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ABSTRACT

Objective: The aim of this review was to evaluate the effects of proprioceptive neuromuscular facilitation (PNF) in
individuals with Parkinson disease.

Methods: This was a systematic review. We searched for articles with the keywords “Proprioceptive neuromuscular
facilitation” and “Parkinson’s disease.” The databases searched were Scopus, ScienceDirect, Springer, Web of Science,
LILACS (Latin American and Caribbean Health Sciences Literature), CINAHL (Cumulative Index to Nursing and Allied
Health Literature), the Cochrane Library, PEDro (Physiotherapy Evidence Database), SciELO (Scientific Electronic
Library Online), Ovid, and PubMed, in addition to reference lists of relevant articles. All scientific articles published
before November 2019 that addressed rehabilitative outcomes of PNF for individuals with Parkinson disease were
considered. Two investigators independently screened studies according to the eligibility criteria.

Results: Of the 674 articles found, 6 were selected. The PEDro scores of 2 articles were 3 points, and the others scored
7, 8, and 9 points. The meta-analysis investigated 3 articles with the same outcomes: walking speed, stride length, and
cadence. We found a statistical difference between PNF and other therapies for gait speed (M = 0.28, 95% confidence
interval = 0.21-0.34, P < .001).

Conclusion: Based on the meta-analysis, we found that PNF is similar or superior to other therapies as relates to gait
speed. The efficacy of PNF for indications of Parkinson disease, however, requires further investigation, as a sufficient
number of qualified, well-designed, randomized controlled studies is lacking. (J Chiropr Med 2020;19;181-187)

INTRODUCTION

Parkinson disease (PD) is a chronic and degenerative dis-
order of the central nervous system of idiopathic etiology. In
this disease, there is a reduction of dopamine in the nigros-
triatal pathway which is caused by the death of neurons of
the substantia nigra in the midbrain and responsible for eye
movement, motor planning, reward seeking, learning, and
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movement coordination.'” Secondary complications of PD
are associated with physical, mental, and emotional impair-
ments, and these symptoms can be associated with level of
disability and quality of life, contributing to a reduction in
functional independence, which in turn is linked to changes
in gait and increases the risk of falls.*®

In a previous systematic review of physiotherapeutic
interventions for PD’, the authors analyzed general physi-
cal therapy, exercise, treadmill training, stimulation, dance,
and martial arts. The “exercise” category had the highest
number of allocations at 14 studies; among the subjects
included in the category were strengthening, balance train-
ing, gait, fall prevention, proprioceptive neuromuscular
facilitation (PNF), resistance exercises, aerobic training,
education, and relaxation techniques.

Proprioceptive neuromuscular facilitation is a physiother-
apeutic approach option for PD. It can be defined as promot-
ing or hastening the response of the neuromuscular
mechanism through stimulation of the proprioceptors.® This
method aims to promote functional movement through the
use of facilitation, inhibition, strengthening, and relaxation
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of muscle groups. Concentric, eccentric, and static muscle
contractions are used, combined with gradual resistance and
appropriate facilitatory procedures, adjusted to the needs of
each individual, and applied on diagonal movements.

Theoretical mechanisms for the action of PNF include
autogenic inhibition (decreased agonist excitability during
stretching or maximal contraction by Golgi tendon organs),
reciprocal inhibition (decreased antagonist muscle activity
during agonist contraction), and stress relaxation (applied con-
stant stress in the muscles and the connected tendons).g These
mechanisms hypothetically could be used to treat rigidity in
PD, but there are few studies reporting them in PD.'*"!

The International PNF Association defines the PNF phi-
losophy under 5 subheadings: positive approach (mental
engagement in therapy), functional approach (integrating
real tasks from daily life), mobilizing reserves (irradiation
principle), treating the whole person, and using motor learn-
ing and motor control principles. Altogether, PNF fits into
the International Classification of Functioning, Disability
and Health with its components of impairments, activity lim-
itations, and participation restrictions in the personal and
environmental context of the patient involved.'”

The use of PNF in PD is justified because it may help
individuals achieve efficient motor function and promote
benefits with respect to clinical condition and physical
aspects such as tremor, rigidity, bradykinesia, and balance
impairments.®'" Looking to the importance of this concept,
we saw a necessity of performing a systematic review to
enable mapping of the main scientific findings. Thus, the
aim of this study was to review current evidence for the
effectiveness of PNF in individuals with PD.

METHODS

For this review, we included randomized controlled trials,
quasi-randomized controlled trials, and nonrandomized con-
trolled trials up to November 2019. The review was regis-
tered in the International Prospective Register of Systematic
Reviews (PROSPERO, CRD42017077529).

Types of Participants

All participants were individuals with PD confirmed by
the Unified Parkinson’s Disease Rating Scale or Movement
Disorder Society PD criteria.'”

Types of Interventions
We included trials that compared PNF versus any other
interventions in individuals with PD.

Strategy
The eligibility criteria followed the PICO strategy
(participants, interventions, comparisons, outcomes, and
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study design) guided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
and formulated by Moher et al.'* In this way, we
included the following: participants—individuals with
PD; interventions—exercises using PNF; comparisons—
any other treatment protocols; and outcomes—descrip-
tion and interpretation of results obtained, regardless of
the measures used or parameters evaluated.

Excluded were review articles, case reports, articles not
available in full, articles off the topic, and articles that did
not meet the inclusion criteria.

Search Methods for Identification of Studies

The databases searched were Scopus, ScienceDirect,
Springer, Web of Science, LILACS (Latin American and
Caribbean Health Sciences Literature), CINAHL (Cumulative
Index to Nursing and Allied Health Literature), the Cochrane
Library, PEDro (Physiotherapy Evidence Database), SCiELO
(Scientific Electronic Library Online), Ovid, and PubMed, in
addition to reference lists of relevant articles. The combination
of descriptors was “Parkinson’s Disease” AND PNF OR
“Proprioceptive Neuromuscular Facilitation” OR stretching
OR contract-relax OR contract-relax-antagonist-contract. This
combination was used for all scientific databases, but for
Ovid and Springer a refinement was necessary: in OVID the
options “original articles” and “articles with abstracts” were
used, and in Springer the “articles” option.

Data Collection and Analysis

Two of the authors (I.S.A.A., A.C.M.B.) independently
screened titles and abstracts of records obtained through
electronic database searches and excluded obviously irrele-
vant reports. We retrieved full-text articles for the referen-
ces that remained; 2 of the authors then independently
screened the articles to identify studies for inclusion and
recorded the reasons for exclusion of ineligible studies. We
resolved disagreements through discussion or, if required,
consulted a third person. We collated multiple reports on
the same study, so that each study, not each reference, was
the unit of interest in the review. We recorded the selection
process and completed a PRISMA flow diagram. The
selected articles were classified based on the PEDro scale.'”

Data Synthesis and Statistical Analysis

All outcomes were analyzed as continuous variables.
The results were presented as the mean of differences
(MD) along with 95% confidence intervals (Cls), using
fixed-effects models. The unit of analysis was each partici-
pant recruited for review.

The variability in results across studies was checked
by using the /? statistic and the P value for the x test of
heterogeneity provided by Review Manager (RevMan,
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version 5.3; Nordic Cochrane Centre, Copenhagen, Den-
mark), which was used for all analyses.

Owing to the small number of studies identified, sensi-
tivity tests (eg, low versus high risk of bias) were not
performed and subgroups were not applied.

RESULTS

We identified a total of 674 article citations through
database searches (301 from ScienceDirect, 214 from Sco-
pus, 53 from PubMed, 52 from Ovid, 18 from Springer,
16 from LILACS, 12 from the Cochrane Library, 4 from
SciELO, 2 from PEDro, and 1 each from Web of Science
and CINAHL). After screening by title and then by
abstract, we obtained full-text copies for 10 citations that
were potentially eligible for inclusion in the review. We
excluded 4 studies for the reasons described in Figure 1.
The remaining 6 studies, with a total of 153 participants
with PD, met the minimum methodological requirements,
and we included them in this review. The search results are
shown in Figure 1.

Regarding PEDro scores, 2 articles scored 3 points,
another 2 articles scored 8 points, and the others scored 7
and 9 points (Table 1).'%7!

The main theme explored by the authors of the studies
reviewed was gait. Two studies used the Vicon 250 system

for kinematic gait analysis”)’”; the others used the

Titles and summaries found
(n=674)

Duplicate articles
(n=82)

Non-duplicate articles
(n=592)

e Articles that did not
meet the inclusion
criteria (n=373)

o Off topics (n=188)

e Review articles
(n=21)

Articles potentially relevant
for Reading in full (n=10)

e Poster presentation
(n=2)
e Case series (n = 2)

Included articles (n=6)

Fig 1. Flowchart of the article selection process.
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GAITRite system for temporospatial gait analysis,'® the
Qualysis ProReflex,'” reaction force analysis by a seg-
mented platform walkway,”” and the Smart-DX 500 8-cam-
era infrared optoelectronic motion analysis system”' to
measure kinematic variables during gait.

The 2 studies that used the Vicon 250 system with an
optoelectronic 3-dimensional gait recorder were by the
same group of researchers. They analyzed angular
changes of the pelvis in all planes and of the hip joint in
the sagittal plane and modifications in the length of the
iliac and biceps femoral muscles and in biomechanical
parameters, and showed better pelvis alignment and
higher muscle strength after PNF was applied in individuals
with PD.'*"7

Picelli et al ® compared 3 different interventions for gait
rehabilitation in individuals with PD: robotic walking,
treadmill walking, and conventional physiotherapy based
on PNF. The robotic gait and treadmill training were more
effective than physical therapy based on PNF, and showed
beneficial results regarding stride length, balance control,
and fatigue.

El-Tamawy et al'’ compared treadmill training associated
with vibratory stimuli and techniques with conventional
physiotherapy based on low-intensity exercises, weight
change, and active exercises graded for axial muscles. Both
groups presented a significant improvement in the parameters
evaluated, and the group that trained with the treadmill asso-
ciated with vibratory stimuli and PNF showed better results
than the group with conventional physiotherapy.

Pohl et al”’ compared 4 different interventions: speed-
dependent treadmill training, limited progressive treadmill
training, PNF-based physical therapy, and the control inter-
vention (resting for 30 minutes in a reclining and comfort-
able position). Speed and stride length improved in the
groups with speed-dependent treadmill training and limited
progressive treadmill training. In our meta-analysis we
used group 3 (PNF-based physical therapy) versus group 4
(control intervention).

Serrao et al’' compared 2 different interventions—a
PNF-derived rehabilitation approach combined with sug-
gestion of sensory-visual tips versus conventional physical
therapy—and concluded that the PNF-derived rehabilita-
tion approach plus sensory-visual tips could be used to
improve gait function.

The information of the studies is presented in Table 2.

The meta-analysis was performed with 3 studies
owing to the variability of their outcomes: Picelli et al,'*
who compared PNF with robotic walking and treadmill
training; El-Tamawy et al,'” who compared PNF with
gait training associated with vibratory stimuli; and Ser-
rao et al,”! who compared a PNF-derived rehabilitation
approach combined with suggestion of sensory-visual
tips with conventional physical therapy. For these
studies,'®'”*" the outcomes included in the meta-analy-
sis were gait speed (MD =0.28,95% CI=0.21 to 0.34, P
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Table 1. Articles Included in This Review
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Article Participants Study Design PEDro Score
Pohl et al*’ n=17 (PD) Nonrandomized clinical trial 7

4 groups: STT; LTT; CGT; control intervention
Rutowicz et al'® n=3 (PD) Nonrandomized clinical trial 3

n = 35 healthy (CG)

Rutowicz et al'’ n=3 (PD)

n =35 healthy (CG)

n=30 (PD)
2 groups: G1; G2 (control)

El-Tamawy et al'’

Picelli et al'® n=60 (PD)

Nonrandomized clinical trial 3

3 groups: robotic gait; treadmill with the same intensity; conventional

physiotherapy based on PNF

Serrao et al”! n=40 (PD)

Randomized clinical trial 9
Randomized clinical trial 8
Randomized clinical trial 8

2 groups: PNF-derived rehabilitation approach combined with suggestion

of sensory-visual tips; conventional physical therapy

CG, control group; CGT, conventional gait therapy; GI, group 1; G2, group 2; LTT, limited progressive treadmill training; PD, Parkinson disease;
PEDro, Physiotherapy Evidence Database; PNF, proprioceptive neuromuscular facilitation; ST7, structured speed-dependent treadmill training.

< .00; Fig 2A), stride length (MD =0.14, 95% CI=0.10
to 0.18, P < .00; Fig 2B) and cadence (MD =5.19, 95%
CI=-3.03to 13.41, P=.22; Fig 2C). In these outcomes,
there was no significant difference between PNF and the
other interventions.

DiscussioN

This systematic review offers up-to-date but limited
evidence supported by only 6 studies, 3 being randomized
controlled trials, on the effectiveness of PNF in individu-
als with PD. Regarding the content of the studies
included, the outcome observed in all of them was gait.
Gait in individuals with PD is characterized by reduced
speed and step length, increased axial rigidity, and
impaired rhythmicity.””>* The meta-analysis in our study
shows a statistical difference comparing PNF with other
techniques for gait speed but not for cadence. Based on
the minimal clinically important difference for gait speed
in PD (larger minimal clinically important differ-
ent=0.22),”” we can assume that PNF promotes a clini-
cally significant increase in gait speed. For stride length,
we observed a statistical difference, but we highlight the
greater weight of the El-Tamawy et al study in the meta-
analysis. These gait problems in PD increase the inci-
dence of falls and the risk of bone fracture.”®**

Mirek et al’’ show differences in values for spatiotem-
poral parameters (such as walking speed and frequency,
stride length, and time of single-limb support) between
individuals with and without PD. Westwater-Wood et al*’
show that PNF is effective for functional rehabilitation and
increasing range of movement in neurologic and

nonneurologic patients. The improvement in PD gait
parameters in the El-Tamawy et al study'’ has a potent
effect from external cues linked to proprioceptive inputs by
PNF and vibration. Such inputs can activate an alternate
pathway involving the cerebellum, sensorimotor cortex,
and lateral premotor cortex.”'”” This means that the
recruitment of these structures can compensate for an inef-
ficient basal ganglia in PD. This is an interesting alternative
for the gait training of individuals with PD, both for its effi-
cacy and its low cost, because the vibration devices can be
put on individuals’ shoes.

An important contribution of this systematic review is to
show that PNF can produce similar or superior effects rela-
tive to other therapies in spatiotemporal gait parameters,
mainly in stride length and gait speed. Although stride
length was greater in the intervention group in the meta-
analysis, we highlight that those results are primarily based
on the El-Tamawy et al study (weight=97.1%). Proprio-
ceptive neuromuscular facilitation is an inexpensive
approach for rehabilitation with several benefits, but its

application requires experience and practice.

Limitations and Future Research

Some negative points were observed in the studies
included. The studies by Rutowicz et al'®'” also have het-
erogeneity of the control and PD groups regarding number
of participants and their age, in addition to a lack of stan-
dardization in the interventions.

The main recommendation for future research based
on our observations is an increase in the number of stud-
ies related to this subject, as well as a wider range of
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Table 2. Evaluations, Interventions, and Main Outcomes of the Articles Included in This Review
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Atrticle

Evaluations

Interventions

Main Outcomes

Pohl et al*°

Rutowicz et al

Rutowicz et al

El-Tamawy et a

Picelli et al'®

Serrao et al”’

ll(s

1I7

1]9

Preintervention and postintervention.
Speed (m/s), number of steps, and
stride length; ground reaction force
analysis by a segmented platform
walkway.

Preintervention and postintervention.
Vicon 250 system. Task: walk in the
normal rhythm, while the system
recorded 15 complete cycles.

Preintervention and postintervention.
Task: walk at normal speed for 20 m
with passive markers on the skin.
Evaluation of the effect of the therapy
on the performance of the evaluated
muscles (iliac and biceps femoris).

Preintervention and postintervention.
Measurement of the cadence, stride
length, and hip flexion and knee and
ankle dorsiflexion.

Preintervention, immediately postin-
tervention, 3 mo after. 10-m and 6-
min walk tests, GAITRite system,
Berg Balance Scale, Parkinson
Fatigue Scale, and UPDRS.

A gait analysis by Smart-DX 500 8-
camera infrared optoelectronic
motion analysis system. Task: walk
barefoot at comfortable speed along a
catwalk. Five trials were recorded.
Evaluated aspects: gait performance,
gait balance, and trunk control.

LTT group: treadmill (0° inclination),
30 min; speed did not increase in
relation to the initial walking speed.
CGT group: PNF-based physical
therapy gait. Control group: partici-
pants rested for 30 min in a reclining
and comfortable position.

3 weeks, with 15 individual sessions
of 45 min, based on PNF, for control
group and intervention.

Intervention: 15 sessions of 45 min,
using PNF, for control group and
intervention.

G1: PNF + vibratory stimuli during
treadmill walking + program done
with group 2 (control). Sessions of
51-70 min, 3 times/wk, for 8 wk. G2:
physiotherapy with low-intensity
exercises, weight change, and active
exercises graduated to increase
strength. Sessions of 45 min,

3 times/wk, for 8 wk.

12 sessions of 45 min, 3 d/wk (alter-
nates), for a total of 4 wk. For RGT,
sessions with static suspension sys-
tem that provide a robot propulsion;
for TT, training with body-weight
support; and conventional walking
training based on PNF.

8-week rehabilitation program.
PNF-derived rehabilitation approach
combined with suggestion of
sensory-visual tips; conventional
physical therapy.

Basic gait parameters (overground
walking speed and stride length) and
parameters of gait analysis based on
vertical ground reaction forces.

Limited mobility of the pelvis in all
plans, for all participants with PD.
Asymmetry of the lateral displace-
ment of the pelvis found in all
participants.

Subject 2 showed no significant dif-
ference in muscle length, but there
was improvement in the parameters
evaluated after test 2. Subject 1
showed improvement of all parame-
ters and elimination of asymmetry in
pelvic deflection after rehabilitation.
Subject 3 maintained the course of
the length-change curves of the simi-
lar limbs.

Significant increase in cadence, step
length, distance, and walking speed
(for both groups, being higher in G1).
Improvement in the angle of hip flex-
ion and knee and ankle dorsiflexion
(for both groups, superior in G1).

10-m and 6-min test and step length
—significant difference between
RGT x PNF and TT x PNF.
Cadence, ratio of duration of single
and double support, and coefficient of
variation of step time—no significant
effect. Berg Balance Scale, UPDRS,
and Parkinson Fatigue Scale—signifi-
cant overall improvements between
the RGN x PNF and TT x PNF
groups in both evaluations.

Spatiotemporal gait parameters, joint
kinematics, and trunk kinematics;
UPDRS-III scale scores.

CGT, conventional gait therapy; G1, group 1; G2, group 2; LTT, limited progressive treadmill training; PD, Parkinson disease; PNF, proprioceptive neu-
romuscular facilitation; RGT, robotic gait; 77, treadmill training; UPDRS, Unified Parkinson’s Disease Rating Scale.

topics and methodological proposals that include not
only gait and the lower limbs but also the upper limbs
and other related aspects. Similarly, we recommend the

inclusion of studies with high methodological quality,
with blinding of therapists and participants, and with
long-term follow-up of participants.
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PNF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
E-Tamawy 2012 1.28 0.1 15 0.96 0.09 15 51.4% 0.32[0.25,0.39] =
Picelll 2013 1.34 0.08 20 1.1 0.18 20 38.5% 0.24 [0.15,0.33] =
A Serrao 2018 0.92 0.21 21 0.72 0.35 19 12.1%  0.20 [0.02, 0.38] B
Total (95% CI) 56 54 100.0% 0.28 [0.21, 0.34] L3
Hewrogenelty: Taw® = 0.00; ChF¥ = 2.81, df = 2 (P = (.25); F = 20X _‘1 -d 5 0 055 i
Test for overall effect: Z = 8.10 (P < 0.00001) Other Therapies PNF
PNF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
E-Tamawy 2012 0.93 0.04 15 0.85 0.07 15 87.1% 0.14 [0.10, 0.18]
Picelll 2013 0.6 0.25 20 0.86 0.48 20 2.9% 0.10 [-0.14,0.34] A E
B Serrao 2019 0.91 0.16 21 077 189 19 0.0% 0.14 [-B.40, B.6B] ¢
Total (95% CI) 56 54 100.0% 0.14 [0.10, 0.18] [ 2
Heterogenehty: Tau® = 0.00; ChP = 0.11, df = 2 (P = 0.95); F = 0X _‘\1 _o' 5 F 035 i
Test for overall effect: Z = 6.77 (P < 0.00001} Other Tﬁerapies PNF
PNF Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
EFTamawy 2012 105.87 4.26 15 97.47 3.68 15 40.2% B8.40 [5.55, 11.25] L
Picelll 2013 B2.76 14.58 20 B6.03 3.17 20 33.3% -3.27 [-9.81, 3.27]
C Serrao 2018 110.2 11.73 21 99.24 1B.58 19 26.5% 10.96[1.21, 20.71]
Total (95% CI) 56 54 100.0% 5.19 [-3.03, 13.41]
Hewrogenehy: Tau® = 41.69; ChF = 11.02, df = 2 (P = 0.004); F = 82X -1'bo _5'0 ) Sli) 160

Test for overall effect Z = 1.24 (P = 0.22)

Other therapies PNF

Fig 2. Parameters evaluated in the meta-analysis: gait speed (A; m/s), stride length (B; m), and cadence (C; steps/min).

CONCLUSION

There is a lack of studies of high methodological quality
in the literature comparing PNF with other techniques.
Based on our meta-analysis, we found that PNF is similar
or superior to other therapies for gait speed. The efficacy of
PNF for PD indications, however, requires further investiga-
tion, since a sufficient number of qualified, well-designed,
randomized controlled trials is lacking.
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Practical Applications

¢ Proprioceptive neuromuscular facilitation
is a physiotherapeutic approach for Parkinson
disease.

¢ It may be relevant for treatment of gait in indi-
viduals with Parkinson disease.

¢ Proprioceptive neuromuscular facilitation is
not inferior to more technological treatments
for stride length, gait speed, or cadence in
individuals with Parkinson disease.
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