Journal of Orthopaedics 16 (2019) 590-595

journal homepage: www.elsevier.com/locate/jor

Contents lists available at ScienceDirect

Journal of Orthopaedics

Diagnostic accuracy of lumbopelvic motor control tests using pressure
biofeedback unit in professional swimmers: A cross-sectional study

a,b, s

Monica Solana-Tramunt
Maria Betina Nishishinya™, Jorge Hugo Villafafie®"

2 Department of Sports Sciences, Ramon Llull University, FPCEE Blanquerna, Barcelona, Spain

b Royal Spanish Swimming Federation, Barcelona, Spain

¢ Lecturer on NSCA Certified Personal Trainer (NSCA-CPT®), Spain
4 Instituto Traumatoldgico Quirdn, Spain

€ IRCCS Fondagzione Don Carlo Gnocchi, Milan, Italy

Check for
updates

, Alberto Ortegén™“, José Morales”, Ainhoa Nieto?,

ARTICLE INFO ABSTRACT

Keywords:

Motor control tests
Core control
Visual feedback
Proprioception
Swimming

Hypothesis: To determine the effect of receiving the visual feedback of the sphygmomanometer on lumbopelvic
motor control (LPMC) tests in professional swimmers.

Method: 31 professional swimmers to participate in the study. The outcome was maximum absolute mmHg
variation in the pressure biofeedback unit's manometer with and without visual feedback on four LPMC tests.
Results: Test scores were significantly affected by visual feedback F = 10.07, p = 0.002, n3 = 0.117 and the type
of test F = 32.53, p < 0.001, nZ = 0.300.

Conclusion: Visual feedback has a positive effect on the Active Straight Leg Raise Test (ASLR), the Knee Lift
Abdominal Test (KLAT) scores completed by professional swimmers.

1. Introduction

Within the past decade, the concept of core stabilisation has
emerged in the field of physical therapy. The goal of this concept is to
prevent musculoskeletal injuries, to rehabilitate and to improve sports
performance.’ Core stability has been defined as the ability of the os-
teoarticular and muscular structures, coordinated by the motor control
system,” to maintain or resume a position in the trunk path when
subjected to internal or external forces.® One of the body parts with a
pronounced capacity to enhance core stability is the lumbopelvic (LP)
area.*® Lumbopelvic motor control (LPMC) plays a critical role in sta-
bilising the spinal system.® The contraction of core muscles in con-
junction with limb movements is performed to facilitate LPMC and
respond to forces generated from distal body segments as well as forces
generated from expected or unexpected perturbations.””®* An optimum
static and dynamic LPMC is considered important for maintaining the
functional and structural integrity of the lumbar region into the neutral
zone.’ Deficits in dynamic stability have been shown to damage the
passive spine structures and result in chronic low back pain.'%'?

Various methods of LPMC evaluation are currently applied clinically
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for diagnostic purposes as part of a physiotherapy examination.'*'®

The Pressure Biofeedback Unit (PBU) is a reliable, non-invasive and
nonpainful device that has been recently used to assess LPMC.'° The
PBU consists of an inflatable bag connected to a pressure gauge and
inflation device. It was developed to monitor LP by recording pressure
changes during assessment.”® The pressure bag measures
16.7 x 24.0 cm and is made of nonelastic material. The sphygmoman-
ometer scale ranges from 0 to 200 mmHg in 2 mmHg intervals. Move-
ment or a change in position results in volume changes in the pressure
bag, which are registered by the device.

The PBU was developed to monitor LP movement by recording
pressure changes during assessment and exercise?’’?? and has been
employed to examine the influence of motor control (MC) on the LP
region during hip movements.”*

The PBU has demonstrated satisfactory results in terms of intrarater
reliability; the intraclass correlation coefficient (ICC) ranges from 0.60
to 0.95, and the interrater reliability with ICC ranges from 0.40 to 0.86.
The acceptable construct validity with ICC ranges from
0.48-0.90.'%'%24-27

Several LPMC tests have been developed using the PBU to assess
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core control status in subjects with chronic, non-specific low back
pain.1’19’26’28

The tests most commonly used to assess MC using the PBU include
the Active Straight Leg Raising (ASLR),”® the Bent Knee Fall Out
(BKFO), 16 the Knee Lift Abdominal Test (KLAT)*>** and the PRONE
test.'®?® Studies that assessed LPMC using the PBU considered that
‘excessive’ pressure changes during low-load exercise reflected an in-
ability to maintain isometric contraction of the abdominal muscles,
resulting in uncontrolled movement of the lumbar spine.*!

Published studies have not specified the use of visual feedback of
the PBU's sphygmomanometer, and there is no consensus about its use
when performing PBU exercises or tests.”*° Visual feedback has been
shown to be useful for adjusting movements while observing one's own
limbs.®! Moreover, the dominance of vision over proprioception on
motor programming has been reported.>* However, several empirical
studies have demonstrated the relevance of visual and proprioceptive
information in the temporal control of movements,*' > and the specific
contribution of visual information remains unclear. Proprioceptive re-
afferents naturally provide valid and temporally precise information
about the execution of movements; additional visual information may
not play a primary role in the control of movement in unimpaired or
inexperienced individuals.>* In contrast, studies of motor or somato-
sensory impairments and studies of the acquisition of motor skills have
stressed that motor control largely relies on visual information.>*>*
Nevertheless, to the best of our knowledge, there has been a lack of
studies comparing the effect of PBU manometer visual feedback on
LPMC test performance. Therefore, the aim of the present study was to
determine the effect of visual feedback on LPMC tests using the PBU in
professional swimmers. We hypothesised that visual feedback would
significantly improve the LPMC test performance. We also hypothesised
that the scores for different tests, watching would be significantly dif-
ferent.

2. Methods
2.1. Design

A randomised, repeated-measures cross-sectional design was used to
determine the difference in LPMC test performance with and without
visual feedback conditions. The study was designed according to the
STROBE publishing guidelines.

2.2. Participants
A total of*° participants (20 males, 19 females; mean age:
20.3 * 3.6 years; mean mass: 67.9 * 9.9kg; mean height:
1.7 £ 0.1 m; mean body mass index [BMI]: 22.3 + 1.8kg m-2) vo-
luntarily participated in the study. The inclusion criteria selected
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professional swimmers with at least 2 years of experience in national
competitions who were willing and able to participate in a core control
assessment session. The participants also had to be free of physical
impairments that could limit their participation during the testing day.
We excluded participants who were pregnant, who had a BMI of 25 kg/
m2 or higher and individuals who had previous experience with PBU
tests. The subjects were also requested not to take stimulants or med-
ications or to consume alcohol that could alter their conscious nervous
system perception before the tests.

The study was approved by the institutional ethics committee ac-
cording to the latest version of the Declaration of Helsinki. Participants
signed the inform consent prior to start of the study.

2.3. Instrumentation

The PBU (Stabilizer®, Chattanooga Group, Inc., Hixson, TN, USA)
was used to monitor LP movement in four MC tests. The same PBU unit
was used throughout the study to avoid between-device differences.27.

A manual chronometer (Namaste© model 898, Spain) was used to
identify the duration (in seconds) that the subjects maintained each
position in the ASLR and PRONE tests.

A simple long-arm goniometer (Orthopedic Equipment Co.,
Bourbon, KY, USA) with a 360°, marked in 1-degree increments, was
used to control the starting positions of the hips and knees during the
KLAT and BKFO tests.

2.4. Procedure

Before the testing session, the order of the visual feedback, the order
of the subjects and the order of the applied tests were randomly de-
termined using a true random number generator to avoid order effects.

Four commonly used clinical tests were applied to evaluate LPMC
(KLAT, BKFO, ASLR and PRONE tests). The pressure was inflated to
40 mmHg for the supine tests and 70 mmHg for the PRONE test
(baseline pressure).”>° Before the tests, the subjects performed two
inspirations and expirations, and the pressure was then readjusted. The
participants were instructed to maintain a neutral lumbar spine position
while moving their lower limbs and while lying on a hard surface to
ensure that foam did not interfere with the PBU-measured pressures.*”
The subjects received no verbal feedback to encourage them for any of
the measurements.

The ASLR (Fig. 1) was performed in a supine position. The partici-
pant lifted one extended lower limb 20 cm above the mat marked by a
small bottle of water. Next, the subject held this position for* sec based
on input from the researchers. The PBU was placed horizontally under
the lumbar spine of the participant, with the lower edge at the level of
the posterior superior iliac spines.

For the BKFO (Fig. 2), the subjects were positioned in a supine

Fig. 1. ASLR
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Fig. 2. BKFO

position while lying on a mat with a partial crook, with one knee flexed
by 120° and the other lower limb in a neutral position.'® The partici-
pants were asked to slowly bend their hip to approximately 45° of ab-
duction/lateral rotation while keeping their foot supported beside their
straight knee and then return to the starting position. Two joined bio-
feedback units were placed under the centre of the back at the L3 level
and connected along the spine to avoid differences in the lumbar tactile
cue, although only the data of the PBU from the moving limb were
considered.

During the KLAT (Fig. 3), the subjects were positioned in a crook
position and were asked to lift one foot off the mat until they attained a
hip and knee flexion of 90°. At the same time, they were challenged to
keep their lumbar spine in a neutral position. The PBU was placed
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horizontally under the spine of the participant, with the lower edge at
the level of the posterior superior iliac spines.

In the PRONE test (Fig. 4), the participants were instructed to lay
down in a prone position on the mat with their arms beside the trunks.
The inflatable bag was placed between the anterior superior iliac spine
and the navel. Before starting the contraction, the bag was inflated to a
pressure of 70 mmHg, and the participants were instructed to breathe
deeply using mainly their abdominal wall. After the participants com-
pleted two normal breaths, the inflatable bag was readjusted to
70 mmHg. The subjects were requested to perform three contractions
with the following verbal command: “Draw in your abdomen without
moving your lumbar spine or pelvis and hold that position until I tell
you otherwise”. Using palpation, the examiner checked whether the
participants were moving their spine or pelvis over the course of 10s.

2.5. Outcome measures

The maximum absolute mmHg deviation from the preset baseline
pressure (40 or 70 mmHg) was recorded during each test. Excessive
pressure changes were interpreted as uncontrolled movement of the
lumbar spine for the asymmetric test, and higher deviations in prone
test were related to an increased ability to voluntarily contract the
transversus abdominis (TrA).

2.6. Data analysis

The data are presented as mean values * standard deviations
(SDs). The Kolmogorov-Smirnov test was used to test for a normal
distribution of the data. A two-way, mixed-model ANOVA (visual
feedback [with and without] X type of test [KLAT-right, KLAT-left,
ASLR-right, ASLR-left, BKFO-right, BKFO-left and PRONE]) was applied
to assess the effects of visual feedback and the type of test on the de-
pendent variable (the absolute value of the maximum mmHg
[ABSmmHgmax]). Where appropriate, univariate contrast and
Bonferroni-adjusted post-hoc analyses were performed. Additional in-
formation about the percentages of the increment of the ABSmmHg
(%AABSmmHg) between conditions (with and without visual feedback)
was added to the descriptive analyses.

Descriptive analyses of frequencies were used to determine the
percentage of responders or nonresponders to the visual feedback
factor. The responders included subjects who reduced their
ABSmmHgmax score between their results with and without visual
feedback. The nonresponders were individuals whose ABSmmHgmax
scores were the same or higher for the visual feedback and nonvisual

Fig. 3. KLAT
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Fig. 4. PRONE test

feedback conditions. Statistical analyses were performed with SPSS for
Windows (V.22, IBM, Armonk, NY, USA), and p < 0.05 was used to
established statistical significance.

3. Results

The descriptive data are listed in Table 1.

There was a significant effect for visual feedback F(1, 76) = 10.07,
p = 0.002, n2p = 0.117 and a significant effect for the type of test F
(3.4, 260.19) = 32.53, p = 0.000, n2p = 0.300 on the LPMC tests
scores. The sphericity assumption was violated, and the number of
degrees of freedom was adjusted using the Huynh-Feldt method.

There was a nonsignificant interaction effect for visual feed-
back x type of test (p = 0.073).

Pair-wise comparisons revealed no significant differences between
the scores for both sides for asymmetrical tests (p = 1.000). Moreover,
there were nonsignificant differences between scores obtained with or
without visual feedback for the BKFO developed with right and left side
(p = 0.61 and p = 0.10, respectively) and for the PRONE (p = 0.278).

The descriptive data revealed %A between mean values from 27.0%
to 44.3%; scores were better for visual feedback conditions (Table 1).

Mean Scores are presented by ABSmmHgmax mean values (SD).
%A: The percentage of the difference between mean values is expressed
by %.

The frequency analyses revealed there were higher percentages of
responders for visual feedback than no visual feedback for all LPMC
tests (Table 2).

4. Discussion

This study revealed that the presence of visual feedback can sig-
nificantly improve performance in asymmetrical motor control tests
(e.g., KLAT, ASLR). However, visual feedback does not have a sig-
nificant effect on BKFO or PRONE test scores. Additionally, there were
no significant differences in the scores obtained with the right or left
lower limbs, although there were significant differences among the
scores for the different tests.

Receiving manometer visual feedback has been shown to increase
subjects’ capacity for recognising specific lumbar pressure feedback and
processing this signal to maintain the LP area in a stable position in

Table 2
Percentages of responders with visual feedback.

Test Improve (%) Not improve (%)
KLAT moving the right lower limb 71.8 28.2
KLAT moving the left lower limb 69.2 30.8
ASLR moving the right lower limb 64.1 35.8
ASLR moving the left lower limb 66.7 33.3
BKFO moving the right lower limb 66.7 33.3
BKFO moving the left lower limb 53.8 46.2
PRONE test 64.1 35.9

KLAT: Knee Lift Abdominal Test, ASLR: Active Straight Leg Raise Test, BKFO:
Bent Knee Fall Out Test, PRONE: PRONE Test.

which the lower limbs are moved in the sagittal plane. This result is in
agreement with the findings of previous studies that reported that vi-
sual feedback increased multifidus isometric activation while subjects
received ultrasound image feedback.’® The results support the idea of
the convergence between visual and sensory afferent information when
inputs arrive to the primary sensitive parietal area in the brain. Fur-
thermore, other imaging studies have also shown substantial activation
in parietal regions during visually guided limb movements.>”-*® All
afferent information is processed in the secondary sensitive parietal
area to yield a better motor response to that kind of stimulus. This
neurophysiologic mechanism could interfere with the modulation of
LPMC muscles to enable processing of the relations between the man-
ometer nail movements and PBU tactile cues.

On the other hand, visual feedback did not interfere significantly
with PRONE or BKFO test scores. The PRONE test is one of the LPMC
tests that checks an individual's ability to activate his/her TrA muscle
rather than testing subjects' LP ability to remain stable while their limbs
are moving.>? Moreover, during the PRONE test, there is no limb and
lumbar movement, and there is no challenge in terms of LP stability,
which reduces proprioceptive afferent implications and therefore visuo-
motor pathway intervention.

Lumbopelvic motor control is likely to affect the race times of elite
swimmers.*® Additionally, the BKFO is an LMPC test that challenges
subjects’ ability to control their core while their limbs are moving in
transversal and coronal planes and they are performing hip external
rotation and abduction, movements that are rare for swimmers (with
the exception of those who perform the breaststroke). It is known that

Table 1

Maximal ABSmmHg scores for each test with and without visual feedback and percentage of the difference between mean values.
Test Right Side Right Side Visual Input P %A Left Side Left Side Visual Input P % Change
KLAT 18.3 (13.4) 10.4 (6.4) 0.00 43.1 18.3 (13.1) 10.7 (7.8) 0.00 41.4
ASLR 8.0 (7.0) 4.5 (4.0) 0.00 43.9 7.8 (7.3) 4.3 (4.0) 0.00 44.3
BKFO 11.5 (9.2) 8.2 (5.4) 0.61 28.3 12.6 (10.9) 9.2 (6.7) 0.10 27.0
PRONE 17.3 (7.8) 19.3 (8.2) 0.14 10.3 - - - -

KLAT: Knee Lift Abdominal Test, ASLR: Active Straight Leg Raise Test, BKFO: Bent Knee Fall Out Test, PRONE: PRONE Test.
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familiar movements are better controlled than unfamiliar movements.
Therefore, the type of movements developed during the tests will be
better controlled if these movements are performed during the tech-
nical movements of each sport.

Applying the LPMC tests using the PBU in swimmers could be an
easy, nonpainful and rapid way to assess the core control status of elite
swimmers, and they may be used to improve and follow up swimmers’
core control exercise programs. Therefore, MC tests with the PBU in
swimmers could also be used to predict LP fatigue or injury risk.%>*?

To the best of our knowledge, there is a lack of athlete-based studies
objectively assessing the effect of visual feedback on LPMC using PBU
tests. This situation makes it difficult to compare the swimmers' PBU
performance in the present study with previous athlete-based stu-
dies.?>*1*? Nevertheless, it is advisable that specific lower-limb tech-
nical requirements of different sports can interfere with LPMC during
PBU tests. For instance, dancers with hypermobility exhibited lower
scores on the KLAT, ASLR and BKFO tests than our swimmers.25
Swimmers exhibited lower scores on the KLAT and BKFO than soccer
players but better scores on the ASLR test.*’ It seems that LPMC is
better when the range of movement of the lower limbs during the tests
is closer to that developed in each sport. For example, swimmers exhibit
better control on the ASLR than the KLAT because swimmers’ kicking
ranges from 10 to 20° of hip extension to 20-30° of flexion.>®

We observed that each PBU test yielded different information about
the subjects' LPMC. Indeed, large manometer displacements in the
KLAT were revealed that subjects were not able to stabilise their lumbar
spine while their limbs are moving from 45 to 90° of hip flexion.?>** On
the other hand, the ASLR test produced a larger torque to stabilise the
LP area while the lower limbs were moved to 10-20° of hip flexion with
the knee in an extended position.** During the KLAT movements, it was
more difficult to avoid posterior pelvic tilt during hip flexion than
starting from a neutral position, which is the case in the ASLR test. It is
possible that the relaxed starting position of the abdominal muscles in
the KLAT test reduced the tension of muscle spindles and therefore their
ability to stabilise the LP region when it was perturbed. Because the
KLAT test requires more LPMC from passive soft-tissue proprioceptors,
the ASLR requires more strength and assesses the participant's ability to
transfer a load between his/her spine and lower limbs via the pelvis.43.

The BKFO contributed information about the subjects' ability to
control lumbar rotations during abduction/lateral rotation of the hip.'®
This is the only test that yielded information about the subjects' LPMC
during transversal and coronal hip movements, in contrast with the
sagittal plane of the other tests. Finally, the PRONE test is the only one
that assesses subjects’ ability to voluntarily recruit the TrA in a prone
position, a geometry that has been reported to be challenging for these
muscles.' %

The results of the present study could help practitioners consider
different practical applications. First, the LPMC tests using the PBU
must to be applied without visual feedback because this behaviour is
closer to the function that the LP area develops during athletes' training
and competitions. In this situation, the nervous system will be able to
reproduce trained LPMC behaviours without the aid of PBU visual
feedback. Nevertheless, if we ask patients or athletes to train LPMC
using this PBU visual feedback, then the best choice to assess subjects’
progress will be in the same conditions in which they trained. Secondly,
our results revealed non-significant differences between body sides in
the tests, which is consistent with the findings of previous studies of
athletes.?>*? This finding suggests it is not necessary to perform
asymmetrical tests with both sides—practitioners could save time in
terms of assessing LPMC by taking measurements only with one side.
Finally, depending on the requirements of the lower limbs in each sport,
practitioners should choose the LPMC test that is better adapted to the
functional technical abilities of their athletes. For example, swim coa-
ches and physiotherapists should use the BKFO only on breaststroke
swimmers because they need LPMC while their lower limbs move on
abduction and external rotation during the breaststroke kick.
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Certain issues and limitations regarding the design, methodology
and overall validity of this study need to be considered. The coaches
imposed restrictions in terms of testing so as not to disturb the athletes
and their preparations for competition. Further investigations are ne-
cessary in larger samples of healthy athletes and asymmetrical sports to
obtain baseline reference data of the levels of performance of LPMC
using the PBU. Although the reliability of PBU tests has been studied,
there is still a lack of studies pertaining to the validity of these tests,
which could help practitioners assess the LPMC of patients or athletes
outside of laboratories without using expensive and difficult-to-manage
devices.

5. Conclusions

Watching the PBU's sphygmomanometer decreases the nail devia-
tions in KLAT and ASLR tests but does not affect the results in BKFO and
PRONE tests. Swimmers did not exhibit differences between sides in
asymmetrical tests. Future studies using the PBU must consider not
allowing subjects to watch the sphygmomanometer during the tests to
ensure that the central nervous system determines the correct LP po-
sition based on proprioceptors and tactile cues, a situation consistent
with most daily activities and sports.
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