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Collision with opponents—but not foul
play—dominates injury mechanism
in professional men’s basketball
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Abstract

Background: To identify injury patterns and mechanisms in professional men’s basketball by means of video match
analysis.

Methods: In Germany, injuries are registered with the statutory accident insurance for professional athletes (VBG) by
clubs or club physicians as part of occupational accident reporting. Moderate and severe injuries (absence of > 7 days)
sustained during basketball competition in one of four seasons (2014-2017 and 2018-2019) in the first or second
national men’s league in Germany were prospectively analyzed using a newly developed standardized observation
form. Season 2017-2018 was excluded because of missing video material.

Results: Video analysis included 175 (53%) of 329 moderate and severe match injuries. Contact patterns categorized
according to the different body sites yielded eight groups of typical injury patterns: one each for the head, shoulders,
and ankles, two for the thighs, and three for the knees. Injuries to the head (92%), ankles (76%), shoulders (70%), knees
(47%), and thighs (32%) were mainly caused by direct contact. The injury proportion of foul play was 19%. Most inju-
ries (61%) occurred in the central zone below the basket. More injuries occurred during the second (OR 1.8, p=0.018)

and fourth quarter (OR 1.8, p=0.022) than during the first and third quarter of the match.

Conclusion: The eight identified injury patterns differed substantially in their mechanisms. Moderate and severe
match injuries to the head, shoulders, knees, and ankles were mainly caused by collision with opponents and team-
mates. Thus, stricter rule enforcement is unlikely to facilitate safer match play.

Keywords: Epidemiology, Mechanism, Contact, Non-contact, Injury prevention, Match load

Background

Basketball is associated with a high risk of injury, particu-
larly in professional league settings [1]. Injury prevention
requires the precise analysis of situations resulting in
injury to understand the mechanisms and causes of acute
injuries [2—4]. Full understanding of injury mechanisms
is only possible in a sports-specific context. Yet, little is
known about the match situations and the behavior of
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players and their opponents at the time of injury. Knowl-
edge of the injury mechanisms in professional men’s
basketball may help to establish more targeted injury pre-
vention measures [3, 4]. Here, valuable data are obtained
from video match analyses of injury situations in team
sports [5-9].

The situations leading to injury in basketball and the
mechanisms resulting in the different types of injury are
not well documented. Previous studies on basketball only
focused on injuries to the Achilles’ tendon [10], the ankle
joint [11], or the anterior cruciate ligament in female ath-
letes [12—15]. Thus, the purpose of this explorative study
was to identify patterns of situations and mechanisms
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leading to moderate and severe injuries in professional
men’s basketball in a league setting by means of video
match analysis.

Methods

This prospective study was conducted over the seasons
2014-2015, 2015-2016, 2016-2017, and 2018-2019.
Video material was missing for season 2017 to 2018 was
excluded. This study included all male basketball players
of the first and second national league in Germany who
had played in at least one match in the above seasons.
Injuries and contact mechanisms were defined by video
match analysis in team ball sports as described previ-
ously [5, 6]. Inclusion and exclusion criteria, procedure
of video production, provision of video footage, data col-
lection, video analysis, and the concordance of referee
decisions with the analyses of an expert video rater were
identical to those described in previous literature reports
[5, 6].

Development of the observation form
The observation form, which was specifically designed
for basketball, followed the latest versions of already
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established surveillance forms in other team ball sports
[5, 6] and contained 25 factors in 5-item groups (Table 1).
In a pilot test of this version, 9 selected injury sequences
(3 injuries each to the head, knees, and ankles) were eval-
uated by 10 naive raters experienced in basketball [16].
Using Cohens measures and Fleiss-Kappa (k) measures
for bi-rater and multi-rater analyses, the analysis of inter-
reliability for the final observation form resulted in very
good concordance (k=0.85, range 0.51-1.00). Five items
showed perfect agreement (k=1.00), 8 items substantial
agreement (range 0.64—0.78), and 2 items (ball posses-
sion, own foul) moderate agreement (range 0.51-0.58).
The observation form yielded very good concordance for
intra-rater reliability (k=0.92, range 0.79-1.00).

Video analysis

One expert rater (DS, former professional basketball
player and physician) reviewed and classified each inci-
dent according to the observation form. A detailed
description of the video analysis process is given else-
where [5, 6]. Typical injury patterns were described for
each body site. Inclusion criteria were a sufficient fre-
quency of the respective type of injury and that the injury

Table 1 Item groups, categories, and factors of the observation form for basketball

Item group Category Factor

Vi

General

Court area
Ball possession
Game action

Game phase

Floor contact

Interaction with other players
Foul play subjective*

Referee decision

Main mechanism
Detailed mechanism

Injured body site

Initial contact with player’s body site*

Identification code of injury, club, date of match, type of competition (league match, cup
match), number of match (e.g. league match), type of match (home, away), match minute
of injury, playing position of injured player (point guard (PG), shooting guard (5G), small
forward (SF), power forward (PF), center (C))

7 frontcourt and 7 backcourt zones
Injured player, own team, direct opponent, opponent team, none

General: standing, starting, running, sprinting, side-step, stopping, change-of-direction,
taking-off, being mid-air, landing

Basketball-specific: passing, lay-up/dunking, catching, penetration, shooting, blocking,
screening/picking, closing out, boxing out, rebounding, other 1-on-1 situation, faking,
fighting for the ball, screen defense, posting up, help defense, other

Set offense, fast break, transition defense, halfcourt defense, securing the ball, other
Both legs, single leg, no contact

No other player, teammate, opponent, both

No foul, foul play by opponent, foul play by teammate

No foul, foul play by opponent, foul play by injured player

No penalization, defensive foul, unsportsmanlike foul, disqualifying foul

Contact, indirect contact, non-contact

(a) Collision with opponent, collision with teammate, collision with ball, other collision, hit/
push of opponent, pull/hold of opponent, other interaction with opponent

(b) Fall, ankle twist, knee twist, slip, overload, other

Head, neck, shoulder, upper arm, elbow, lower arm, wrist/hand, finger, trunk, hip, thigh, knee,
lower leg, ankle/foot, unidentified

Head, neck, shoulder, upper arm, elbow, lower arm, wrist/hand, finger, trunk, hip, thigh, knee,
lower leg, ankle/foot, unidentified

Initial contact with body site of opponent* Head, neck, shoulder, upper arm, elbow, lower arm, wrist/hand, finger, trunk, hip, thigh, knee,

lower leg, ankle/foot, unidentified

*Optional
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was caused by one of the three contact mechanisms
(contact, indirect contact, or non-contact). Inclusion
of an injury into the analysis was based on a consensus
between all authors.

Statistical analysis

The main injury mechanism, the different types of inju-
ries, and injury severity were analyzed with X tests
and the Fisher exact test. X? tests were used to compare
injury proportions between the four match quarters.
Odds ratios (OR) and 95% CI are reported. Agreement of
the video rater with referee decisions was quantified with
Cohens measures and Fleiss-Kappa (k) measures. The
significance level was set to p<0.05. All analyses were
conducted using IBM SPSS Statistics, version 24.0.

Results

This analysis included 175 (53%) of 329 identified moder-
ate and severe match injuries (Table 2): 173 (99%) inju-
ries were sustained during matches in either of the two
national leagues and 2 (1%) during the German Cup.
Point guards (n=46, 26%) sustained more injuries than
shooting guards (n=36, 21%), power forwards (n=236,
21%), center players (n=34, 19%), or small forwards
(n=23, 13%). The body sites most often affected by injury
were the ankles (n=59, 34%), knees (n=34, 19%), and
thighs (n=19, 11%). Compared to the total number of
injuries, head and ankle injuries were slightly overrepre-
sented in the video dataset, whereas shoulder, hip/groin,
and lower leg injuries were slightly underrepresented.

Match time and field area of injury occurrence

Of the 175 injuries analyzed, 62 (35%) injuries were sus-
tained during set offense, 56 (32%) during halfcourt
defense, 19 (11%) during fast breaks, 18 (10%) while
securing the ball, and 15 (9%) during transition defense.
No injuries were sustained during overtime. 5 (3%) inju-
ries were classified as other. Injuries were similarly dis-
tributed between the first (54%) and second match half
(46%, p=0.35). The four match quarters differed in injury

Table 2 Selected and identified injuries for each season
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distribution (Fig. 1): The number of injuries in the sec-
ond quarter was higher than in the first quarter (OR
1.8, 95% CI 1.1-2.8, p=0.0179) and higher in the fourth
quarter than in the third quarter (OR 1.8, 95% CI 1.0-3.0,
p=0.022).

Of all injuries analyzed, 103 (59%) were sustained in the
frontcourt and 72 (41%) in the backcourt. Most injuries
(n=106 injuries, 61%) occurred in the central zone below
the basket (Fig. 2).

General and basketball-specific movements

Landing (n=67, 38%) and running (n=42, 24%) were
the most frequent general movements, less frequent
were standing (n=13, 7%), jumping (n=11, 6%), stop-
ping (n=10, 6%), change-of-direction movements, side-
steps (both n=9, 5%), being mid-air (n=28, 5%), sprinting
(n=4; 2%), and starting (n=2, 1%).

The most frequent basketball-specific movement pat-
terns were rebounding (n=25, 14%), layup or dunk-
ing (n=24, 14%), other 1-on-1 situations (n=23, 13%),
actions classified as other (n=17, 10%), shot blocking
(n=16, 9%), shooting (n=14, 8%), boxing out, screen
defense (both n=11, 6%), penetration (n=38, 5%), pass-
ing (n=7, 4%), fighting for the ball (n=6, 3%), catching,

40.0%
35.0%
30.0% -
25.0% -
20.0% -
15.0%
10.0%
5.0% -
0.0%
1st quarter 2nd quarter 3rd quarter 4th quarter
Fig. 1 Distribution of match injuries in men’s basketball divided by
quarters

Season Number of players n All registered injuries n All registered moderate and severe Identified
match injuries n match injuries
n %
2014-2015 514 1045 70 47 (67%)
2015-2016 522 994 73 41 (56%)
2016-2017 508 1008 80 43 (54%)
2018-2019 509 923 106 44 (43%)
Total* 871 3970 329 175 (53%)

*The number of players is duplicated for each season
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Fig. 2 Distribution of match injuries in men's basketball divided by field areas. The left part shows the defense area and the right part the offense

posting up (both n=3, 2%), help defense, closing out,
faking (n=2, 1% each), and screening (n=1, 1%).

Contact mechanisms

Head, shoulder, and ankle injuries were mainly sus-
tained through direct contact (all p<0.0001). In con-
trast, more than two thirds of injuries to the thighs
were non-contact injuries, and one third of knee inju-
ries detected in the video recordings had occurred due

to indirect contact (Fig. 3). The proportion of contact
injury mechanisms also differed between the four play-
ing positions (Fig. 4). Point guards sustained the high-
est number of contact injuries (n=30, 65%, p =0.28)
and power forwards the highest number of non-contact
injuries (n=9, 25%, p=0.16) compared to the average
of the other positions. Indirect contact injuries were
equally distributed, ranging from 19 to 26%.

0% 10% 20% 30% 40%

Head

91.7%

Shoulder 88.9%
e o

W Contact ™ Indirect contact

Fig. 3 Proportion of contact mechanisms for the most frequently injured body sites during match play in men’s basketball. Contact mechanisms
are divided into contact (black), indirect contact (dark gray), and non-contact (light gray)

50% 60% 70% 80% 90% 100%

Non-contact
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Center player 58.8% 14.7%
Power forward 50.0% 25.0%
Point Guard 65.2% 8.7%
Small Forward 52.2% 21.7%
shooting guard 61.1% 19.4%
m Contact ® Indirect contact  Non-contact

Fig. 4 Proportion of contact mechanisms for the five field positions during match play in men’s basketball. Contact mechanisms are divided into
contact (black), indirect contact (dark gray), and non-contact (light gray)

The most frequent mechanism of the 102 (59%) con-
tact injuries was collision with an opponent (n=469,
68%), 35 (51%) of which were caused by foot-to-
foot contact. Less frequent mechanisms were being
pushed or hit by an opponent (n=14, 14%, 7 elbow-
to-head) or collision with a teammate (n=12, 12%, 7
foot-to-foot).

43 (25%) indirect contact injuries were also caused by
collision with an opponent (n=31, 72%) resulting in a
twist (n=9, 29%) or fall (n=8, 26%). Other frequent
injuries were sustained due to overload after collision
with an opponent (n=7, 23%).

Most of the 30 (17%) non-contact injuries were due to
overload (n=15, 50%), mainly of the thigh (n=8), and
twisting the ankle (n=9, 30%). Injuries due to twisting
the knee were less frequent (n=3, 10%).

Foul play and ball possession

Of all injuries, 101 (58%) were sustained in match situ-
ations involving the ball. 33 (19%) injuries were asso-
ciated with foul play: 21 (64%) by the opponent and
12 (36%) by the injured player himself. These injuries
were rated by the referees as defensive fouls (28), offen-
sive fouls (2), or unsportsmanlike fouls (3). The expert
rater agreed with the referee decisions in 93.1% (95%
CI 0.89-0.96), which resulted in good concordance
(x=0.79, 95% CI 0.68-0.90).

Typical injury patterns

Overall, eight typical injury patterns of moderate and
severe match injuries in professional men’s basketball
were identified: one each for the head, shoulders, and
ankles, two for the thighs, and three for the knees. The
patterns differed considerably in their mechanisms and
causes (Table 3). 2 of 9 injury patterns were discussed, of
which one was finally excluded by consensus among all
authors.

Discussion

The most important finding of this study was the identifi-
cation of eight typical injury patterns of acute, moderate,
and severe injuries in professional men’s basketball. Par-
ticularly collisions could be identified as one of the main
mechanisms of injuries to the head, shoulders, thighs,
knees, and ankles. The identified typical basic, sports-
specific movement patterns and contact situations, as
well as the main injury mechanisms may provide valu-
able data for investigating future preventive approaches
in professional men’s basketball.

Typical movement patterns were running with quick
change-of-direction movements, sharp cutting move-
ments, jumping, and landing. Of all moderate and severe
injuries sustained in a professional men’s basketball
league setting, 58% were caused by direct contact, 25% by
indirect contact, and 17% by non-contact mechanisms.
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Contact injuries often occurred when the athlete was
mid-air. Indirect contact injuries were sustained dur-
ing shooting and landing, whereas non-contact injuries
occurred during faking, especially during change-of-
direction movements and sprints. The detailed mecha-
nisms of moderate and severe injuries in professional
men’s basketball in a league setting differed for each body
site.

Injury mechanisms

Of the eight identified mechanisms of moderate and
severe injuries, six directly or indirectly involved collision
with another body part, mainly of an opponent.

In our study, head injuries occurred after a hit or push
by an opponent, mainly through direct elbow-to-head
collisions. Our findings extend findings from other team
ball sports regarding a major number of contact mecha-
nisms in moderate and severe head injuries [5, 6, 17-19].

Collision with an opponent played an important role in
most injuries to the shoulders, thighs, knees, and ankles.
Moderate and severe shoulder injuries often occurred by
shoulder collision with an opponent, mainly shoulder-to-
shoulder collision during 2-on-2 situations. In contrast,
injuries due to thigh collision were mainly sustained
through direct knee-to-thigh contact in various match
situations.

Ankle sprain is generally considered to be the one of
the most common sports-specific injury in basketball
[1, 20, 21]. The consistent feature in this injury pattern is
sudden inversion and slight plantar flexion, with or with-
out internal rotation [11]. We identified a highly repeti-
tive mechanism of moderate and severe injuries resulting
from direct contact, mainly foot-to-foot collision with
the foot of an opponent or a teammate after landing from
a rebound or a jump shot: 45 out of 59 analyzed ankle
injuries matched this pattern. This result confirmed the
findings of previous studies on indoor team ball sports,
such as handball [5].

Although direct collision was identified as the main
injury feature in the majority of injuries, knee injuries
were sustained due to different contact mechanisms.
Injury patterns differed substantially in mechanisms,
corresponding to previous findings in basketball [22].
Of all identified moderate and severe knee injuries in
professional men’s basketball, 21% resulted from non-
contact knee twisting without any external impact. Our
findings confirmed the basic and basketball-specific
movement patterns, including landing and change of
direction as known from other team ball sports [5, 6].
The identified injury patterns extend previous findings
on the patterns of indirect and direct contact injuries.
More than one third of all moderate and severe knee
injuries were sustained due to indirect contact, for
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instance, twisting of the knee mainly occurred after a
collision that may have disrupted the initial movement
pattern and thereby facilitated injury. The frequently
observed direct external impact often resulted from
collision with opponents or teammates.

Our findings on thigh injuries confirmed the results
of other team ball sports regarding the number of non-
contact mechanisms [5, 6, 23, 24]. Almost 50% of all
thigh injuries were non-contact injuries sustained dur-
ing sprints and running. None of the identified injuries
had been sustained because of foul play. Based on the
findings of the described injury patterns, thigh injuries
in professional men’s basketball are primarily caused by
peaks of high load.

Foul play and relevance for refereeing

The results of our study showed that foul play is not a
key injury mechanism in professional men’s basketball
in a league setting. The proportion of 19% of mod-
erate or severe injuries sustained in a league setting
because of foul play was low and even less when only
counting foul play by opponents (12%). These rates are
lower than those found in other team ball sports, such
as football (soccer) (22%) [6] or handball (28%) [5], and
can be explained by the stricter contact rules in basket-
ball than in football or handball.

With the possible exception of head injuries, rule
changes and stricter refereeing in professional men’s
basketball in a league setting does therefore not trans-
late to safer match play. Rule reinforcements have
proven to be an appropriate approach to reduce head
injuries in distinct match situations in football but may
not necessarily result in lower injury rates in profes-
sional men’s basketball. In football, referees have been
instructed to severely sanction fouls involving the use
of arms in tackles during vertical jumps because this
type of foul has been identified as the most frequent
cause of severe head injury [25]. Such stricter referee-
ing resulted in a 48% decrease in the number of head
injuries between the 2002 and the 2006 FIFA World
Cups [19] and in a 30% decrease in Bundesliga matches
between the seasons 2000—-2001 to 2005-2006 and the
seasons 2007-2008 to 2012-2013 [24]. This reduction
has probably been—at least in part—caused by stricter
refereeing rules [26]. Thus, strict implementation of the
rules by referees may potentially help to maintain the
low number of head injuries due to foul play in profes-
sional men’s basketball. However, because of the dif-
ferent character of match play and injury patterns in
basketball, the degree of reduction may not be as effec-
tive as in football and should thus be interpreted with
caution.
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Field area, match phase, and time of injury

Basketball is a game characterized by a high num-
ber of transitions, i.e. continuous switches between
defensive and offensive play. Most injuries (35%) were
sustained during set offense. The field area with the
highest number (61%) of moderate and severe match
injuries was the central zone below the basket [27, 28].
This finding was not unexpected because this zone is
marked by high-intensity play and players attempt to
score often. Thus, basketball has a higher proportion
of injuries in one specific field area than other team
ball sports, such as handball in which the respective
rate is about one third [5].

Although the number of injuries sustained in each
of the two half times of a match was similar, the pro-
portion of injury increased in the last quarter of each
match half. Potential causative mechanisms such as
players’ substitution or fatigue should be further ana-
lyzed for their potential of injury prevention.

Relevance for injury prevention in daily practice

Most of the identified injury mechanisms of moderate
and severe injuries involved collision with an oppo-
nent or teammate. Injuries due to direct collision can
never be completely excluded in fast-paced ball sports.
Yet, training and match preparation may be improved
by preparing athletes for indirect contact during pass-
ing and lay-up and for direct contact during jumps,
change-of-direction movements, and landing. The
identified patterns of indirect contact injuries pro-
pose the examination of injury prevention measures
for improving athletes’ ability to withstand upper-body
perturbation without any subsequent uncontrollable
twisting of the knees.

In addition to these direct and indirect contact inju-
ries, the knees and thighs were shown to be susceptible
to non-contact injuries. Non-contact knee and thigh
injuries are often associated with intrinsic risk factors.
Addressing such intrinsic (neuromuscular) risk fac-
tors has been shown to be effective in lowering injury
risks, thereby reducing acute severe knee injuries, such
as ACL tears or hamstring injuries, in team ball sports
by at least 50% [29-31]. Training programs for improv-
ing muscular strength [32, 33] and training load meas-
ures [34] should be evaluated for their effectiveness in
reducing (non-contact) injuries in professional men’s
basketball.

Together, these findings have huge preventive poten-
tial. Multifaceted preventive approaches are needed that
focus on respective basic and sports-specific movement
patterns, contact situations, and the main (contact-)
mechanisms of situations leading to injury.
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Strengths and limitations

The strength of this study is its prospective data collec-
tion in two professional national men’s basketball leagues
over four seasons. To ensure high-validity data, this study
used insurance data directly registered by team physi-
cians [35, 36].

The main limitation is the low identification rate of
53%. The main reasons for non-identification in this study
can be found in previous publications [5, 6, 9], but our
rates compare to the rates of 30—-54% of other research in
professional team sports [5-7, 24, 37, 38]. It is important
to note that our data do not apply to every acute moder-
ate and severe injury in professional men’s basketball and
that our data may be biased towards direct and indirect
contact injuries. Especially head injuries were assumed to
be overrepresented compared to other body sites because
of easier identification in match situations due to inter-
ruption of the match [9]. Finally, video analysis is not an
accurate method for the etiological description of over-
use injuries because such injuries cannot be attributed to
a single inciting event. Thus, the present study was only
focused on acute injuries. Systematic bias due to the final
observation by only 1 rater cannot be excluded.

Conclusion

Collision with opponents and teammates was the pre-
dominant for moderate and severe match injuries to the
head, shoulders, knee, and ankles in professional men’s
basketball in a league setting. Eight typical injury patterns
for moderate and severe injuries could be identified. Per-
formance-determining techniques of 1-on-1 or 2-on-2
with direct and indirect contact are associated with
a high risk of injury and should thus be part of routine
training programs. Adequate jumping and landing skills
as well as change-of-direction movements with intense
physical contact are typical for basketball and should be
a central component of technical training. Only a low
proportion of injuries in professional men’s basketball
in a league setting was associated with foul play. Thus,
stricter rule enforcement does not seem to translate to
safer match play.
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