ORIGINAL PAPER

Physiotherapy Quarterly (ISSN 2544-4395)
2021, 29(2), 32-37
© University School of Physical Education in Wroctaw

Effects of proprioceptive neuromuscular facilitation techniques
in treating chronic nonspecific low back pain patients
DOI: https://doi.org/10.5114/pq.2020.100273

Khaled Z. Fouda', Ibrahim M. Dewir?, Mohammed S. Abdelsalam?

" Department of Basic Science for Physical Therapy, Faculty of Physical Therapy, Cairo University, Giza, Egypt

2 Department of Physical Therapy, College of Applied Medical Sciences, Taif University, Taif, Saudi Arabia

3 Department of Physical Therapy for Musculoskeletal Disorders and Its Surgery, Faculty of Physical Therapy,
Cairo University, Giza, Egypt

Abstract

Introduction. As one of the highly prevalent musculoskeletal disorders, low back pain incurs high medical care costs. Proprio-
ceptive neuromuscular facilitation has been used in treating chronic low back pain. This study aimed to investigate the effects
of multiple proprioceptive neuromuscular facilitation techniques on endurance of the trunk musculature, spinal mobility, and
impairment of function in cases of chronic low back pain.

Methods. Patients in this study were randomly assigned into 3 groups. Group A received rhythmic stabilization training, group
B received a combination of isotonic exercises, while group C received a combination of both rhythmic stabilization training
and combination of isotonic exercises. Trunk endurance was evaluated with trunk flexion and trunk extension endurance tests,
spinal mobility was assessed with a modified Schober test, and functional impairment was measured with Oswestry Disabil-
ity Index.

Results. ANOVA showed significant differences (p < 0.05) among the groups after treatment in the measured outcomes. Tukey’s
honest significant difference post-hoc test revealed a highly statistically significant improvement in the measured outcomes of
group C in comparison with the other groups in the post-intervention conditions.

Conclusions. The application of the rhythmic stabilization training technique of proprioceptive neuromuscular facilitation fol-
lowed by a combination of isotonic exercises was more effective than implementing either technique alone in the treatment of

patients with chronic low back pain.
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Introduction

Low back pain (LBP) is one of the commonest musculo-
skeletal disorders, and one of the most demanding ones in
costs of care and medical attention. It was stated earlier that
70% of adults would experience LBP at least once over their
lifespan. Furthermore, over 80% of such patients report re-
current episodes [1].

Chronic LBP is referred to as pain in the lower back, par-
ticularly in the lumbosacral region of the back, lasting over
12 weeks. Patients commonly have limited range of motion
and dis-coordination in the function of various body parts due
to pain [2, 3]. Nonspecific LBP is described as pain that has
no specific pathology as infection, neoplasm, etc.; rather, it
might develop for mechanical reasons. It is characterized by
heavy pain worsening with exertion, especially in the after-
noon, and reliving with rest [4]. Moreover, the application of
faulty ergonomic principles may be a cause of LBP or wors-
en its symptoms [5].

Exercise is the most current and frequently used mo-
dality for rehabilitation of patients with chronic LBP. Exer-
cises target gaining muscle strength and endurance, in ad-
dition to flexibility of the back muscles and soft tissues [6].
Furthermore, fascial manipulation has proven to be effective
in the treatment of chronic LBP, and it is important to re-
store the normal life activities [7].

Exercise programs for chronic LBP management differ
in their structures. These differences are related to duration

of exercises, their intensity, and the mode and frequency of
training [8]. Various forms of dynamic exercise programs have
shown favourable outcomes in treating back pain. Neverthe-
less, isometric training also brought about positive outcomes
in managing LBP [9-16].

In this regard, different proprioceptive neuromuscular
facilitation (PNF) exercises have been used to treat chronic
LBP, including both isometric and isotonic ones [9]. For in-
stance, a commonly applied technique that involves isometric
contractions is rhythmic stabilization training (RST), which
both provides stabilization and helps with the cases in which
weakness is a main factor [17].

On the other hand, combination of isotonic exercises
(CQl) is a dynamic technique that uses isotonic contraction
to manage strength and range of motion defects, besides
enhancing the performance of controlled purposeful move-
ments [18]. Few studies investigated the effect of PNF train-
ing on chronic LBP [9-11]. The efficiency of these exercises
in the treatment of chronic LBP is not consolidated yet, and
needs further research to provide sufficient evidence.

Also, it is important to investigate the combination effect
of both static and dynamic patterns of PNF on chronic LBP.
So, the purpose of this study was to investigate the influ-
ence of multiple PNF techniques on endurance of the trunk
musculature, spinal mobility, and impairment of function in
cases of chronic LBP.
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Subjects and methods
Patients

Sixty patients who suffered from chronic LBP of both gen-
ders were recruited for this study from the outpatient physi-
cal therapy clinics in Cairo University hospitals. The patients
were diagnosed by the referring orthopaedist, and then they
were checked against inclusion/exclusion criteria prior to
inclusion. The inclusion criteria involved complaining of LBP
for more than 3 months, LBP appearance during or after ac-
tivity, sitting, and stair climbing. The exclusion criteria were
previous or concurrent diagnoses of spinal fractures, spinal
canal stenosis, inflammatory disease of the spine, spondy-
lolysis, spondylolisthesis, or spinal deformities [19].

Patients who met the inclusion/exclusion requirements
were asked to participate, with an assurance that their data
were to remain confidential and to be used anonymously in
the analysis for the purpose of the study only. The participants
had the right to withdraw from the study at any time.

Research design

A pre-post-test randomized clinical trial was performed.
Randomization involved a random number generator soft-
ware (Random.org); 3 independent groups of 20 numbers
each were created from the range of numbers 1-60 without
repetition, and a blind draw was carried out to select which
set of numbers would represent each of the study groups.
Each patient was asked to select a number in an opaque
envelop. In accordance with this concealed selection, each
subject was allocated in the group to which their number
belonged.

Outcome measures
Trunk endurance

Static trunk flexors and extensors endurance was eval-
uated. During the trunk flexors endurance test, the patients
sat on a testing table with their trunks supported against
a prefabricated wedge that maintained their trunks at 60°
inclination from flat supine lying position. The hips and knees
were kept flexed to 90° bilaterally. Stabilization belts were
fixed around the patients’ waists and over the dorsum of their
feet. The subjects put their arms across their chests, resting
their hands comfortably on the opposite shoulders. For test-
ing, the examiner asked the patients to maintain their trunks
positioned at 60° as the prefabricated wedge was moved
back away from them for a 10-cm distance. The outcome
parameter was the time they could maintain this position.
The trial was stopped when the patients visually re-estab-
lished contact with the wedge [20].

Trunk extension endurance was evaluated while the pa-
tients were positioned in prone lying. The lower body was sta-
bilized to the table by using straps around the ankles, knees,
and hips. Patients’ trunks were kept outside the testing table,
with the upper border of iliac crest just at the edge. A chair
was placed under the upper trunks and patients used their
arms to position their upper bodies in a horizontal position.
To start the test, the participants were asked to cross their
arms ahead of their chests, resting their hands on the op-
posite shoulders. The outcome was the time elapsed from
the start of the test until the subjects visually deviated from
the horizontal plane [21].

Spinal mobility

A modified Schober test was used to measure spinal mo-
bility. Flexion mobility was evaluated while the patient stood
erect and the distance between both feet equalled 2 feet
length apart. Three marks were set on the patients’ backs:
(1) at the lumbosacral junction, (2) 10 cm above the first point,
and (3) 5 cm below the first point. The subjects were asked
to bend forwards as much as they could; then, the distance
between marks 2 and 3 was measured. To assess flexion mo-
bility, we calculated the measured difference between maxi-
mal flexion position and the starting position. Extension mo-
bility was evaluated by asking the patients to bend backwards
as much as they could and then measuring the distance be-
tween marks 2 and 3 again. To assess extension mobility, we
calculated the measured difference between maximal ex-
tension position and the starting position [22].

Functional impairment

The Arabic version of Oswestry Disability Index (ODI) was
used to measure the level of functional impairment. ODI con-
tains 10 items related to limitation in daily living activities; it
is widely applied to monitor treatment effects with regard to
changes in the functional mobility of patients with chronic LBP
and is sufficiently sensitive to monitor these changes. ODI
score was calculated as a percentage indicating the patients’
levels of functional disability [23, 24]. All outcomes were
measured before treatment and 4 weeks after treatment.

Procedures

The patients were randomly assigned into 3 equal groups
(n = 20). All participants received conventional physical
therapy treatment, which consisted of infrared on the lower
back muscles for 15 minutes and static stretching exercises
for the lower back, hamstring, and iliopsoas muscles. Static
stretching involved 3 sets of 3 repetitions for each muscle
with a 30-second hold and 30-second rest interval for each
repetition [25].

Group A received conventional physical therapy treat-
ment in addition to RST. The RST technique applied in this
study involved alternating isometric contractions of trunk flex-
ors and extensors for 5 seconds each. The patient sat facing
the therapist. The therapist applied bilateral manual resis-
tance just below the clavicles and asked the subject to flex
the trunk. Isometric contraction was maintained for 5 sec-
onds, then the therapist shifted one hand just behind the
shoulder and provided resistance to trunk extensors. As the
patient initiated trunk extension, the therapist moved the other
hand posteriorly and provided resistance bilaterally against
trunk extension for 5 seconds [10].

Group B received conventional physical therapy treat-
ment in addition to the COlI training technique. The patient sat
at the side of the plinth. The therapist asked the subject to flex
the trunk while the therapist resisted the movement manu-
ally. When the participant’s trunk was flexed to end range,
they were asked to hold against resistance. This was fol-
lowed by eccentric contraction as the therapist pushed the
trunk slowly towards extension and the patient allowed the
movement to go slowly while holding contraction of trunk
flexors [11].

Group C received conventional physical therapy treat-
ment in addition to RST followed by the COI technique. Each
technique was performed for 3 sets of 15 repetitions. A 60-sec-
ond rest was allowed between the sets [17]. For all patients,
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the treatment was given for 4 weeks, 3 sessions per week,
and every other day.

Statistical analysis

The data were analysed with the SPSS software (ver-
sion 22) for Windows. Means and standard deviations were
reported for demographic data and outcome variables. To
compare the dependent variables under investigation within
groups at the pre-test and post-test assessment times, a de-
pendent t-test was applied. Analysis of variance (ANOVA)
with Tukey’s honest significant difference (HSD) post-hoc
test was used to assess the differences between mean values
of the studied variables among the 3 groups. The significance
level was set at alpha < 0.05.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has
been approved by the relevant ethical committee (approval
No.: P.T.REC/012/002507).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

As indicated by ANOVA, there were no significant differ-
ences (p > 0.05) among the groups regarding the patients’
demographic characteristics (Table 1).

The mean values of all outcomes in the pre-test condi-
tion presented no significant differences (p > 0.05) among
the groups, as indicated by ANOVA (Table 2).

The comparison of the pre-test vs. post-test mean val-
ues for each dependent variable in each group showed sig-
nificant differences (p < 0.05), as indicated by dependent

t-test (Table 3). Also, the percentage of improvement for each
variable was presented in Table 3.

The comparison of the mean values for the measured
outcomes in the post-test condition showed significant differ-
ences (p < 0.05) among the groups, as indicated by ANOVA
(Table 4).

Tukey’s HSD post-hoc test revealed significant differences
between group pairs for all measured variables, as shown
in Table 5.

Discussion

This study investigated the effects of different PNF tech-
niques on trunk muscle endurance, spinal mobility, and func-
tional impairment in patients suffering from chronic LBP. The
results revealed a significant improvement of both trunk
muscles endurance and spinal mobility accompanied by
a significant reduction of disability level after 4 weeks of treat-
ment in all groups under investigation.

The significant improvement which occurred in the mea-
sured outcomes in the current study after 4 weeks of treat-
ment could be attributed to the different PNF techniques
used in the study in addition to the conventional physical
therapy program applied in all investigated groups. However,
the significant variation differences in the measured out-
comes among the groups could be attributed to the spe-
cific type of PNF technique implemented in each group.

The COI group exhibited a higher statistically significant
improvement in the investigated parameters than the RST
group after 4 weeks of treatment. Furthermore, the combi-
nation of RST and COI showed a highly statistically signifi-
cant improvement (p < 0.05) in all of the measured out-
comes in comparison with the other groups which utilized
either RST or COl alone.

The outcomes of the current study are in agreement
with previous studies which reported a significant improve-
ment after training with either RST or COI techniques, with
more adventurous results for the COI groups over RST groups

Table 1. Patients’ demographic data

Characteristics e/ ey 2 LD e

(mean + SD) (mean + SD) (mean + SD) F p
Age (years) 39.11 £ 9.60 38.09 + 8.80 38.75+7.45 0.071 0.931
Weight (kg) 79.89 + 4.52 80.31 +3.85 80.70 + 5.01 0.163 0.849
Height (cm) 161.15+4.22 160.28 + 5.19 163.20 + 6.09 1.648 0.201
Body mass index (kg/m?) 30.82 + 1.54 31.37 £ 1.69 30.45 +1.38 1.803 0.174
Gender (n, males/females) 11/9 10/10 11/9 - -

p > 0.05 indicates no significance
Table 2. Pre-test comparison of the mean values of the outcome parameters among groups

Vanabies Group A Group B Group C Comparison

(mean + SD) (mean £ SD) (mean + SD) F p
Trunk flexion endurance (s) 2431 +2.14 23.98 +1.99 25.15+2.55 1.452 0.242
Trunk extension endurance (s) 32.89 + 3.94 33.23 +3.37 34.09 £ 4.12 0.523 0.595
Flexion spinal mobility (cm) 3.45+0.85 3.37£0.65 3.29+0.73 0.228 0.796
Extension spinal mobility (cm) 1.28 £ 0.29 1.19+0.18 1.15+0.22 1.613 0.208
Functional impairment (%) 24.75 + 3.16 23.99 + 2.95 25.24 +2.49 0.968 0.385

34 | P>005 indicates no significance
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Table 3. Pre-test vs. post-test mean values comparison for the measured outcomes

Variables Group Before treatment After treatment P I?ercentage
(mean + SD) (mean + SD) of improvement
A 2431 +2.14 36.54 + 3.41 < 0.001 50.30%
Trunk flexion endurance (s) B 23.98 + 1.99 39.63 £ 3.24 < 0.001 65.26%
C 25.15+2.55 44.72 + 418 < 0.001 77.81%
A 32.89 + 3.94 41.65 + 3.95 < 0.001 26.63%
Trunk extension endurance (s) B 33.23 +3.37 45.84 + 4.46 < 0.001 37.94%
C 34.09 £ 4.12 52.13 +4.97 < 0.001 52.91%
A 3.45+0.85 4.56 + 1.06 < 0.001 32.17%
Flexion spinal mobility (cm) B 3.37 £ 0.65 5.49 + 0.98 < 0.001 62.90%
C 3.29+0.73 6.29 +1.07 < 0.001 91.18%
A 1.28 +0.29 1.85+0.18 < 0.001 44.53%
Extension spinal mobility (cm) B 1.19+£0.18 2.01 £0.22 < 0.001 68.90%
C 1.15+0.22 216 +0.16 < 0.001 87.82%
A 24.75 + 3.16 14.66 + 1.37 < 0.001 40.76%
Functional impairment (%) B 23.99 +2.95 13.65+1.28 < 0.001 43.10%
C 25.24 +2.49 11.42 £ 0.98 < 0.001 54.75%

p < 0.05 indicates significance

Table 4. Post-test mean values comparison for the measured outcomes

Variables Group A Group B Group C Comparison
(mean + SD) (mean = SD) (mean + SD) F p
Trunk flexion endurance (s) 36.54 + 3.41 39.63 £ 3.24 4472 +4.18 25.85 < 0.001
Trunk extension endurance (s) 41.65 + 3.95 45.84 + 4.46 52.13 £ 4.97 27.72 < 0.001
Flexion spinal mobility (cm) 4.56 + 1.06 5.49 + 0.98 6.29 + 1.07 13.92 < 0.001
Extension spinal mobility (cm) 1.85+0.18 2.01 £0.22 2.16 £ 0.16 13.55 < 0.001
Functional impairment (%) 14.66 + 1.37 13.65+1.28 11.42 £ 0.98 34.06 < 0.001

p < 0.05 indicates significance

Table 5. Tukey’s honest significant difference post-hoc test among the 3 groups

Variables Group pairs Mean difference p
Avs.B 3.09 0.025
Trunk flexion endurance (s) Avs.C 8.18 < 0.001
Bvs.C 5.09 < 0.001
Avs.B 4.20 0.012
Trunk extension endurance (s) Avs.C 10.48 < 0.001
Bvs.C 6.29 < 0.001
Avs.B 0.93 0.017
Flexion spinal mobility (cm) Avs.C 1.73 < 0.001
Bvs.C 0.80 0.046
Avs.B 0.16 0.025
Extension spinal mobility (cm) Avs.C 0.31 < 0.001
Bvs.C 0.15 0.038
Avs.B 1.01 0.025
Functional impairment (%) Avs.C 3.24 < 0.001
Bvs.C 2.28 < 0.001

p < 0.05 indicates significance
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[9, 26, 27]. However, to the best of our knowledge, no previ-
ous studies tried to investigate the combined effect of both
static and dynamic techniques of PNF on chronic nonspe-
cific LBP.

The significant improvement in static trunk muscle en-
durance could be explained on the basis of the substantial
muscle work performed in either technique of exercises, which
is done at a progressively increasing intensity and adjusted to
each patient’s performance capacity. Eventually, this would
show the improvements in muscle strength and endurance
[28].

The improvement in spinal mobility after training with
both forms of exercises would be explained on the basis of
the effect of either technique on inhibiting muscle activity
and inducing relaxation. Consequently, this might allow
higher flexibility and overall trunk mobility [29, 30].

Another likely explanation of the improvements seen in
this study is the reported relation between the development
of LBP and disturbances in the local and central proprio-
ceptive functions. Accordingly, patients who suffer from
chronic back pain, reduced spinal mobility, and functional
impairments may benefit from exercises that improve back
proprioception [31, 32].

A potential causative factor in developing chronic LBP
is reduced trunk muscle endurance [32]. So, the decreased
level of functional impairment measured by ODI could be a
direct effect of improvement in spinal mobility and trunk
muscle endurance [26].

The higher percentages of improvement in the measured
variables in group C could be attributed to the fact that the
patients in this group benefited from the advantages of both
static and dynamic PNF techniques and exercised for longer
durations compared with the other groups.

Limitations

A limitation of the current study is the short-term follow-up.
To ensure the long-term effects of the applied techniques,
both stand-alone and in combination as applied in this study,
longer follow-up duration is recommended in future studies.

Conclusions

The application of the RST static technique of PNF fol-
lowed by the COI dynamic PNF technique is more effective
in clinical practice for the treatment of patients with chronic
nonspecific LBP than the implementation of a static or dynamic
PNF pattern alone. This arrangement should be taken into
consideration by clinicians when treating such cases.
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