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Abstract
Background  Lower extremity overuse injuries are common in athletes participating in sports with repeated bouts of landing 
manoeuvres. Biomechanical alterations during landing may be associated with these types of injuries. The objective of this 
systematic review with meta-analysis was to summarise and determine the relationship between kinematic alterations during 
a landing task and the development of lower extremity overuse injuries in physically active populations.
Methods  PubMed, Embase, Web of Science, CINAHL, and SPORTDiscus were consulted up to and including February 2020. 
Cohort, cross-sectional or case–control studies were included if they investigated the relationship between three-dimensional (3D) 
landing kinematics in physically active populations and either new incidence or a history of lower extremity overuse injuries.
Results  Twenty-three studies that investigated 3D landing kinematics in subjects with either patellar tendinopathy (PT), 
patellofemoral pain (PFP), exertional medial tibial pain (EMTP) or groin overuse injury met the inclusion criteria. Based on 
this systematic review, there is evidence for decreased knee flexion range of motion (ROM) and increased knee abduction 
ROM during landing as risk factors for PFP. For PT, risk factors are poorly understood. Furthermore, the meta-analysis dem-
onstrated significantly greater hip adduction at initial contact (IC) (p = 0.02), greater knee internal rotation at IC (p < 0.001), 
greater peak knee external rotation (p = 0.05) and less ankle dorsiflexion at peak vertical ground reaction force (vGRF) 
(p = 0.05) in subjects with knee overuse injuries compared to healthy controls. There is evidence of increased trunk, hip 
and knee transversal ROM as risk factors for EMTP. Groin injuries are associated with greater pelvic and hip frontal and 
transversal plane ROM in the injured group compared to the healthy controls.
Conclusion  The results of this systematic review and meta-analysis provide preliminary evidence for impaired landing kin-
ematics associated with lower extremity overuse injuries. Excessive frontal and transversal plane movements during landing 
manoeuvres might increase impact and tensile forces resulting in lower extremity overuse injuries.
Registration  This systematic review was registered in the PROSPERO international prospective register of systematic 
reviews (ID = CRD42019135602).

1  Introduction

Although the benefits of sports participation are well known, 
physical activity may also cause sports injuries in elite and 
recreational athletes which might lead to sports discontinu-
ation [1]. The lower extremity is affected in 47–54% of all 
sports injuries [2, 3] Acute injuries usually implicate short-
term disabilities [4]; whereas, overuse injuries may result 
in chronic, long-lasting disabilities and are three- to sixfold 
more frequent [2]. Lower extremity overuse injuries are 
defined as injuries that occur with gradual onset, without 
a single identifiable responsible event, and are thought to 
be the result of micro-trauma caused by repetitive similar 
movement patterns [5–7]. Because of the repetitive nature 
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of running, lower extremity overuse injuries are common in 
running populations [8]. Furthermore, in sports with repeti-
tive jump-landing manoeuvres, there is a high prevalence of 
PT and PFP, which might be the result of the accumulated 
impact forces associated with repetitive movements like sin-
gle- or double-leg landings [5, 9, 10].

Due to the high prevalence and consequences of these 
sport-related overuse injuries, the determination of injury 
mechanisms and risk factors is crucial to provide adequate 
injury prevention [11, 12]. The majority of sports overuse 
injuries have a multifactorial origin, and several extrinsic 
and intrinsic risk factors for these injuries have already been 
determined in jumping and landing sports [13]. Concerning 
the intrinsic risk factors, kinematics are essential in under-
standing injury mechanisms during landing [14]. Previous 
research showed that joint kinematics are essential in quan-
tifying the capability of the body to modify and absorb high 
impact forces during landing tasks that might lead to the 
development of injuries [15, 16]. A multitude of research has 
been performed to study the association between impaired 
landing kinematics and acute lower extremity injuries [17, 
18]. For example, a stiff landing strategy and increased knee 
abduction angles and knee abduction moments during land-
ing have been proposed as risk factors for anterior cruciate 
ligament (ACL) injuries in a female population [17]. Moreo-
ver, impaired landing kinematics may also predispose the 
athlete to overuse injuries due to the accumulation of high 
impact forces and needs consideration as well [16].

Taking into account these landing kinematics in lower 
extremity overuse injuries, previous literature often used a 
local approach to determine risk factors [19–21]. Despite 
the relevance of assessing local kinematic alterations dur-
ing landing, the determination of non-local kinematic risk 

factors, which can be located distally or proximally to the 
site of injury, seems to be essential too. Impairments in these 
proximal and distal links of the kinetic chain have been found 
to be important contributors to lower extremity overuse inju-
ries [22–24]. For example, trunk position alters lower extrem-
ity load through altered lower extremity kinematics [25–27], 
and reduced ankle mobility limits efficient function of the 
ankle plantar flexion muscles near end-range which transfers 
loads proximally to the knee [13, 28, 29]. Based on the cur-
rently available scientific evidence, it is still unclear whether 
or not impaired landing kinematics are associated with lower 
extremity overuse injuries. Therefore, identifying the rela-
tionship between impaired landing kinematics and overuse 
injuries is warranted and could have an added value in the 
process of injury prevention and injury treatment.

To this date, a recent systematic overview of evidence on 
the relationship between full-body landing kinematics and 
lower extremity overuse injuries is lacking. Therefore, the 
aim of this systematic review and the meta-analysis is two-
fold: (1) to give a summary of the current evidence regarding 
impaired local and non-local landing kinematics associated 
with and/or predictive for lower extremity overuse injuries 
in a physically active population, and (2) to compare the 
kinematic data between injured and non-injured physically 
active people with the meta-analysis if possible.

2 � Methods

2.1 � Search Strategy and Information Sources

This systematic review was registered in the PROSPERO 
international prospective register of systematic reviews 
(ID = CRD42019135602) and conducted by following the 
Preferred Reporting Items for Systematic reviews and Meta-
analyses (PRISMA) guidelines. The database search, literature 
screening, data extraction, and quality assessment were per-
formed independently by two researchers (CaDB and SV) of the 
Ghent University. A PICO question was designed to answer the 
following research question: “What is the relationship between 
kinematics during a landing task (I) and lower extremity over-
use injuries (O) in physically active populations (P)?” There is 
no comparison (C) determined in this research question since 
there is no relevant comparator for landing task (I).

The electronic databases Pubmed, Web of Science, 
Embase, CINAHL, and SPORTDiscus were consulted up 
to and including February 2020. Free text words, search 
terms, and corresponding MeSH terms (for PubMed) and 
EMTREE terms (for Embase) were combined with Boolean 
operators to answer the research question. Furthermore, the 
reference lists of included studies were hand-searched to 
identify other relevant articles. The search strategy is shown 
in Online Resource 1.

Key points 

Excessive movement in the frontal and transversal plane 
during landing can be located locally and/or non-locally 
to the injury site in subjects with lower extremity over-
use injuries.

The meta-analysis demonstrated greater hip adduction 
and knee internal rotation at initial contact (IC), greater 
peak knee external rotation, and less ankle dorsiflexion 
at peak vertical ground reaction force (vGRF) in subjects 
with knee overuse injuries.

Decreased knee sagittal range of motion (ROM) and 
increased knee frontal ROM are considered as risk fac-
tors for patellofemoral pain (PFP); whereas, increased 
trunk, hip and knee transversal ROM are risk factors for 
exertional medial tibial pain (EMTP).
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2.2 � Eligibility Criteria

Studies were included if they met the following inclusion 
criteria: (1) written in the English language, (2) a prospec-
tive cohort, cross-sectional or case–control study design, (3) 
investigated a physically active population (regular partici-
pation in sports during leisure time, work or education pro-
grammes), (4) included individuals with a recent/previous 
overuse injury of the lower extremity, and (5) extracted 3D 
landing kinematics during jump manoeuvres in an upright 
position.

Studies were excluded if they met the following exclusion 
criteria: (1) investigated a population with acute injuries, (2) 
measured another movement task than jump-landings, (3) 
extracted kinematics of other phases during jumping (e.g. 
take-off), (4) used a qualitative method to obtain the kin-
ematic parameters, and (5) investigated the effects of inter-
ventions (e.g. modifying landing kinematics by feedback).

2.3 � Study Selection

First, CaDB and SV screened for potential eligible studies 
on title and abstract. Second, the full texts of the articles 
that remained after screening on title and abstract were 
retrieved and assessed by the same researchers. Any dis-
crepancies between the two researchers were resolved with 
a consensus meeting. RDR was consulted if no agreement 
could be reached. Inter-rater agreement for screening was 
calculated and expressed as percentage of agreement (PoA) 
and k-statistics.

2.4 � Quality Assessment (Risk of Bias)

The methodological quality of each study was evaluated 
independently by two researchers using a modified form of 
the Downs and Black checklist as provided in the Online 
Resource 2 [30]. This modified checklist has been previ-
ously used in other systematic reviews investigating the 
relationship between biomechanics and injuries [31–33]. 
Fifteen items (items 1, 2, 3, 5, 6, 7, 9, 10, 11, 12, 16, 18, 
20, 25, 26) with a combined maximum score of 16 points 
were applicable for the included prospective cohort stud-
ies. For the case–control studies, the questions regarding 
follow-up (9 and 26) were not scored resulting in a combined 
maximum score of 14. Each item could be rewarded with a 
maximum score of 1 point (1 = “yes”, 0 = “no”, 0 = “not able 
to determine”). Only the fifth item of the checklist could 
be rewarded with a maximum score of 2 points (2 = “yes”, 
1 = “partially”, 0 = “no”). For the prospective cohort studies, 
a quality score of 11 or more was considered as high qual-
ity, 6–10 was considered as moderate quality, and ≤ 5 was 
considered as low quality [31]. For the case–control studies, 
a comparable cut-off was used. A quality score of 10 or more 

was considered as high quality, 5–9 was considered as mod-
erate quality and ≤ 4 was considered as low quality. After 
individual quality assessment, consensus between authors 
was made. K-statistics and PoA were calculated to check 
agreement between researchers. Individual quality scores 
were used afterwards to compare the results of the selected 
studies.

The 2005 classification system of the Dutch Institute for 
Healthcare Improvement CBO was used to allocate a level 
of evidence for each included study, based on the study 
design and methodological quality [34]. Finally, a level of 
conclusion was made when clustering results of different 
studies with comparable methodological quality. The levels 
of conclusion ranged from 1 to 4 and corresponded with a 
(1) high, (2) moderate, (3) low strength of conclusion or (4) 
no strength of conclusion at all [34]. The clarification of 
the levels of evidence and levels of conclusion is shown in 
Online Resource 3.

2.5 � Data Collection and Data Items

A table of evidence was made to summarise the main results 
for included studies. For each article, the following topics 
are reported in Table 1: (1) study design, (2) injury type, (3) 
population, (4) group information, (5) follow-up and injury 
rate, (6) type of jump, (7) phase of landing, (8) plane of 
movement, and (9) main results.

Review Manager version 5.3 was used for the meta-
analysis. Kinematic results at discrete points during land-
ing were meta-analysed if two or more studies reported the 
same kinematic outcomes with comparable methodology. As 
such, only the cross-sectional, case–control, and prospective 
cohort studies of knee overuse injuries were included for 
the meta-analysis. The heterogeneity was determined by I2 
and associated p values (p < 0.05). The results with an I2 of 
less than 75% were reported [35]. Mean differences and a 
confidence interval of 95% were calculated using an inverse 
variance with random-effect model and were reported in for-
est plots.

3 � Results

3.1 � Study Selection

The database searches of PubMed, Web of Science, Embase, 
CINAHL and SPORTDiscus yielded a total of 2850 cita-
tions. Screening on title and abstract resulted in 58 stud-
ies, of which 23 articles fulfilled the eligibility criteria after 
full-text screening (Fig. 1). Fourteen articles, out of the 23 
included articles, were used for the meta-analysis.

The PoA between researchers for screening the articles 
on title and abstract was excellent (99.2%) with a k-score 
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of 80.8%. (p < 0.001). For screening on full-text, reproduc-
ibility revealed an excellent PoA of 90.6% and a k-score of 
80.6% (p < 0.001).

3.2 � Study Characteristics

Fourteen studies with a case–control or cross-sectional study 
design were included [20, 29, 36–47]. The other nine stud-
ies had a prospective cohort design [13, 19, 21, 24, 48–52].

Four studies evaluated landing kinematics in volleyball 
athletes [20, 36, 37, 40], two studies in basketball players 
[21, 39], two studies in a combination of volleyball, basket-
ball and korfball athletes [13, 52], one study in a combina-
tion of volleyball and basketball athletes [29], two studies in 
a military cohort [48, 49], one study in ballet dancers [38], 
three studies in physical education students [24, 50, 51], and 
eight studies in a general physical active population [19, 
41–47]. The mean age in three studies was below 18 years 
[19, 21, 39].

Various lower extremity overuse injuries were described 
across the different studies. Nine studies reported on patel-
lar tendinopathy (PT), [13, 20, 29, 36–40, 43] nine stud-
ies reported on patellofemoral pain (PFP) [19, 21, 41, 42, 

44–46, 48, 49], one study reported on general knee over-
use injuries (without further specification) [52], one study 
reported on groin injury [47] and three studies reported 
exertional medial tibial pain (EMTP) [24, 50, 51]. Three 
studies included participants with previous symptoms of 
PT (n = 21) [20, 36, 37], seven studies included participants 
with a recent PT (n = 72) [20, 29, 36, 38–40, 43], one study 
included participants who developed PT during follow-up 
(n = 3/49) [13], five studies included participants with PFP 
(n = 67) [41, 42, 44–46], three studies included participants 
who developed PFP during follow-up (n = 242/5357) [21, 
48, 49], one study included participants who developed a 
general knee overuse injury (n = 25/74) [52], one study ana-
lysed 10 participants with a groin injury [47] and three stud-
ies included participants who developed EMTP (n = 22/79) 
[24, 50, 51].

The different studies analysed sport-specific jumps like 
ballet specific landing [38], block and spike jumps [20, 37, 
40]. Also more standardised jumps like double- [21, 29, 36, 
48, 49] and single-leg drop jumps [24, 47, 50, 51], double- 
[13, 19, 21, 41, 43] and single-leg drop vertical jumps [42], 
maximal single-leg jumps [44–46], vertical stop jumps [39] 
and countermovement jumps [52].

Fig. 1   PRISMA flowchart of 
study selection process
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- No lower extremity 
overuse injury (n = 11)

- Lower extremity injuries in general 
(acute and overuse) (n = 3)

Study design
- Conference abstract (n = 3)
- No comparison between injured and 

non-injured (n = 4)

Studies included in 
qualita�ve synthesis

(n = 23)

Studies included in 
quan�ta�ve synthesis 
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3.3 � Quality Assessment (Risk of Bias)

The scores of the modified Downs and Black checklist 
ranged from 8 to 14 out of 16 (50–87.5%) for the prospec-
tive studies and from 7 to 14 out of 14 (50%–100%) for 
the case-control studies. Eleven studies were of high meth-
odological quality and twelve of moderate methodological 
quality. Complete information on the quality assessment is 
presented in Table 2.

Twenty studies out of the twenty-three included stud-
ies received a level of evidence B; whereas, two articles 
obtained a level of evidence A2 [50, 51]; and one study, a 
level of evidence C [20].

A good reproducibility between researchers was observed 
with a k-score of 71.9% (p < 0.001), and an excellent 90% 
PoA for determining risk of bias was calculated.

3.4 � Synthesis of the Results

Kinematics are presented per clusters of lower extremity 
overuse injury as 3D joint angles (degrees). The following 
points throughout the landing phase are used: initial con-
tact (IC), peak vertical ground reaction force (vGRF), peak 
knee extension moment (KEM), and peak angle. ROMvGRF 
represents the trajectory from IC to peak vGRF, ROM

KEM
 

from IC to peak KEM and total ROM is the trajectory from 
IC to peak angle. Flexion/dorsiflexion in the sagittal plane, 
adduction/inversion in the frontal plane and internal rotation 
in the transversal plane are represented as positive values. 
Extension/plantar flexion in the sagittal plane, abduction/
eversion in the frontal plane and external rotation in the 
transversal plane are shown as negative values. A summary 
of the results is presented in Fig. 2.

3.4.1 � Knee Overuse Injuries

For the knee overuse injuries (PT and PFP), the evidence 
for differences in kinematics between the control group 
and injury group is summarised as well as the evidence for 
altered kinematics as a risk factor for knee overuse inju-
ries is presented. Furthermore, mean differences between 
the injured and non-injured groups calculated in the meta-
analysis are discussed and are added as forest plots in Fig. 3.

3.4.1.1  Sagittal Plane Kinematics  There is moderate 
strength of conclusion for similar trunk sagittal plane kine-
matics at IC and at peak trunk angle during landing for sub-
jects with PT compared to healthy controls. [29, 39] There 
is low strength of conclusion for an equal amount of trunk 
flexion angle at peak vGRF when comparing the PT group 
with healthy controls [39]. The meta-analysis in subjects 
with PT shows no effect of trunk flexion at IC (mean 0.08°, 

95% CI [− 9.28°, 9.45°]) and at peak angle (mean 1.67°, 
95% CI [− 4.55°, 7.88°]).

There is low strength of conclusion for similar pelvic 
sagittal plane kinematics at IC, peak vGRF and peak angle 
when subjects with PT are compared to healthy controls 
[39].

There is moderate strength of conclusion for similar hip 
sagittal plane kinematics at IC during landing for subjects 
with PT compared to the healthy controls. [36, 38–40, 43] 
For peak hip flexion, one study showed significantly less 
flexion (p = 0.03) in the PT group [43]; whereas, three stud-
ies found no differences between PT group and non-injured 
groups [29, 39, 40]. There is moderate strength of conclusion 
for no differences at peak vGRF when comparing subjects 
with PT to healthy controls [36, 39]. There is low strength 
of conclusion for similar hip ROM

vGRF
 between subjects 

with PT and healthy controls [36]. There is low strength of 
conclusion for significantly less total hip flexion ROM in 
subjects with PFP (p = 0.02) [42]. The meta-analysis in sub-
jects with general knee overuse injuries shows no effect of 
hip flexion at IC (mean −1.37°, 95% CI [− 2.88°, 0.15°]), at 
peak vGRF (mean − 0.81°, 95% CI [− 4.88°, 3.27°]), at peak 
angle (mean −0.11°, 95% CI [− 7.36°, 7.14]) and no effect 
of total ROM (mean − 3.07°, 95% CI [− 11.40°, 5.25°]).

There is moderate strength of conclusion for similar knee 
sagittal plane kinematics at IC during landing for subjects 
with PT compared to healthy controls. [36–40, 43] There is 
low strength of conclusion for similar knee flexion at peak 
vGRF between subjects with PT and healthy controls [36, 
37, 39]. For peak knee flexion, one study demonstrated 
significantly less flexion (p = 0.01) in the PT group [43] 
and three studies did not found differences between the 
PT group and healthy controls [29, 39, 40]. There is low 
strength of conclusion for significantly less knee flexion 
ROM

vGRF
 (p = 0.04) for an asymptomatic group with a his-

tory of PT and no differences for the symptomatic PT group 
compared to the healthy group [36, 37, 39]. Finally, there is 
low strength of conclusion for an increased peak knee flex-
ion angle as a significant risk factor (p = 0.02) for PT com-
pared to healthy controls [20]. In subjects with PFP, there is 
low strength of conclusion for significantly less total knee 
flexion ROM (p < 0.01) [42]. Low strength of conclusion 
suggests decreased peak knee flexion as a significant risk 
factor (p = 0.02) in developing PFP [49]. The meta-analysis 
of knee sagittal plane kinematics in subjects with general 
knee overuse injuries demonstrates no effect of knee flexion 
angle at IC (mean − 0.66°, 95% CI [− 2.44°, 1.13°]), at peak 
vGRF (mean − 1.44°, 95% CI [− 6.11°, 3.23°]) and no effect 
of total ROM (mean − 3.72°, 95% CI [− 8.86°, 1.41°]) and 
total ROM

vGRF
 (mean − 4.61, 95% CI [− 11.12°, 1.90°]).

There is moderate strength of conclusion for similar ankle 
sagittal plane kinematics at IC during landing for subjects 
with PT compared to healthy controls [36, 38–40, 43]. In 
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an asymptomatic group with a history of PT, there is low 
strength of conclusion for significantly less plantar flexion 
(p = 0.05) at IC [37]. There is low strength of conclusion for 
a similar amount of ankle ROM at peak vGRF in the asymp-
tomatic group with a history of PT. For the symptomatic 
group with PT, one study demonstrated significantly less 
ankle dorsiflexion (p < 0.01); whereas, another study showed 
no differences when this group was compared to healthy 
controls [36, 37]. There is low strength of conclusion for no 
differences for ankle ROM

vGRF
 between the asymptomatic 

group with a history of PT and non-injured athletes [37]. For 
peak ankle dorsiflexion in subjects with PT, one study dem-
onstrated significantly less peak ankle dorsiflexion (p = 0.01) 
[40]; whereas, three studies showed no differences for peak 
dorsiflexion angle during landing between these subjects and 
healthy controls [29, 39, 43]. Regarding ankle sagittal plane 
kinematics in subjects with PFP, there is low strength of 
conclusion for no differences in total ankle ROM [42]. The 
meta-analysis of ankle sagittal plane kinematics in subjects 
with general knee overuse injuries shows significantly less 
ankle dorsiflexion at peak vGRF (mean − 3.26°, 95% CI 
[− 6.44°, − 0.07°]; p = 0.05) and no effect of ankle dorsiflex-
ion at IC (mean − 0.48°, 95% CI [− 3.95°, 2.98°]), at peak 
angle (mean 0.43°, 95% CI [− 2.04°, 2.91°]) and no effect 
of total ankle ROM (mean − 3.05°, 95% CI [− 6.32°, 0.22°]) 
and ROM

vGRF
 (mean − 4.48°, 95% CI [− 10.69°, 1.74°]).

Two studies investigated the lower extremity contact 
angle (LECA) in subjects with PT, which represents the 
angle between the floor and the line connecting the L5-S1 
marker to the centre of pressure at IC [38, 40]. One study 
demonstrated a significantly lower LECA during landing 
in subjects with PT compared to healthy controls [40]; 
whereas, another study found no differences [38].

3.4.1.2  Frontal plane kinematics  For pelvic frontal plane 
kinematics in subjects with PFP, there is low strength 
of conclusion for similar contralateral pelvic tilt during a 
single-leg drop landing in subjects with PFP compared to 
healthy controls. [44, 45].

Regarding the hip frontal plane kinematics in subjects 
with PFP, there is low strength of conclusion for a signifi-
cantly greater adduction ROM

KEM
 when compared to healthy 

controls (p = 0.012–0.05) [44, 45]. For subjects with general 
knee overuse injuries, there is low strength of conclusion for 
no differences at IC, at peak angle and for total ROM when 
compared to healthy controls [41–43]. The meta-analysis of 
hip frontal kinematics in subjects with general knee overuse 
injuries shows significantly less hip abduction angle at IC 
(mean 1.04°, 95% CI [0.17°, 1.91°]; p = 0.02) and no differ-
ences for peak hip adduction (mean 0.37°, 95% CI [− 2.18°, 
2.92°]).

In reference to the knee frontal plane kinematics in 
subjects with PFP, there is low strength of conclusion for 
increased knee abduction ROM as a significant risk factor 
(p = 0.002) [19]. For knee kinematics in subjects with gen-
eral knee overuse injuries, there is low strength of conclu-
sion for no differences at IC, peak angle and for total ROM 
when compared to healthy controls [42, 43]. The meta-anal-
ysis of knee frontal plane kinematics in subjects with gen-
eral knee overuse injuries shows no effect of knee abduction 
at IC (mean − 0.18°, 95% CI [− 0.70°, 0.34°]) and at peak 
angle (mean − 1.61°, 0.55°, 95% CI [− 6.54°, 3.31°]).

There is low strength of conclusion for similar ankle fron-
tal plane kinematics at IC, peak angle and for total ROM 
during landing in subjects with PFP compared to healthy 
controls. [42, 43].

3.4.1.3  Transversal plane kinematics  There is low strength 
of conclusion for similar hip external rotation at IC and 
peak angle during landing in subjects with PT compared to 
healthy controls [43]. In subjects with PFP, one study dem-
onstrated a significantly lower internal rotation ROM

KEM

(p = 0.01) when compared to healthy controls [45]; whereas, 
another study found no differences [44]. For peak angle, 
there is low strength of conclusion for significantly more 
internal rotation (p < 0.01) in the PFP-group [41]. There is 
low strength of conclusion for a similar hip internal rota-
tion angle between subjects with PFP and healthy controls 
[49]. For hip kinematic parameters, the meta-analysis of hip 
transversal plane kinematics in subjects with general knee 
overuse injuries shows no effect of hip external rotation at 
IC (mean − 0.61°, 95% CI [− 1.71°, 0.49°]).

There is low strength of conclusion for similar knee inter-
nal and external rotation angles at IC and peak angle during 
landing in subjects with PT compared to healthy controls 
[43]. In subjects with PFP, there is low strength of conclu-
sion for significantly lower knee internal rotation ROM

KEM

Fig. 2   Graphical abstract of the landing kinematics in subjects with 
lower extremity overuse injuries. ABD abduction, ADD adduction, 
DF dorsiflexion, EMTP exertional medial tibial pain, EXT ROT exter-
nal rotation, IC Initial contact, INT ROT internal rotation, PT patel-
lar tendinopathy, PFP patellofemoral pain syndrome, ROM Range of 
motion from angle at IC to peak angle, vGRF Vertical ground reac-
tion force
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Hip internal 
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Fig. 3   Forest plots of the meta-analysis. IC Initial contact, PT patel-
lar tendinopathy, PFP patellofemoral pain syndrome, vGRF Vertical 
ground reaction force, ROM Range of motion from angle at IC to 

peak angle, ROM_vGRF Range of motion from angle at IC to peak 
vGRF. *Significant difference compared with healthy subjects
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Fig. 3   (continued)
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(p = 0.05) in subjects with PFP compared to healthy controls 
[45, 46]. The meta-analysis of knee transversal plane kin-
ematics in general shows significantly more internal rotation 
at IC (mean 1.99°, 95% CI [0.92°, 3.05°]; p < 0.001) and 
significantly more peak external rotation (mean − 2.37°, 95% 
CI [− 4.75°, 0.01°]; p = 0.05) in subjects with knee overuse 
injuries compared to healthy controls.

There is low strength of conclusion for similar ankle inter-
nal and external rotation at IC and peak angle when compared 
to controls [43]. In subjects with PFP, there is low strength of 
conclusion for similar external rotation ROM

KEM
 [45].

3.4.2 � Exertional Medial Tibial Pain (EMTP)

There is moderate strength of conclusion for significantly 
increased trunk, hip and knee rotation ROM in subjects 
with EMTP [24, 50, 51]. More specifically, one study found 
significantly increased transversal trunk ROM (p = 0.026) 
[24], two studies found significantly increased transversal 
ROM of the ipsilateral hip (p = 0.002–0.01) [24, 50] and 
two studies found significantly increased transversal ROM 
of the contralateral knee (p = 0.012–0.023) as risk factors for 
developing EMTP [50, 51].

3.4.3 � Groin Pain

There is only low strength of conclusion for significantly 
greater pelvic and hip frontal and transversal plane joint 
angles in subjects with chronic groin pain compared to 
healthy controls [47]. This study demonstrated signifi-
cantly greater lateral pelvic tilt (p = 0.01), hip abduction 
(p < 0.001), and external rotation at IC (p = 0.03) in the 
injured group in comparison to the control group. A signifi-
cantly greater lateral pelvic tilt (p = 0.05) and internal rota-
tion (p = 0.02) at the lowest point and significantly greater 
total hip rotation ROM (p = 0.05) was found in the injured 
group.

4 � Discussion

4.1 � Summary of Evidence

To the authors’ knowledge, this is the first systematic review 
that provides an overview of the current existing literature 
regarding the association between local and non-local land-
ing kinematics for lower extremity overuse injuries and 

*Ankle 
dorsiflexion 
angle at peak 
vGRF (°)

Peak ankle 
dorsiflexion 
angle (°)

Ankle 
dorsiflexion 

 (°)ROMvGRF

Ankle 
dorsiflexion 
ROM (°)

Fig. 3   (continued)
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which pooled these results for knee overuse injuries with 
the meta-analysis.

The results of this systematic review and the meta-anal-
ysis clearly associate impaired landing kinematics with 
PT, PFP, EMTP, and groin injuries. For subjects with knee 
overuse injuries, some kinematic risk factors during landing 
could be identified. Based on the moderate- to high-quality 
studies, there is low strength of conclusion for decreased 
knee flexion and increased knee abduction as risk factors 
for PFP [19, 48]. In contrast to PFP, kinematic risk factors 
for the development of PT are poorly understood. Only one 
prospective study with moderate study quality demonstrated 
high lower extremity stiffness during landing as a potential 
risk factor for the development of PT [13]. However, this 
study reported a low incidence of PT and, therefore, used 
descriptive data [13].

A meta-analysis was performed to clarify the association 
between knee overuse injuries and landing kinematics. The 
results of the meta-analysis also showed a trend to a stiff 
sagittal landing strategy in subjects with knee overuse inju-
ries, with a significantly reduced ROM located at the ankle 
joint. Furthermore, excessive movements in the frontal and 
transversal plane of, respectively, the hip and knee are found. 
More specifically, less ankle dorsiflexion at peak vGRF, 
greater hip adduction at IC, greater knee internal rotation at 
IC, and greater peak knee external rotation are observed in 
subjects with knee overuse injuries. These specific local and 
non-local landing kinematics in subjects with a recent and/or 
a new incidence of a knee overuse injury may be associated 
with the accumulation of impact and tensile forces.

For example, higher impact forces and loading rates dur-
ing drop jumps were shown in asymptomatic subjects with a 
history of PT; whereas, comparable magnitudes of the peak 
vGRF were observed in players with symptomatic PT [36, 
39]. Furthermore, the study of Bisseling et al. (2007) cor-
related high magnitudes of peak vGRF in subjects with a 
history of PT to a stiff landing pattern, specially landing with 
less knee flexion [36]. As such, it has been hypothesised that 
smaller knee flexion angles during landing together with 
increasing loads might increase patellofemoral joint pres-
sure and, therefore, the risk for developing PFP. In addition, 
reduced ankle dorsiflexion may result in less absorption of 
landing impact forces, resulting in more stress being trans-
ferred to the knee joint which might increase injury risk [13, 
28, 29, 37].

Higher tensile forces acting on the patellar tendon and 
increased patellofemoral joint contact pressure could be 
induced by inadequate activation of the hip musculature, 
resulting in excessive hip and knee frontal and transversal 
movements during landing [53, 54]. Excessive knee abduc-
tion and knee internal rotation might increase loads acting 
on the medial part and midsection of the patellar tendon 
[55]; whereas, higher hip adduction and knee abduction 

might result in, respectively, greater iliotibial band ten-
sile forces together with greater lateral force acting on a 
decreased patellofemoral contact area [45, 49, 56]. In sum-
mary, repeated bouts of impaired landing patterns may result 
in the accumulation of both compression and tensile forces, 
and may predispose the athlete to the development of knee 
overuse injuries.

The only kinematic risk factors that were identified in 
subjects developing EMTP were non-local to the injury site 
and were limited to the transversal plane of movement. The 
combination of impaired single-leg landing kinematics at 
the trunk, ipsilateral hip, and contralateral knee was hypoth-
esised to be related to higher eccentric lower leg muscle 
tensile forces to control motion, which might result in the 
development of EMTP [50]. These conclusions have moder-
ate strength and are supported by three high-quality studies 
of the same research group [24, 50, 51].

Finally, only one high-quality study investigated the 
association between impaired landing kinematics and groin 
injuries which makes it difficult to draw strong conclusions. 
However, comparable results to the other types of overuse 
injuries are found, specifically excessive frontal and trans-
versal movements situated locally at pelvis and hip. Inade-
quate functioning of the stabilising muscles of the trunk and 
pelvis might increase uncontrolled movements throughout 
the kinetic chain and therefore increase the workload of the 
peripheral muscles (e.g. adductor muscles) [50, 51, 57].

To conclude, impaired local and/or non-local landing kin-
ematics can play an important role in developing different 
types of lower extremity overuse injuries. More specifically, 
our results indicate that excessive movements in the frontal 
and transversal plane might accumulate impact and tensile 
forces acting on lower extremity musculoskeletal structures.

4.2 � Methodological considerations and research 
implications

First, most of the included studies have a cross-sectional 
or case–control study design. As such, it is currently not 
clear whether the kinematic alterations can be interpreted 
as load-avoiding strategy to limit pain and maintain jump 
performance or as a causal mechanism which transfers loads 
proximally or distally to the knee [13, 20, 28, 29, 36]. Longi-
tudinal prospective study designs are needed to gain insight 
into the causality of this relationship. Furthermore, landing 
kinematics of subjects with PT and PFP, that were retrieved 
from the case–control and prospective studies, were com-
bined into one study group for the meta-analysis, which 
makes subsequent interpretation debatable. Correction of 
these limitations would imply that reduced ankle dorsiflex-
ion at peak vGRF would only serve as an associative fac-
tor for the symptomatic PT group (mean − 3.91°, 95% CI 
[− 7.88°, − 0.05°]. p = 0.05); whereas, no effect would be 
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shown in the asymptomatic PT group (mean − 2.85, 95% CI 
[− 6.44, 0.73], p = 0.12), which reflects the impact of pain.

Second, it should be noted that a modified version of the 
Downs and Black checklist, which has not been validated 
in the past, is used to determine the methodological quality 
of the studies. However, this modified checklist has already 
been used in other systematic reviews concerning biome-
chanics and injuries [31–33].

Furthermore, heterogeneity was substantial for population 
and injury definition across the selected studies. In addition, 
recreational as well as (sub)elite athletes were included. It 
should be noted that ball sports like basketball and volleyball 
players develop more specific skills regarding landing and 
jumping compared to other sports. Moreover, no conclu-
sion about more game specific unanticipated landings could 
be drawn due to the investigation of only planned landings. 
Furthermore, gender could have an impact on landing kin-
ematics as one prospective study demonstrated some gender-
specific risk factors for PFP [48]. Finally, age could also play 
a role in landing biomechanics. One included study with a 
population of adolescent athletes with PFP demonstrated no 
differences for knee abduction ROM [21], which is compara-
ble to studies with adult athletes with knee overuse injuries 
examining this outcome parameter [42, 43]. On the other 
hand, another included study showed more knee abduction 
as a risk factor for PFP in an adolescent population [19]. The 
effect of age on biomechanics only seems to be an important 
confounding variable in case of early sport specialisation as 
knee abduction ROM during a drop vertical jump was only 
significantly higher post-pubertal in the group participating 
in sport-specific training [58].

Caution should be applied when comparing studies with 
different types of jump-landings as conflicting results can 
be attributed to context-specific inconsistencies (horizontal 
vs vertical tasks, double- vs single-leg tasks, etc.). As the 
majority of included studies investigated kinematic param-
eters at discrete points during landing, it is impossible to 
make conclusions during the entire landing phase. Despite 
the importance of the first part of impact and the peak val-
ues at the final part of landing [37], it might be interesting 
to investigate the kinematic behaviour between those tem-
poral events to provide more profound information regard-
ing energy storage and load transmission during the whole 
landing phase. To achieve this, future studies should use 
specialised statistical methods (e.g. Statistical Parametric 
Mapping (SPM) analysis) to analyse the whole kinematic 
landing curve including all three motion planes. These meth-
ods may be valuable since they avoid focus bias, implement 
curve smoothness and correct for multiple comparisons. 
[15, 59] The different landing tasks made it also difficult 
to compare the results. Some researchers focused on sport 
specific performance, while others investigated laboratory-
based landing.

Finally, three studies used a local approach in describ-
ing joint kinematics and neglected whole body kinematics 
[19–21]. However, kinematic non-local behaviour at joints 
located proximally or distally to the site of injury might be 
important to evaluate [23]. In this systematic review, two 
included studies introduced the LECA as a kinematic meas-
ure of the whole body’s interaction with the ground during 
landing [38, 40]. Eight studies incorporated pelvic and/or 
trunk kinematics during landing [24, 29, 39, 44, 45, 47, 50, 
51]. Consequently, future prospective studies should focus 
on full-body 3D landing kinematics. As the development of 
overuse injuries is multifactorial in nature, future research 
should explore the multifactorial approach of these injuries 
[12].

4.3 � Clinical implications

This systematic review and the meta-analysis provide pre-
liminary evidence of the association between an impaired 
landing pattern and the development of lower extremity 
overuse injuries in physically active populations. More spe-
cifically, excessive frontal and transversal plane movements 
during repetitive landings may lead to overuse injuries and, 
therefore, need to be considered when screening athletes. 
Since two-dimensional video analysis has been found valid 
for 3D knee valgus displacement in subjects with a risk for 
PFP [19], these analyses may have an added value in reha-
bilitation programmes and screening tools to detect and cor-
rect impaired landing patterns with the aim of preventing 
(re)injuries.

5 � Conclusion

There is preliminary evidence of an association between 
local and non-local impaired landing kinematics and lower 
extremity overuse injuries. More specific, excessive fron-
tal and transversal plane movements during repeated bouts 
of jumping and landing manoeuvres might increase impact 
and tensile force acting on lower extremity musculoskeletal 
structures. However, strong conclusions are difficult to make 
due to the methodological differences between studies and 
the moderate study quality of the included studies. In conse-
quence of the inclusion of cross-sectional as well as cohort 
studies in this systematic review, more insight has been 
delivered into, respectively, the kinematic consequences and 
risk factors of lower extremity overuse injuries. In addition, 
the meta-analysis confirmed these impaired landing kin-
ematics seen in subjects with a history or new incidence of 
lower extremity overuse injuries.
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