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The effect of neuromuscular fatigue created in the core region on the biomechanics of landing

Cekirdek bdlgesinde olusturulan néromiskiiler yorgunlugun sicramadan sonra yere inis
biyomekanigine etkisi
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ABSTRACT

Objective: The aim of this study is to determine the effect of neuromuscular fatigue created in the core region on the biomechanics of landing.

Materials and Methods: Healthy individuals aged between 18-25 years and without any musculoskeletal injury that prevented them from performing
the landing test were included in the study. In the study, cross-over randomization was applied. After the descriptive characteristics of the individuals
(lower extremity length, Q angle, range of motion etc.) participating in the study were recorded, core region endurance was evaluated with curl-up
test, static back endurance test (Biering Sorenson test) and horizontal side bridge test. Subjective fatigue protocol was created with the prone bridge
test. The effect of the fatigue caused by the prone bridge test performed during applied time on the biomechanics landing was examined with the
'Landing Error Scoring System'.

Results: The study included 21 women (77.8%) and six men (22.2%) whose age was 21.7+0.2 (21-25) years, height 168.7+1.6 (156-190) cm, body

weight 59.3+1.6 (46-80) kg and body mass index 20.8+0.5 (17.5-28.8) kg/m?. It was determined that fatigue caused by the prone bridge test perfor-
med during applied time did not make a difference in the landing error score of the participants (p=0.545). It was determined that the results of the
curl-up test and right horizontal side bridge test, in which endurance of the core region was determined, revealed a negative linear relationship with
the landing error scores obtained after the fatigue protocol.

Conclusion: Increasing core region endurance of healthy individuals is associated with the response of lower extremity biomechanics to fatigue. The-
refore, it is recommended that endurance exercises for the core region should be made a part of training programs.
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6z

Amag: Bu cgalismanin amaci, ¢ekirdek bdlgesinde olusturulan néromuskdler yorgunlugun sicramadan sonra yere inis biyomekanigine etkisinin
belirlenmesidir.

Gereg ve Yontem: Yaglari 18-25 yil arasinda olan, sigrama testi yapmasina engel kas-iskelet sistemi yaralanmasi bulunmayan saglikl bireyler ¢calismaya
dahil edildi. GCalismada, gapraz randomizasyon uygulandi. Calismaya katilan bireylerin tanimlayici 6zellikleri (alt ekstremite uzunlugu, Q acisi, eklem ha-
reket acikligi vs.) kaydedildikten sonra ¢ekirdek bolgesinin kas dayanikliidi; mekik testi, statik sirt dayaniklilik testi ve horizontal yan kopru kurma testi ile
degerlendirildi. Stbjektif yorgunluk protokoll ylzUstl kopri kurma testi ile olusturuldu. Uygulanan slredeki yizUstl kdpri kurma testinin olusturdugu
yorgunlugun, sigramadan sonra yere inis biyomekanigini etkileme diizeyi ‘Sigramadan Sonra Yere inis Hata Puanlama Sistemi’ ile incelendi.

Bulgular: Arastirmaya, yaslari 21.7+0.2 (21-25) yil, boylar 168.7+1.6 (156-190) cm, vicut agiridr 59.3+1.6 (46-80) kg, vicut kitle indeksi 20.8+0,5

(17.5-28.8) kg/m? olan 21 kadin (%77.8) ve alti erkek (%22.2) dahil edildi. Uygulanan stiredeki egzersizin olusturdugu yorgunlugun, katilimcilarin sigra-
madan sonra yere inig hata puaninda fark olusturmadigi (p=0.545) belirlendi. Cekirdek bolgesi dayanikliidinin belirlendigi mekik testi ve sag tarafa ait
horizontal yan képrt kurma testi sonuglarinin yorgunluk protokoll sonrasi elde edilen sigramadan sonra yere inig hata puanlar ile negatif yénlt dogru-
sal iligki gdsterdigi belirlendi.

Sonug: Saglikl bireylerin gekirdek boélgesi dayanikliliklarinin arttinimasi, alt ekstremite biyomekaniklerinin yorgunluga verdikleri yanit ile iligkilidir. Bu ne-
denle; ¢ekirdek bolgesine yonelik dayaniklilik egzersizlerinin antrenman programlarinin bir pargasi haline getirilmesi énerilmektedir.

Anahtar Sozciikler: Cekirdek bélgesi, kas yorgunludu, fiziksel dayaniklilik, biyomekanik fenomen

INTRODUCTION

Exercises for the core region have become an important se originate from the core region and are transmitted to ot-
part of exercise programs of athletes and healthy individu-  her parts of the body (2). Core muscles are of great impor-
als (1). This is due to the core region acting as a bridge that  tance in daily living activities, and strength and endurance
provides power transfer between the lower and upper ext-  exercises (4-6).

remities (2-4). All of the movements during sports or exerci-
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The core region generally includes abdominal and lumbar
region muscles (4,5). On the other hand, there are opinions
arguing that the core region cannot be limited only to these
muscles and that the stabilization of extremity movements
is provided by the synchronous work of the thoracolumbar,
abdominal, pelvic, and hip muscles (3,6,7). It is claimed
that keeping these muscles stable and strong leads to injury
avoidance and increased athletic performance (4,5). In two
different studies conducted by Chen et al., the increase in
endurance in the core region increased shooting accuracy
in basketball players (8), and the acute fatigue created in
the core region decreased shooting accuracy (9); emphasi-
zing the impact of the core region on athletic performance.
It is thought that the weak and unbalanced core region of
runners will result in increased fatigue, decreased enduran-
ce and increased risk of injury of the athlete (5). In our
study, the effect of fatigue caused by the prone bridge test
performed during applied time on the biomechanics of lan-
ding was examined in healthy individuals.

Regular strength and endurance exercise has been shown
to delay muscle fatigue (10,11). If the individual is not ade-
quately trained, muscles will tire more quickly during exer-
cise or competition, which will increase the risk of injury
(5). The fact that injury rates are higher in individuals to-
wards the end of competition or exercise (12,13) also sup-
ports the fact that increased fatigue is a risk factor for
injuries.

An important component of sports medicine practice is the
prevention of sports injuries. Determining the risk factors of
sports injuries beforehand and preventing these risks wit-
hout injury still poses many questions for clinicians. Altho-
ugh one of the important risk factors causing injury is poor
training, it should not be forgotten that this situation is
multifactorial (14). On the other hand, it is clear that the
core region has a key role in both lower and upper extre-
mity injuries due to its location (3-5).

Jumping and landing movements are also movement pat-
terns studied in terms of prevention of sports injuries. The
'Landing Error Scoring System' is a test developed by Padua
et al. (15), for which validity and reliability in Turkish was
assessed by Ercan et al. (16). In our study, the relationship
between core region muscles and injury risk by using this
test was investigated.

There are not enough studies concerning the effect of core
region on lower extremity biomechanics, and how lower
extremity injuries can be prevented by increasing the endu-
rance of the core area in the literature. The hypothesis of
this study is that the fatigue caused by the prone bridge test
performed during applied time, will negatively affect the
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biomechanics of landing. The aim of this study is to deter-
mine the effect of neuromuscular fatigue created in the core
region on the biomechanics of landing.

MATERIALS and METHODS

The research was approved by the local ethics committee's
decision dated 18/08/2021 and numbered 270. The sample
of the study consisted of 27 individuals, aged between 18-25
years, and without any musculoskeletal injury that preven-
ted them from performing the landing test. Those younger
than 18 years, older than 25 years, or those with musculos-
keletal injuries (lower extremity injury in the last six
months, or with a history of fracture or surgery in the lower
extremity in the last two years) were not included in the
study. In the study, a cross-over design was applied (Figure

1).

First Period Second Period

Control-Post Fatigue Sequence — Post Fatigue
Protocol

Randomization
(Cross-over)

Washout Period
(72 hour)

Post Fatigue-Control Sequence h Post Fatigue
Protocol

Participants — ‘

Figure 1. Cross-randomization design, applied in

order not to create bias due to learning the tests
performed, and not to affect the results of the study

Researchers performed the recording of descriptive featu-
res, the muscle endurance tests, the subjective fatigue pro-
tocol (by GK), and evaluation of biomechanics of landing
(by SE) in the Sports Medicine Rehabilitation Unit. During
the study, blindness of the researcher, who will evaluate
the biomechanics of landing, was maintained.

In addition to obtaining information on descriptive featu-
res; bilateral lower extremity length, Q angle, ankle plantar
flexion/dorsiflexion/eversion/inversion, knee flexion/ex-
tension, hip flexion/extension/abduction/adduction, and
trunk flexion/extension/right lateral flexion/left lateral fle-
xion angles were measured with a goniometer, and recor-
ded by one of the researchers. These measurements were
made to present the descriptive features of the lower extre-
mity, since the 'Landing Error Scoring System' used in the
study was for the lower extremity risk analysis. After the
descriptive characteristics of the individuals participating
in the study were recorded, core region endurance was eva-
luated. For core muscle endurance; curl-up test, static back
endurance test (Biering Sorenson test) and horizontal side
bridge test were used (17,18).
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Core Region Endurance

Curl-up test: This test measures the endurance of abdomi-
nal muscles. In the test starting position, the individuals lie
on their back. Their lower extremities are about shoulder-
width apart, their hips abducted, and their knees semi-fle-
xed. Ankles of the individuals are fixed. Upper extremities
are placed on the opposite shoulders. Individuals are asked
to flex their trunks and get up until their elbows touch their
knees, and the number of curl-ups they can do in 1 min is
recorded (18).

Static back endurance test (Biering Sorenson test): This test
measures the endurance of lumbar muscles. In the prone
position, the individual lies flat on the stretcher with the
pelvis, hips and knees on the stretcher, with the inguinal
region at the end of the stretcher. The ankles of the indivi-
dual are fixed. They are requested to put their upper extre-
mities next to the trunk. The time that the individual can
stay on a straight line in the horizontal position is recorded
by stopwatch. When the individual falls down from the ho-
rizontal position or cannot maintain his/her position, the
test is finished and the time is recorded (18).

Horizontal side bridge test: This test measures the enduran-
ce of spinal stabilizer muscles. The individual is in a side-
lying position with the lower extremities extended. Top foot
is placed in front of bottom foot for support. The individual
elevates on the forearm and ankle until the pelvis and
trunk become horizontal. The researcher should make sure
that the body is in a straight line. The time that the indivi-
dual can maintain this position is determined by the stop-
watch and the time is recorded. Measurement is made for
both sides (18).

Subjective Fatigue Protocol

A subjective fatigue protocol was applied with the prone
bridge test (17). Subjective fatigue was assessed with the
Borg Rating of Perceived Exertion (RPE) every 5 s. The sub-
jective fatigue protocol was continued up to the score (Borg
Category-Ratio 10), where the RPE was 10 (17).

Subjective fatigue protocol with prone bridge test: The indi-
vidual maintains the prone plank stance without losing the
contact of his/her feet and elbows with the ground. The
time it stays in this position is recorded with a stopwatch. If
the individual deteriorates the position, feels pain and ex-
haustion in his/her muscles, the fatigue protocol is termi-
nated (17).
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Evaluation of Biomechanics of Landing

Biomechanics of landing of individuals were evaluated
with the Landing Error Scoring System (LESS) method
(15,16). Video recordings were made in accordance with the
protocol recommended in the Turkish validity and reliabi-
lity study of the LESS method (16). The analysis was carried
out with the help of a free video-based image analysis prog-
ram (Kinovea vo.8.15, free software with GPL v2 license,
https://www.kinovea.org/).

Statistical Analysis

In the power analysis (G*power v.3.1.9.7, Germany) perfor-
med with the data obtained in the pilot study before the
analysis of research data, it was determined that the samp-
le size to be reached was 26 people when a power of 0.80
and an alpha of: 0.05 were accepted. The conformity of the
data of 27 people included in the study to the normal distri-
bution was examined with the Shapiro-Wilk test. Since it
was determined that the data were not suitable for normal
distribution, the Mann-Whitney U test for independent gro-
ups and the Wilcoxon test for dependent groups were used.
The Spearman correlation test was used in the correlation
analysis. The p value was considered significant at the 0.05
level, and data were presented as frequency (n), percent
(%) and median + standard error (min-max).

RESULTS

The study included 21 women (77.8%) and six men (22.2%)
whose age was 21.7+0.2 (21-25) years, height 168.7+1.6 (156-
190) cm, body weight 59.3+1.6 (46-80) kg, and body mass
index 20.8+0.4 (17.5-28.8) kg/m?2. Dominant extremity of all
participants was the right side. Descriptive characteristics
of the participants are presented in Table 1 and Table 2.

It was determined that the fatigue caused by the prone brid-
ge test performed during applied time did not make a diffe-
rence in the landing error score (LESS) of the participants
(as mean+SE (min-max); Control protocol: 6.7+0.4 (2-12),
Post Fatigue protocol: 6.5£0.3 (3-9); p=0.545, Wilcoxon test).

On the other hand, it was determined that the results of the
curl-up test and horizontal side bridge test of the right side,
where the endurance of the core region was determined, a
negative linear relationship was revealed with the landing
error scores obtained after the fatigue protocol. In other
words, the higher the endurance of the core region, the lo-
wer the landing error score after this protocol (Table 3).
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Table 1. Descriptive characteristics of the participants

Side
Parameter Mean:SE
Lower extremity length (cm) 87.8+11
Qangle () 0.2t0.7
Ankle plantar flexion () 44.8#17
Ankle dorsiflexion(’) 18.1+1.0
Ankle inversion () 290.8+1.4
Ankle eversion (') 20.0+0.6
Knee flexion () 132.6+2.0
Knee extension (°) 0%0
Hip flexion () 111.8+2.7
Hip extension (°) 24.4%15
Hip abduction () 34.9:1.6
Hip adduction () 24.8+1.3
Trunk flexion () 84.4%2.7
Trunk extension (°) 24.2+1.4
Trunk lateral flexion(’) 30.91.5

2 Mann-Whitney U test; SE: standard error

Table 2. Core region endurance of participants

Test Mean:SE mm'
ax
Curl-up test 22.0¢#15 (10-50)

Static back endurance test (Biering Sorenson
test)
Right horizontal side bridge test
Left horizontal side bridge test
Subjective fatigue protocol with prone bridge
test
SE: standard error

131.6:9.9 (52-274)

53.6+8.0 (10-230)
46.2¢3.6 (11-85)

62.7+6.3 (28-160)

Table 3. Relationship between core region endurance and landing

error scores after jumping

LESS score- LESS score-Post
Parameter Controlprotocol fatigue protocol
LESS score control protocol " 1000 0.573
. 0.002
LESS score post fatigue 0.573" 1.000
protocol P 0.002 )
r -0.095 -0.306
Age (year) b 0636 e
r -0.120 -0.109
Body Mass Index (kg/m?) b 0552 0588
*%k
Curl-up test r "0334 -0.566
P 0.088 0.002
Static back endurance r -0.176 -0.270
(Biering Sorenson) test p 0.379 0.173
Right horizontal side bridge r -0.188 -0.462
test P 0.348 0.015
Left horizontal side bridge r -0.167 -0.339
test p 0.406 0.083
. r -0.167 -0.331
Prone bridge test 0.406 0092

*: correlation is significant at the 0.05 level (2-tailed), **: correlation is significant
at the 0.01 level (2-tailed). If p<0.05 and r=0.4-0.6, a moderate relationship was
accepted.

DISCUSSION

There are not enough studies in the literature on the effect
of core region fatigue and endurance on extremity biomec-
hanics and injury risk (1). In our study, we investigated the
effect of the core region on the biomechanics of landing,
and therefore on the risk of lower extremity injury. The
main hypothesis in this study was that acute fatigue in the
core region would increase the landing error score and, as
an effect, increase the risk of lower extremity injury. Howe-
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Right Left

Min-Max Mean:SE Min-Max p?
(76-100) 87711 (75-100) 0.952
(0-15) 0.0:0.7 (0-15) 0.875
(30-60) 45.2+1.6 (30-60) 0.874
(10-30) 18.5+1.0 (10-30) 0.753
(20-60) 28.9%1.4 (20-60) 0.276
(15-30) 20.2+0.6 (15-30) 0.758
(110-155) 132.8#2.0 (110-155) 0.016
(0-0) 00 (0-0) 1.000
(90-130) 111.5+2.8 (90-130) 0.958
(15-45) 24115 (10-45) 0.913
(20-55) 35.4%1.9 (20-60) 0.958
(15-45) 24.11.4 (10-45) 0.788
(55-110) 84.4%2.7 (55-110) 1.000
(15-45) 24.2+1.4 (15-45) 1.000
(15-55) 30.6:1.6 (20-55) 0.742

ver, it was determined that fatigue caused by the prone
bridge test performed during applied time did not make a
difference in the landing error score of the participants. On
the other hand, higher core endurance was associated with
lower landing error score after the subjective fatigue
protocol.

In a study conducted by De Oliviera et al. (19), the effects of
acute core stabilization and sensorimotor exercises during
sitting and standing positions on postural control in young
adults were compared. It was then reported that the effect
of core stabilization and sensorimotor exercises on postural
control could not be observed, compared with the control
group. Although investigations were made on different pa-
rameters from our current study, it was suggested that acute
core region fatigue does not affect body biomechanics, in
parallel with our study. However, when the literature is re-
viewed, there are also articles suggesting that increased fa-
tigue in the core region disrupts body biomechanics (5).

It is thought that physiological fatigue in general, but not
only in the core region, causes poor technique, and poor
technique causes poor performance and increased injury
risk (20). It was observed that after the battle rope exercise,
in which the core region muscles and upper extremities
were activated (21), some performance components such as
shooting accuracy and passing speed in basketball were
adversely affected, with no change in countermovement
jump height (9). In this study, contrary to our study, it was
suggested that acute core region fatigue increases the risk
of injury. In future studies, the effect of acute fatigue in the
core region on body biomechanics, and thus injury risk
should be investigated in more detail.

In our study, although the fatigue caused by the prone brid-
ge test performed during applied time had no effect on the
biomechanics of the landing, it was determined that the re-
sults of the curl-up test, and right horizontal side bridge
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test, in which endurance of the core region was determi-
ned, displayed negative linear relationship with the lan-
ding error scores obtained after the subjective fatigue proto-
col. This revealed that as core region endurance increases,
neuromuscular fatigue reduces the level of negative effects
on lower extremity biomechanics. In our study, although a
negative linear relationship was shown between landing
error scores and the right horizontal side bridge test, it was
thought that all participants’ right extremity dominancy co-
uld be the reason for the lack of correlation in the left hori-
zontal side bridge test.

When the literature is examined, core endurance and stabi-
lization exercises are found to improve lower extremity bi-
omechanics, and thus reduce the risk of injury, supporting
our study. In a review study by Rivera (5), it was reported
that instability and inadequacy in the core region of run-
ners may result in decreased endurance and increased risk
of injury. In another study conducted by Sharma and Ge-
ovinson (6), it was shown that as a result of 9-week core st-
rengthening exercises applied to volleyball athletes with
trunk instability, athletes' trunk stability increased, and
their vertical jump values improved. In Watson et al.'s
study on competitive dancers, it was reported that 9-week
core stabilization exercises improved static and dynamic
balance, and muscle performance measurements in dan-
cers (22). In another study on chronic core stabilization
exercises, it was revealed that an 8-week exercise program
improved functional movement patterns and dynamic pos-
tural control in college athletes (23). These studies and ot-
hers directly or indirectly predict that core muscle enduran-
ce reduces the risk of lower extremity injury (24).

On the other hand, it was shown that the 6-week core st-
rengthening exercise performed by Sato and Mokha (25) on
athletes did not affect lower extremity stability. In another
study conducted by Santos et al. (26) on inactive individu-
als, it was shown that the endurance of the core region did
not have a significant effect on agility and jumping, unlike
the study of Sharma and Geovinson, but it affected the abi-
lity to apply maximum power and force in intermittent run-
ning, and exercises performed in the pushing, pulling, and
lifting actions. Although these studies are not in line with
our results, it should not be forgotten that the biomecha-
nics of landing is not only dependent on lower extremity
stability and jumping/ landing parameters.

In a meta-analysis study conducted by Huxel Bliven and
Anderson in 2013, the effects of core stabilization exercises
on injury prevention were investigated. Conclusive eviden-
ce of a relationship between core region instability and in-
jury is lacking; however, it has been reported that multifa-
ceted anti-injury exercise programs that include core stabi-

Effect of core region fatigue on biomechanics

lization exercises appear to be effective in reducing lower
extremity injury rates (24).

The non-homogeneous gender of the participants in the
study and the fact that the female participants were in the
majority could be counted among the limitations of this
study. On the other hand, as far as we know, the original as-
pect of the research is that it is the first study to examine
the effect of fatigue caused by the prone bridge test perfor-
med during applied time created in the core region, on Lan-
ding Error Scoring System results.

CONCLUSION

The importance of exercises for the core region is understo-
od day by day. Core exercises are important to improve the
biomechanics of healthy individuals and athletes, and to
prevent sports injuries. Therefore, we suggest that the ef-
fects of acute and chronic fatigue in the core region on per-
formance and injury prevention should be investigated in
the future, and that literature on this subject should be
developed.

On the other hand; as a result of the study, it is recommen-
ded that healthy individuals and athletes make core exerci-
ses a part of their programs in order to avoid sports injuries
and improve their biomechanics. In addition, as the techni-
ques of athletes whose biomechanics improve, their indivi-
dual performance will also improve. In this context, it was
thought that the incidence of injury in healthy individuals
and athletes will decrease with the regular performance of
core exercises, thus reducing the financial and psychologi-
cal effects caused by injuries to a great extent.
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