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Abstract
Purpose. Single-leg landing is frequent in basketball and volleyball, two sports with high incidence of anterior cruciate 
ligament injuries. The similarity in the number of landings between these sports could be the culprit of the high incidence 
of injuries. However, the comparison of knee joint motion during landings in both sports has yet to be investigated. This 
study aimed to contrast the knee kinematics of basketball and volleyball athletes during a single-leg landing task.
Methods. Overall, 10 male athletes, 5 in basketball (181.4 ± 6.7 cm; 93.21 ± 33.06 kg) and 5 in volleyball (178.4 ± 6.6 cm, 
79.11 ± 6.46 kg) performed single-leg drop landings. Differences between the groups were verified with the superposition 
of 95% confidence intervals. Additionally, the probability approach was applied with magnitude-based inferential statistics 
calculated to compare individual instants (40 ms after the initial ground contact, maximum flexion, and abduction).
Results. Different knee movement patterns were detected between the groups. While volleyball athletes showed greater 
knee flexion, basketball players exhibited greater knee abduction. The magnitude-based inference also demonstrated that 
volleyball athletes presented higher values in the sagittal plane.
Conclusions. Basketball athletes exhibited greater valgus in the instants before and after ground contact. In addition, volley
ball athletes showed greater knee flexion during the single-leg drop landing.
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Introduction

The anterior cruciate ligament (ACL) rupture is 
one of the most devastating injuries in sports. Unfortu-
nately, reconstructive surgeries to ACL are well known 
to require prolonged recovery time, negatively influenc-
ing the individuals’ athletic, educational, and personal 
lives [1]. Sports requiring abrupt changes of direc-
tions and constant landings are often suggested to 
place athletes at a high risk of ACL injuries. It is esti-
mated that 70–80% of the injuries that take place at 

these at-risk sports arise during non-contact condi-
tions, such as single-leg landings [2]. The knee joint 
moments increase during landing tasks; more specifi-
cally, the abduction and internal rotation moments 
consequently increase tensional forces to ACL. How-
ever, different landing techniques can potentially de-
crease the internal load to the ligaments [3].

Two sports that are known for both repetitive and 
multidirectional landings and high prevalence of ACL 
injuries are basketball [4] and volleyball [5]. In volley-
ball, regardless of the practice environment (beach or 
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indoor), athletes present similar lower limb muscle 
activation [6], and single-leg landings occur at an ap-
proximate frequency between 61% (female athletes) 
and 70% (male athletes) during games [7], with approx-
imately 20% of lower limb injuries befalling to the knee 
joint [8] during single-leg landings [9]. Very similar 
findings are reported for basketball. Reina Román et al. 
[10] observed that athletes performed an average of 
57 landings during a 40-minute training session and 
70 landings during competitive games, with 18% of 
lower limb injuries occurring at the knee joint. Since 
basketball and volleyball differ in the level of physi-
cal contact, the similar high frequency of landings in 
both sports is likely the culprit of the high incidence 
of injuries.

Different researchers have investigated the inci-
dence of injuries in sports with a high number of land-
ings during practice. Andreoli et al. [11] reported that 
the lower limbs were the most affected by injuries, es-
pecially the ankle, foot, and knee. Similarly, Kilic et al. 
[12] found that ankle, knee, and shoulder injuries were 
the most common ones in volleyball. Likewise, the high 
knee load often observed during single-leg landings 
in at-risk sports can increase the probability of inju-
ries [3]. Thus, a biomechanical investigation of knee 
joint motion in athletes of different modalities per-
forming sports-related landing was warranted. We 
selected the single-leg drop landing (SLDL) as the ex-
perimental task because of the purported high load 
generated to the lower limb during its execution. Al-
though previous studies have reported peak forces 
experienced across the knee joint during landings that 
can be 3 times greater than the body mass [13], an 
inverse relationship is known to occur between these 
forces and lower limb flexion [14] during the landing. 
Thus, when single-leg landings are performed with 
the knee joint near full extension, the loading across 
the joint increases along with the potential increase 
in the risk of injury.

Although literature shows the importance of inves-
tigating knee biomechanics during athletic landing 
tasks for injury prevention [15, 16], establishing the 
mechanism of injury is a step required prior to elab-
orating a prevention program [17]. Few are the studies 
contrasting knee biomechanics of the athletic popu-
lation mentioned above. One previous work [18] used 
a 2-dimensional approach and found significant dif-
ferences in knee valgus angles of basketball and vol-
leyball athletes during unilateral and bilateral land-
ing tasks. A better control (i.e., less asymmetry) of knee 
valgus excursions during the bilateral task was reported 
for basketball athletes when compared with volleyball 

athletes. In addition, knee valgus collapse was lessened 
during the unilateral task for the basketball group 
vs. volleyball. Thus, one can assume that between-sport 
differences in landing techniques may promote dis-
tinct biomechanical demands around the knee joint. 
Nevertheless, previous research has not investigated 
the comparison of landing techniques in different 
sports, such as basketball and volleyball. Addition-
ally, although the 2-dimensional approach can provide 
enough information regarding an initial screening 
for injurious movement patterns [16], a more robust 
(i.e., 3-dimensional) analysis is warranted for a com-
prehensive analysis of biomechanical demands around 
the knee joint between sports.

The purpose of this exploratory investigation was 
to contrast the knee joint biomechanics of basketball 
and volleyball athletes during the demanding task of 
single-leg landing. It was hypothesized that sport-re-
lated differences in landing techniques would impact on 
the knee kinematics variances in these modalities.

Material and methods

Subjects

Overall, 10 collegiate male athletes (convenience 
sampling) with a minimum experience of 2 years of 
collegiate-level training and competition were divid-
ed into 2 groups: basketball (BK, n = 5), with average 
height of 184.2 ± 9.98 cm, weight of 96.21 ± 30.63 kg, 
and age of 20.6 ± 1.7 years; and volleyball (VB, n = 5), 
with average height of 179.2 ± 5.97 cm, weight of 83.11 
± 6.20 kg, and age of 21.6 ± 2.9 years. The detailed 
characteristics of the players are presented in Table 1. 
All participants exhibited no current or previous lower 
limb injuries in the previous 6 months and no history 
of knee or ankle surgeries and were participating of 
volleyball or basketball program training with a fre-
quency of 4 times/week.

Experimental design

A 5-minute self-directed warm-up was allowed for 
each participant. In order to simulate the lower extrem-
ity biomechanical demands of landings, we evaluated 
the SLDLs from a 40-cm high platform. The subjects 
were instructed to maintain their arms on their hips 
and step off the box. They were not to jump up or lower 
their bodies down. They were asked to land as natu-
rally as possible with their dominant foot on the land-
ing platform. The participants’ dominant limb was 
determined by asking them which leg they used to kick 
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a ball. After the initial ground contact, the players were 
to maintain their balance for at least 2 s [15]. The task 
was described and demonstrated to the participants 
and they performed SLDL as many times as needed 
for familiarization. All athletes rested for at least 5 min-
utes before data acquisition. Three SLDLs were then 
recorded with a 1-minute interval between the trials. 
Owing to the particularities and variability of shoes 
used by the athletes between the 2 sports (e.g., low-tops, 
high-tops) and their potential impact on lower limb 
biomechanics, all participants performed the experi-
mental task barefoot.

Procedures and data analyses

In order to obtain 3-dimensional data, a system 
composed of 8 infrared MCU 240 cameras (Qualisys 
Medical AB, Gothenburg, Sweden) sampled at 100 Hz 
was used. A total of 20 kinematics markers were placed 
on specific anatomical landmarks, in accordance with 
the published recommendations [15, 19]; the sites in-
volved bilateral anterior superior iliac spines, apex of 
iliac crests bilaterally (aligned with the greater tro-
chanter of the femur), first sacral vertebra, prominence 
of the greater trochanter of the femur, lateral and me-
dial epicondyles of the femur, head of the fibula, ante-
rior aspect of mid-shank, lateral and medial malleoli, 
lateral aspect of the calcaneal tuberosity, first and fifth 
metatarsal heads, and hallux.

Kinematic marker trajectories were smoothed with 
the 4th-order Butterworth filter with a cut-off frequency 
of 10 Hz. The reference systems were defined by i, j, 
and k, constructed by 3-dimensional coordinates of 
each marker. For the thigh system, markers of promi-
nences of greater trochanter of the femur, lateral and 
medial epicondyles of the femur were used. For the 

shank system, markers of the head of the fibula, lateral 
and medial malleoli were applied. With reference sys-
tems defined, calculations were performed to obtain 
Euler angles from rotation matrices (sequence XY’Z”), 
which represent the rotation movements in the knee 
joint. Thus, the knee joint angles were obtained by the 
rotation matrices between the 2 local coordinate sys-
tems of interest: the rotation segment (shank) around 
the fixed segment (thigh). Therefore, the xyz axis rep-
resented movements in the sagittal [flexion (–) and 
extension (+)], frontal [adduction (+) and abduction 
(–)], and transverse [external (+) and internal (–) ro-
tation] plane, respectively. In addition, a static meas-
urement was performed for each participant’s stand-
ing neutral alignment to allow the individualization of 
angle values. All data were processed by using spe-
cific algorithms developed in the MATLAB® software 
(MathWorks Inc., Natick, USA).

As a standardization procedure, the initial foot con-
tact with the ground (touch-down, TD) was defined as 
a common event for all SLDLs. The time range encom-
passing 0.3 s prior to and 1 s after TD was selected, 
which resulted in the analysis of a movement with the 
total time of 1.3 s. The angle values (°) during the 40 ms 
after TD, including sagittal (S40), frontal (F40), and 
transverse (T40) planes [9], as well as the angle values 
of maximum flexion (MF) and maximum abduction 
(MA) were identified and compared between the groups.

Statistical analysis

Statistical analyses were performed with the MAT-
LAB software® (MathWorks Inc. Natick, USA). The 
data points represented by the Euler angles were com-
pared with the medians of the time series and their 
respective confidence intervals. The difference between 

Table 1. Characteristics of the basketball and volleyball athletes

Discipline Athlete Age Weight (kg) Height (cm)
Practice  

per week (hours)

Basketball

1 20 70.0 172 12
2 19 119.9 195 10
3 23 144.2 197 8
4 22 86.0 180 6
5 20 64.0 177 8

Volleyball

1 18 82.0 176 6
2 21 83.5 179 6
3 25 90.5 187 10
4 19 88.0 184 10
5 25 72.0 170 10
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the groups was verified with the superposition of 95% 
confidence intervals of the median, with a significance 
level of p < 0.05 [20].

In addition, for the between-group comparison of 
S40, F40, T40, MF, and MA, the probability approach 
was applied, with the magnitude-based inferential sta-
tistics calculated as recommended for studies with 
athletic performance [21] (confidence level: 90%; num-
ber of independent inferences: 1; maximum risk of 
harm: 0.5%; minimum chance of benefit: 25%; ben-
efit/harm odds ratio: 66). Cohen’s effect size (ES) was 
used to assist with the interpretation of between-group 
differences. The quantitative chances of higher or lower 
differences were classified as follows:  1%: almost 
certainly not; between > 1% and 5%: very unlikely; 
between > 5% and 25%: unlikely; between > 25% and 
75%: possible; between > 75% and 95%: likely; between 
> 95% and 99%: very likely; and > 99%: almost certain. 
If the chances of higher or lower differences were > 5%, 
the true difference was assumed as unclear. This sta-
tistical treatment was used because it is suggested as 
relevant for analysing athletic performance and it is 
well suited for small sample sizes [21].

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the Ethics 
Committee of Ribeirão Preto Medical School, Univer-
sity of São Paulo.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

The BK and VB athletes exhibited different knee 
angle values during the SLDL task. The VB group 
showed a greater knee flexion angle than BK. These 

differences were found in approximately 40% of the 
cycle analysed (BK: ca. 36°, VB: ca. 42°), and in the 
0.3-s window before TD (Figure 1A). With regard to 
abduction/adduction angle values (Figure 1B), differ-
ences were observed between the groups in the window 
prior to TD. BK showed neutral values (ca. 0.7°), while 
VB exhibited a slight varus angle (ca. 2.7°). In addition, 
immediately after TD, a slight difference was found 
in the abduction angle; BK demonstrated greater knee 
abduction than VB (noted by the non-overlap of con-
fidence intervals). With reference to internal/external 
rotation angles, a difference was reported in which 
BK exhibited greater internal rotation values than VB 
(Figure 1C).

The magnitude-based inference analysis (Table 2, 
Figure 2) showed greater values of MF (BK: 38.01 ± 
11.24°; VB: 48.93 ± 9.81°) and F40 (BK: –17.34 ± 6.82°; 
VB: –22.68 ± 6.67°) for VB compared with BK (ES = 
0.97, almost certain; ES = 0.60, very likely; respectively). 
In addition, BK (–5.49 ± 1.22°) exhibited greater values 
of F40 (ES = 0.93, likely) compared with VB (–2.89 ± 
2.68°). No differences were found in the other varia-
bles of interest.

Discussion

In agreement with our hypothesis, differences were 
found for the flexion angle exhibited between volley-
ball and basketball players. Volleyball athletes showed 
greater flexion angles than basketballers. The knee 
flexion is fundamental in reducing mechanical loads 
across the joint, enhancing absorption of impact forces 
[23]. Owing to the increase in knee flexion, more en-
ergy was probably absorbed and the impact forces 
dampened through the joint. Chappell et al. [24] de-
scribed a decrease in the knee load during the landing 
performance with greater knee and hip flexion. Knee 
flexion angles during landing can also be a conse-
quence of the differences in the patellar tendon-tibial 
shaft [25]. When the knee is fully extended, ACL is 
perpendicular to the tibial plateau line. Hence, during 

Table 2. Mean ± standard variation and magnitude-based inference [22] of the comparisons between basketball  
and volleyball players during single-leg drop landing

Condition Basketball Volleyball MBI

Rotation 40 ms 4.66 ± 2.52 3.93 ± 4.12 Unclear
Abduction 40 ms 4.42 ± 1.44 3.06 ± 3.57 Likely ive
Flexion 40 ms 17.34 ± 7.82 22.18 ± 6.67 Very likely ive
Maximum abduction 8.09 ± 3.03 9.74 ± 7.32 Possibly ive
Maximum flexion 39.60 ± 11.24 47.43 ± 9.81 Almost certain

MBI – magnitude-based inference
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Figure 1. (A) Sagittal plane angles: flexion (–) / extension (+); (B) frontal plane angles: abduction (–) / adduction (+);  
(C) transverse plane angles: internal (–) / external (+) rotation
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the landing performance with lower degrees of flex-
ion, the angle between the tendon and tibial longitu-
dinal axis decreases, thus intensifying the shear force 
[26]. Furthermore, the increase in the anterior tibia 
force increases the ACL load and, consequently, the 
risk of rupture. In addition, a low knee flexion angle 
also affects the ACL elevation angle (i.e., angle of ham-
strings insertion), limiting the muscle potential to 
counteract anterior tibial strain [27]. The landing me-
chanics adopted by VB in our study can thus provide 
a more protective pattern (i.e., reduced loading) to the 
knee joint compared with the landing pattern exhib-
ited by BK. This difference could likely explain the 
disparities between the groups in the frontal plane, in 
which BK demonstrated a trend of larger knee valgus, 
especially in the first instants after TD. However, at 
the 40 ms after TD, a slight (likely) difference was found, 
where BK exhibited greater knee abduction values.

Valgus angles and frontal plane moments are also 
associated with ACL ruptures [28], especially in the 
first milliseconds after TD. The higher knee abduc-
tion values were found in 30% and 40% of the cycle 
in basketball and volleyball, respectively. When con-
sidering the time after TD, these values represent 90 
and 200 ms. Although non-significant differences were 
observed in the frontal plane during the full-wave angle 
graph, when analysing the crucial instants of 40 ms 
after TD where knee injuries usually occur, a greater 
flexion angle was also revealed for BK, while a greater 
abduction angle was detected for VB. These findings 

are in line with a prior study examining the time after 
TD when most non-contact injuries occur in handball 
and basketball [9]. Similar results were found by Kross-
haug et al. [29]: the ligament rupture was 37 ms (range 
of 25–50 ms and 33–45 ms for males and females, 
respectively) during single-leg landing for basketball 
athletes.

The findings of no significance in the transverse 
plane can likely be explained by the experimental task 
utilized in our study. Rotational forces are known to 
contribute to the knee joint loading during tasks that 
require changes in direction and rotations in the trans-
verse plane, such as side-step cutting manoeuvres [30]. 
Nonetheless, in the 0.6-s epoch, a greater internal ro-
tation was found for VB. This difference may increase 
the joint load and, consequently, the risk of injuries [31].

Different techniques of single-leg landing that may 
increase the knee joint load were observed in this 
study. These differences can be a result of the differ-
ences in the neuromuscular control patterns induced 
by the specificity of each modality [32]. Also, the strat-
egy adopted by basketball athletes seemed to cor-
roborate the explanation mentioned above and could 
likely have resulted from foot placement during the 
landing. While in VB, a protective technique was used 
(i.e., greater f lexion), BK athletes’ motor actions fa-
voured a dynamic knee abduction. In addition, the 
dynamics of each sport may explain the differences 
obtained. During practice, volleyball players perform 
jumps and landings during every single attack or de-

Figure 2. Magnitude-based inference of comparisons between basketball and volleyball players.  
FPRS = GB: 5.21 ± 0.43 e GV: 5.19 ± 0.70 (FPRS – force peak of reaction,  

GB – group of basketball players, GV – group of volleyball players)

     -2.0       -1.5       -1.0       -0.5        0.0        0.5        1.0        1.5        2.0
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fence situation, whereas basketballers would perform 
movements that require less knee flexion, such as jump 
shots. Therefore, the frequency and the trainability 
may explain the differences in the knee flexion and 
abduction in these modalities. Furthermore, although 
this study did not investigate the ankle joint, different 
foot placement during the landing task could have 
affected the knee loading [33].

Cortes et al. [33] found a higher maximum knee 
flexion angle when the landing was performed with 
forefoot in comparison with the rearfoot. Therefore, 
greater knee and hip flexion was observed with the 
forefoot technique in the time of peak vertical ground 
reaction force. Future research should investigate 
whether basketball athletes perform our experimen-
tal task with lower plantar-flexion, using a stiff land-
ing technique that increases the vertical force reac-
tion and, consequently, joint loading [34].

It is important to consider the limitations of the 
study. It had a small sample size, but a recent literature 
review of biomechanical studies with team sports 
showed a consistent low number of participants (e.g., 4 
[35] and 18 [36]) in the investigations selected. We pur-
posefully involved a small sample size for this explor-
atory work and used the appropriate statistical treat-
ment (i.e., magnitude-based inference) [37] to generate 
the ES needed to serve as the basis for further larger-
scale studies investigating the differences in landing 
techniques between sports. However, future studies 
should perform similar analyses but using a bigger 
sample size. Another potential limitation is that this 
investigation was conducted in a controlled laboratory 
environment with a fixed target and no interference 
from opponents; we suggest that further investigations 
should be performed on the court in order to obtain 
a more ecologically-related approach. Furthermore, we 
only recruited male athletes; future work should also 
compare the landing mechanics of female athletes of 
different modalities. Lastly, we understand that the 
sampling rate is a limitation. Therefore, future research 
should use a higher sampling rate in kinematics ap-
proaches than the one applied in the current study.

Conclusions

The movement pattern of the knee joint was differ-
ent between basketball and volleyball athletes when 
performing a single-leg landing task. Basketball play-
ers exhibited greater valgus in the first instants before 
and after ground contact. In addition, volleyball ath-
letes showed greater knee flexion during SLDL.
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