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ABSTRACT

Objective: The main objective of this Systematic Review was to observe the literature in search of lower
limb muscle injuries in soccer that have been studied through Video Analysis.

Methods: the search began December 1%, 2023, a PEO search strategy was elaborated, and search
equations were created for each of the 5 databases used (PubMed, SPORTDiscuss, Embase,
WebOfScience and Cochrane), the QA-SIVAS scale was used to evaluate the selected articles’ quality
and following the 2020 PRISMA declaration recommendations.

Results: A total of 5 articles were included in the review, most of the articles contained a European
sample (83%). Kicking actions were the predominant cause of quadriceps injuries (72.4%), with a
position that involved hip extension and knee flexion, for the hamstring it was sprinting (42.1%) while
in positions of maximum hip flexion and knee extension, the acceleration phase represented the highest
action at injury for the calf (58.8%), and lastly kicks (31.2%) or reaching actions (37.5%) for the
adductor, where the leg was abducted and externally rotated in different hip angles, it was found that
most injuries occurred during a defensive action (53.7%).

Conclusion: The muscles that were injured mostly were the hamstring, quadriceps, adductors, and calf.
There was a variety of actions that lead to injury identified for each muscle at study, but a predominant

biomechanical posture and action for each one of them was observed.

Keywords: football, visual analysis, muscle rupture, muscle tear, injury etiology.



RESUMEN

Obijetivo: El objetivo de esta revision sistemética es de observar la literatura en busca de lesiones
musculares de miembro inferior en futbol que hayan sido estudiadas por medio del Video Analisis.
Método: La busqueda comenzo el 1 de Diciembre del 2023, se elabord una estrategia de busqueda PEO
y se crearon ecuaciones de busqueda para cada una de las 5 bases de datos usadas (PubMed,
SPORTDiscuss, Embase, WebOfScience and Cochrane), se empleé la escala QA-SIVAS para evaluar
la calidad de los articulos seleccionados, y siguiendo las recomendaciones de la declaracion PRISMA
2020.

Resultados: Un total de 5 articulos fueron incluidos en la revision la mayoria de los articulos contienen
una muestra Europea (83%), las acciones de golpeo fueron la causa predominante de lesiones en el
cuédriceps (72.4%), con una posicion que involucra una extension de cadera y flexion de rodilla, para
los isquiosurales fue el sprint (72.4%), mientras se realizaba una posicion de flexion de cadera y
extension de rodilla maximas, la fase de aceleracion representd la accidn lesiva mas alta para el triceps
sural (58.8%), y los golpeos (31.2%) o las acciones de alcance (37.5%) para el aductor, donde la pierna
se encontraba abducida en rotacion externa y en diferentes angulos de flexion de cadera, se encontro
que la mayoria de lesiones ocurren durante una accion defensiva (53.7%).

Conclusion: Los musculos mayoritariamente lesionados son isquiosurales, cuadriceps, aductores y
gemelos. Existe variedad en la accién lesional de cada musculo, pero se observa una biomecanica y

accion predominante para cada uno.

Palabras clave: futbol, analisis visual, rotura muscular, muscular, etiologia de la lesion.



1. INTRODUCTION

Soccer is one of the most popular sports in the world, it’s practiced by a high number of people ranging
from all ages and genders. It is not only extremely popular, but at the professional level it is a very
demanding sport (1). The players suffer high amounts of internal and external load, as well as
psychologically demanding situations, it involves a handful of different movements: linear acceleration,
side to side movements, with high levels of muscle fatigue and high demand on the cardio-respiratory
system (1). Due to the sport’s demands, previous studies have shown an important injury incidence. In
this sense, injuries in soccer are estimated to be around 8.1 per 1000 hours of exposure, as shown in (2)
and lower limb muscle injuries have the highest incidence, specifically muscle and tendinous injuries

which lead the podium, representing from 31% (3) up to 41% of total injuries (4).

Statistically the mainly injured muscle groups in soccer are hamstrings (37%), adductors (23%),
quadriceps (19%) and the calf muscles (13%) (3). We now also understand that the number of injuries
not only augmented during matches, but also during training, on top of that, previous studies have
observed that one fifth of injuries were recurrent injuries (3,4). Apart from the high incidence of muscle
injuries, in the last 21 years there’s been an increase of up to two times as many hamstring muscles
injuries and two times as many absence days caused by said injuries (5). This rise in the incidence of

lower limb muscle injuries shows us that there is a need for better ways of understanding muscle injuries.

Regard to the etiology of injuries, it is often that the perceived severity of the injury for the player is not
translated into the conclusions or diagnosis of the professional in charge of registering the injury (6),
having that in mind, if we really want to go in depth and truly understand the injury, it’s evident that we
need the most objective method possible, one that sheds light into the multifactorial sphere of the injury
one that allows us to understand the precise action that lead to the event, and all what surrounds that
specific moment. Several methods have been used nowadays, previous studies showed the currently

used methods such as: clinical trials, laboratory motion analysis, cadaver studies, athlete interviews (6).



With such variety there’s multiple perspectives on how to study the injury, and one of the newest

methods is called Video Analysis.

There is limited information in the literature about the exact biomechanics and precise moment at the
time of injury (7), as mentioned before, Video Analysis seems to be the tool to study those precise
variables. Video Analysis is a method of describing injury mechanisms and the circumstances
surrounding them, it originated from match analysis methods, and it summarizes variables observed in
video, like the player’s position, action leading to injury, biomechanics (8). The inter- and intra-observer
results show Video Analysis to be a good method to study muscle injuries (8), but there’s still few
evidence around the mainly injured muscle groups, riskiest actions at injury and biomechanics studied

through Video Analysis.

1.1 Objectives

For the purpose of this Systematic Review the objectives are the following: the main objective is to
observe the existing scientific evidence on lower-limb muscle injuries in soccer which have been studied
through Video Analysis; from which the secondary objectives emerge: to describe the sample’s
characteristics, the main actions at injury and biomechanics for each muscle group injured and the

playing circumstances (offensive/ defensive) behind the injury.



2. MATERIALS AND METHOD

2.1 Study Design

Preliminary findings were searched based on the initial interest: systematic video analyzed muscle
injuries. A single search algorithm was created for each database: PubMed, SPORTDiscuss, Embase,
WebOfScience and Cochrane. The quality of a systematic review depends on the extent to which the

methods minimize the risk of error and bias (9).

2.2 Data Bases

The search for articles began December first 2023 and ended February 20, 2024. PubMed,
SPORTDiscuss, Embase, WebOfScience and Cochrane were searched, this review was approved by the
OIR, TFG COIR: TFG.GFI.VMP.JKB.240220.

2.3 PEO Strategy and article search strategy

The PEO (Population/Exposure/Outcome) strategy was used, instead of PICO, since this review aligns

with an etiology perspective (9).

Population: male* football (soccer) players.

Exposure of interest: mechanism/context inciting lower limb muscle injuries.

Outcome. video-based analysis.

Based on the PEO strategy, and through preliminary research these were the keywords used for the
search, the items were put into four main categories (Table 1). The PRISMA 2020 (10) declaration was
used as a tool to guide this research, it consists of a list of 27 items that should be present for a thorough

systematic review.



Table 1. Items used in the search equation

Injury Related

Video Related

Sport Related

Muscle Related

Wound injury activities
Wounds injury characteristics
injury mechanism injury context

injury mechanisms  injury contexts

injury event injury pattern
injury events injury patterns
injury situation etiology situational
injury situations situational patterns

injury circumstance
injury circumstances
injury occasion
injury occasions

injury activity

Video

video-
analysis

visual
analysis

video
inspection

videotape

videotaping

Soccer

Football

Muscle

muscle strain
muscle strains
muscle tear
muscle tears
muscle rupture
muscle ruptures
muscle injury

muscle injuries

The use of the items above and the correct use of the bolean operators “AND” and “OR”, was used for

the search equations, “OR” was used to include all possible variables at study, and “AND” was used to

ensure the articles included all the interests of the PEO strategy, the use of ”*” is for including all the

derivations of the item. Therefore, the search strategy was based on the following equations (Table 2).




Table 2.

Search equation for the identification of reports sought for retrieval.

PubMed

(“muscle*” OR “muscle strain®*” OR “muscle tear®” OR “muscle rupture*” OR
“muscle injury*” OR “adductor*” OR “hamstring*” OR “quadriceps” OR
“gastrocnemius” OR “rectus” OR “calf*” OR “soleus” OR “lower leg*” OR
“lower limb*”) AND (“video*” OR “video-analysis” OR “video inspection*”
OR “videotape™””) AND (“soccer” OR “football”) AND (“wound*” OR “injury
mechanism*” OR “injury event*” OR “injury situation*” OR “injury
circumstance*” OR “injury occasion*” OR “injury activit*” OR “injury
characteristic*” OR “injury context*”” OR “injury pattern*” OR “etiology” OR
“situational pattern*”)

Embase

(“muscle” OR “muscle strain*” OR “muscle tear*” OR “muscle rupture*” OR
“muscle injury*” OR “adductor” OR ‘“hamstring” OR “quadriceps” OR
“gastrocnemius”) AND (“video” OR “video-analysis” OR “visual analysis”
OR “video inspection” OR “videotape*”) AND (“soccer” OR “football”) AND
“wound*” OR “injury mechanism*” OR “injury event*” OR “injury
situation*” OR “injury circumstance*” OR “injury occasion*” OR “injury
activit*” OR “injury characteristic*” OR “injury context” OR “injury pattern*”’
OR “etiology” OR “situational pattern*”)

SPORT
Discus

(“muscle” OR “muscle strain*”” OR “muscle tear*” OR “muscle rupture*” OR
“muscle injury*” OR “adductor” OR “hamstring” OR “quadriceps” OR
“gastrocnemius”)AND (“video” OR “video-analysis” OR “visual analysis” OR
“video inspection” OR “videotape*”’) AND (“soccer” OR “football”) AND
“wound*” OR “injury mechanism*” OR “injury event*” OR “injury
situation®*” OR “injury circumstance*” OR “injury occasion®*” OR “injury
activity*” OR “injury characteristic*” OR “injury context” OR “injury
pattern®*” OR “etiology” OR “‘situational pattern*”)

Cochrane

(CENTRAL)

(“muscle” OR “muscle strain” OR “muscle strains” OR “muscle tear” OR
“muscle tears” OR “muscle rupture” OR “muscle ruptures” OR “muscle
injury” OR “muscle injuries”)AND (“video” OR “video-analysis” OR “visual
analysis” OR “video inspection” OR “videotape” OR “videotaping”) AND
“soccer” OR “football”’) AND (“wound” OR “wounds” OR “injury
mechanism” OR “injury mechanisms” OR “injury event” OR “injury events”
OR “injury situation” OR “injury situations” OR “injury circumstance” OR
“Injury circumstances” OR “injury occasion” OR “injury occasions” OR
“injury activity” OR “injury activities” OR “injury characteristic” OR “injury
characteristics” OR “injury context” OR “injury contexts” OR “injury pattern”
OR “injury patterns” OR “etiology” OR “situational pattern” OR “situational
patterns”)

Web
Science

of

(“muscle” OR “muscle strain*” OR “muscle tear*” OR “muscle rupture*” OR
“muscle injury*” OR “adductor” OR “hamstring” OR “quadriceps” OR
“gastrocnemius”)AND (“video” OR “video-analysis” OR “visual analysis” OR
“video inspection” OR “videotape*”’) AND (“soccer” OR “football”) AND
(“wound*” OR “injury mechanism*” OR “injury event*” OR “injury
situation*” OR “injury circumstance®*”’ OR “injury occasion*” OR “injury
activity*” OR “injury characteristic*” OR “injury context” OR “injury
pattern*” OR “etiology” OR “‘situational pattern*”)
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2.4 Eligibility Criteria

Based on the PEO strategy, inclusion criteria will be as follows:

Population: male football (soccer) players.

Exposure of interest: mechanism/context inciting lower limb muscle injuries.

Outcome. video-based analysis.

Exclusion criteria:

Articles were excluded if they didn’t use video analysis for the investigation.

Acrticles were excluded if they analyzed another injury instead of lower limb muscle injuries

Articles were excluded if the population at study isn’t male* football (soccer) players.

2.5 Filters

No filters were added to the databases, the earliest included article in this review dates to February 2019.
Almost all articles found in “reports sought for retrieval” were male, the gender disparity will be
discussed ahead in the article, and “male-based articles” was turned into an inclusion criterion for the

review.

2.6 Data extraction

One article from the included in the review wasn’t available on open access (11) so the article was
requested to the investigator via email. The rest of the articles could be accessed either through open
access sources or using the UMH Digital Library access. The variables sought for in this review are

sample size, study type, action at injury, offensive/defensive action and biomechanics.
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2.7 Article quality evaluation

The QA-SIVAS scale (12) was used; it consists of an 18-item checklist addressing the study design,
data source, conduct, report, and discussion of video analysis studies in sports injury research. After the
evaluation, one article (13) was excluded, fitting moderate quality standards (60-70% items). The items

in the scale and the articles’ score are shown in (Anexus 1).

3. RESULTS

For the processing of results, all variables mentioned previously were sought for in the articles, an Excel
(V. 2402) sheet was used for the better processing of the information. PRISMA 2020 flow diagram was
used for identification of studies, and Mendeley Reference Manager v2.107.0, for article processing and

duplicate elimination.

3.1 Article identification

A total of 1782 articles were found on the preliminary findings (PubMed: 363; Embase: 417; Sport
Discuss: 514; Cochrane: 106 and WebofScience: 382). Which were used for the identification of search
items and later for the confection of the final search equations. With the results of said aquations, 113
articles showed up. Using Mendeley, duplicate records were removed, which left 98 records to be
screened, after reading the title and abstract, 40 articles were sought for retrieval, after the review based
on inclusion and exclusion criteria and article quality evaluation process, 5 articles were included in this
research (11,14-17). This procedure is shown in (Figure 1). From the five articles included in this review,
three of them were cross-sectional studies (12,14, 17), and two of them, descriptive case series studies

(15,16).
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Identification of studies via databases and registers

Records removed before
Records identified from*: screening:
-Duplicate records
Databases > removed
-PubMed (n=22) (n=15)
-Embase (n=20) -Records marked as
-Sport Discuss (n=12) ineligible by automation
-Cochrane (n=7) tools
-WebOfScience (n=52) (n=0)
-Records removed for
Registers (n=113) other reasons
(n=0)
l ] Records excluded based on
Records screened: title and abstract
(n =58)
Records screened (n=98)
Data bases (n=5) Reports not retrieved
x (n =0)
Reports sought for retrieval Reports excluded:
(n=40)
Doesn’t include Video
Databases Analysis (n =10)
—Eubeed én=191)) Doesn’t include muscle
“apRase = | injuries (n =17)
-Sport Discuss (n=12) T Other than Soccer
-Cochrane (n=0) (n =0)
-WebOfScience (n=8) Unrelated
(n=7)

\

v

Reports assessed for eligibility

(n=6)
!

Studies included in review
(n=3)

Figurel. Flow diagram for the identification of studies, following PRISMA 2020.
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3.2 Sample characteristics

Regarding the selected articles, the general sample was European (83%) composed mainly by Spain,
Finland, England, Germany (11,14-16), while only 17% from Asia (Qatar) (17). Concerning the
average age of the sample in the different articles, it was 25 years, with a range of 18-38 years (11,14-
17). When looking at the player position, a total of 6.71% goalkeepers, 39.5% defenders, 28.4%
midfielders and 25.4% forwards were included in this review. A total of 200 injuries were analyzed
representing 60.5% in hamstring, 16.5% in adductors 14.5% for quadriceps and 8.5% for the calf

(11,14-17).

3.3 Action at injury
From the total of selected articles, 60% included the hamstring (11,14,16), 40% for both the adductors

(14,17) and quadriceps (14,15), and 20% included the calf (14).

For the hamstring (11,14,16), running injuries were identified as the highest-risk action at injury
42.1% (n=51) in which acceleration injuries 12.4% (n=15) are included , followed by reaching or
stretching 37.1% (n=28) in which stopping or lunging injuries 14.0% (n=17) are included, kicking

injuries 14.9% (n=18),change of direction 3.3% (n=4), landing 2.5% (n=3) and shielding 0.8 % (n=1).

For the quadriceps (14,15), kicking injuries were identified as the highest-risk action at injury 72.4%
(n=21), followed by reaching or stretching 13.8% (n=4), change of direction 13.8% (n=4) and lastly

running 10.3% (n=3).

For the adductors (14,17), reaching and stretching injuries were identified as the highest-risk action at
injury 37.5% (n=12), followed by kicking in 31.2 % (n=10) cases, change of direction in 18.7% (n=6)
and lastly jumping 12.5% (n=4). While the adductor injuries were classified into the running injuries

category.
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Regarding the calf (14), running injuries were identified as the highest-risk action at injury in 58.8%
(n=10) of the cases, closely followed by reaching and stretching injuries which represent 41.1% (n=7).

For the calf, only two actions at injury were found.

Concerning the action at injury four main actions were found to be the most occurring: running, kicking,

reaching/stretching and change of direction (Figure 2).

40
35
30
25

20

15
. I ull ==l

Running Kicking Stretching/Reaching Change of direction

o o

m Hamstring m Quadriceps m Adductor m Calf

Figure 2. Representation of most occurring actions at injury in the four mainly injured muscle groups.

3.4 Biomechanics

In 76 cases the exact Biomechanical posture at time of injury was determined, 43.4% for the hamstring

(11, 14) in 34.2% for the quadriceps (14,15) and 22.3% for the adductors (14,17) (Table 3, 4 and 5).
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Table 3. Quadriceps Injury Biomechanis
MUSCLE OPEN/CLOSED | HIP KNEE ANKLE
CHAIN
Quadriceps Open Chain Extension to Flexion to
(n=26) Kicking Flexion extension | -mmemmememeeeeee-
19/26 (73.1%) 19/19 (%) 19/19 (%)
Closed chain Flexion to Extensionto | -------m-mmmoemeo-
Kicking (Injured | extension Flexion
leg is fix)
4/26 (15.1%) 414 (%) 4/4 (%)
Closed Chain Flexion to Extensionto | -------m-mmmememe-
Change of extension flexion
Direction
1/26 (3.8%) 1/1 (%) 1/1 (%)
Table 4. Hamstring Injury Biomechanics
MUSCLE OPEN/CLOSED | HIP KNEE ANKLE
CHAIN
Hamstring Open chain Extension to Flexion to
(n=33) Stretch related Flexion extension | —mmemmmmmmememeeees
injuries
30/33 (90.9%) 23/30 (76.6%) | 25/30 (83.3%)
Flexion to Exte_nsmn to | —mmmmememeeeeee-
. Flexion
extension
0,
7130 (23.3%) | 230 (16.6%)
Open chain I B
Sprint related ]ICEIXte_nsmn to Flexion to
Th exion -
injuries extension
3/33 (9.1%) 0
3/3 (%) 3/3(%)
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Abduction
12/17 (70.6%)
Neutral

2/17 (11.8%)

Transverse
plane:

External
7/17 (41.2%)
Neutral

4/17 (23.5%)
Internal

2/17 (11.8%)

Table 5. Adductors Injury Biomechanics
MUSCLE OPEN/CLOSED | TRUNK HIP KNEE
CHAIN
Adductors Neutral Sagittal Plane: | Flexion <45
(n=17) | s degrees
8/17 (47.1%) Extension
10/17 (58.8%)
Extension 9/17 (52.9%)
Flexion between
4/17 (23.5%) Flexion 45-90 degrees
Flexion 5/17 (29.4%)
5/17 (29.4%)
2/17 (11.8%) Neutral
Flexion >90
1/17 (5.9%) degrees
Frontal plane: | 1/17 (5.9%)

For the calf, no information regarding biomechanics of calf injuries were found in the reviewed

articles.

17




3.5 Offensive or defensive action

For the main muscle groups at study in this review, each one was classified into a defensive or
offensive context at injury (12,15). Offensive actions constituted 46.3% of the injuries while defensive
actions 53.7%. Calf (58.8% (n=10)) and quadriceps (88.9 % (n=8) were the muscles which mostly
injured during an offensive situation, while the hamstring during defensive actions (73% (n=27)). In

the case of the adductors, half of the actions were offensive and the other half defensive.

4. DISCUSSION

In the results section, the sample’s characteristics, the main actions at injury and biomechanics for
each muscle group injured and the playing circumstances (offensive/ defensive) behind the injury were
described, these findings will be discussed in context of the existing scientific evidence in the

following section.

4.1 Sample characteristics discussion

Regarding the selected articles, the general sample was European 83% while only 17% from Asia
(Qatar). Many of the selected articles were based on a European sample, this could be attributed to the
fact that historically, most of the earlier soccer related articles were published in northern and central
European countries (18), as well as the efforts of European Football/ Soccer Leagues and organizations
to invest in sports science and research, an example being the UEFA using prospective studies on teams
(19). While few examples existing in non-European teams and leagues (20).

On the other hand, another explanation could be due to the injury epidemiology. Injury incidence tends
to be higher in non- European countries, and there is various explanations in the existing evidence, some
authors propose that the methods used in their studies were more reliable (21), while other authors
propose that the incidence is higher due to a lower conditioning in Asian players, thus resulting in a
higher amount of injuries (22). What does not appear to change between European players and non-
European is the injury patterns (21). Apart from the earlier, cultural events such as the Ramadan have

been thought to influence injury incidence (23, 24).

18



4.2 Action at injury and biomechanics discussion

The main findings showed that for the quadriceps kicking actions were identified as the highest leading
action to injury (72.4%) while running, stretching or change of direction actions represent the rest of the
injuries observed, similar to observed in previous reports (25). The results suggest that the
biomechanical pattern behind kicking injuries was based on a rapid movement from hip extension to hip
flexion, with the knee moving from flexion to extension, in an open chain movement (Table 3). The
kicking action involves the muscle being stretched in the early phases, with the muscle generating an
eccentric force until the momentum change, where the swing phase of the kick will happen (26), at that

moment the injury occurs, the mechanism is represented in (Figure 3).

*All representations were created with public free to use software (PoseMyArt).

Figure 3. Representation of quadriceps kicking injuries (eccentric stretch in the early stages of the

kick.).

In the hamstring muscle injuries, a variety of injury actions were observed, although running was
identified as the highest leading action to injury, representing 42.1% of the cases, especially while high
speed running, closely followed by stretching, reaching for a ball and kicking. High speed running has
been previously attributed as a high-risk action for injury, where the subject is more prone to injury

when running more than 25 km/h and above 80% of their maximum speed (27). The biomechanics of

19



the injury were mostly studied in stretch related injuries, where the main injury mechanism involves the
hip going from extension to flexion and the knee passing from a flexed position to an extended one,
while there wasn’t a significant difference in trunk position, just a slight tendency to trunk flexion. These
joint positions remained the same in sprint related injuries. This position where the hip is fully flexed
and the knee is fully extended seems to be a weak anatomical position for the hamstring, which is
supported by previous investigation on the topic, where, the time of injury for sprint related injuries

corresponds to the late swing stage where the knee is fully extended (28) (Figure 4).

Figure 4. Late swing stage in sprint related injuries

For the adductor a variety of actions at injury were identified, no action at was significantly higher
compared to the others. Reaching for the ball (37.5%), followed by kicking (31.2%) were identified as
the two highest leading actions to injury, change of direction (18.7%) or jumping (12.5%) represent
the rest of total injuries, cutting maneuvers and passing have been found to represent a high risk of
injury for the adductors in previous studies (29), for their great solicitation of the adductor
musculature. During the kicking actions the trunk remained neutral, the pelvis was rotated to posterior,

the hip was extended, abducted and externally rotated, and the knee was mostly at an angle lower than
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45 degrees of flexion, we see that this position correlates with the maximum muscle activation,
maximum lengthening rate and maximum hip extension (30) (Figure 5). For reaching injuries the joint

positions remained the same, except for the hip that stayed in a flexed position (Figure 6).

Figure 5. Adductor kicking injury Figure 6. Adductor stretching/reaching injury.

in maximum adductor eccentric stretch.

The calf muscles were studied only for action at injury, running injuries were identified as the highest-
risk action at injury in 58,8% of the cases, with a high incidence during the acceleration phases of the
running cycle, closely followed by stretching injuries 41,1%, the acceleration phase had been

previously identified as the leading action to calf injuries (31) (Figure 7).
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Figure 7. Acceleration injury mechanism

in calf injuries.

4.3 Offensive or defensive action discussion

Most muscular injuries occurred during a defensive action (53.7%) while offensive actions were less
leading to injury. The literature suggests that injuries occur largely without the presence of an opponent,
69.7-57.0% or that there are more injuries in the defensive zone (13), while others suggest that there is
no difference in the area (midfield, attacking or defending area (32) but few evidence is found relating

muscle injuries with offensive or defensive actions.

Also, in this review the calf and the quadriceps muscles were found to be injured mostly in offensive
actions (58.8% - 88,9% respectively), the quadriceps was mostly injured while kicking which is
considered as an offensive action, and that could explain the higher percentage. While the hamstring
was mostly injured during defensive actions (73%) and in the case of the adductors half of the injuries
were offensive and the other half were defensive. It has been studied that defensive actions involve

different high intensity movements and changes of speed (33) such as acceleration, sprinting, stretches
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and reaching movements, in which the hamstrings or the adductors are recruited, which could explain

that they get injured mostly during defensive actions.

Recent studies start to look at the presence of distractions during the game as another factor that adds
to the risk of injury (34), so it may be possible that actions that involve more visual stimuli and more
decision making lead to a higher chance of injury, this is explained by Dual Task Interference, when
performing a simultaneous cognitive and motor task results in a diminished efficiency in one of the

tasks (35).

4.4 Practical Applications

The information regarding action at injury, biomechanics and offensive/defensive actions can be used
to understand the mechanisms and the surrounding events of lower limb muscle injuries in soccer, and

it helps understand and complement the existing evidence on prevention of muscular injuries.

For the hamstring, the joint position involved in both stretch and running injuries seems to be the leading
cause to injury, where the hip is flexed, and he knee fully extended which is the highest stretch position
for the hamstring muscles. This position combined with the different actions at injury involve high
eccentric loads into the muscle, so augmenting the capacity of the muscle to generate eccentric force
should be one of the objectives when discussing hamstring injury prevention (36). Running at speed is
a complex movement with a high risk of injuring the hamstring (37), some studies suggest that the ability
to do a repeated sprint is a hamstring injury predictor and therefore that ability must be trained in order

to diminish injury incidence (38).

The quadriceps was mostly injured while kicking, in a position that involved a rapid change from hip

extension to flexion, and knee flexion to extension (where the mechanism at injury was the momentum

change right at the start of the swing phase of the kick) and running. Both involve eccentric muscle
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actions which lead to injury (39) therefore training the eccentric capacity of the muscle alongside

flexibility, strength and core stability should be the cornerstone of the treatment (40).

In the majority of occasions, the adductor was injured while kicking and reaching, actions with very
similar joint positions except for the hip so the findings suggest that the capacity of the adductor to
tolerate rapid loading at a lengthened state is the mechanism that incites adductor injuries, and thus, that
capacity should be trained (41). Improving the capacity of the muscle to resist load at a lengthened state
can be achieved through eccentric training, and it is included as a tool in current protocols and studies

(42, 43).

The prevalent cause for calf injuries was the acceleration phase of a sprint or running action, existing
literature points in the direction of total volume rather than intensity to be one of the main factors in calf
injuries (44), the management of the load alongside with the task specific training could be used as tools

for calf injury prevention.

4.4 Limitations

Few of the articles contained information relating the player role with the injury suffered, so it wasn’t
included as a variable in the review. Some studies have found statistical differences between injury
patterns and player role, groin injuries were found to be lower in defenders and goalkeepers while
significantly higher in forwards, whereas midfielders had a statistically higher chance of having an
adductor injury compared to any other positions (45). Other studies show that defenders suffer a high
incidence in hamstring injuries in non-contact situations (13). But there is still few evidence linking

the player’s role and the risk of suffering a specific muscle injury.

All the articles included in the review were based on professional soccer athletes, so there is no
comparison with lower leagues or amateur players. The existing information in the literature is

diverse, some authors suggest that there is a decrease in the number of injuries as the level of play

24



increases (due to player awareness of injury, team prevention strategies, better nutrition), but with no
statistical differences with other levels of competition (46). And others discard that idea and only

relate the number of injuries with the design of a correct training/prevention protocol (47).

The population in the selected articles is all male based, as mentioned previously in the “Filters” section,
none of the articles sought for retrieval that included video analysis were performed on female players,
so the findings may not correlate with the injury etiology of female players. The existing evidence shows
that men are more likely to suffer mild injuries, and hamstring strains or pubalgia cases were more
frequent than in women. While women are more likely to sustain anterior cruciate ligament ruptures,

ankle injuries or quadriceps injuries (48,49).

5. SUMMARY

In summary, these are the conclusions observed in the review: first, almost all articles were based on a
European sample which was attributed to more scientific research being done in European leagues with
the help of federations and organizations. Second, the muscle groups that were found to be injured
mostly were the hamstring, quadriceps, adductors, and calf (in order of injury incidence), and although
there was a variety of actions that lead to injury, each muscle group could be linked with an action and
anatomical position that predominantly led to it. In the case of the quadriceps, loading the kicking action
with a high eccentric component for the muscle seems to be the predominant cause of injury, meanwhile
the cause of most hamstring injuries was the eccentric force present in both high velocity sprints and in
stretches, in the adductors the abduction and external rotation of the leg in different hip angles during
kicks and reaching actions were found to be high risk patterns , and finally the calf with the predominant
injury action being the acceleration phase during running. Third, the tendency was towards defensive
injuries, especially in the hamstring while the other muscle groups tended to get injured in offensive

actions. All these findings were represented as charts and figures during the review and discussed
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alongside the existing evidence in muscle injury prevention to formulate the main practical applications

of this review.
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Anexus 1.
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-A: Indirect Rectus Femoris Injury Mechanisms in Professional Soccer Players: Video Analysis and
Magnetic Resonance Imaging Findings.

-B: Hamstring injury patterns in professional male football (soccer): a systematic video analysis of 52
cases.

-C: Injury mechanisms and situational patterns of severe lower limb muscle injuries in male
professional football (soccer) players: a systematic video analysis study on 103 cases.

-D: Analysis of Injury Patterns in Men’s Football between the English League and the Spanish
League.

-E: Mechanisms of acute adductor longus injuries in male football players: a systematic visual video
analysis.

-F: Mechanisms of Hamstring Injury in Professional Soccer Players: Video Analysis and Magnetic
Resonance Imaging Findings.

-1: Objective stated.

-2: A representative sample was chosen.

-3: Information about sample is included.

-4 Information about video source and quality of the footage are included.

-5 Applied methods are described comprehensively.

-6 A systematic approach to video analysis was chosen.

-7 Medical report information is included.

-8 Background/expertise of rater(s) is stated.

-9 Findings are observed by more than one researcher.

-10 A control group is included 14 1.00 1.00-1.00 100.

-11 A quantitative biomechanical analysis was conducted using validated methods.
-12 The main results of the study are clearly described.

-13 Absolute numbers or proportions of injury cases (for each/the main outcome) are reported.
-14 Details about the injury context are included.

-15 Example screenshots/video frames are included.

-16 Findings are discussed within the context of the current evidence.

-17 Clinical/practical implications of the results are discussed.

-18 Limitations of the study are addressed
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