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Effect of lumbar repositioning feedback training 
on pain and joint position sense in participants 
with chronic mechanical low back pain

Abstract
Objective. The aim of this study was to investigate the effect of lumbar repositioning feedback training (LRFT) on pain and 
joint position sense (JPS) in patients with chronic mechanical low back pain (CMLBP). Materials and Methods. Twenty‑
four patients, from both genders, suffering from CMLBP were assigned randomly into 2 equal groups. The lumbar 
repositioning feedback training (LRFT) group who received lumbar repositioning feedback training and conventional 
proprioception exercises on Swiss ball, and control group who received conventional proprioception exercises on Swiss 
ball only. Pain was assessed using visual analogue scale (VAS), and joint position sense was assessed using absolute 
repositioning error (ARE). All patients received treatment twice per week for 6 weeks. Assessments were carried out pre 
and post experimentally. Results. Pre‑ post treatment evaluations comparisons showed improvement of pain and joint 
position sense post‑ treatment compared to pre‑treatment within both groups. However, pre‑treatment between groups 
comparisons were non‑signiXicant, with signiXicant post‑ treatment improvements of pain and joint position sense in favor 
of LRFT compared to control group. Conclusion. Patients in LRFT group showed signiXicant pain reduction and 
improvement in joint position sense in patients with CMLBP than did patients in control group. Thus, LRFT might be 
a suggested component of treatment programs in managing patients with CMLBP.
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Streszczenie
Cel. Celem niniejszego badania było zbadanie wpływu treningu repozycjonującego odcinek lędźwiowy (LRFT) na 
odczuwanie bólu i pozycji stawu (JPS) u pacjentów z przewlekłym mechanicznym bólem krzyża (CMLBP). Materiały 
i metody. Dwudziestu czterech pacjentów obu płci cierpiących na CMLBP zostało losowo przydzielonych do 2 równych 
grup. Grupa poddawana treningowi LRFT, wykonywała również konwencjonalne ćwiczenia propriocepcji na piłce Swiss, 
natomiast grupa kontrolna wykonywała jedynie konwencjonalne ćwiczenia propriocepcji na piłce Swiss. Ból oceniano za 
pomocą wizualnej skali analogowej (VAS), a wyczucie pozycji stawu oceniano za pomocą bezwzględnego błędu 
repozycjonowania (ARE). Wszyscy pacjenci byli poddawani leczeniu dwa razy w tygodniu przez 6 tygodni. Oceny 
przeprowadzono przed i po badaniu. Wyniki. Porównanie ocen przed leczeniem wykazało poprawę odczuwania bólu 
i pozycji stawów po leczeniu w porównaniu ze stanem przed leczeniem w obu grupach. Jednak wyniki porównania 
między grupami przed leczeniem były nieistotne, z istotną poprawą odczuwania bólu i pozycji stawów po leczeniu na 
korzyść grupy poddawanej treningowi LRFT w porównaniu z grupą kontrolną. Wniosek. Pacjenci z CMLBP z grupy LRFT 
wykazali znaczne zmniejszenie bólu i poprawę pozycji stawów w porównaniu do pacjentów z grupy kontrolnej. Dlatego 
LRFT może być sugerowanym elementem programów leczenia w postępowaniu z pacjentami z CMLBP.
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Introduction
Chronic mechanical low back pain (CMLBP) has been defi‐
ned as a chronic lower back pain syndrome of more than 12 
weeks duration [1]. It represents a leading cause of disability 
worldwide and considered as a major socioeconomic problem 
[2]. Others claimed that such disorder, along with its high pre‐
valence and incidence, represents a huge burden on health 
systems along with its economic and psychological impact 
[3]. Almost any adult individual has reports experiencing 
a kind of low back pain in her/his life and recovering in 
a one­year period. However, a percentage of theses individual 
report extension of signs and symptoms with pain reports of 
low to medium intensity and thus considered as chronic [4].
In absence of vision feedback, joint sense and awareness of 
body parts are sensed consciously and unconsciously through 
proprioceptors, such sense is defined as proprioception [5]. 
Paraspinal muscles are rich in proprioceptors, particularly 
spindles, monitoring midrange spinal motion [6]. Low back 
pain participant individuals have been shown to present with 
structural (i.e., visible muscle atrophy), and functional (i.e., 
asynchronous neuromuscular activation between the both su‐
perficial and deep paraspinal muscles) alterations in the trunk 
musculature [7]. These associated disorders have been cla‐
imed to cause improper motor control secondary to proprio‐
ceptive variations and deficits in tactile discriminatory acuity 
[8]. In the same context, improvement in motor control has 
been correlated with the degree of proprioceptive acuity [9]. 
The degree of joint repositioning error [JRE] has been consi‐
dered among the measures of proprioceptive assessment [10]. 
This is why; the main purpose of this present study was to in‐
vestigate the influence of lumbar repositioning feedback tra‐
ining on the amount of low back pain, and JRE as indicators 
of proprioceptive acuity in individuals with CMLBP.

Materials and Methods
Design
A randomized pre­test, post­test control trail was carried out 
at the outpatient’s clinics of the Faculty of physical therapy, 
Cairo University. It was conducted to investigate the effect of 
Lumbar Repositioning Feedback Training On Pain and Joint 
Position Sense in Participants with Chronic Mechanical low 
back pain, Data were collected pre and post treatment from 
November 2020 to August 2021.Research Ethics Committee 
before study commencement [No. P.T.REC/012/002729 at the 
date of 17/5 /2020. Clinical trial registration identifier record 
number was NCT05047614 that was sent on 16 September 
2021.

Participants
Twenty­four participants (11 females, and 13 males), with 
CMLBP were recruited and randomly assigned into 2 equal 
numbered groups; Lumbar repositioning feedback training 
(LRFT) group and control group. Participants were recruited 
from outpatient’s clinics of the Faculty of physical therapy, 
Cairo University, Egypt. All participants were complained 
from low back pain for at least 12 weeks or more, their ages 
ranged from 35 to55 years old, and BMI ranged from 24­28kg/
m2. On the other hand, participant with diabetic peripheral 

neuropathies, history of sciatica, spinal or lower limb deformi‐
ties, lumbar spine surgeries, neurological or inner ear disorders 
that might affect balance and proprioception, or visual disor‐
ders were excluded from participation in this study.

Randomization 
The recruited participants were randomly assigned, after si‐
gning consent form, into two equal groups Randomization so‐
ftware (random.org) was used to generate two sets of numbers 
from one to twenty­four without repetition. A blind draw was 
done to select one set of numbers for each of the study groups. 
Randomization was carried out using numbered cards in con‐
cealment opaque envelopes; each participant drew an envelope 
to be allocated to the related group.

Interventions
Group (A) (experimental group) included 12 participants who 
received lumbar repositioning feedback training plus traditio‐
nal lumbar proprioception training on Swiss ball, whereas Gro‐
up (B) (control group) included 12 participants who received 
the lumbar proprioception training on Swiss ball alone. Addi‐
tionally, all participants received two treatment sessions per 
week for 6 consecutive weeks. All participants were instructed 
not to use analgesic during the period of the study and were as‐
sumed they did so. 

Outcome measures
Outcome measures were recorded before and after 6 weeks of 
treatment program.

Visual analogue scale (VAS)
It was used to evaluate pain intensity pre­ and post­treatment 
for both groups (A & B). The VAS is well­known as valid me‐
asurement tool for recording pain intensity that can provide 
wide­acceptance, validity, and reliability estimation of pain in‐
tensity. The participant’s pain intensity was recorded by using 
a self­reported score with single handwritten mark placed at 
one point along the length of a ten cm line ranged from the left 
side zero score (no pain) to the right side ten score (maximum 
pain) [11]. Each participant was asked to mark a point on 
a 10 mm line that best translated perceived pain intensity. Exa‐
miner measured the line from the zero end to the reported mark 
to the nearest millimeters.

Absolute repositioning error
Participants were asked to recall the starting neutral position 
and keep it for 5 seconds; consequently, they were asked to 
mobilize the pelvis from the full anterior pelvic tilt to the full 
posterior one, holding each position at this ended range for 5 
seconds, and finally ending by returning to the starting posi‐
tion. The distance from the starting point, considered as the re‐
positioning error, was measured to the nearest millimeters 
using the laser point marked on the measuring tape. Each parti‐
cipant was allowed to rehearse for two times before the recor‐
ded examination started. At 1 minute interval, each subject did 
three repetitions and the mean value of three readings was con‐
sidered as the absolute repositioning error (ARE) for the analy‐
sis [12]. 
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The difference between the participant's representation of the 
target position and the actual target position, quantified as ab‐
solute error (AE), the unsigned difference between positions; 
The target location was taken as "0 cm," and any divergence 
(−) from it was recorded as (−) undershooting and (+) over‐
shooting.

Treatment procedures
Training was implied twice per week for 6 weeks. Partici‐
pants assigned for the LRFT group undertook lumbar repo‐
sition feedback training using feedback laser tracker. Two 
target positions were set, 3 cm in both anterior and posterior 
pelvic tilting directions. Participant was asked to move as 
slowly as possible to the target position determined by the 
examiner. When the participant reached the target position, 
the position was maintained a period of 5 seconds, then re‐
turned to neutral position [13] The participant was asked to 
repeat it 10 times per set for 5 sets per session for each tar‐
get position. 
Participants in both groups received proprioception training 
on Swiss ball. In LRFT group, Swiss ball training followed 

lumbar reposition feedback training. During training on Swiss 
ball, participants were asked to balance on it while the therapist 
pushed the ball on the ground then proceed to push it down on 
a foam training mat. Participants were also asked to outreach, 
and perform trunk shifting forwards, backwards and sideways 
while balancing on the ball. Participants were asked to exercise 
with eyes closed to block any visual feedback [14]. Training 
was carried out for a total of 55 minutes [15]. 

Statistical analysis
Descriptive statistics were conducted to describe the data as 
means ± standard deviation. The Shapiro Wilk test of normality 
was done at first to assess the distribution of data before treat‐
ment. Paired t­test was carried out for comparison of mean va‐
lues of variables before and after interventions in each group. 
Independent t­test was conducted to compare the mean values 
of variables between the two groups at the baseline and post 
interventions. The significance level for all statistical tests was 
set at p ≤ 0.05. The Statistical analysis was performed through 
the statistical package for social studies (SPSS) version 25 for 
windows.

Figure 1. Flow chart of the study
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Results 
The main aim of the present study was to investigate the con‐
sequence of lumbar repositioning feedback training on pro‐
prioception and pain in subjects with CMLBP. Participants’ 

demographic data were recorded, and compared between both 
groups using independent t­ test. No significant differences 
were detected between participants allocated to both groups re‐
garding age, weight, height, and body mass index (Table 1). 

LRFT group
Mean ± SD

Control group
Mean ± SD

p­ value

Table 1. Demographic data of participants in LRFT and control groups

Age [years]

Weight [kg]

Height [cm]

BMI [kg/m²]

41.33 ± 5.79

75.33 ± 6

169.83 ± 6.71

26.05 ± 0.72

40.33 ± 4.52

77.75 ± 6.6

171.08 ± 6.31

26.28 ± 0.89

0.642

0.358

0.643

0.505

Table 2. Comparison between mean values of pain and joint position sense in between and within LRFT and control groups

LRFT: lumbar repositioning feedback training; Data are 
expressed as Means ± SD. BMI: Body mass index, 
NS P > 0.05 = non­significant, P = Probability.
Statistical analysis showed no statistically significant differen‐
ces (P ˃ 0.05) between subjects in both groups concerning 
outcome variables at baseline (pre­intervention) regarding Pa‐
in and absolute repositioning error (ARE) (Table 2). More‐
over, post­test comparison between both groups showed 

significant statistical difference (p < 0.05) regarding the Pain 
and absolute repositioning error (ARE) in favour to LRFT gro‐
up. The within­group comparison showed significant improve‐
ment (decrease) in Pain, with a percentage of improvement 
(53.64% and 4.51%), and absolute repositioning error (ARE) 
with a percentage of increase (39.53% and 14.28%) in study 
and control groups, respectively, after treatment in comparison 
to the pre­treatment values.

LRFT group
Mean (+SD)

Control group
Mean (+SD)

Between groups comparisons
Sig.

Pre 
Post 

Within groups comparisons

Pre 
Post 

Within groups comparisons

8.24  ± 0.79
3.82  ± 0.92
0.0001**S

0.86  ± 0.16
0.52 ± 0.11
0.0001**S

8.86+0.63
8.46+0.63
0.001**S

0.91  ± 0.09
0.78  ± 0.11
0.002**S

 0.350
0.0001*

0.991
 0.0001*

LRFT: lumbar repositioning feedback training; *Between groups difference, ** Comparison between pre and post­treatment values in 
each group, S: significant

Pain

JPE

Discussion
The study clearly revealed that treatment with lumbar reposi‐
tioning feedback and proprioception training on Swiss ball for 
6 weeks in participants with CMLBP significantly decreased 
pain and improved proprioception compared to proprioception 
training on Swiss ball training alone. 
It was suggested that proprioception deficits might stem from 
changes in the sensory motor cortex linked to distortions in 
body schema. Pain may be one of the factors that drive these 
changes [16]. On the other hand, others reported that chronic 
low back pain can be triggered by proprioceptors discrepancy. 
They suggested that such proprioceptive deficit could be the 
result of increased muscle spindle sensitivity, leading to incor‐
rect signaling about spinal position [17]. In the same context, 
an assumption was reported about the association between pa‐
in and proprioception in participants with LBP, and suggested 

that such disorder is probably linked to modulation of afferent 
proprioceptive signals provided by the muscle spindles and in‐
teractions between pain and proprioceptive inputs within the 
cortex [18]. Hence, improvement of pain intensity and proprio‐
ception acuity in CMLBP participants in this study are likely 
related to one another.
It has been found that proprioceptive output might be disturbed 
subsequent to associated traumatic changes in tissues, muscular 
fatigue and nociceptors triggering, which subsequently inhibits 
motor control. Such noxious stimuli will probably lead to en‐
hanced activation of the sympathetic nervous system thus de‐
pressing the information flow from muscle spindles and ending 
by deterioration of proprioceptive information stream through 
the spinocortical axis [19]. This might represent a mechanism 
contributing to observed impairments in trunk proprioception 
in LBP participants.
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Rungthip et al [20] showed that the Core stabilization exercise 
group had significant improvements in lumbar repositioning 
sense, reduced pain level and functional disability. Lumbar 
joint repositioning error significantly reduced, suggests that 
lumbar joint reposition sense deteriorates in participants with 
low back pain who do not exercise their core muscles. CSE 
may improve lumbar joint position sense. As increases in mu‐
scle activity stimulate muscle spindles and joint receptors; the 
accuracy of the sensory integration procedure is enhanced 
empowering precise joint repositioning.
Lumbar repositioning feedback training applied in the LRFT 
group in the current study emphasized on pelvic movements 
in sagittal plane, resulting in both lengthening and shortening 
of related soft tissue structures. This training might have wor‐
ked through normalizing feedback from muscles and other 
soft tissues structures during pelvic tilting. An alternate expla‐
nation of the effect of LRFT on both pain and proprioception 
acuity in this study might be due to the improvement caused 
by the coordination of movements of the pelvis and lower 
back. The repetition of training sessions over the study dura‐
tion might have facilitated such improvement. Reduction of 
pain reported with LRFT of low back pain participants in this 
study suggests marked improvement in joint position error, in 
addition to the direct beneficial effect assured by the potential 
improvement of neuromuscular control and motor performan‐
ce. It has been reported that the significant difference in the 
lumbar repositioning accuracy between the control and the 
low back pain individuals can be attributed to the fact that pa‐
in may result in coordination dysfunction during dynamic ta‐
sks, with alteration in the normal agonist­antagonist activity 
[21]. They, further concluded a high correlation between the 
presence of pain and the disturbances that occur in both motor 
performance and neuromuscular control.
Comparison between groups showed improvement in pain 
and proprioception acuity in the LRFT group compared to the 
control group. Despite that, the control group received pro‐
prioception exercises on Swiss ball similar to that performed 
in LRFT group. Thus, it seems that LRFT performed in the 
same manner in both evaluation and training enhanced the 
outcomes further in LRFT groups [21].
O’Sullivan et al [21] also found that muscle fatigue or shorte‐
ning associated with low back dysfunction participant’s ef‐
fects on the function of muscle spindle and they cannot attain 
the correct neutral positioning of the lumbosacral spine. result 
in alterations in the normal muscle recruitment pattern resul‐
ting in the repositioning errors, may be due to back pain cause 
a coordination dysfunction during movement, with alteration 
in the normal agonist­antagonist activity, particularly, as there 
is strong evidence to suggest that disturbances in neuromu‐
scular control and motor performance may result directly 
from a reaction to the presence of pain.
Ehab [22] suggested that proprioception is affected in subjects 
with back dysfunction and that the proprioceptive deficit mi‐
ght be an essential a part of the functional disability experien‐
ced by participants. The results of the study showed 
significant differences in the lumbar repositioning accuracy 
between the healthy and the low back dysfunction groups
Parkhurst &Burnett [23] found stretch or tension on mecha‐
noreceptors could produce an increase in afferent signals, 

while impulses decrease with shortening. Accordingly, both in‐
creased and decreased muscle stretch may cause mechano­re‐
ceptive dysfunction that lead to difference in the lumbar 
repositioning accuracy between the healthy and the back dys‐
function , The difference in the lumbar repositioning accuracy 
between the healthy and the back dysfunction In addition, the 
traditional view that joint receptors play the major role in con‐
trolling proprioception has been challenged in favour of the 
suggestion that muscle receptors may play an essential, per‐
haps primary, role in improving the mobility and function.
Lee et al [24] reported a significant reduction in pain of parti‐
cipants with chronic low back pain after training the partici‐
pants with a ball, a result consistent with the current study 
result, Kofotolis and Kellis [25] also reported the reduction of 
pain in participants with chronic low back pain after a PNF 
program consisting of static and dynamic PNF programs, a re‐
sult which was also consistent with the current study result
In the same context, Silfies et al [26] concluded that impaired 
trunk position sense was not linked to LBP in athletes, and that 
the majority of back injuries are not correlated with disturban‐
ces in spinal and trunk proprioception. They added that reduc‐
tion in trunk position sense is not a predisposing factor to 
injury in such of individual’s category. Thus, it seems that 
conclusions in the present study cannot be generalized to other 
non­matched category of participants and factors such as age 
or fitness level must be taken into account. 
Mork & Westgaard [27] reported that there is a potential con‐
nection between sitting, especially prolonged, slumped postu‐
res, and worsening of LBP. This might be due to muscle 
inactivity causing transmission of forces to passive spinal 
structures, leading to tension on soft tissues. Their results sug‐
gest that impairment in lumbar proprioception could be interfe‐
ring this by increasing adoption and preservation of poor 
postures. Impaired lumbar proprioception in sitting position 
may promote a loss of a neutral spine, leading to a position of 
poor muscular mechanical advantage.
Finally, it was found that repositioning precisions alike in both 
LBP and healthy individuals [28]. Both the outcomes of cur‐
rent study and that of previous studies investigating reposition 
accuracy in low back pain subjects reported greater repositio‐
ning errors in such population. Only after satisfactory learning 
period, people with LBP were capable to duplicate diverse 
trunk positioning accurately similar to non LBP participants. 
There are some limitations in the current study that include a 
short treatment period and lack of long­term follows up for pa‐
tients after treatment.

Conclusion
Within the limitations of this study, we can conclude that, ad‐
ding lumbar repositioning feedback training and conventional 
proprioception exercises on Swiss ball increase the treatment 
effect and lead to an improvement in pain and joint position 
sense in in patients with chronic mechanical low back pain.
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