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ABSTRACT
BACKGROUND: The aim of this study was to investigate the effects of basketball
match-play on ankle dorsiflexion range of motion (ROM) and countermovement (CMJ)
performance, and their association with internal match load.
METHODS: Thirty semi-professional basketball players participated ifi-this ‘study.
Ankle dorsiflexion ROM and bilateral CMJ performance were evaluated before (pre-
match) and immediately after match-play (post-match). Also, ankle dorsiflexion ROM
was measured 48h post-match. Furthermore, in each player, the arnkle dorsiflexion ROM
scores were categorized as normal or restricted-according to the <reference values
previously reported (>2 cm of change from baseiine jpre-miatch to post-match and to 48h
post-match).
RESULTS: Ankle dorsiflexion ROM was increased post-mat¢h~ from pre-match in
dominant and non-dominant {imbs and decreased 48fi post-match compared with
immediately post-match ‘measures” in both dimbs. Approximately 20% of all players
showed restrictedankle dorsiflexion- ROM values 48h post-match. CMJ performance was
higher post<-match-than pre-maich,
CONCLUSIONS: Ankle dorsiflexion ROM is still reduced 48h after a competitive
pasketball’ match in(semi-professional basketball players. The implementation of specific
recovery strategies aiming at minimizing a decrease in ankle dorsiflexion after a match

might be considered to reduce the likelihood of ankle injury.

Keywords: basketball; injury risk; fatigue; power performance.
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INTRODUCTION

Basketball requires players to perform a very-high amount of repeated intermittent
activities such as changes-of-direction, dribbles, shuffles, sprints, accelerations and
decelerations, jumps and landings.! Due to these high-intensity movements and, actions
required during the course of matches, it would be advisable to quantify the training loads
in order to know whether players are coping with the match demands.?/in’ this sense,
Gabbett® speculated that both inappropriate and excessive training loads would restilt in
an increase of injury rates in athletes. In basketball, previous studies have(showed an

average injury rate of 7.0 to 19.1 injuries per 1000 hours played.* >

A restricted ankle dorsiflexion range of motion (ROM) is\considered a risk factor for
patellar tendon injury®, ankle injury”,-anterior cruciate-tigament (ACL) rupture®, Achilles
tendinopathy® and hamstring“strain®® in several sperts. Specifically, the cut-off score of
>2 cm has been previously suggested as thie’smatiest worthwhile change to identify
impairments in arikle dorsiflexion ROM:* Thiscouid be due to the fact that a meaningful
reduction of ankle dorsiflexionsrROM mayrestrict the ability to pass the leg forwards over
the foot* and to fower-the centre of mass during squat-type movements.'® In addition,
iower ankie‘dorsiflexion ROM might induce an overload of plantarflexor muscle-tendon
units.in a more fengthened and everted position during landing.® These alterations may
lead to abnormal lower-limb biomechanics during closed chain strengthening exercises®*
and to increased landing forces and stiffness after a jump, significantly increasing the
injury risk.r> For example, reduced ankle dorsiflexion during a squat implies an increased
knee valgus and medial knee displacement, decreased quadriceps activation, and

increased soleus activation.1?



OCoOoONOULTEA,WNE

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

Page 4 of 27

In this sense, most authors have examined ankle dorsiflexion characteristics before the
commencement of the season or in resting situations.’® However, the ability of this
assessment to capture fluctuations in ankle dorsiflexion ROM profile in-season,
specifically in response to match-play, has not been studied yet.!® Previous research has
reported that team sports are characterized by intermittent activities in which the high-
intensity actions are significantly reduced in the final stages of a competitive match-
play’’, likely associated with match-induced fatigue.!® In this sense, it has:been
demonstrated a decrement of lower limbs’ power performance’ after match-piay and
subsequently this measure can be one of the potential factors in injury gadsation in sport.*®
Fatigue is known to reduce sports performance tivrough tie decrease of muscle strength,
neuromuscular control, and ROM.® In this regard, recent studies have analyzed the
impact of match-play on ankle dorsiflexion ROM in soceer® and iri Australian football!
but there is no information regarding this effect in baskethatt:

Additional to ankie dorsiflexion ROM, verticaljtimp performance has been demonstrated
as a valid indicator-to evaluate match-reiated fatigue during the course of basketball
matches. 22 Specifically, countermovement jump (CMJ) performance has routinely been
ased in-hasketball players’ performance to monitor neuromuscular readiness.?’ Although
basketball is a demanding team sport which can induce fatigue and consequently a decline
in players’ power performance during the matches, previous studies with young players
found that jumping performance was similar before and after matches.?® 2> However, no
research has investigated the effects of basketball match-play on semi-professional senior
players’ vertical jump performance. This fact can provide relevant information for
strength and conditioning staff in order to design population-specific strategies during

training sessions.
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To implement specific training strategies aimed at maximizing on-field performance, it
could be useful to understand the match-related fatigue in terms of ankle dorsiflexion
ROM and vertical jump performances after official matches. Therefore, aim of this study
was to investigate the effects of basketball match-play on ankle dorsiflexien range of
motion (ROM) and countermovement (CMJ) performance, and their-association with

internal match load.

METHODS

Subjects

Thirty male semi-professional basketbali players {age: 21.8'+:4.7 years, height: 193.9 +
8.4 cm, body mass: 90.4 + 13.7 kg, training experience:-14.5 + 4;7/years) volunteered to
participate in this investigation. Piayers belonged ta’'three different teams of the Spanish
National Basketball League; and regularly. tock partin-5 training sessions (a total of 371
+ 10 min) per week, besides being invoived in-an.official match on weekends during the
2017-2018 competitive season: Participants.were classified into three individual playing
positions; guards(n = 14), small forwards (n = 5) and centers (n = 11).% The inclusion
criteria were: to be(healthy and actively competing at the time of the study, to not have
ankle pain nor-have taken any type of medication for the treatment of pain or
musculoskeletal injuries at the time of the study and to be involved in regular training
during the last month prior to the investigation. Before the start of this investigation, all
players were fully informed about the testing and the written informed consent was
obtained. This investigation was performed in accordance with the Declaration of
Helsinki 2013 and was approved by an institutional Ethics Review Committee (code:

DPC.VMP.01.18).
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Experimental approach to the problem

A cohort design was used to evaluate the acute effects of a basketball match-play on
unilateral ankle dorsiflexion ROM and CMJ performance (Figure 1) from February to
April in a total of 6 matches. Players underwent a 20 min warm-up consisting of 3-min
of low to moderate-intensity running followed by 6-8 min of dynamic stretching that
included 2 sets, from low- to high-intensity, with a 15 s rest period between each set {i.e.,
straight leg march, forward lunge with opposite arm reach, forward lunge with-an elbow
instep, lateral lunge, trunk rotations, multi-directicnal-skipping). Befcre the match (pre-
match), whitin 30 min immediately after the‘match (post-match) and 48h after the match
(48h post-match), the unilateral ankle dorsiflexion was meastired by ttie same investigator
and using the same methodology. In-addition, CMJperformapce-was also assessed pre-
and post-match. The order of ROM and CM.J-tests was raridomized across the players but
it was maintained constant for each player.. The internal load imposed by the match was
measured by the session rating of perceived@xertion match load (SRPE ML) completed
30 min after the end of the competitive game while wellness scores were collected 48h
post-miatch. A week befaretesting, basketball players were familiarized with all the tests,
to reduce the infitience of the learning effect. Based on Wollin et al.*8, player testing order
and selection of tested leg were randomly selected prior to the pre-match test. To reduce
the interference of uncontrolled variables, all the players were instructed to maintain their

habitual lifestyle and training routines and normal dietary intake before and during the

study.

### Insert Figure 1 here please ###



OCoOoONOULTEA,WNE

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

Page 7 of 27

Measurements

Ankle dorsiflexion measures

To measure unilateral ankle dorsiflexion for both sides we followed the methods
previously described by Calatayud et al.?* with the Lunge test using the Leg-Motion
system test (LegMotion, Check your Motion, Spain) after standardized warm-up
performed before pre-match, after match and 48h post-match. Participants were in a
standing position on the Leg-Motion system with the tested foot on the measurementscale
(Figure 2). The contralateral foot was positioned out of the platform with toes at the edge
of it. Each player performed the test with their hands.on:their hips, with ifie assigned foot
on the middle of the longitudinal line, and justbehind-the transversai line of the platform.
While maintaining this position, subjecis were  instructed ts flex forward the knee to
contact it to the metal stick. When the participant cauld maintain heel and knee contact
achieving the maximal distance, the metal stick was progressed away from the knee, and
the following achieved distance was, tecorded.~The ankle dorsiflexion testing was
performed by one experienced researcher in-the clinical area of the basketball court.
Dominant legwas defined as theparticipant’s jJump leg. Three repetitions were performed
in each-1eg (1.¢., dominant and non-dominant), with 10 seconds of passive recovery
between trials. The best score among these measurements in each ankle was selected for
subsequent analysis. The intraclass correlation coefficient (ICC) of the Leg-Motion

system test was 0.96 to 0.98.%*

### Insert Figure 2 here please ###

Countermovement Jump (CMJ)
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Bilateral CMJ tests were used to assess the explosive strength of the lower limb muscles.
During the jump, hands were held at the hips as described by Nufiez et al.?® From a
standing position with straight knees, the player squatted down to ~90° before jumping as
high as possible. They were instructed to jump and land in exactly the same place, with
the body in an erect position during the jump until landing. Jump tests weie-performed
on a contact mat connected to the Ergo tester (Ergo Jump Bosco System, italia) unit. The

ICC for these tests ranged from 0.94 to 0.96.

Internal match load

The internal match load was measured by the session sRPE Mi..;The 10-point scale
proposed by Foster et al.?® was administered 30 min after the end, of the basketball
matches in order to quantify the self-reported rates of-exertiof, Piayers answered the
question: how hard was the<miatch? The same-person was responsible for asking the
question to all players. Then, the RPE score was mutiiplied by the effective playing time
of each player, thus reporting the internal maich foad (ML) in arbitrary units (AU).%
Participants became fully accustonmied ahd familiarized to the RPE evaluation during the

previous monti.,

Weliness

Basketball players completed a well-being questionnaire following the protocol of
McLean et al.?® This questionnaire was filled out 48h after the end of the official match-
play. The questionnaire assessed players’ fatigue, sleep quality, general muscle soreness,
stress levels and mood on a five-point scale. Overall, well-being was then determined by
summing up the score of each item. The well-being questionnaire was administered by

the same examiner and in an individual and private manner to each player.
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Statistical analysis

Results are presented as means + standard deviation (SD). We used a magnitude-based
inference approach to identify changes induced by the basketball match-play. The effect
size (ES) with the uncertainty of the estimates shown as 90% confidence intervals (CI)
were used quantify the magnitude of the differences between pre-match, post-match and
48h post-match concerning unilateral ankle dorsiflexion and CMJ performance. The same
procedure was used to compare playing positions (i.e., | guards,|small fofwards and
centers). Furthermore, ankle dorsiflexion ROM. . scores for each <participant were
categorized as normal or restricted according to the reference vaiues previously reported
as clinically meaningful (difference >2.cm).1*The ES were classified as follows: trivial
(<0.2), small (0.2-0.6), moderate”(0.6-1.2),1arge {%.2=2.0), very large (2.0-4.0) and
extremely large (>4.0).2° The percentage chances-were then-qualified via probabilistic
terms and assigned using. the following(scale:’ 25-75%, possibly; 75-95%, likely; 95—
99.5%, very likely; >99.5%, most fikely.?® If-the chance of having beneficial/better or
detrimental/poorer was >75%; the true difference was considered clear (substantial).
Inference was classified(as)unclear if the 90% CI overlapped the thresholds for the
smaliest worthwhile positive and negative effects.?® The relationships between the
relative change {A% = ((post-match or 48 h post-match - pre-match / pre-match) * 100))
of the players’ unilateral ankle dorsiflexion and CMJ performance and the SRPE ML were
examined using Pearson’s correlation coefficients, with 90% CL. The following scale of
magnitudes was used to interpret the magnitude of the correlation coefficients: <0.1,
trivial; 0.1- 0.3, small; 0.3-0.5, moderate; 0.5-0.7, large; 0.7-0.9, very large; >0.9,

nearly perfect.?®
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RESULTS

Basketball players’ internal match load and wellness perception are presented in Table 1.
For all players, the internal load measured by SRPE ML score was 107.70+69.14 AU and
the wellness value was 18.33+1.63 AU. Unclear differences among playing jpositions
(i.e., guard, small forward and center) were found in the SRPE ML. On the other-hand,
while unclear differences in wellness were reported between guards-and centers, lower
wellness values was observed in guards (likely; small) and centers-(likely; moderate) in

comparison to small forwards.

### Insert Table 1'here piease ###

Table 2 shows the pre-match, pest=match and 48h post-matcly values of the ankle
dorsiflexion ROM. An increase in-dorninant and-non-dgminant ankle dorsiflexion ROM
was found from pre-match.to-post-match.> Incontrast, fower values were observed from
post-match to 48h post-match in all bhasketballztayers (most likely; small and most likely;
moderate);” guards. (very likely;> moderate’ and most likely; large-moderate), small
forwards (likely-rost likely, moderate and very likely-most likely; moderate) and centers

(tikely; small and maost likely; small). However, no substantial changes were observed in

dominant and non-dominant ankle dorsiflexion ROM from pre-match to 48h post-match.

### Insert Table 2 here please ###

The basketball players’ vertical jump performances pre- and post-match-play are

presented in Table 3. An increase in CMJ jump height was found for all players (very
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likely; small), guards (likely; small) and centers (likely; small). However, no substantial

differences in CMJ performance were observed in small forwards (possibly; small).

### Insert Table 3 here please ###

The relationships between sRPE ML and wellness with the A% match change-in unilateral
ankle dorsiflexion ROM and CMJ performance for all basketball players and for-each
playing position are presented in Table 4. Regarding to SRPE ML, unclear réiationships
were found with A% match changes measures. With respect to. weliness, unclear

relationships were observed with A% match changes measures foraltplayers.

### Insert Table 4 here piease ###

DISCUSSION

The aim of the piesent study 'was to.investigate the effects of basketball match-play on
ankle dorsiflexion ROM and CM,J performance measures. In addition, we attempted to
quantify the internal baskethail match load and the wellness perception 48h after match-
play for each playing position and to analyze the association between sRPE ML and
wellness (48h past-match), and changes in post-match ROM and CMJ. This is the first
study that analyzes the acute effects of basketball match-play on ankle dorsiflexion ROM
measures. The main results showed that basketball match-play acutely produced an
increase on ankle dorsiflexion ROM and CMJ performance in all players. In addition,
ankle dorsiflexion ROM decreased 48h post-match in both limbs compared to the values
obtained just after the end of the game in all players and in some specific positions (i.e.,

guards and small forwards). Specifically, by calculating the number of players with
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greater restrictions than the cut-off score of 2 cm in ankle dorsiflexion ROM measures
between pre-match vs 48h post-match, 20% of the players were identified as restricted.

The sRPE ML has been considered a useful tool to quantify the internal basketball match
load, mainly due to its low cost, user-friendly nature and associated high-speed data
processing (13).2° It has been implemented not only during training sessions*2 but also in
official matches.®! This tool has become a very relevant strategy to assessphysical load
imposed by basketball competition/training not only in investigation) but also /. the
applied field. The sRPE ML showed in our study were lower than those rgpoited by
previous studies with young and senior basketball players.3-3 While in‘the current study
basketball players reported SRPE ML values of 108 +69 AU, other sttidies showed higher
values of SRPE (= 450-500 AU).>* These differences can<e explained because Manzi et
al.3* used the complete duration of the-match, including ah stops#rom the start to the end
of the game while in our anaiysis, the perceived exerticin-of each player was multiplied
by the individual minutes.-played, which:better refiects the involvement of the player
during the game: liraddition, we observed no substantial differences in SRPE ML among
playing positions (i.e,, guard,<small forward and centers). Considering that few studies
has anaiyzed theinternallead imposed to basketball players®* 3%, these data could provide
insightful_informaticn to coaches in order to design training sessions that replicate
competition conditions. On the other hand, regarding wellness, higher values were
observed in small forwards in comparison to guards and centers. This better recovery state
is probably caused by the their playing style as small forwards display less contact with
opponents and lower number of acceleration and deceleration compared to the players
acting in the other positions.®® Nevertheless, further research is warranted to investigate

the relationship between physical demands imposed on basketball players and post-match
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exertion and wellness, especially because in this study there was only one time point (48h
post-match) to quantify the latter.

Ankle dorsiflexion ROM seems to be important in several sport-specific tasks in order to
facilitate ground clearance and preparation for foot impact.® > 1 However, restricted
ankle dorsiflexion ROM could alter movement mechanics in these actions®® and
consequently increase the injury risk of the athletes.'® For example, Wollin et al.*® found
a reduced dorsiflexion ankle ROM of 6.7% after match-play compared to pre-match in
elite football players. However, the results obtained in the present study showed that a
basketball match-play induced an increase of ankle dorsiflexion ROM knitmediately post-
match compared to pre-match values in all players, guards, centers:atd small forwards in
both lower limbs. Increases in ankle dorsiflexion ROM immediately post-match are likely
due to the increase in tissue extensibility caused by temperature increment which leads to
a reduction of the viscous resistance of muscle tissties andjoints.3” These findings suggest
that the physiological effect-caused by a @asketball mateh-play on the ankle dorsiflexion
ROM did not induce higher injury-risk. Inzthis regard, although several injuries is
attributed to the restriction of.ankie dersifiexion ROM, it can be produced by different
structural -damages and. caused by or related to many other factors, such as a poor
conditioning, repetitive loading, and/or abrupt increase in training load.

In-addition, the current results showed decreased ankle dorsiflexion ROM 48h post-match
compared with after post-match values in all basketball players (and clinically relevant
changes compared to pre-match in 20% of players) and in each playing position in
dominant and non-dominant limbs. These findings are partially supported by Wollin et
al.'®, who did not report significant results but a trend towards reduced dorsiflexion ankle
ROM 48h post-match (1.9% compared to post-match). Related to these results, Souglis

et al.® described the inflammatory, muscle damage and metabolic indices response in
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basketball players after playing a match, lasting from 13 to 37h post-game, and
researchers concluded that competition provoked muscle damage shown by different
blood markers (creatine kinase, and lactate dehydrogenase). Therefore, this ROM
reduction may be related to muscle damage generated during the match, which might be
attributed to induced impairments in the mechanical and neural properties of the muscle-
tendon unit®, that could lead to a reduction in players’ ankle dorsiflexion fiexibility 48h
post-match. Based on these results, there is a greater risk of injury at 48h post-match;
therefore, preventive stretching exercises focused on | soleus,| gastrocnemius and
hamstring muscles should be implemented during the specific recovery program within
48h after match-play, with the aim to avoid future injuries:

An assessment of power performance pre=and post-rnatch-piay-on basketball players can
be relevant due to contindous' \high-=intensity—~) actions ~such as jumps,
accelerations/decelerations and chianges of directions performed during match-play.t Our
results, in contrast to previous studies which revealed 1io changes pre- to post-match-play
on vertical jump performarice?™ %, showed—an enhancement in CMJ performance
immediately post-match in ali players, guards and centers. However, no substantial
differences in CMJ performance were observed in small forwards. These differences
could be explained, ecause the basketball’s specific actions can elicit the post-activation
potentiation effect on players.*® However, given that no associations have been found
between sRPE ML and A% post-match change in CMJ performance, it would be
appropriate to quantify the match load providing other load indicators (especially the
external ones) in order to better understand the changes on vertical jump performance.
Although the present study is believed to be the first to analyze the acute effect of
competitive basketball match-play demands on ankle dorsiflexion ROM, some limitations

exist as to the interpretation of data. First, the sample was composed of high performance
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and well-trained basketball players but the size can be considered as small. For this
reason, the effect size was calculated to determine the magnitude of the effect,
independent of the sample size, and confidence intervals were provided to account for
inter-individual variability in the variables under investigation. A second limitation of
this study was the analysis of only one competitive match, and future studies‘investigating
ankle dorsiflexion ROM responses to match-play after multiple matches orin a multiday
competition is needed to fully establish the changes in ROM that occur in the retated
muscle group after competition. Finally, this study did not investigate the CMd,48h post-
match due the coach did not allow this evaluation; hence, future studies shatiid investigate

CMJ 48h post-match.

CONCLUSIONS

The present study showed that immediatety-after basietoall match-play the players’ ankle
dorsiflexion ROM Jand CMJ ingcreased; however, after 48h post-match the ankle
dorsiflexion’ ROM was redueed.In caroparison to pre-match (>2 cm in 20% of players)
and<past-match-(group average). These findings suggest that a basketball match-play did
rnot'reduce ankle/dorsiflexion and thus a higher risk of injury cannot be associated to
deteriorated ankle ROM during the game. However, during the 48h following the match,
players require specific recovery strategies (i.e., stretching) in ankle joint before returning
to strong training or match-play. In addition, our findings showed that basketball match-
play induced lower wellness value in guards and centers in comparison to small forwards;
however, no differences were found between playing positions with regards to SRPE ML.
So, further research could investigate the relationship between these physical demands

imposed to basketball players and wellness post-match values.
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TABLE LEGENDS:

TABLE 1. Practical difference in session rating of perceived exertion match load (SRPE

ML) and wellness values between-playing positions in basketball players.

TABLE 2. Descriptive statistics and mean differences across match-play_ ii-unilateral
ankle dorsiflexion ROM in all basketball players and each playing position {i.e., guard,

small forward and center), along with effect sizes and qualitative inferences:

TABLE 3. Descriptive statistics and mean differerices across™ match-piay in
countermovement jump (CMJ) performance on all basketball piayers and each playing
position, along with effect sizes and qualitative inferences.

TABLE 4. Relationships (£90% CL) for sessionrating of perceived exertion match load
(SRPE ML) and for wellness with the A% match.change (((post-matehzor 48 h post-match
- pre-match / pre-match) * 100)).in unitateral ankle gorsiflexign.range of motion (ROM)
and countermovement jump (CiMJ) performance-or’all basketball players.

FIGURE LEGENDS:

FIGURE 1. Study design-of-iiie measures obtained during each basketball match.

FIGURE 2. Ankle-dgrsiflexion ROM test.
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