee flexion (lateral plane). Hip angles
were calculated between pelvis and thigh markers, knee
angles between thigh and tibia markers, while pelvic angles
were calculated using the right and left anterior superior
iliac spine (ASIS) markers. Means and standard deviations
for subject characteristics and for kinematic variables were
reported.

The sEMG activity of the following muscles was
acquired: transversus abdominis, vastus medialis, tensor
fascia latae and adductor longus on both sides. Since maxi-
mum voluntary contraction data were not available, a dedi-
cated protocol for sSEMG signal processing was created using
Smart Analyzer® software (BTS Bioengineering, Milan,
Italy). Raw data were band-pass filtered (20450 Hz), recti-
fied and low-pass filtered (3 Hz) to obtain the linear envelope
of each signal. To identify the beginning of the activation,
the mean EMG intensity at rest plus two standard deviations
was used as threshold, according to Soderberg and Knutson
[19] and peak values of every muscle were considered.

Three trials’ data for each player were averaged for kin-
ematics and muscles activity analyses. No statistical tests
were used considering the descriptive intent of the study and
the small sample size.

Results

Table 2 reports kinematics peak values (°) for dominant and
contralateral leg of each player during a Christiania stop.

Groin pain group showed lower peak angle values in each
kinematic parameter for both legs, except for the hip adduc-
tion of the contralateral leg, which is higher compared to
no-groin pain group’s value. Figure 1 presents kinematics
data of two players’ dominant leg during a CS cycle: the
no-groin pain subject shows higher hip flexion, hip rotation,
pelvis rotation and knee flexion during the entire CS cycle
compared to the groin pain player.

Table 2 Mean and standard deviations of kinematics peak values (°) for dominant and contralateral leg of each player during a Christiania stop

Contralateral leg (mean, SD)

Dominant leg (mean, SD)

Group

Hip adduction  Hip rotation  Pelvic rotation ~ Knee flexion

Hip flexion

Hip flexion  Hip adduction  Hip rotation  Pelvic rotation ~ Knee flexion

ID

51.1(1.5)

44.7 (0.8)

101.7 (0.35)
99.2 (3.3)
93.13 (2.95)
94.33 (1.06)
97.11 (4.07)
103.9 (3.26)

40.1 (2.05)
15.4 (2.46)

6.4 (4.8)

21.8 (3.68)
152 2.7)
23.35 (3.73)
16.37 (1.33)
19.17 (4.01)

15.67 (1.10)

66.2 (3.6)
48.6 (5.2)
36.8 (4.5)
38.6 (5.9)

12.2 (0.49) 15.4 (1.98) 75.55(2.9)
22.8 (2.74)
47.56 (13.7)

443.3)
5.43 (4.99)

3.6 (0.78)

9.23 (2.05)

82.2 (2.83)
69.2 (5.76)
69.5 (4.8)

Groin pain

66.93 (2.5)

16.8 (3.14)
11.5(1.8)

27.3 (1.09)
35.6 (2.74)

57.8 (8.74)
77.95 (4.2)

79 (3.4)
14.5 (1.6)

8.27+2.11

21.9 (2.98)
16.41 (4.28)

80.8 (1.17)
75.42 (7.07)

39.6 (10.42)
40.9 (4.86)
37.83 (3.84)

17.55 (5.5)

69.56 (9.16)

11.3 (8.46)
18.27 (4.7)

8.81 (4.47)

10.17 (1.22)

Mean (SD)

5

28.47+1.00
23.2 (14.7)
34.9 (2.47)

13.1 (1.6) 70.33 (4.9) 46.33 (1.16)

31.7 (23.1)
3.45 (4.6)

41.05 (1.3)

759 (2.3)
87.75 (6.15)

No-groin pain

99.5 (13.49)
92.1 (4.10)

100.45 (2.05)

63.3 (16.85) 15.07 (5.55)

61.15 (4.88)

69.4 (1.70)
81.4 (1.06)

80.75 (0.6)

9.6 (3.9)

13.6 (2.76)

59 (8.2)
38.8 (0.85)

15.05 (1.48)

5.1(2.26) 20.1 (11.3)

8.8 (0.28)

94.7 (8.77)

13.1 (15.7) 34.65 (0.64)

53.7 (2.19)

13 (0.14)

77.9 (1.27)
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Fig. 1 Kinematics data of two players’ dominant leg during a Christiania stop

The peak values of amplitude for each muscle during a
CS are reported for both groups in Table 3.

Choosing to describe the most frequent pattern of
sEMG amplitude in terms of magnitude of signal, i.e.,
from the highest to the lowest peak value, within group:
in the groin pain group, the highest amplitude refers to
adductor longus muscle, followed by vastus medialis, ten-
sor fascia latae and transversus abdominis. On the con-
trary, in the no-groin pain group, the highest amplitude
refers to transversus abdominis, followed by adductor, vas-
tus medialis and tensor fascia latae. Concerning the con-
tralateral leg, in both groups, the highest amplitude refers
to tensor fascia latae and vastus medialis, while adductor
longus and transversus abdominis are switched in groups.

Discussion

This case series study aimed to create a hypothesis regard-
ing kinematic and muscle activity pattern in a group of ath-
letes, i.e., roller hockey players, with previous groin pain
experience compared to a no-groin pain group. Indeed, a dif-
ferent pattern of kinematics and muscles activity was found.
Overall, kinematics data collected for the dominant leg in
the groin pain group resulted to be of lower magnitude com-
pared to the no-groin pain. Players with no history of groin
pain seems to be more inclined to have the highest ampli-
tude in the transversus abdominis during the CS task, while

@ Springer

players with previous groin pain activated the adductors the
most. The experience of pain perception could produce high
levels of fear avoidance leading to dysfunction of tasks and/
or development of chronic pain [20]. We suppose that in the
groin pain athletes, the presence of previous pain could have
affected the task performance due to a subject’s unconscious
attempt to preserve the altered groin area. Indeed, the stop
movement is correctly performed by the core muscles, i.e.,
the transversus abdominis that anticipates the muscle acti-
vation in players without past pain condition in accordance
with the literature [21-24].

Fear avoidance can occult central sensitization pain.
The experience of pain shows specific neuroplastic
changes in the peripheral and central nervous system [24].

The central nervous system assures the core stability by
contraction of the transversus abdominis in anticipation of
reactive forces produced by lower limb movements [25].
This means that the core muscle activity should precede
lower extremity muscle activity in the temporal sequence
of many athletic tasks in healthy conditions. Our findings
might generate the hypothesis that players who experi-
enced groin pain delay the activation of anticipatory pos-
tural muscles, i.e., the transversus abdominis, causing a
lack of postural stabilization during the CS. However, a
different study design with a larger sample size could help
in understanding if injuries occur in athletes due to the
muscles recruitment delay or the injury itself is a con-
sequence of inadequate muscles recruitment. Previous



645
-646

641

19) 15:

for Health (20
iences

Science

Sport

in
isten is mus-
nsis inis
ted co bdomin So,
stra sa 271.
on rsu 6, :
m e 2
dy de transv isorders [ during
alrea f the 1 disor tion in
ies have ivation o keleta 1 of mO. and pai
studie ard activ usculos e contro injuries re sta-
orw ithm cor sto f co
edfi w ar ete ion o en
S fe in people uScul. se athl izatio lear. Ev
2583 cleinp eurom dispo organ ill unc dfor-
32683 ient n ay pre tly the or is sti d fee
N3 S o 238% deﬁc- tasks m W exac ith pain ramme ossible
= X g & ° 22 athletic ever, ho anged wi tprepr.()g ight be p could
8 € _ 4 %8 S = 8 [26]. Howc1es is ch idence thz [27], it Hlle training oller
3 v_‘mm__-ooﬁ us ited ev ine sC dr
3 I = - v avng ility m imite trai inis mu in qua al
= mvomﬁ bi is lim n be ini s in re
= 2SS @ is ca dom ern the
2 o Q <+ = if there nts ab att ioate o
28| ~ ft iustme us ion p . tig lity
ss|¢ c oo i us ersus ab tio nves tabi
g s oS & = ard adj d transv activa hould i d core s
Q& g < — :\]l‘ w isolate in the dieS S : S an
o e l,N~, 2 5 Z g that is ChangesF ture stu in, injurie les have a
in — 8 JF S n to u . ain, € .
2 S © S d 1S. np SC iuries
= < N < 3 O lea laye roi ility mu iniuri
E Qg =N ) AR 1t n
c s g g S = ciati inis and ¢ Prev high-q f
> A - asso ion. 1nis . 20]. ittle ion o
E I8 a activation sus abdomreventlon [but very lltdminiStrau?bing
< e — Ver: .. p .. a cri
> ST ) ans . ury ning, ide the res .
—~ X o Tr. nj ic trai ide I p itative
8§52% g o le in tic gu 9], 0 ilitati
s s < =3 a9 ro ) le . to 2 bi
5 =28 582 S = central tant in ath-s available tices [28, riate reha
s |E 3 Ssaz g s Important in a(h ion prac d approp eis
: lds Sx & S ! ch evi event ies an, iteratur
= = 0 2 SIS resear injury pr ing strateg urrent li in which
g o o I8 = ific ini he c mn
als IR S eci trai ions. t ckey ller
alsg g & _ sp .Onary 31]. itations, ing ho ad ro
7 2 Q ) ecauti 30, limi ine skati the qu ion,
g |3 €252 precau es [2, study inline from the q itatio
g % O JF = jectivi ine the 1l as nt lim
5 = % 5 = bje ing we iffere asa oller
2 _ = Ja R I C < 0 cerning th as wel di een ad r
< 83 3 =g g3q Con ly on ice re slightly ight be s ional qu and
2 = 3 & S = S X sed on tures a size m rofess. history f
= | . 2|l o 8 8§ L S 9 focu tic ges mple ever, p injury tive o
£1% . 2 25 g R thle 1l sa how ted i entative
5 § g 3 g = E the a The sma design, documen repres limita-
=g S @ I . dy 1l-do ore her
£z E = ¢ ckey stu e e m Ot the
5lz2 =R RS —_ ho the ith a w . ar ipants. to
g | g o o O as it 10n, icipa : ue
183 TG = as well players, w g informatteur ParuCIfeChnlqued Never-
5 - O © o «© key inin ma isition ures. 1
g 5 Qo C hoc d/tra n a Sit1 ed Ve
— >N ) ) . a Ul . 0oC . le
89 ©cg = backgroun iscipline th EMG acq lization pr he highest not
.% R % ° o % [C: §_r 2 his sport di ted to the s d norma esented t Wwe were -
13 < (:]/ 3] < SANIS) thi rela ignals an irl repr ever, Neve
3 < ~ S 3 — . are . s1gn . fair y How le. d
& 3 = ns ne d ly. amp a
9 S tio seli uite in Italy. ited s T qu
2o |2 ¥ f ba recr S 1n imite k fo
Z 9 =) — k o er: he 1i tas f
s S — S F lac] team lay t ual nt o
S cea a3 & heless, the r hockey ptestS due t(? ating a us developme
865§ sd8 t rolle istical tests vestigal r the
g a t1s i) fo
A o~ ™ ® a o o of qu ly stal t study basis
.4 N g Q N’ v < n to app : he ﬁI'S . the
3 Z2s & 234 Tz able this is t s placing
ANERE £ oszza3 e s ety
g : | g3 2z82 t hockey pl
< @ a2 - ller hesis. ent
g A ro hypot ovem
g Z @ N ew he m at
8 3 F A © an ds t ial th
1Z] > [ g N ~ war entl
=) aN o~ } y < N i n to €ss of
5 e 3 & % 2298 clusio first step It seems cakness
= 2 G ¢ 0 (S S Con the sks. the w ts to
o B | g 4 3 228 « sents key ta ly on emen
Z £ s @ g ® 3 % 8 = dy repre ller hoc nize ear atics mth d reha-
g =2 N2 O 0 [ — = . u : iate
3 s |3 " g eER = This st of quad ro hould recofmal klnen(; appropria oaches,
= 2 ! S 0 ic c
5 31 o ® & g alysis ical staff abn ies an letic th
5] = AN | 8 an dica le and tegie d ath bo
=y % — —~ %) en t me > muscle .. stra th an VCIOP
) S - - or s m ning eng tode that
“1E 2223z A ther athlete tive trai ition, str laced rams
3 3 A o & s} 2 their . reven In addit iquely p kills prog hockey
° 29 SIS 5 Q E prescribe progfams' tise, are ur'lﬁc agility s ad roller
= | o ce 82 CRCRS = 8 itative ir exper ci in qu
%3 zzl2 £ =g qZ 5 = bilitativ I;thelf expd spoft'spfi its seen in q
. 2 ~ . — [¢) . n C .
(5} = <l X 2 cx@mm < ause n a ical de inistry
— S| 5 E DR =~ - o bec entiol 1ca ian Mini
= | e g — o 4 eV han an .
gle ES| 2 d 8 injury pr biomec the Itali ri Sporting
it w8 | © | g dress the orted byeAmato
3 2| E © 3 ad S was supp thank th
S = wn iy letes. is study hors
th s ut
g S o 5 a ts Thi The a
P ‘g - o 5 dgemen rrente).
] e A g owle J rca Co
2 Al= = b Ackn (Rice
s 3 Z Health
es = 5 o
=} )
g g =
©) g & <
= Z S
53| =
’ 2
2|5 S
2|3
-

9 Springer



646

Sport Sciences for Health (2019) 15:641-646

Lodi players and Daniele Cella their physiotherapist for offering the
opportunity to perform this study, Eng. Federica Anasetti and Eng.
Alice Nardo for taking part in the technical assessment.

Compliance with ethical standards

Conflict of interest The authors report no conflicts of interest.

Ethical approval All research activities were approved by the Institu-
tional Review Board (L3017, Ricerca Corrente) and were conducted
in accordance to the Declaration of Helsinki.

Informed consent Each subject provided written informed consent to
participate to this study.

References

10.

11.

12.

14.

Varlotta GP, Lager SL, Nicholas S, Browne M, Schlifstein T
(2000) Professional roller hockey injuries. Clin J Sport Med
10(1):29-33

Chang R, Turcotte R, Pearsall D (2009) Hip adductor muscle func-
tion in forward skating. Sports Biomech 8(3):212-222

Yagiie P, Del Valle ME, Egocheaga J, Linnamo V, Fernandez A
(2013) The competitive demands of elite male rink hockey. Biol
Sport 30(3):195-199

Venancio J, Lopes D, Lourenco J, Ribeiro F (2016) Knee joint
position sense of roller hockey players: a comparative study.
Sports Biomech 15(2):162-168

Vitale JA, Vitale ND, Cavaleri L, Dazzan E, Lombardi G,
Mascagni P, La Torre A, Banfi G (2019) Level- and sport-specific
Star Excursion Balance Test performance in female volleyball
players. J Sports Med Phys Fitness 59(5):733-742

Mirelman A, Rochester L, Reelick M, Nieuwhof F, Pelosin E,
Abbruzzese G et al (2013) V-TIME: a treadmill training program
augmented by virtual reality to decrease fall risk in older adults:
study design of a randomized controlled trial. BMC Neurol 13:15
Vitale JA, La Torre A, Banfi G, Bonato M (2018) Effects of an
8-week body-weight neuromuscular training on dynamic balance
and vertical jump performances in elite junior skiing athletes: a
randomized controlled trial. J Strength Cond Res. 32(4):911-920
Tyler TF, Nicholas SJ, Campbell RJ, McHugh MP (2001) The
association of hip strength and flexibility with the incidence of
adductor muscle strains in professional ice hockey players. Am J
Sports Med 29(2):124-128

Taylor DC, Meyers WC, Moylan JA, Lohnes J, Bassett FH, Garrett
WE (1991) Abdominal musculature abnormalities as a cause of
groin pain in athletes. Inguinal hernias and pubalgia. Am J Sports
Med 19(3):239-242

Kemp S, Batt ME (1998) The ‘sports hernia’: a common cause of
groin pain. Phys Sportsmed 26(1):36-44

Macintyre J, Johson C, Schroeder EL (2006) Groin pain in ath-
letes. Curr Sports Med Rep. 5(6):293-299

Emery CA, Meeuwisse WH, Powell JW (1999) Groin and abdomi-
nal strain injuries in the National Hockey League. Clin J Sport
Med 9(3):151-156

. Nicholas SJ, Tyler TF (2002) Adductor muscle strains in sport.

Sports Med 32(5):339-344

Lafontaine D (2007) Three-dimensional kinematics of the knee
and ankle joints for three consecutive push-offs during ice hockey
skating starts. Sports Biomech 6(3):391-406

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Stidwill TJ, Pearsall D, Turcotte R (2010) Comparison of skating
kinetics and kinematics on ice and on a synthetic surface. Sports
Biomech 9(1):57-64

Gagnier JJ, Kienle G, Altman DG, Moher D, Sox H, Riley
D (2013) The CARE Guidelines: consensus-based clinical
case reporting guideline development. Glob Adv Health Med
2(5):38-43

Davis RB, Ounpuu S, Tyburski D, Gage JR (1991) A gait anal-
ysis data-collection and reduction technique. Hum Mov Sci
10(5):575-587

Hermens H, Freriks B, Merletti R (1999) SENIAM: European rec-
ommendations for surface electromyography. Roessingh Research
and Development, Enschede

Soderberg GL, Knutson LM (2000) A guide for use and inter-
pretation of kinesiologic electromyographic data. Phys Ther
80(5):485-498

Leetun DT, Ireland ML, Willson JD, Ballantyne BT, Davis IM
(2004) Core stability measures as risk factors for lower extremity
injury in athletes. Med Sci Sports Exerc 36(6):926-934

Cowan SM, Schache AG, Brukner P, Bennell KL, Hodges PW,
Coburn P et al (2004) Delayed onset of transversus abdominis in
long-standing groin pain. Med Sci Sports Exerc 36(12):2040-2045
Delahaye H, Laffargue P, Voisin P, Weissland T, Letombe A,
Dupont L et al (2003) Evaluation of athletes with longstanding
groin pain. Isokinet Exerc Sci 11(1):45-47

Hansen EA, Voigt M, Kersting UG, Madeleine P (2014) Fre-
quency and pattern of rhythmic leg movement in humans after
fatiguing exercises. Mot Control 18(3):297-309

Roczniok R, Maszczyk A, Stanula A, Czuba M, Pietraszewski
P, Kantyka J et al (2013) Physiological and physical profiles and
on-ice performance approach to predict talent in male youth ice
hockey players during draft to hockey team. Isokinet Exerc Sci
21(2):121-127

Malfliet A, Leysen L, Pas R, Kuppens K, Nijs J, Van Wilgen P
et al (2017) Modern pain neuroscience in clinical practice: applied
to post-cancer, paediatric and sports-related pain. Braz J Phys
Ther 21(4):225-232

Hodges PW, Richardson CA (1997) Contraction of the abdominal
muscles associated with movement of the lower limb. Phys Ther
77(2):132-142

Hodges PW, Richardson CA (1997) Feedforward contraction of
transversus abdominis is not influenced by the direction of arm
movement. Exp Brain Res 114(2):362-370

Brown SR, Brughelli M, Lenetsky S (2018) Profiling single-leg
balance by leg preference and position in rugby union athletes.
Mot Control 22(2):183-198

Cholewicki J, Silfies SP, Shah RA, Greene HS, Reeves NP, Alvi
K et al (2005) Delayed trunk muscle reflex responses increase the
risk of low back injuries. Spine 2005 30(23):2614-2620

Alpini D, Hahn A, Riva D (2008) Static and dynamic postural con-
trol adaptations induced by playing ice hockey. Sport Sci Health
2:85

Lundstrom CJ, Russell HC, O’Donnell KJ et al (2019) Core and
plyometric training for recreational marathon runners: effects on
training variables, injury, and muscle damage. Sport Sci Health
15:167. https://doi.org/10.1007/s11332-018-0506-6

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s11332-018-0506-6

	Analysis of the Christiania stop in professional roller hockey players with and without previous groin pain: a prospective case series study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Subjects
	Procedures
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




