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ABSTRACT

Introduct ion:  Mechanical overloading is one of the causes of low back pain 
(LBP). Dysfunction of movement control and impaired movement patterns can 
constitute a potential risk factor for LBP development.

Aim:  The aim of the study was to assess lumbar extension control in young 
physically active males with the use of the pressure biofeedback unit (PBU) in 
the context of the most relevant literature.

Mater ia l  and  methods :  Randomly 30 young men regularly training at the 
gym (mean age 19.7 years) were selected to participate in the study. The survey 
contained basic data (such as: age, profession, height and weight). The dynamic 
assessment included abdominal muscle endurance test and three tests for move-
ment extension control (the single straight leg test, the double straight leg test in 
the supine position and the bench press test).

Resu l t s  and  d i scuss ion:  During the single straight leg test, 63% of the par-
ticipants did not control lumbar extension for the right leg, and 37% for the left 
leg. In the double straight leg test, 77% of the participants did not control lumbar 
extension. During the bench press tests, 22% did not control lumbar extension 
during barbell lowering and 30% during lifting. Repeated excessive extension, 
which is frequently inadequately controlled by the neuromuscular system, may 
cause damage to the spinous processes and the soft tissue.

Conc lus ions :  Individuals training at the gym may have a tendency towards un-
controlled lumbar extension. PBU can be useful tool in view of the prevalence of 
LBP.
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1. INTRODUCTION

It is estimated that approximately 80% of the population ex-
perience at least one episode of low back pain (LBP) in their 
lifetimes.1,2 LBP is a major cause of functional disability 
and pain to the patient, as well as a financial burden to the 
healthcare system, employers and also for the society.2–6 LBP 
is classified into: primary or secondary, mechanical or non-
mechanical, with or without neurological complications, or 
associated with inflammatory, infectious, neoplastic, psy-
chosomatic or other diseases.4

The main causes of LBP, or more specifically, mechani-
cal LBP (MLBP), are connected with the musculoskeletal 
system (incorrect, forced body posture) and wrong dynam-
ics (incorrect biomechanics, impaired movement patterns, 
and incorrect lumbopelvic-hip rhythm.4,7–10 Van Dillen et al. 
emphasize the need for a standardized classification system 
of homogenous MLBP subtypes.7 Both the movement sys-
tem impairment (MSI) and the Kinetic Control standardize 
the classification of MLBP focusing mainly on the diagnosis 
of uncontrolled movement in dynamics.7,11–16

Identifying and classifying movement faults are becom-
ing an essential tool in contemporary rehabilitative neuro-
musculoskeletal practice.11,16–18 Many arguments support the 
existence of a relationship between LBP, impaired move-
ment patterns, muscle activation and coordination of syner-
gistic muscles.7,9,11,12,15,19–22 

2. AIM

The aim of the study was to assess lumbar extension control 
in young physically active males with the use of the pressure 
biofeedback unit (PBU) in the context of the most relevant 
literature.

3. MATERIAL AND METHODS

3.1.  Participants
The participants consisted of 30 men regularly exercising in 
the gym. The mean age of participants was 19.7 (SD 4.06). The 
inclusion criterion was training for a minimum of 3 months 
at the gym. Exclusion criteria were training for fewer periods 
of time then 3 months. Participants were selected randomly.

3.2.  Questionnaire
The participants were additionally asked to complete a pur-
pose-designed survey containing basic data, such as: age, 
profession, height and weight. The survey also contained 
exercise-related questions and questions concerning the par-
ticipants’ awareness of correct execution of the bench press.

3.3.  Dynamic assessment
The dynamic assessment included selected motor tests 
(MSI, Kinetic Control) facilitating the assessment of lum-
bar extension control. During the test, the participants 

Figure 1. Pressure biofeedback unit.

Figure 2. Single straight leg lower test: starting position 
(A), leg extension (B).

Figure 3. Double straight leg lower test.

A

B

were in a supine position, with the stabilizer PBU (Figure 
1) placed under the lumbar section, with its centre at L3. 
When the lumbar section was in a neutral position, the PBU 
was pumped to 40 mm Hg.  Next, from the starting position 
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(Figure 2A), the participant was asked to perform a single leg 
movement to 0° hip extension (Figure 2B) and return to the 
starting position, maintaining 40 mm Hg on the PBU. The 
test was performed for each leg, with an acceptable margin 
of error of ±5 mm Hg. The exercise progressed to double 
leg extension and return to the starting position (Figure 3). 
The acceptable margin of error was ±10 mm Hg. In both ex-
ercises, the arms were crossed over the chest or positioned 
alongside the body, with the inner sides leaning against the 

table.13 The maximum deviation from the norm (norm 40 
mm Hg on the PBU) was recorded for both tests in three 
positions: during initiation of movement (lifting the leg off 
the ground), during single/double leg extension, and during 
return to the starting position.

Each participant had the possibility to perform three 
trials with visual monitoring of the PBU value. The actual 
test was then carried out without visual feedback and the 
obtained result was recorded on a patient’s chart. 

The stability of the lumbar section during the bench 
press was assessed with the PBU. The lifted weight was 60% 
of the maximum load (60% 1RM). The participants per-
formed two trials repeats with visual feedback. The third re-
peat constituted the actual test; the lowest values at barbell 
lowering and lifting were recorded. The tests are presented 
in Table 1. 

3.4.  Statistical  analyses
The obtained results were analysed statistically in order to 
identify the relationships between variables. Assessment 
was based on Spearman’s rank correlation coefficient. A 
correlation was considered significant if the value of P was 
less than 0.05 (P < 0.05). The analysis also included sci-
entific data concerning the use of PBU both in assessment 
and in training in individuals with lumbar extension dys-
function. 

Table 1. Tests used for dynamic assessment of participants.

Test Assessed feature Norm
Hip extension 
asymmetrical-
ly to the PBU 

Extension con-
trol short/uni-
lateral lever

±5 mm Hg23

±10 mm Hg13

– due to the short/unilateral lever, the 
norm applied in this test was  ±5 mm Hg 

Hip extension 
symmetrically 
to the  PBU

Extension con-
trol long lever

±5 mm Hg23

±10 mm Hg13

– due to the long lever, the norm ap-
plied in this test had a higher margin: 
±10 mm Hg  (to the participants’ ben-
efit)

Bench press Extension con-
trol (high load)

±5 mm Hg in all movement tests in 
supine position23

±10 mm Hg in all motor tests in su-
pine position13

– the norm applied in this test 
had a higher margin: ±10 mm 
Hg (to the participants’ benefit) 
– the lifted weight  60% × 1RM

Figure 4. Questions associated with awareness of low back alignment during bench press
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4. RESULTS

4.1.  Survey
The survey also contained exercise-related questions and 
questions concerning the participants’ awareness of correct 
execution of the bench press. The obtained data is presented 
in Figure 4.

4.2.  Dynamic tests
In movement tests assessing extension control in asymmet-
rical extension of one leg (short/unilateral lever) (Figure 2), 
63% of the participants did not control right leg extension 
(<35 mm Hg) and 7% generated compensation, both towards 
extension and flexion  (>45 mm Hg). During left leg exten-
sion, 37% of the participants did not control the extension of 
the lumbar section. In the symmetrical extension of both legs 
(long lever) (Figure 3), 77% of the participants did not control 
extension (PBU < 30 mm Hg) especially when they were low-
ering their legs, whilst 6% showed lack of control of both ex-
tension and flexion (PBU > 50 mm Hg) of the lumbar spine.

During the bench press exercise with PBU assessment, 7 
participants (23%) did not control the position of the lumbar 
section when lowering (<30 mm Hg) and 9 (30%) when lift-
ing the barbell (<30 mm Hg).

The statistical analysis of correlations of the different 
tests is presented in Table 2, where R refers to the strength 
and direction of the relationship. For the bench press test, a 
significant correlation was observed for the ASIS-PSIS dif-
ference (–0.44*) and for the two stages of the bench press: 
barbell lowering and lifting (0.37*). The individual stages of 
tests (asymmetrical hip extension, symmetrical hip exten-
sion) performed with the PBU also correlated with one an-
other (Table 2). Uncontrolled rotation was not assessed. Table 
2 shows statistically significant correlations. 

5. DISCUSSION

The spinous processes, intervertebral discs and joints, 
all passively limit lumbar hyperextension. Repeated ex-
cessive extension, which is frequently inadequately con-
trolled by the neuromuscular system, may cause damage 
to the spinous processes and the soft tissue between them. 
If the spinous processes are widely spaced, the apophyseal 
joints are likely to become damaged first.24 Additionally, 
excessive extension may cause damage to the interspinous 
ligament, connected with the mechanism of intervertebral 
disc damage.11

According to Chimenti et al., one of the activity-related 
factors for LBP may be an impaired lumbopelvic pattern, re-
peated during sports and every-day activities.9 Uncontrolled 
lumbar extension was observed during motor control tests 
in the young male group. At low load, 37% of the partici-
pants experienced problems with the test regarding left leg 
movement and 70% regarding right leg movement. At high 
load, 83% of the participants experienced problems with the 
exercise (double leg movement). During bench-press test 

23% (lowering phase) and 30% (lifting phase) of participants 
experienced uncontrolled lumbar extension. 

The movement dysfunction is identified by a series of 
clinical tests.13,14,19,25 The lower limb test in a supine position is 
commonly used to diagnose MLBP and to assess patients’ mo-
tor ability in order to determine the direction of pain.9,11,13,14,26 
Roussel et al. studied the correlation between musculoskeletal 
system injuries and lumbar movement control in dancers.14 
The tests included the so-called ‘knee lift abdominal test’ 
(KLAT), whereby the individual is in a supine position, with 
one leg bent at 90°, maintaining lumbar stability (the PBU was 
also used). The test is used to assess lumbar flexion and exten-
sion control.11,13 The KLAT, together with the ‘standing bow’ 
test had a 78% correlation for increased risk of lower limb or 
lumbar injury. By contrast, a history of LBP or articular hy-
permobility (typical in dancers) did not indicate an increased 
risk of injury in the studied group. According to Hodges and 
Moseley, pain may lead to movement control disorders and 
vice versa: impaired coordination or timing delay may lead to 
a higher risk of musculoskeletal injury.22 Although the inter-
pretation of movement tests does not fully explain the causes 
of lumbar pain, it shows the validity of extension control tests. 
A positive movement test result obtained by a healthy patient 
(without pain), may be a sign of weak neuromusculoskeletal 
coordination.11,13,20

The patient’s objective during tests/exercises with the 
PBU is to maintain the lumbar section in the most neutral 
position possible.27,28 According to Panjabi’s core stability 
theory, training the neuromuscular system minimizes passive 
structure overload.29-31 The main advantage of the PBU during 
testing or training is feedback, which facilitates the elimina-
tion of lumbar compensation.27,28

Awareness and cognitive work is an important key ele-
ment not only in back pain therapy but also in prevention 
and sport training. Tests with the use of the PBU facilitate 
the assessment and awareness of quality of lumbar extension 
control training. Lack of eccentric control of this movement 
during basic everyday activities very often generates an exces-
sive amount of lumbar extension movement, thus contribut-
ing to MLBP.11,13,32,33

Table 2. Selected statistically significant correlations.

Correlated variables R

Test with the PBU: right leg extension vs. left leg extension 0.38*

Test with the PBU: return from right leg extension vs. return 
from left leg extension 0.68*

Test with the PBU: initiation of double leg extension vs. right 
leg extension 0.39*

Test with the PBU: initiation of double leg extension vs initia-
tion of left leg extension 0.45*

Test with the PBU: barbell lowering vs. ASIS to PSIS height 
difference –0.44*

Test with the PBU: barbell lowering vs. lifting 0.37*

* Statistically significant
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6. CONCLUSIONS

1. Excessive changes in the PBU pressure in lumbar move-
ment control tests during lower limb exercise in young 
male reflect the inability to sustain isometric abdominal 
muscle contraction. These results can be classified as un-
controlled extension movement. 

2. There is no unequivocal evidence confirming that 
asymptomatic individuals with incorrect movement pat-
terns are bound to suffer from lumbar pain in the future. 
However, in order to limit the growing problem of LBP, 
prevention and therapy with the PBU in individuals 
with poor neuromuscular control of the lumbar spine 
should be helpful. 
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