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Introduction
Basketball is a popular team sport and has gained significant inter-
est from sport science researchers over the years. During a 40-min 
basketball game, players actively cover a distance of 5–6 km, in-
volving repeated shuffling, jump-landing, and sprinting; all of which 

warrant the classification of basketball as a high-intensity intermit-
tent sport [1]. Meanwhile, basketball players can experience severe 
injuries, especially in the ankle and knee [2]. One of the common 
acute injuries is that of the anterior cruciate ligament, especially in 
female high school athletes [3]. Overuse injuries of the knee are 
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This study aimed to identify the high-impact details of play and 
movements with higher acceleration and their frequency dur-
ing a female basketball match. Trunk acceleration was meas-
ured during a simulated basketball game with eight female 
players. The extracted instance was categorized, which gener-
ated at > 6 and 8 G resultant accelerations using a video record-
ing and an accelerometer attached to the players’ trunk, as 
details of play and movements. The frequency and ratio of the 
details of play and movements regarding all detected move-
ments were calculated. A total of 1062 and 223 play actions 
were detected for the resultant acceleration thresholds of > 6 
and 8 G, respectively. For these acceleration thresholds, in 
terms of details of play, positioning on the half-court was the 
most frequently observed (29.6 and 23.8 %, respectively). In 
terms of movements, deceleration was the most frequently 
detected movement (21.5 and 23.3 %, respectively), followed 
by landing (7.6 and 15.7 %, respectively). Deceleration during 
positioning on the half-court and defense as well as landing 
mostly after a shot were detected as high-impact frequent 
basketball-specific movements. The results also showed that 
characteristics of movements or playing style and playing po-
sition may have an effect on acceleration patterns during a 
basketball game.
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also relatively common in basketball [4]. An increase in the me-
chanical load owing to specific movement can induce acute inju-
ries [5], or the accumulation of mechanical load from repetitive 
movements can induce overuse injuries [6]; it is therefore essential 
to examine its effects on athletic performance and the occurrence 
of injuries during high-intensity movements.

The mechanical load experienced by an athlete during training 
and basketball games can be further categorized as either internal 
or external load, also known as physiological or biomechanical load 
[7]. Measures of internal (physiological) load include oxygen up-
take, heart rate, blood lactate, and RPE; whereas those of external 
(biomechanical) load include the joint contact force and muscle-
tendon force. These measures can be obtained using various de-
vices in a laboratory-based environment, but are often difficult to 
collect during live sports events. Representative external load 
measures are often based on data obtained from GPS devices, 
which can measure variables such as running distance and veloci-
ty, or other physiologically relevant proxies for energy consump-
tion [7]. However, accelerations and decelerations come at a great-
er energetic cost than maintaining a constant speed; they also in-
duce a higher biomechanical load on the musculoskeletal system 
[8]. As such biomechanical loads cannot be estimated from dis-
tance or velocity data, GPS devices must also be able to quantify 
acceleration and deceleration. However, the accuracy of GPS-based 
acceleration signals remains limited [9]. Therefore, acceleration 
data measured using an accelerometer have been used as an exter-
nal biomechanical index [10–12]. Recently, although “player load” 
has been used as an index of measured acceleration in basketball 
[13, 14], it is unknown what type of movements show high accel-
eration and are reflected by index.

No unified view has been obtained on an index of acceleration. 
Peak resultant acceleration (PRA) is an index measure reflecting 
high-impact movements, gender differences, and stiff cutting 
movements [15]; it is also correlated with ground reaction force 
[11]. In volleyball, PRA also reflects individual differences in jump-
ing and non-jumping movements [10]; whereas in badminton, the 
frequency and details of high-impact movements were estimated 
using PRA [16]. In addition, examining each directional accelera-
tion could show characteristics of movements. In basketball, quan-
tifying the frequency and details of high-impact movements while 
playing could help in estimating the biomechanical load.

This study aimed to identify details of play and movements with 
high impact showing greater resultant acceleration and the fre-
quency of these movements during a female basketball match. We 
hypothesized that defense reaction to opponents and shot with 
landing are details of play with high impact showing greater accel-
erations and that deceleration and landing are frequently detected 
high-impact movements.

Materials and Methods

Participants
In total, eight teenage female basketball players [age, 16.1 ± 0.6 
years; body mass, 53.6 ± 6.3 kg; height, 159.8 ± 4.8 cm; years of ex-
perience, 5.9 ± 1.6 years (mean ± SD)] were recruited for this exper-
iment. The competition level of participants was set at prefectures 

ranking 4th–8th in Japan. The playing positions of participants 
were: guard (n = 2), shooting guard (n = 1), guard/forward (n = 1), 
forward (n = 2), and center (n = 1). Physical evaluations were con-
ducted, which provided the basis for inclusion and exclusion crite-
ria. Players were excluded if they had a history of severe musculo-
skeletal injury or if they suffered from any musculoskeletal injury 
within the past three months, as well as any disorder interfering 
with sensory input, musculoskeletal function, and motor function. 
Before the start of the study, all participants and their legal guard-
ians provided written informed consent according to the require-
ments of the ethical review board of the authors’ affiliation. The 
study meets the ethical standards of the journal [17].

Measurements
Linear acceleration was measured using a lightweight, triaxial ac-
celerometer with a full-scale range of ± 16 G (SS-WS1201; Sports 
Sensing, Fukuoka, Japan). The accelerometer was secured to the 
upper back of the participant using an exclusive vest with compres-
sive innerwear that did not limit upper or lower limb movements 
[16]. The three axes of the accelerometer were aligned with the 
anatomical axes of the participants (i. e., the x-axis was aligned me-
diolaterally, the y-axis vertically, and the z-axis anteroposteriorly). 
Acceleration was measured at a frequency of 200 Hz and saved in 
the built-in memory of the accelerometer. The axial direction of 
the accelerometer was set at + 1 G, indicating acceleration due to 
gravity.

Acceleration measurements were obtained during a 5 × 5 bas-
ketball match of two 10-min periods (exact total duration, 22 mins 
39 s), using the same team composition throughout. The match 
was conducted with two additional players, no-timeout, and no-
substitution, and free throw was permitted. After the experiment, 
raw data from the accelerometer were downloaded into a database 
for later analyses. We also recorded the match using two digital 
video cameras (HDR-CX590V; Sony, Tokyo, Japan) with a frame rate 
of 60 fps, placed on a balcony on the second floor at the back of the 
goals. We recorded the participants’ movements throughout the 
match using panning motions to cover all participants during the 
match. All videos were recorded in AVCHD format at a high defini-
tion (1080i). A light pulse was used at the start of the measurement 
to synchronize the accelerometer data with the video sequence.

The resultant acceleration (G) was calculated from the accelera-
tion data. A customized tagging application (Sports Sensing, Fukuo-
ka, Japan) was used to detect instances at which > 6 and > 8 G of re-
sultant acceleration were generated during the match. Using the 
Dartfish software (Connect Plus; Dartfish, Fribourg, Switzerland), 
video sequences corresponding to the time stamps of the > 6 and > 8 
G resultant accelerations were extracted and fitted with the time of 
detected acceleration data. The above acceleration thresholds were 
temporarily used to examine the ratio of corresponding detected 
details of play and movements. We categorized the extracted in-
stance as details of play and movements based on ▶Table 1. For each 
acceleration threshold, the frequency (case/min) and the ratio of the 
detected details of play and movements was calculated. Categori-
zation was performed by two researchers who needed to reach a 
unanimous decision; if they disagreed, other researchers were con-
sulted to obtain a consensus and final decision. Additionally, the top 
seven basketball-specific movements, pair of movements and de-
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tails of play observed > 6 G, were summarized, and the average re-
sultant and each directional acceleration were calculated. In vertical 
acceleration, a positive value indicates an upward direction, where-
as in anteroposterior acceleration, it indicated a posterior direction. 
For mediolateral acceleration, absolute values were used to elimi-
nate the influence of the dominant hand.

Statistical analysis
The 95 % confidence interval was calculated for all frequencies using 
the following formula: movement rate ± 1.96  ×  [movement rate/
square root (number of movements)] [18] to evaluate differences 
among the identified details of play and among the detected move-
ments. We also compared the resultant and directional acceleration 
(mediolateral, vertical, and anteroposterior) of the top seven bas-
ketball-specific movements using two-way ANOVA (movements  ×  
subjects) to examine the main effect of movements and interaction, 
along with Bonferroni correction as a post hoc test for the variables 
with significant main effects of movements. To assess the number 
of cases required to determine significant differences of two-way 
ANOVA for the top seven basketball-specific movements, a power 
analysis was performed at f = 0.4 and p = 0.05, power = 0.8, numera-

tor df = 42, and number of groups = 56. The analysis showed that a 
frequency of 209 was required to achieve sufficient statistical power 
to detect significant differences between movement types.

Results
A total of 1062 and 223 details of play were detected for the result-
ant acceleration thresholds of > 6 and > 8 G, respectively (▶Table 2). 
For both acceleration thresholds (> 6 and > 8 G), positioning on the 
half-court (29.6 and 23.8 %, respectively), running on the full court 
(25.8 and 22.4 %, respectively), and defense (16.5 and 18.8 %, re-
spectively) were the most frequently observed details of play. The 
ratio and frequency of detected movements at each resultant ac-
celeration threshold (> 6 and > 8 G) are shown in ▶Table 3. Decel-
eration was the most frequently detected movement at both ac-
celeration thresholds (21.5 and 23.3 %, respectively), followed by 
landing (7.6 and 15.7 %, respectively), the ratio of which was in-
creased with increasing threshold.

The seven most common basketball-specific movements gen-
erating > 6 G were deceleration during positioning on the half-
court, deceleration during defense, cutting during positioning on 
the half-court, landing during a shot, lunging during a pass, side-
steps during defense, and cutting during defense. The descriptive 
statistics of the resultant mediolateral, vertical, and anteroposte-
rior accelerations for the seven most common basketball-specific 
movements are shown in ▶Table 4. The two-way ANOVA summa-
ry for movements and subjects as factors for each resultant accel-
eration threshold are presented in ▶Table 5. Movements alone 
showed only a significant main effect in mediolateral acceleration, 
whereas significant interactions were observed in all accelerations. 
In mediolateral acceleration, the post hoc test showed that “side-
steps during defense” was significantly higher than other basket-
ball-specific movements (p < 0.001 for “deceleration during posi-
tioning on the half-court,” “deceleration during defense,” “cutting 
during positioning on the half-court,” and “landing during a shot;” 
p < 0.01 for “cutting during defense” and p < 0.05 for “lunging dur-

▶Table 1 Categorization of details of play and movements.

Details of play Movements

Positioning on half court Deceleration

Running on full court Landing

Defense Cutting

Shot Take-off

Pass Lunging

Pass catch Sidesteps

Rebound Stopping

Shot block Physical contact

Dribbling Etc. (including running)

Etc. Unknown

Unknown

▶Table 2 Details of play generated > 6 and 8 G during basketball game.

Movement
 > 6 G  > 8 G

counts  
(cases)

ratio  
( %)

Frequency (cases/min) 
95 % c.I.

counts  
(cases)

ratio  
( %)

Frequency (cases/min) 
95 % c.I.

Positioning on the 
half-court

314 29.6 1.73 (1.54–1.93) 53 23.8 0.29 (0.21–0.37)

Running on full court 274 25.8 1.51 (1.33–1.69) 50 22.4 0.28 (0.20–0.35)

Defense 175 16.5 0.97 (0.82–1.11) 42 18.8 0.23 (0.16–0.30)

Shot 63 5.9 0.35 (0.26–0.43) 28 12.6 0.15 (0.10–0.21)

Pass 53 5.0 0.29 (0.21–0.37) 16 7.2 0.09 (0.05–0.13)

Pass catch 35 3.3 0.19 (0.13–0.26) 6 2.7 0.03 (0.01–0.06)

Rebound 32 3.0 0.18 (0.12–0.24) 9 4.0 0.05 (0.02–0.08)

Shot block 31 2.9 0.17 (0.11–0.23) 10 4.5 0.06 (0.02–0.09)

Dribbling 16 1.5 0.09 (0.05–0.13) 0 0.0 0.00 (0.00–0.00)

Etc. 6 0.6 0.03 (0.01–0.06) 1 0.4 0.01 ( − 0.01–0.02)

Unknown 63 5.9 0.35 (0.26–0.43) 8 3.6 0.04 (0.01–0.08)

Total 1062 100.0 5.86 (5.51–6.21) 223 100.0 1.23 (1.07–1.39)
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ing a pass”). “Lunging during a pass” was significantly higher than 
“landing during a shot” (p < 0.05).

Discussion
This study revealed the frequency and ratio of high-impact move-
ments with greater trunk acceleration during a basketball game. 
We selected trunk acceleration as a variable indicating external load 

because it is a reliable measure for GRF [11] and did not prevent 
upper or lower limb movement during measurements. Because the 
trunk is the body segment with the highest mass, attaching an ac-
celerometer to it provides the most accurate measure of whole-
body acceleration [7]. Our findings show that high-impact move-
ments with greater acceleration mostly involved deceleration and 
landing, whereas the details of play consisting of high-impact 
movements were positioning on the half-court, running on the full 

▶Table 3 Movements generated > 6 and 8 G during basketball game.

Movement
 > 6 G  > 8 G

counts 
(cases)

ratio 
( %)

Frequency (cases/min) 
95 % c.I.

counts 
(cases)

ratio 
( %)

Frequency (cases/min) 
95 % c.I.

Deceleration 228 21.5 1.26 (1.09–1.42) 52 23.3 0.29 (0.21–0.37)

Landing 81 7.6 0.45 (0.35–0.55) 35 15.7 0.19 (0.13–0.26)

Cutting 79 7.4 0.44 (0.34–0.53) 11 4.9 0.06 (0.02–0.10)

Take-off 76 7.2 0.42 (0.33–0.51) 19 8.5 0.10 (0.06–0.15)

Lunging 47 4.4 0.26 (0.19–0.33) 15 6.7 0.08 (0.04–0.13)

Sidesteps 38 3.6 0.21 (0.14–0.28) 9 4.0 0.05 (0.02–0.08)

Stopping 37 3.5 0.20 (0.14–0.27) 3 1.3 0.02 (0.00–0.04)

Physical contact 22 2.1 0.12 (0.07–0.17) 9 4.0 0.05 (0.02–0.08)

Etc. 391 36.8 2.16 (1.94―2.37) 62 27.8 0.34 (0.26―0.43)

Unknown 63 5.9 0.35 (0.26–0.43) 8 3.6 0.04 (0.01–0.08)

Total 1062 100.0 5.86 (5.51―6.21) 223 100.0 1.23 (1.07―1.39)

▶Table 4 Resultant and directional accelerations (mean ± SD) among the seven most frequent basketball-specific movements observed > 6 G.

Basketball-specific move-
ments

counts (cases) resultant (G) Mediolateral (G) Vertical (G) Anteroposterior (G)

Deceleration during positioning 
on the half-court

147 7.23 (1.14) 1.02 (0.74) 6.95 (1.86) 1.10 (0.80)

Deceleration during defense 54 7.34 (1.09) 1.21 (0.82) 6.99 (1.16) 1.33 (1.03)

Cutting during positioning on 
half-court

49 6.96 (0.86) 1.44 (0.79) 6.53 (0.90) 1.46 (0.90)

Landing during a shot 43 8.21 (1.85) 1.03 (0.90) 7.70 (1.60) 2.10 (1.64)

Lunging during a pass 26 7.48 (1.71) 1.73 (1.13) 6.95 (1.86) 1.30 (1.17)

Sidesteps during defense 24 7.94 (2.05) 2.57 (2.47) 6.29 (3.03) 0.88 (2.41)

Cutting during defense 22 7.20 (1.27) 1.47 (0.85) 6.81 (1.23) 1.56 (0.67)

▶Table 5 Two-way ANOVA summary for movements and subjects as factors for each acceleration.

Variables Factor SS df MS F-value P-value η2

Resultant Movement (M) 9 6 1.48 0.7 N. S. 0.06

Subject (S) 16 7 2.33 1.1 N. S. 0.10

M*S 92 38 2.42 1.5  < 0.05 0.15

Mediolateral Movement (M) 26 6 4.34 2.9  < 0.05 0.24

Subject (S) 59 7 8.48 5.9  < 0.001 0.41

M*S 68 38 1.78 2.2  < 0.001 0.21

Vertical Movement (M) 11 6 1.91 0.6 N. S. 0.06

Subject (S) 13 7 1.81 0.6 N. S. 0.06

M*S 140 38 3.68 2.0  < 0.001 0.19

Anteroposterior Movement (M) 17 6 2.85 1.6 N. S. 0.14

Subject (S) 30 7 4.26 2.4  < 0.05 0.22

M*S 82 38 2.16 2.0  < 0.001 0.20
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court, and defense. In terms of basketball-specific play, decelera-
tion during positioning on the half-court, deceleration during de-
fense, cutting during positioning on the half-court, landing during 
a shot, lunging during a pass, sidesteps during defense, and cut-
ting during defense were all detected. Monitoring the frequency 
and intensity of these details of play and movements could quan-
tify the external biomechanical load.

Deceleration was mostly detected as high-impact movement. 
According to our results, positioning on the half-court and defense 
are mostly associated with deceleration. “Positioning on the half-
court” is mainly the off-ball play during the offense. Deceleration 
was found to occur frequently during both offensive and defensive 
play. Decelerations demand intense eccentric and quasi-isometric 
contractions [19]. Deceleration volumes and intensities define the 
extent of tissue damage [20, 21] and subsequent injury risk [22]. It 
is thought that coordination or control of loading during decelera-
tion is essential to basketball conditioning.

Landing mostly after a shot was also detected as a frequent 
high-impact movement. Additionally, the ratio of detected move-
ments increased when the threshold exceeded 8 G. The relative du-
ration of movements during a typical basketball game was about 
2 % for jumps and 9.3 % for high shuffle movements [1, 23]. Al-
though the ratio of landing after a jump in previous studies [1, 23] 
was low, a greater ratio was detected than other high-impact move-
ments in this study, particularly in the high resultant acceleration 
threshold (8 G). When a player lands, as they focus on the ball and 
goal above their head, the acceleration is thought to be greater, 
because landing in an upright posture increases GRF [24]. Moreo-
ver, in volleyball, jumper’s knee injuries are caused by repeated 
load, which occurs mostly during landing [6]. Knee overuse injuries 
are also common in young basketball players [4]. Therefore, con-
trol of loading during the landing phase is important for basketball 
conditioning, although the frequency of landing was not greater 
than deceleration.

While comparing the seven most commonly detected basket-
ball-specific high-impact movements in this study, we observed a 
significant main effect in mediolateral acceleration. The result 
showed that “side steps during defense” demonstrated higher me-
diolateral impact, which is a reasonable result assuming the char-
acteristics of sidesteps. However, we also observed a significant in-
teraction, suggesting high inter-player differences. The resultant 
and directional accelerations further demonstrated the character-
istics of a player and not those of movement. It means that a par-
ticular player, and not all players, shows high acceleration in a spe-
cific movement. Therefore, characteristics of movements or play-
ing style and playing position might have an effect on acceleration 
patterns during a basketball game. Moreover, these measures 
might demonstrate the training load or injury risk of each player. 
In a future study, the relationships between these measures and 
the player’s condition should be examined.

As a practical implication, considering the result of this study, 
the necessity to control the high-impact load during deceleration 
and landing is suggested. One way is to decrease the magnitude 
and frequency of these movements. The impact could be decreased 
by acquiring more flex posture [24], and injuries may decrease by 
acquiring this posture with prevention training [25]. Another way 
is to avoid the sudden increase in loading. Because the increase in 

the load of acute/chronic ratio is a risk for overuse injury [26], it is nec-
essary to design the practice and game plan such that it does not sud-
denly increase high-impact deceleration and landing movement.

Despite these results, this study had some limitations. First, we 
measured movements only in a simulated basketball match from 
a single team. The level of participants, gender, details of matches, 
fatigue, or floor material might have effects on acceleration. Sec-
ond, the present study was a cross-sectional study. To prove the 
relationship between trunk acceleration and condition, a prospec-
tive cohort study is required. It is particularly important to deter-
mine which index and threshold are associated with injuries.
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