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ABSTRACT

Background: Non-specific low back pain (NSLBP) is prevalent among athletes, particularly rowers, affecting
performance and quality of life.

Understanding motor control deficits (MCDs) in this context is crucial.

Objectives: To assess MCDs in rowers with NSLBP and compare the results with healthy rowers.

Methods: Eighty-four active rowers were included: those with NSLBP (n=42) and healthy controls (n=42).
Motor control deficits were evaluated using four motor control tests (MCTs) with a pressure biofeedback unit.
Results: Significant differences were observed between rowers with NSLBP and healthy controls across all MCTs
(p <0.05).

Conclusion: Motor control deficits are evident in rowers with NSLBP. Addressing these deficits is critical for
reducing pain risk and improving performance. Keywords: Motor Control Deficit, Low Back Pain, Rowing,
Athletes, Muscle recruitment.
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1. Introduction

Low back pain (LBP) is one of the most prevalent musculoskeletal conditions worldwide, leading to significant
activity restrictions, work absences, and imposing substantial medical and economic burdens (1). Athletes,
particularly those engaged in sports requiring repetitive spinal loading, are at an increased risk of developing LBP,
which can negatively impact their performance and long-term musculoskeletal health (2).

Post-retirement, athletes with a history of LBP may encounter significant disability. Therefore, identifying
modifiable risk factors is essential to reduce the occurrence of LBP in athletes. For example, athletes engaged in
sports that involve repetitive back rotation, such as skiing and gymnastics, often exhibit a high incidence of spinal
instability.

Previous research has highlighted that risk factors for LBP in athletes are multifaceted, involving factors such as
sport type, repetitive loading, and training frequency. However, many of these risk factors are based on expert
opinions, case studies, and unpublished clinical data, lacking robust evidence directly linking them to LBP in
athletes (3). Rowers are among athletes particularly prone to LBP, as rowing is primarily a strength-endurance
sport. The repetitive motion involved in rowing can lead to soft tissues undergoing creep, resulting in decreased
tissue stiffness throughout the range of motion and an overall increase in lumbar segment range of motion. This
process has been suggested as a potential contributor to spinal instability (4). Recent research suggested that MCD,
characterized by impaired muscle recruitment and movement patterns, may be a key factor in the development and
persistence of LBP (5).

The relative flexibility theory posits that movement follows the path of least resistance, potentially resulting in
compensatory strategies that exacerbate pain and performance limitations (6). While movement-based diagnostic
frameworks have been proposed as effective tools for managing chronic and recurrent LBP, their application in
rowing remains underexplored (7). There was a lack of literature concerning assessing MCD in rowers with
NSLBP. Hence, this study aims to compare between rowers with NSLBP and healthy controls. While some experts
suggest that motor control training may help alleviate LBP in rowers, there is limited solid evidence supporting
this claim (8). While numerous studies have examined motor control deficits in individuals with low back pain,
few have investigated these impairments in high-demand athletic populations like rowers.

This study addresses this gap by evaluating lumbopelvic control in symptomatic vs. asymptomatic rowers using
validated movement control tests.The findings will provide clinicians with valuable insights to design effective
rehabilitative programs targeting MCD to improve both rowers' performance and reduce pain levels.

2. Material and methods

2.1. Study design, Setting and Participants:

Participants were recruited using a convenience sampling method. The study included 84 active rowers from 4
rowing Egyptian clubs, dividing into two: Group A, consisting of 42 rowers diagnosed with NSLBP (participants),
and Group B, the control group comprising 42 healthy rowers (also 42 participants), matched for age, weight, and
training characteristics. All participants underwent motor control deficit assessments using four motor control tests
(MCTs) with a pressure biofeedback unit (PBU). Ethical approval for the study was obtained from the Cairo
University Ethics Committee (Approval No: P.T.REC/012/005063)

2.2. Sample size calculation:

A priori power analysis using G*Power 3.1.9.7 for an independent t-test (effect size d=0.697, 0=0.05, power=0.80,
two-tailed) indicated a required total sample size of 68 (34 per group). The study enrolled 84 participants (42 per
group) to enhance statistical precision and reduce Type II error risk.

2.3. Inclusion Criteria:

Active male rowers practicing for at least one year, training 3 to 6 times per week; lightweight rowers (<75 kg
males, <62.5 kg females) and heavyweight rowers (>75 kg males, >62.5 kg females); aged 18 to 26 years (2,9,10,
11)

2.4. Exclusion Criteria:
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Specific back pain causes (e.g., tumor-related, radicular pain, fracture), recent skeletal injuries or tendinopathy, and
para-rowers due to differing disability profiles (9).

2.5. Assessment Procedures
Motor Control Deficit Assessment Using Pressure Biofeedback Unit

Before the evaluation began, participants were asked to provide the following information: name, age, sex, weight,
height, occupation, telephone number, duration of rowing, training sessions. Then, before testing, all participants
were briefed about the assessment procedures and required to sign a consent form.

Four validated and reliable motor control tests (MCTs) were administered: Active Straight Leg Raising (ASLR),
Knee Lift Abdominal Test (KLAT), Bent Knee Fallout Test (BKFO), and Prone Abdominal Drawing-in Test
(7,11,12).

Active Straight Leg Raising (ASLR):
Participants lay supine with the PBU placed under the lumbar spine, inflated to 40 mmHg. Each leg was raised to
20 cm above the mat and held for 20 seconds. The maximum absolute deviation from 40 mmHg was recorded (13).

Pressure variations were indicative of compromised lumbopelvic stability, reflecting inadequate motor control
during the movement task. This testing protocol and outcome measurement approach have been previously
described by(13).

Knee Lift Abdominal Test (KLAT):

While the participants were in a supine position, the PBU is positioned horizontally under the lumbar spine, aligning
the lower edge with the level of the posterior superior iliac spines and inflated to 40 mmHg. The participants lifted
one foot off the mat until they attained a hip and knee flexion of 90° while the other leg was stable on the bed in
45° hip flexion and 90° knee flexion. At the same time, they were challenged to keep their lumbar spine in a neutral
position. The test was done for both lower limbs. The maximum pressure deviation from 40 mmHg was recorded

(13).
Pressure variations were indicative of compromised lumbopelvic stability, reflecting inadequate motor control
during the movement task (11,14) .

Bent Knee Fallout Test (BKFO):

Participants assumed a standardized supine modified crook-lying posture with one knee flexed at 120° while the
opposite limb remained neutral. They executed controlled hip movements of about 45° in combined abduction and
lateral rotation, keeping foot contact next to the stationary knee. Dual interconnected PBU sensors were placed
longitudinally at L3 to provide lumbar tactile feedback, initially stabilized at 40 mmHg. Only data from the PBU
of the moving limb were analyzed, as the contralateral unit acted as a control for posture. The test was done for
both lower limbs (13,14). The primary outcome measure was the maximum deviation (mmHg) from the 40 mmHg
baseline, indicating lumbopelvic stability and motor control during movement tasks (5,11,14).

Prone Abdominal Drawing test:

Participants lay prone on a mat with arms alongside their trunks and an inflatable bag placed between the anterior
superior iliac spine and the navel. The bag was initially inflated to 70 mmHg, and after two normal breaths, the
pressure was reset. Upon a verbal cue, participants performed three contractions by drawing in their abdomen
without shifting their lumbar spine or pelvis, maintaining that position for about 10 seconds each. The examiner
ensured no movement occurred during these contractions (13)

Statistical analysis:

Descriptive statistics (mean, standard deviation) were calculated. The Shapiro-Wilk test assessed normality.
Independent t-tests compared MCT scores between groups; Mann-Whitney U test was used for non-normally
distributed variables (e.g., age). Statistical significance was set at p < 0.05. Analyses were conducted using IBM
SPSS Statistics v25.

Results
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The Shapiro—Wilk test revealed that age was not normally distributed; thus, the Mann—Whitney U test was used to
compare age between the groups. Other continuous variables (weight, height, BMI) demonstrated normal
distribution and were analyzed using independent samples t-tests.

Demographic Characteristics

There were no statistically significant differences between the healthy and NSLBP groups in age, weight, height,
or BMI (all p > 0.05). The median age was 21 years in the healthy group and 23 years in the NSLBP group (p =
0.11). Mean (+ SD) weight was 80.59 + 6.47 kg for healthy rowers and 81.52 + 7.83 kg for the NSLBP group (p =
0.14). Mean height and BMI were also comparable between groups (height: 183.73 £ 5.54 cm vs. 183.19 = 7.16
cm, p =0.14; BMI: 23.85 £ 1.37 kg/m? vs. 24.31 £2.16 kg/m?, p =0.07) (Table 1).

Regarding limb dominance, 90.5% of healthy rowers and 88% of NSLBP rowers reported right-side dominance.

Table 1: Weight, Height and BMI difference between the two groups

. Std. - Mean
Variable Group N Mean Deviation t-value | P Difference
Healthy 42 80.59 6.47
NSLBP 42 81.52 7.83
Healthy 42 183.73 5.54
NSLBP 42 183.19 7.16
Healthy 42 23.86 1.37

NSLBP 42 24.32 2.16

Weight(kg) 592 | .14 -0.93

Height(cm) -0.39 0.14 0.55

BMI(kg\m2) -1.16 0.07 0.45

N: number of participants , STD : standard deviation ,t value : paired t test ,p value : probability value , NSLBP
:non specific low back pain

Motor Control Test (MCT) scores:
Significant differences were observed between groups across all MCT variables (Table 2, Figure 1).

Active Straight Leg Raise (ASLR):

The NSLBP group exhibited significantly higher pressure deviations in both right and left legs (10.09 = 4.61
mmHg and 10.78 = 4.97 mmHg, respectively) compared to healthy controls (2.88 =2.12 mmHg and 2.95 + 2.09
mmHg). These differences were statistically significant (p < 0.001 for both limbs).

Knee Lift Abdominal Test (KLAT):

Mean pressure deviations in the NSLBP group were significantly greater for both the right (15.88 + 4.14 mmHg)
and left (16.00 + 4.99 mmHg) legs than in the healthy group (6.54 = 3.91 mmHg and 5.92 + 3.63 mmHg; p <
0.001 for both).

Bent Knee Fallout (BKFO):

Significant increases in pressure deviation were also noted in the NSLBP group (right: 15.85 + 4.66 mmHg; left:
16.76 £ 5.66 mmHg) compared to healthy rowers (right: 7.52 + 6.86 mmHg; left: 7.45 + 4.83 mmHg; p <0.001
for both).

Prone Abdominal Drawing Test:
Interestingly, the healthy group demonstrated higher pressure scores (12.00 + 2.12 mmHg) than the NSLBP

group (8.92 £ 2.15 mmHg), again with statistical significance (p < 0.001), indicating better deep muscle
activation in healthy participants.

Table 2: Comparison between both groups regarding MCT scores.

Page | 4
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MCT Tests St. Mean
(mmHg) Group N | Mean t-value p-value difference

deviation
ASLR RT

Healthy 42 | 2.88 2.12
NSLBP 42 ]10.09 4.61
Healthy 42 295 2.09
NSLBP 42 ] 10.78 4.97
Healthy 42 | 6.54 3.91
NSLBP 42 | 15.88 4.14
Healthy 42 | 592 3.63
NSLBP 42 ] 16.00 4.99
Healthy 42 | 7.52 6.86
NSLBP 42 | 15.85 4.66
Healthy 42 | 745 4.83
NSLBP 42 | 16.76 5.66
Healthy 42 | 12.00 2.12
NSLBP 42 | 8.92 2.15

-9.21 <0.001* -7.21

ASLRLT

-9.40 <0.001* -7.83

KLAT RT -10.58 <0.001* -9.33

KLATLT -10.55 <0.001* -10.77

BKFO RT

-6.50 <0.001* -8.33

BKFO LT

-8.01 <0.001* -9.30

Prone Test 6.56 <0.001* 3.07

N: number of participants , STD : standard deviation ,t value : paired t test ,p value : probability value , ASLR :
active straight leg raising , BKFO : bent knee fallout , KLAT : knee lift abdominal test , RT : right side , LT : lift
side, NSLBP :non specific low back pain, *:significant

JJ““L

mm Hg ASLR RT ASLR LT KLAT RT KLAT LT BEFO RT BEFO LT Prone Test Y

Fig 1: Comparison between both groups regarding the mean of the MCT scores.

Discussion

This study aimed to compare rowers with NSLBP to a healthy control group, the investigation focused on assessing
the MCD. Rowers with NSLBP consistently performed worse on all MCTs compared to healthy controls.

This finding is consistent with previous researches that investigate MCDs in athletes suffering from LBP regardless
of the type of sports that they practice. (15) Grosdent et al reported similar deficits in the performance of the KLAT
and BKFO among soccer players with LBP compared to asymptomatic players. Similarly, (16) Roussel et al.
identified significant differences in MCTs (KLAT and BKFO) between dancers with a history of LBP and those
without. More recently, (17) Grosdent et. al observed comparable lumbopelvic MCD among tennis players using
the KLAT, BKFO and three additional standardized tests: sitting knee extension test, waiter’s bow, and transversus
abdominis activation test. Also, Watanabe(19), reported that baseball players without LBP performed better in
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stability tests. These findings further highlight the relevance of motor control assessments in identifying movement
deficiencies associated with LBP across diverse athletic populations.

These MCD observed in rowers may be attributed to abnormal movement patterns that exacerbate these
impairments.(19) Athy et al.observed increased lumbar flexion and limited hamstring flexibility in rowers with
NSLBP. Individuals with impaired motor control often rely on compensatory or inefficient strategies, such as
excessive activation of superficial muscles (e.g., rectus abdominis and erector spinae). Moreover, restricted hip or
pelvic motion may force the lumbar spine to compensate, thereby increasing strain on the lower back and
surrounding tissues. Over time, such maladaptive patterns may contribute to the development and persistence of
chronic pain (6).

Altered activation patterns of the transversus abdominis—a key muscle involved in motor control—have also been
documented in individuals with NSLBP (21). Notably,21 Leonard et al. found that this abnormal activation pattern
can persist even after symptom resolution.

Deficits in deep stabilizer muscles, such as the transversus abdominis and multifidus, can undermine spinal support
and alignment. These muscles are critical for maintaining spinal stability and a neutral position during movement.
Impaired activation or timing may result in excessive or uncontrolled spinal motion, thereby increasing stress on
the vertebrae, discs, and ligaments. Over time, such dysfunctions can lead to repeated microtrauma or abnormal
loading, ultimately contributing to back pain and injury (14).

Strength of the Study: This study demonstrates several methodological strengths. First, its focus on rowers—a
population at high risk for NSLBP due to repetitive spinal loading—enhances the clinical relevance of the findings.
The inclusion of 84 participants (42 per group) with matched age, weight, and training characteristics minimizes
confounding variables and improves statistical power, reducing the likelihood of Type II errors. The use of
validated MCT (e.g., ASLR, KLAT, BKFO with pressure PBU ensures methodological rigor, as these tests are
standardized and have established reliability in assessing lumbopelvic stability.

Limitation of The Study:

Despite its strengths, the study has notable limitations. Its cross-sectional design precludes causal inferences, as it
cannot determine whether MCDs precede or result from NSLBP. The absence of longitudinal follow-up also limits
insights into whether MCDs persist or resolve with pain alleviation or targeted training. Results may not generalize
beyond athletic populations.

Recommendations and Clinical Implementation:

This study underscores the importance of addressing MCD in rowers with NSLBP. Clinicians should prioritize
early screening using PBU tests to identify athletes at risk and establish baseline deficits. Rehabilitation programs
should be structured in phases, beginning with isolated motor control activation and progressing to dynamic
stability drills. Integrating real-time PBU during training helps athletes maintain neutral spinal alignment.
Physiotherapists should design individualized programs focusing on neuromuscular re-education of deep stabilizers
and dynamic hip-pelvis dissociation to reduce compensatory lumbar motion.

Conclusion

The study concluded that MCDs were observed in rowers with NSLBP. Addressing these deficits is crucial for
reducing pain.
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