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Effects of sensorimotor
training on pelvic stability
and balance in runners

Efeitos do treinamento sensorio-
motor na estabilidade pélvica Abstract

e no equilibrio de corredores

Introduction: Running has increased significantly in
recent years due to its benefits and practicality. However,
like any sport, running poses a risk of injury, leading to the
need for clinical intervention and even its practitioners
quitting the sport. Therefore, preventive strategies

seeking to minimize the occurrence and consequences of

Leticia Jonas de Freitas ®~ such risk factors in these athletes are pivotal. Objective:
Sharon Moreira Ignéacio ® To investigate the preventive effects of a sensorimotor
Thatia Regina Bonfim ® training protocol on the balance and pelvic stability

of runners. Methods: The study sample consisted of
Pontificia Universidade Catdlica de Minas Gerais (PUC Minas), fourteen 10-km runners of both genders divided into
Pocos de Caldas, MG, Brazi two groups: the control group (CG) and the sensorimotor
training group (SMTG). Both groups were evaluated using
the single-leg stance test (static balance), Trendelenburg
test (pelvic stability), and hop test (dynamic balance).
The SMTG underwent 16 interventions, while the CG
did not receive any intervention. Results: The SMTG
showed a significant increase in the permanence time
of the single-leg stance test (p < 0.05) and a reduction
in knee valgus during impulse and landing moments of
the single hop test only in the right lower limb (p < 0.05),
while the CG showed no significant difference in all tests
applied (p > 0.05). Regarding pelvic stability, there was no
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Resumo

Introdugéo: A prética de corrida aumentou significa-tivamente
nos ultimos anos devido aos seus beneficios e sua praticidade.
Como qualquer esporte, no entanto, a corrida de rua oferece risco
de lesGes, que podem acarretar a necessidade de intervengéo
clinica e até mesmo o afastamento de seus praticantes. Dessa
forma, tornam-se essenciais estratégias preventivas que busquem
minimizar a ocorréncia e as consequéncias de tais fatores de
riscos nestes atletas. Objetivo: Investigar o efeito preventivo de
um protocolo de treinamento sensério-motor no equilibrio e na
estabilidade pélvica de atletas corredores de rua. Métodos: A
amostra deste estudo foi composta por 14 atletas corredores de
rua de 10 km, de ambos os sexos, divididos em dois grupos: grupo
controle (GC) e grupo treinamento sensério-motor (GTSM). Ambos
0s grupos foram avaliados por meio do teste de apoio unipodal
(equilibrio estdtico), teste de Trendelenburg (estabilidade pélvica)
e hop test simples (equilibrio dindmico). O GTSM foi submetido
a 16 intervencdes, enquanto o GC nédo recebeu nenhuma.
Resultados: O GTSM apresentou aumento significativo no
tempo de permanéncia do teste de apoio unipodal (p < 0,05) e
reducédo do valgo de joelho durante os momentos de impulso e
de aterrissagem do hop test simples somente no membro inferior
direito (p < 0,05). O GC néo apresentou diferenga significativa em
nenhum dos testes aplicados (p > 0,05). Em relacéo a estabilidade
pélvica, ndo houve diferenca significativa em nenhum dos
grupos.Conclusdo: O protocolo proposto promoveu melhora
sobretudo do equilibrio estatico dos atletas do GTSM, mas ndo na

estabilidade pélvica.

Palavras-chave: Lesées em atletas. Prevencédo. Propriocepcéo.
Corrida.

Introduction

The search for a healthy lifestyle and a better quality
of life are goals present in the reality of numerous
individuals. For these reasons, there is an increasing
demand for regular physical exercise, especially aerobic
exercise, among which street running stands out due to
its practicality, low cost, and the multiple body benefits
generated, such as lower risk of cardiovascular disease."

As in any other sport modality, however, street
running exposes practitioners to the risk of injuries, and
anywherefrom 19.4to 92.4% of musculoskeletal changes
occur in the lower limbs of runners,?® especially in the
ankle/foot, knee, and hip joints.>* These changes may
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contribute to injuries at these sites, especially if there
are sensorimotor deficits, including more significant
postural sway and/or joint misalignment.®

Moreover, such injuries can be severe enough to
reduce or even keep athletes from practicing sports,
in addition to leading to the need for medical care.!
Hence, the use of preventive interventions to reduce the
incidence and impact of these injuries among runners
is pivotal. In this scenario, physiotherapy uses a vital
resource used in the sports environment: sensorimotor
training, which aims to improve proprioception and
muscle response, improving dynamic joint stability and,
consequently, reducing the risk of injuries.®

As a result, given the risk of injuries in sports and
the need for preventive measures that seek not only
to reduce the impact of these injuries but also improve
the performance of street runners, this study aimed
to investigate the effects of a sensorimotor training
protocol on the dynamic and static balance and pelvic
stability of street runners.

Methods
Sample

The sample was composed of fourteen 10-km street
runners (eight men and six women) who signed the
informed consent form. As established by the National
Health Council on ethical guidelines for research with
human subjects, this study was approved by the Research
Ethics Committee of the Pontifical Catholic University of
Minas Gerais (CAAE: 7697.1617.9.0000.5137).

After selecting participants who met the inclusion
criteria, the first eight participants were randomly
assigned to two groups. Then, to have a homogeneous
distribution
participants were paired by sex, age, body mass, and

between the groups, the remaining
height. The participants were thus divided into two
groups, each composed of four men and three women:
the control group (CG), with a mean age of 47.1 years
(+ 15.8), mean height of 166 cm (% 9.7), and mean body
mass of 64.1 kg (= 9.9), and the sensorimotor training
group (SMTG), with a mean age of 41.9 years (= 12.5),
mean height of 171.3 cm (= 9.3), and mean body mass
of 74.9 kg (= 10).

To meetthe inclusion criteria, the participants needed
to be over 18 years old, regularly practice street running,
frequently attend training sessions, and agree with the
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objectives and procedures of the study. The exclusion
criteria were recent injury to the musculoskeletal system
with inflammatory signs and neurological disorders. The
participants were submitted to an anamnesis for sample
characterization, addressing the following items: age,
sex, body mass, height, sports practice, and history of
injuries based on the individuals’ perception of injury.
Both groups were equally evaluated in the initial and
final evaluations using the single-leg stance test for static
balance, the Trendelenburg test for pelvic stability, and
the hop test for dynamic balance. For the Trendelenburg
and hop tests, spherical markers were placed on the
anterosuperior iliac spines, the midpoint of the patella,
and the lateral and medial malleoli; the latter were used
to identify the center of the ankle joint. The images were
acquired using a 16-megapixel digital camera (ASUS
ZenFone 4 smartphone, model ZE554KL). These images
were later analyzed by biophotogrammetry using the
Kinovea® software (version 0.8.15; Windows XP) for the
sub-items “pelvic stability” and/or “"dynamic balance.”

Static balance

The static balance was evaluated using the single-
leg stance test, in which the athlete remained on one leg
with their eyes closed and their upper limbs crossed over
the trunk for 30 seconds. The task was interrupted when
the participant did not maintain a stable posture, and the
maximum time achieved was recorded.” Two trials were
performed for each lower limb, and the mean time spent
in both trials was considered the dependent variable.

Pelvic stability

The pelvic stability was evaluated using the
Trendelenburg test and performed similarly to the
single-leg stance test, although the participants kept
their eyes open. After 30 seconds, the participant was
photographed and the pelvic alignment was observed.®
The positive sign was considered according to the
contralateral pelvic drop for the supporting lower limb,
where an elevation of the ipsilateral pelvis of this limb

89 and therefore, the use of the angulation

occurs,
measurement between the iliac spines was determined.
The dependent variable was the joint angle of the
lower limb (anterosuperior iliac spine, midpoint of the
patella, and center of the malleoli), where closer to 180°

indicated greater joint alignment.
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Dynamic equilibrium

Inthesingle-leghoptest,’ we attemptedto analyze the
knee valgus angle (anterosuperior iliac spine, midpoint
of the patella, and midpoint between the malleoli),
which was considered the dependent variable since
knee valgus is considered the medial displacement of
the knee beyond the thigh-foot alignment.’® The analysis
was performed by video in two moments: impulsion (the
instant of completing the single-leg squat; moment 1)
and landing (the instant when the entire sole of the foot
touched the ground; moment 2), where closer to 180°
indicated greater joint alignment.

Sensorimotor training protocol

After the initial evaluation, the CG did not receive
any intervention for eight weeks, while the SMTG had
sixteen 30-min physiotherapeutic interventions twice a
week. Each intervention consisted of joint warm-ups and
muscle stretching for 10 min and sensorimotor training
for 20 min. The warm-up occurred through active muscle
stretching exercises and joint movements of the trunk,
hips, knees, and ankles. The sensorimotor training was
divided into two 10-min sessions.

Session 1 emphasized balance, proprioception, and
lumbopelvic stability training through exercises that
stimulated balance reactions on unstable surfaces with
different perturbations (Figure 1). On the proprioceptive
disk, the athletes were instructed to remain as stable as
possible (3 x 30 s), and on the balance board and with
the same instructions, the athletes threw a 2 kg ball to
the therapist (3 x 10 repetitions).

Session 2 emphasized training agility, coordination,
and landing on the ground through different speed
exercises, changes in direction, sudden stops, and
landing on unstable surfaces (Figure 1). For the agility
and coordination training, the participants were
instructed to perform the exercises as quickly as possible
while maintaining their lower limbs aligned (3 x 30 s).
For the landing exercise, the athletes were instructed to
perform the exercises as quickly and stably as possible
(3 x 10 repetitions).

The sensorimotor training protocol progressively
became more difficult every four interventions (Table
1). After the sixteen interventions, both groups were
submitted to a final evaluation (identical to the initial one)
to investigate and compare the effects of the training.
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Data analysis

Statistical analysis was performed by 2 x 2 analysis of
variance (ANOVA) with repeated measures using both
groups (CG x SMTG) and evaluations (initial x final) as
factors, followed by Bonferroni post hoc tests to identify
any differences between the groups, evaluations, and
interactions between groups and evaluations. Data
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normality was tested using the Shapiro-Wilk test and
homogeneity of variance using the Levene test. The
length of stay (in seconds) in the single-leg stance
test and the joint angles in the Trendelenburg and
hop tests were considered dependent variables.
All statistical procedures were carried out using the
statistical package SPSS Statistics (version 22; IBM SPSS

Statistics®), considering the significance level of 0.05.

SESSION 1
Balance, proprioception, and lumbopelvic stability

SESSION 2
Agility, coordination, and landing

Figure 1 - Demonstration of the sensorimotor training.
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Table 1 - Evolution of the sensorimotor training protocol
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Session 1

Session 2

Double-leg stance, eyes open

. . . Double-leg stance, eyes closed
Proprioceptive disk 9 4
Single-leg stance, eyes open

Single-leg stance, eyes closed

Agility

Anterior and posterior displacement
Anterior and posterior displacement + elastic strap
Multi-directional displacement (AP - ML - LM - PA)

Multi-directional displacement + elastic strap

Double-leg stance, AP direction,

Anterior displacement between cones

2 kg ball L Lateral displacement between cones
Coordination

Single-leg stance, AP direction, Anterior displacement + lower limb elevation
Balance board 2 kg ball Lateral displacement + lower limb elevation

Double-leg stance, ML direction, Single-leg jumping

2 kg ball Landing Double-leg jumping

Single-leg stance, ML direction, (Bosu) Running and double-leg landing

2 kg ball Running and single-leg landing

Note: AP = anteroposterior; ML = mediolateral; LM = lateromedial; PA = posteroanterior.

Results

Most of the participants in this sample (35.7%) had
an average street running experience of 1 to 3 years and
reported injuries related to the sport and withdrawal
from the sport (Table 2).

Table 2 - Practice time and athlete injury history in the
sensorimotor training group (SMTG) and the control group (CG)

CG(n=7) SMTG (n=7)

Time practicing the sport n (%) n (%)
1-3 years 1(14.3) 4(57.1)
3-5 years 2(28.6) 1(14.3)
5-8 years 2(28.6) 0(0.0)
8-10 years 1(14.3) 0(0.0)
>10 years 1(14.3) 2(28.6)
History of injury 5(71.4) 6(85.7)
Absence due to injury 4(57.1) 6(85.7)
Absent and undergoing 3(42.9) 4(57.1)
physiotherapeutic treatment

Improvement after 4(57.1) 6(85.7)

physiotherapeutic treatment

Static balance - Single-leg stance test

For the time spent on the single-leg stance with eyes
closed (in seconds), the statistical analysis indicated a
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significant difference between evaluations (p = 0.001)
and interaction evaluation and group (p = 0.001), albeit
there was no difference between groups (p = 0.186).
The significant interaction indicates distinct behaviors in
the groups. In this case, the time spent on the single-leg
stance with eyes closed increased in the SMTG in both
lower limbs; in the CG, it only increased in the right lower
limb. The behavior of both groups in this test before
and after the intervention is illustrated in Figure 2A.
The mean and standard deviation for the length of stay
in the right and left single-leg stance for both groups
and assessments and p values in the intergroup and
intragroup analyses determined by the Bonferroni post
hoc test are listed in Table 3.

The post hoc tests indicated that the CG and SMTG
showed no significant difference for the length of stay in
the right (p = 0.728) and left (p = 0.700) single-leg stance
of the initial evaluation. Nonetheless, the post hoc tests
indicated a significant difference between the CG and
SMTG for the length of stay in the right (p = 0.05) and
left (p = 0.019) single-leg stance of the final evaluation.
Additionally, the post hoc analysis showed that the SMTG
significantly increased in the static balance length of stay
time in the right (p = 0.001) and left (p = 0.012) single-
leg stance after eight weeks of the sensorimotor training
protocol, which shows that this protocol had a positive
effect on the static balance of street runners. For the CG,
the post hoc tests did not show a significant difference
for the length of stay in the left single-leg stance (p =
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0.798), although there was a significant increase in the
length of stay in the right single-leg stance (p = 0.026),
which is likely due to the learning effect in the test or by
the right lower limb dominance.

Pelvic stability - Trendelenburg test

The joint angle represents the pelvic alignment, and
the statistical analysis did not indicate any significant
difference for the group (p = 0.474) and evaluation
(p = 0.110), albeit there was a notable difference for
the interaction between group and evaluation (p =
0.005). The interaction occurred due to the different
behavior between the groups, whereby the joint angle
decreased between the evaluations in the CG, while
the joint angle increased in the SMTG, which indicates
better pelvic alignment in this group after the proposed
intervention (Figure 2B). Additionally, Table 3 shows the
mean and standard deviation for the pelvic alignment

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

of joint angles during the Trendelenburg test in both
groups and evaluations, followed by the p value of the
intergroup and intragroup analyses using the Bonferroni
post hoc test.

The post hoc tests indicated that the CG and SMTG
did not present a significant difference for the joint angle
in the right lower limb (RLL; p = 0.301) and left lower
limb (LLL; p = 0.059) in the initial evaluation. In the final
evaluation, the CG and SMTG showed no significant
difference in joint angle in the RLL (p = 0.383) and LLL
(p = 0.102). In addition, the post hoc tests indicated that
the SMTG showed an increased joint angle in the RLL
(p =0.012) and LLL (p = 0.015) after eight weeks of the
sensorimotor training protocol, thereby indicating better
pelvic alignment. For the CG, the post hoc analysis did
not show any significant difference for the joint angle
in the RLL (p = 0.094), indicating a significant reduction
in the joint angle of the LLM (p = 0.038), suggesting a
worse pelvic alignment.

Table 3 - Mean and standard deviation of the athletes (n = 7) from the sensorimotor training group (SMTG) and the athletes (n = 7)

from the control group (CG) in the initial evaluation (IE) and final evaluation (FE) for the lower limbs (right, RLL; left, LLL) and in the first

(M1; impulsion) and the second moment (M2; landing) for the one-leg stance, Trendelenburg and hop tests

Static balance (single-leg stance test) - in seconds

RLL LLL
Initial evaluation Final evaluation p value Initial evaluation Final evaluation pvalue
SMTG 10.9 (£ 6.1) 28.9 (£ 2.0) 0.001%* 15.7 (£ 10.9) 25.3 (% 6.1) 0.012¢*
CG 12.6 (£ 8.7) 19.9(£11.1) 0.026%* 15.4(+ 10.3) 13.1(x6.2) 0.798%*
p-value 0.728% 0.0501* 0.700t 0.0191*
Pelvic stability (Trendelenburg test) - in degrees
RLL LLL
Initial evaluation Final evaluation p value Initial evaluation Final evaluation p-value
SMTG 176 (= 1.6) 177 (= 1.4) 0.0121* 174 (x3.1) 176 (= 2.1) 0.015%*
CG 177 (x1.7) 176 (= 1.9) 0.094% 175(x2.9) 174 (+ 3.6) 0.0381*
p-value 0.301t 0.3831 0.0491* 0.102+
Dynamic balance (Single hop test) - in degrees
RLL LLL
M1 - Impulsion M2 - Landing M1 - Impulsion M2 - Landing
IE FE p-value IE FE p-value IE FE p-value IE FE p-value
SMTG 161 172 0.0361* 169 176 0.050%* 166 171 0.0471* 169 174 0.050%*
(£12.2) (x28) (£5.5) (£1.8) (£5.3) (£7.2) (£59) (x45)
CG 169 164 0.167% 173 170 0.122% 166 164 0.314% 172 169 0.139%
(£8.3) (x10.4) (£2.8) (£4.3) (£9.2)  (x10.6) (1,9  (x6.1)
p-value 0.2231  0.093f 1.000t  0.119t 0.334t  0.168%

Note: p-value for the Bonferroni post hoc test: intergroup (1) and intragroup (1). “Indicates a significant difference.
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Figure 2 - A: Mean and standard deviation of the time spent on the single-leg stance (in seconds) for the sensorimotor training

group (SMTG) and control group (CG) in the initial and final evaluations of the right (RLL) and left lower limbs (LLL). *Indicates

significant difference. B: Mean and standard deviation of the measurements of joint angles (pelvic alignment) when performing the
Trendelenburg test for the SMTG and CG at the initial and final evaluation of the RLL and LLL. C: Mean and standard deviation of the

measurements of joint angles (knee valgus) when performing the hop test at the first (impulsion) and second moments (landing) for
the SMTG and CG in the initial and final evaluations of the RLL and LLL.

Dynamic balance - Hop test

For the joint angle, which represents the knee valgus,
the statistical analysis did not indicate a significant
difference between groups (p = 0.923) and evaluations
(p = 0.725); nevertheless, it revealed a significant differ-
ence for interaction between the groups and evaluations
(p 0.008). This interaction demonstrates different
behaviors in the groups, specifically higher jointanglesin

the SMTG, thus demonstrating greater alignment of the
lower limbs during the jump impulse and landing. The
lower joint angles were maintained in the CG, indicating
lower alignment of both lower limbs during the impulse
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and landing of the jump. The behavior of both groups
in this test, before and after the intervention, is shown
in Figure 2C, and Table 3 lists the mean and standard
deviation for joint angles at moments 1 (impulsion)
and 2 (landing) during the hop test in both groups and
evaluations, followed by the p value of intergroup and
intragroup analyses by the Bonferrroni post hoc test.

In the initial evaluation, the post hoc tests indicated
no significant difference between the CG and SMTG for
the joint angle of the RLL and the LLL at the moments of
impulsion (p = 0.223 and p = 1.000, respectively) and
landing (p = 0.163 and p = 0.334, respectively). However,
in the final evaluation, the post hoc analyses indicated
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a significant difference between the CG and SMTG for
the joint angle of the RLL at the moment of landing
(p = 0.012), albeit there was no significant difference in
RLL at the moment of impulsion (p = 0.093) or for the
LLL at the moment of impulsion (p = 0.119) and landing
(p = 0.168). Furthermore, the post hoc tests indicated a
significant difference for the SMTG between the initial
and final evaluations for the RLL and LLL joint angle at
the moment of impulsion (p = 0.036 and p = 0.047,
respectively) and landing (p = 0.05 for both). For the CG,
however, the post hoc tests did not show any significant
difference between the initial and final evaluations for
the joint angle of the RLL and LLL at the moments of
impulsion (p = 0.167 and p = 0.314, respectively) and
landing (p = 0.122 and p = 0.139, respectively).

Discussion

This study proposed to investigate the effects of
sensorimotor training on 10-km street runners. After the
16 interventions of the proposed training protocol, the
athletes showed improved static balance in only one of
the lower limbs in dynamic balance and no improvement
in lumbopelvic stability. These facts can be observed,
respectively, in the increased length of stay in the single-
leg stance and increased joint angles, which approached
180° in the right lower limb, indicating better joint
alignment at the moment of impulsion and landing, and,
finally, in the lack of angular change of the pelvis in the
single-leg stance. In addition to the significant difference
that only occurred in the static balance, the effect size
in this item in the right and left lower limbs was large
and above average, respectively. In the dynamic balance
at the moment of landing, such an effect was also
considered significant, indicating the relevance of the
gains found herein.

There is no doubt about the high prevalence of
lower limb injuries in runners because the impact force
at this location during training can reach three times
the body mass.?'"'2 Such impact can contribute to
injuries, primarily when associated with intrinsic factors
such as the knee joint. The knee joint is commonly
affected by injuries in runners due to its anatomical
2,3,11,13,14 Wthh

instability.">"® Furthermore, factors such as local muscle

complexity, propitiates a  natural
weakness and overtraining may favor hip joint injuries
(e.g., gluteus medius tendinopathy).'? This condition

may affect individuals’ functionality gain and activity level
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and, consequently, their quality of life."” Thus, in order to
avoid the removal of athletes from sports, future medical
expenses, and the consequent impact on quality of life
resulting from injuries, it is pivotal to identify the deficits
that these athletes present to develop preventive
interventions for this population.

The balance system aims to allow the minimum
displacement of the body's center of gravity, thus
improving postural control.”® Postural control, in turn,
allows an adequate posture to perform the specific
movements required by the sport."”” Individuals with
greater postural sway, and therefore poorer balance,
were seven times more likely to suffer an ankle sprain
compared to individuals without this sway.* This is
because the compliance of several factors, especially
proprioception, is essential for balance to be adequate.
Proprioception means awareness of position, movement,
and resistance of objects related to the body,?° and

it is essential for joint stabilization.?'

Proprioceptive
information comes from muscle (muscle spindle) and
tendon (Golgi tendon organ) receptors of different
musculoskeletal structures.® This information generated
by the mechanoreceptors is processed in the central
nervous system and generates forms of muscle activation
for joint stabilization, which optimizes dynamic joint
stabilization and postural control.> When this mechanism
is altered (i.e., injuries), processing does not occur
adequately and, therefore, joint stabilization may not
occur effectively, intensifying the risk of injuries during
sports activities.® Given this scenario, when assessing
static and dynamic balance, especially during single-leg
hopping, which is a constant movement during running
exercises, it is possible to identify deficits in postural
control and dynamic joint stabilization, respectively.

In addition, while running, the lower limb joints are
constantly used and, for these movements to occur
adequately, the lumbopelvic complex has the role of
providing stability.?" This fact occurs because this region
acts as a place of transmission of the forces generated
in the lower limb to the trunk during running, therefore
requiring good stability to reduce injuries.”" Postural
changes in these locations, including pelvic anteversion
and lumbar hyperlordosis, can overload the posterior
facet joints of the lumbar spine and, when added to the
overload from the repetitive impact of running, cause
arthrosis in this region.???® Therefore, evaluating the
stability of the lumbopelvic complex and interventions
that seek to optimize the function of this region are
indispensable.
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Given the importance of correcting the deficits
described herein, this study used sensorimotor training
due to its effectiveness in improving sensorimotor
function.?* This training protocol aims to facilitate
proprioceptive information input to the central
nervous system so that the response occurs more
quickly and adequately, improving joint stabilization
and coordination.?>?® Hibscher et al.’ reported that
sensorimotor training with balance and sport-specific
exercises effectively reduced the risk of lower limb
injuries, thus corroborating the findings of our study,
which used exercises that replicated movements
required during running.

Given the above, this study proposed an evaluation
tests that

neuromuscular control to be evaluated even in static

using easily applicable allowed the
situations and experimental laboratory conditions while
employing software available to health professionals.
Moreover, the proposal of sensorimotor training
using resources that are generally easily accessible to
professionals was met. Nonetheless, the main limitation
was the number of participants, as there were only seven
athletes in each experimental group. For this reason,
despite the knowledge of the effects of sensorimotor
training on the dynamic and static balance of street
runners, further research must be carried out and with a
larger number of athletes and a more extended period
of intervention with sensorimotor training to verify the

effects on static balance and lumbopelvic stability.

Conclusion

The proposed sensorimotor training protocol led to
overall improvements, especially in static balance, in the
athletes of the sensorimotortraining group. Nevertheless,
the control group did not present alterations in static and
dynamic balance or pelvic stability.
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