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Abstract

Introduction: The term Proprioceptive Neuromuscular Facilitation (PNF) was introduced in the 1950s by Dr. Kabat and Mrs. Knott. From the
mid-1950s the PNF-concept has been in a progressive development clarifying the use of techniques, performances and clinical applications.
The concept of PNF was originally developed by Dr. Kabat and Mrs. Knott for rehabilitation purposes. The International PNF Association
(IPNFA) consider themselves to be the official successor of Dr. Kabat and Mrs. Knott.

The PNF-concept evolved towards a comprehensive rehabilitation approach for various indications. There seems to be a misunderstanding
about the PNF-concept, it is often seen as a basic stretching regime for wellbeing and general fitness. This has been criticized to avoid a
confusion with the PNF-concept as a comprehensive rehabilitation approach.

Purpose: Providing a background with an explanation for the essential elements of the PNF-concept, being a total and comprehensive
rehabilitation approach in physiotherapy and rehabilitation. The elements from the PNF-concept facilitate treatment effects in the fields of
musculoskeletal and central neurological disorders and indications with a focus on motor learning.

Implications: The clarification of the essential elements from the PNF-concept in various fields of physiotherapy and physical rehabilitation
will simplify how to transfer and incorporate the elements from the PNF-concept into individual treatments.

Keywords: PNF, Rehabilitation, Motor learning and motor control, Proprioception, Facilitation, Musculoskeletal, Neurology, Clinical
Reasoning.

techniques, performances and clinical applications [3,5]. From
the early start the theories from Sir Charles Sherrington [6,7]
have been the rational for facilitation. In the decades following,

Introduction

The term Proprioceptive Neuromuscular Facilitation

(PNF) was introduced in the 1950s after it was first named
proprioceptive facilitation by Dr. Kabat and Mrs. Knott [1-3].
The concept of PNF was originally developed by Dr. Kabat
and Mrs. Knott for rehabilitation purposes [2]. The works of Dr.
Kabat and Mrs. Knott was encouraged by the Kaiser institute
in the 1940s [2]. The International PNF Association (IPNFA)
consider themselves to be the official successor of Dr. Kabat
and Mrs. Knott [4].

From the mid-1950s until today the PNF-concept has been
in a progressive development for the use and explanation of

the theories of motor learning and task specific exercise and
training [8,9] have been integrated into the total concept. The
PNF-concept evolved towards a comprehensive rehabilitation
approach for a variety and diversity of indications [5,10].

Although the PNF-concept is part of the physiotherapy
curriculum in many countries [5,10], somehow there seems to
be a misunderstanding about the PNF-concept. PNF is often
seen as a basic stretching regime for wellbeing and general
fitness. This misunderstanding transferred into its own life
in modern social media and in research, expressed in sports
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related studies, such as for example from Bradley et al. [11]
and YouTube videos [12].

Even, reviews in the field of PNF have mainly focused on so
called ‘PNF stretching’ [13-15]. This has been criticized, since
the result is often a confusion with the overall PNF-concept as
a comprehensive rehabilitation approach [5].

This narrative provides an educational background,
explaining the essential elements of the PNF-concept
being a total and comprehensive rehabilitation approach
in physiotherapy and rehabilitation in the field of
musculoskeletal and central neurological disorders and
indications [4,5].

In order to substantiate this educational narrative, a literature
search has been executed between December 2021 and
June 2022. The databases PubMed, CINAHL, Science Direct
and Google Scholar have been used, also the IPNFA website
was searched. The search terms included: Proprioceptive
Neuromuscular Facilitation, PNF, facilitation techniques,
treatment techniques, exercise methods, exercise concepts,
treatment methods, treatment concepts, rehabilitation
approaches and motor learning. Search terms were used
isolated and combined. A standard screening procedure was
secured since the author is familiar with the PNF-concept in
its therapeutic application and in teaching being a member
of the IPNFA. Secondly, the results have been discussed with
fellow IPNFA members (although not opting for co-authoring)
for eligibility. Similar to the used process in the narrative review
from Smedes et al [5], papers were included after screening
the title and the abstract upon the following criteria: a) PNF as
aconcept was a part of the publication. b) Techniques from the
PNF-concept were a part of the publication. c¢) PNF-concept
or PNF techniques were a part of the treatments for a specific
indication or patient population. d) Facilitation similar to the
described PNF basic principles and procedures was a part of
the publication. As the literature identified in the search (50
sources) comprised varying levels of evidence (case studies,
clinical trials, randomized controlled trials, reviews) and
investigated a broad range of PNF applications, quantitative
or qualitative systematic review was not feasible. The variety
in type of papers and the diversity of the scope of the papers
found with the literature search, warranted a narrative type of
presentation.

Therefore, first the PNF-concept and its elements are
presented and explained. Thereafter, the use of the PNF-
concept in various clinical settings is illustrated. Settings such
as: rehabilitation focusing on motor learning, rehabilitation in
musculoskeletal conditions, in neurological conditions, for vital
function conditions and rehabilitation for gait improvement.

Three Main Pillars of the Concept

PNF is defined as a concept and not as a method [3,4], the

difference between method and concept has been defined;
a method is more rigid and defined as going through pre-
defined steps, describing a particular way of “doing” the
performance [16], whereas a concept is open to personal
adjustments within the framework of the general idea,
retained in the mind and based upon reasoning [17].

The PNF-concept is built upon three main pillars: 1) the PNF-
philosophy, 2) the PNF-basic principles & procedures (for
facilitation) and 3) the PNF-techniques (for treatment) [3,5].

PNF-philosophy

The PNF-philosophy is defined by five components: a)
Positive Approach, meaning to set up the patient for success;
b) Functional Approach, meaning that all exercises are in
connection with a functional task setting; c) Mobilization of
Reserves, aiming for a stronger involvement of the targeted
body area through the use of stronger body parts; d) Treat the
total human being, physically , mentally and emotionally, and
e) The use of motor control and motor learning principles [3-
51.

The PNF-concept in rehabilitation is meant to teach:
movement, contraction and skill, to the patient. Hence, the
patient needs to acquire control over external forces and
resistances such as gravity and friction. Gravity acting on our
own body and body parts but also to materials and objects
that we handle. Friction occurs when handling materials and
moving ourselves within the mechanical environment. Hence,
to learn to control these external forces, patients need to go
through a process of motor learning, as in the re-acquisition
of previously learned actions in the presence of altered
morphology, be it sensory, motor or cognitive impairments
[9,18].

PNF-basic principles & procedures

Tobe able tolearn as a patient, we need to provide enhancing
circumstances or facilities [18]. Within the PNF-concept this
translates into facilitation provided by giving exteroceptive
and proprioceptive input to the sensory system in a procedural
way, all together the PNF-basic principles & procedures (BPP)
(Table 1).

Most known among (young) physiotherapist, seems to
be the PNF-patterns. PNF-patterns mimic movements from
sports and activities of daily living (ADL) [3,19,20]. Patterns are
however only one of twelve BPP. A pattern (of muscle activation
rather than a pattern of movement) is only a procedure
in which the proprioceptive stimuli, such as elongation,
resistance, approximation and irradiation are delivered
while at the same time exteroceptive information is given,
e.g. tactile, verbal and /or visual [3,5]. To be able to provide
resistance (one of the key features to teach contraction and
movement) a tactile stimulus with a specified “lumbrical grip”
is necessary [3] (Figure 1). The resistance is given not only by
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the therapist hands, but rather by the therapist’s position in
relation to the patient and his way of moving with the desired
pattern of activation defined as “body mechanics”[3,5], and in
such a way that the order of muscle activation and the order of
movements is addressed towards the patient for the specific
task at hand, resulting in a defined “timing” [3,5]. The tactile
stimulus can also be delivered in the line of the bones and
joints of the extremity. This type of stimulus results in either
an approximation (an axial compression through the joints)
similar as in weight bearing activities or a traction which is
defined as the elongation of a segment perpendicular to the
highest point of the arc of the motion [3,5,21] (Figure 2).

Synchronized with the tactile stimuli also verbal and / or
visual stimuli should be provided [3,5]. In this way several
stimuli together result in a“summation of stimuli”[3].“Timing"”
defined as being the order of (visible) movements during a
task might be adjusted to focus on the disturbing impairment
within a pattern of movement. Therefore, emphasizing the
exercises within the pattern of activation towards the weaker
or minimized component resulting in a “timing for emphasis”
[3,51. In this way the stronger parts might influence the
recruitment for the weaker components, since resisted pattern
activity results in activation of synergistic muscles, referred to
as“irradiation”[3,5,6,7,22].

Table 1. PNF basic principles & procedures (for facilitation).

Exteroceptive principles of stimuli

Proprioceptive principles of stimuli

Procedural stimuli

Tactile (Lumbrical grip) Optimal resistance

Verbal or auditive Approximation
Visual Traction

Elongation

Irradiation & reinforcement

Pattern
Timing + Timing for Emphasis
Body mechanics

Summation

Figure 1. Lumbirical grips. Note the lumbrical hand position in both therapist-hands. Arrows indicating resistance (R) and traction (T).
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torsion.

Figure 2. Facilitation principles. Note the axial approximation through the spine. Note the resistance against the bilateral arm patterns, left
arm: flexion/abduction/external rotation and right arm: flexion/adduction/external rotation, together leading into trunk: extension/left

Connecting the philosophy with the BPP could be seen in
analyzing daily activities such as pulling a zipper to close a
jacket, or cutting vegetables in a kitchen. To close a zipper,
one hand needs to pull and is active in the pattern flexion /
abduction / external rotation with elbow flexion while the
other hand holds down the socket and the whole arm will be
active in a pattern of extension / abduction / internal rotation
with elbow extension and ulnar deviation of the wrist (Figure
3). This is an example of “controlled mobility” [23] defined by
a mobile part, overcoming the resistance from gravity and
friction from the zipper while having a stabilization at the
other side, holding steady the socket.

In cutting vegetables one hand holds down the vegetable

with a muscle activation pattern of extension / adduction /
internal rotation with elbow extension while the cutting hand
controls the knife with an extension / abduction / internal
rotation with elbow extension overcoming the friction from
the act of cutting (Figure 4).

One can analyze in a similar way the bilateral activities from
the lower extremities while getting on a bicycle or stepping
into a bath tub. The swing leg needs to lift against gravity with
a flexion / abduction / internal rotation with knee flexion to
avoid kicking into the rear wheel, while the other leg needs
to stabilize the bodyweight against gravity with an extension/
abduction/ internal rotation activation (Figure 5).
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Figure 3. Closing a zipper. 1: indicating the activity in the (left) arm pattern D2 for flexion / abduction / external rotation with elbow flexion.
2:indicating the activity in the (right) arm pattern D1 for extension / abduction / internal rotation with elbow extension.

Figure 4. Cutting vegetables. 1: indicating the activity in the (left) arm pattern D2 for extension / adduction / internal rotation with elbow
extension. 2: indicating the activity in the (right) arm pattern D1 for extension / abduction / internal rotation with elbow extension.
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Figure 5. Getting on a bicycle. Note the large arrow indicating activity in the right leg pattern D2 for flexion / abduction / internal rotation
with knee flexion. Note the small arrow indicating the foot active in dorsal flexion and eversion.

PNF-techniques

Ten different PNF-techniques have been developed and
defined in the course of the development of the concept
in the decades of the last century. Earlier publication might
use older names which have been adjusted based upon
consensus among the IPNFA-members [4]. The IPNFA defined
the following three groups of techniques:

A) Agonistic techniques; characterized by contractions and
movements in the targeted direction and muscle groups,
which are: 1: Rhythmic Initiation, to provide a learning moment
to the patient for the movement; 2: Replication, to provide a
learning of position as a result of a movement; 3: Combination
of Isotonics, providing learning of the coordination of muscle
contraction, concentrically, statically and eccentrically; 4:
Stretch at the beginning of range of motion (ROM), to learn
the onset of contraction and movement (recruitment); 5:
Stretch through ROM, to learn, to acquire and to train muscle

contractions through the full range of movement [3,5].

B) Antagonistic techniques; characterized by alternating
contractions or co-contractions of the agonists and
antagonists, which are 1: Dynamic Reversals, to learn the
alternation of contraction between agonists and antagonists
to move actively through the ROM in both directions; 2:
Stabilizing Reversals, to learn to alternate contractions
between agonists and antagonists with the aim to maintain
in a position; 3: Rhythmic stabilization, to learn to build a
co-contraction with the agonists and antagonists to hold a
position [3,5].

C) Relax techniques; characterized by a voluntary contraction
and avoluntary relaxation to increase the ROM and flexibility of
muscle(groups), which are 1: Hold Relax, to increase the ROM
of the targeted muscles after a static contraction; 2: Contract
Relax, to increase the ROM and flexibility of the targeted
muscles after a small dynamic contraction [3,5] (Table 2).
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Table 2. PNF techniques (for treatment).

Agom'st|c Objective Antag'onlstlc Objective Relax‘ Objective
techniques techniques techniques
g;rsggggcz + Range of motion +
Rhythmic Initiation | Motor learning Dynamic Reversals . Hold Relax Pain relieve +
Tone regulation/

L Tone regulation
Intermuscular coordination g

coordination

strength + Range of motion +
Replication Motor control Stabilizing Reversals | Stability + Contract relax g ;
L Tone regulation
Intermuscular coordination
Strength +
Combination of Endurance + Rhythmic Stability +
Isotonics Intramuscular stabilization Intermuscular coordination

Stretch at the
beginning of range
of motion

Recruitment

Recruitment +
Strength

Stretch through
range of motion

+ = improve or increase of the forementioned issue.

The PNF-techniques are chosen to address a specific
impairment that disturbs the execution of a functional
activity or task. The choice of technique is depending on the
coordination of muscle activation in functional use, hence an
analysis of the task and the involved muscle coordination is
required [5].

For example, comparing reaching and placing a book on a
shelf versus reaching and pulling a rope to open a sunscreen
reveals that the first ADL-task requires the agonistic muscles to
lift the arm against gravity. Therefore, a concentric contraction
is needed and when lowering the arm, the same agonists need
to work eccentrically because of the weight of the arm and
the lifted item [24]. For the second ADL-task the same agonists
need to lift the arm towards the rope and then when pulling
the rope starts, the antagonists need to work in a concentric
contraction to pull against the weight of the sunscreen and
the friction of the system [24]. Neuromuscular control of
reaching requires the synchronization of muscle activation
at all the moving joints as well as all the muscles involved
in postural stabilization [25]. For these two activities there
is clearly a different inter- and intramuscular coordination
required. This can be addressed with specific PNF-techniques,
the first task with “Combination of Isotonics” the second task
with “Dynamic Reversals” (reversal of antagonist) [3,5,26].

The PNF-Concept in Clinical Context

PNF in relation to motor learning

Voss et al. [26] defined PNF as ‘methods of promoting or

hastening the response of the neuromuscular mechanism
through stimulation of the proprioceptors’ A lasting response
of the neuromuscular mechanism is considered to be a motor
learning effect [9,18], which is the key component of the PNF
philosophy [3,5]. The methods of promoting or hastening
the response are defined within the PNF-concept as the PNF
basic principles and procedures and PNF techniques [3,26].
Therefore, a conscious and deliberate use of the components
from the pillars of the PNF-concept to achieve a motor
learning effect can be the start for clinical decision making,
once objectives for the treatment have been defined. Edwards
et al. [27] stated: “learning of movement and its therapeutic
application with patients through teaching is arguably the
most central role of physiotherapists”.

The results from several studies provide support to various
components from the PNF-concept. Initiation of voluntary
movements seems to be enhanced by the three-dimensional
patterns of movement as defined in the PNF-concept, resulting
in a shorter reaction time for the muscle to be activated and
a more efficient movement of the joints compared to neutral
positions [28]. According to Moreira et al. [29], PNF-pattern
movements generate a greater cortical activity, measured
by the absolute power levels in the beta band in the parietal
cortex, important for the integration of motor information.
Furthermore, in PNF-pattern movements, electrophysiological
changes result in an increase of alpha absolute power in the
dorsolateral prefrontal cortex and superior parietal cortex
[30]. The above-mentioned cortical effects are of interest
for motor learning objectives. Nevertheless, motor learning
effects are depending on real life tasks in real life environment

J Phys Med Rehabil. 2022
Volume 4, Issue 2

43



Smedes E. The Essential Elements of the PNF-concept, an Educational Narrative. ] Phys Med Rehabil. 2022;4(2):37-48.

[8]. Hence, to overcome issues of weakness, tightness and
learned non-use, clients need rehabilitation to be effective in
optimizing neural reorganization and functional recovery. To
promote and achieve motor learning a challenging, engaging
and meaningful task training needs to be emphasized [31-33].
Modern PNF has integrated these functional task-oriented
environment situations [3,5]. With the task-oriented use of
muscle pattern activation, the patient is guided to shift the
focus of attention from internal (body oriented) to an external
focus (directly related to the aim of the exercise). As muscle
strength, motor control and skill increase, the learner’s focus
of attention can shift more to external focus [34,35].

These motor learning effects are substantiated in several
case reports and single case studies [36-41].

PNF in musculoskeletal rehabilitation

Effects from PNF on muscle strength, muscle size and
muscle performance have been described; Kofotolis et al. [42]
demonstrated an increase in muscle size after applying PNF
resistance exercises. Gabriel et al. [43] explained the effects
of resistive exercises and concluded that motor learning
theory should be incorporated into strength-training practice.
Furthermore, advise is given to use submaximal eccentric
contractions when there are issues of muscle pain, detraining
or limb immobilisation, and the use of DR techniques within
PNF-pattern is advocated since this would be useful to increase
the rate of muscletension development in older adults, for
example important in preventing falls [43]. The benefits from
the above-mentioned effects on muscle function and strength
have been explored in specific contexts such as of patients with
(chronic) low back pain (CLBP). Areeudomwong and Buttagat
[44] demonstrated the effects from PNF based stabilization
training in CLBP patients. Similar effects on pain and disability
have been reported in CLBP patients after treatment with a
specified PNF-based exercise program with explicit use of PNF
techniques and facilitation principles [45,46]. Furthermore,
three recent reviews have established the benefits from the
PNF-Concept in the management of patients suffering from
CLBP [47-49].

When analyzing mobilization techniques from manual
therapy with those from PNF, it appears that the reasoning
from skeletal arthrokinematics results in a similar exercise
when reasoning from muscle activation [50,51]. For example,
the lumbar mobilization starting in a side-lying position
for “opening” the intervertebral foramen requires a side
bending to one side and a contralateral rotation [52,53].
In the same starting position utilizing the scapula pattern
“posterior elevation” together with the pelvis pattern “anterior
depression’, the muscle activation from the client will result
in a similar position of side bending to one side together
with a contralateral rotation, and therefore actively opening
the intervertebral foramen [50,51]. The later performance

benefits from cortical involvement induced by the provided
facilitations from resistance and irradiation [28,54]. This is
consistent with the findings from de Zoete et al. [55] who
concluded in their meta-analysis that spinal manipulations are
similar effective as mobilizations and exercise therapy for CLBP,
they recommend to combine these intervention techniques in
a broader treatment package. Furthermore, PNF rehabilitation
has shown to be effective when applied to various complaints
in the spine, upper- and lower extremities. For example, Tedla
and Sangadala [56] concluded in their meta-analysis, PNF to be
superior to conventional physiotherapy for the treatment of
adhesive capsulitis. Successful application of the PNF-concept
was reported in adjusting the angle of the spine in scoliosis
[57], and the treatment of non-specific neck complaints [58].
Also, the successful specific use of the PNF-concept has been
described in a case of a total hip replacement while having
complex pelvic malformations [41].

PNF in neurological rehabilitation

Functional task training as required in neurorehabilitation,
is an integrated approach in the modern PNF-concept [3]. A
detailed PNF approach has been proposed as an alternative
to constraint induced movement therapy in case a patient is
not responsive to this type of forced use to overcome their
“learned non-use” behavior [38]. Nevertheless, there is still
a lack of research on the effectiveness of the PNF-concept
on hand function and dexterity. On the other hand, there is
a substantial amount of research demonstrating positive
outcomes on balance and gait in patients suffering from a
stroke, upon a PNF based treatment. Gunning and Uszinsky
[59] concluded in their systematic review that PNF is an
effective treatment on gait parameters for patients after stroke.
Specifically, effects on gait velocity, cadence and the outcomes
on the Wisconsin Gait Scale are substantial and better then in
weight supported treadmill training among stroke survivors
[60]. Several studies indicate that gait effects can be achieved
in patients after stroke by using the PNF pelvis patterns in
various starting positions, such as side lying, sitting, stance
and during actual gait [61-63]. Furthermore, PNF-based gait
training has been shown effective in neurological conditions,
such as in Huntington’s and Parkinson’s disease [64,65]. In
Parkinson’s disease effects on spatiotemporal gait parameters,
such as stride length and gait speed have been established
[66].

PNF and vital functions

Pereira [67] concluded that PNF techniques can be safely
applied, also to patients with limited cardiac function.
Furthermore, beneficial effects on respiratory capacity after
bypass surgery has been substantiated [68]. The PNF-concept
is able to provide an increase in general fitness and minimizing
fatigue in the condition of advanced cancer, as a result from its
active comprehensive approach [69].

J Phys Med Rehabil. 2022
Volume 4, Issue 2

44



Smedes E. The Essential Elements of the PNF-concept, an Educational Narrative. ] Phys Med Rehabil. 2022;4(2):37-48.

PNF in gait rehabilitation

Gait parameter, as an expression of activities and
participation, is often an objective in rehabilitation common
in musculoskeletal, neurological, and vital disease conditions.
PNF-based gait training makes use of detailed patterns of
muscle activation, since the PNF-patterns mimic functional
movements as they appear in ADL and sports [20]. The leg
pattern Extension/Abduction/Internal rotation with knee
extension (and plantarflexion with eversion in foot and toes)
provides the required forces for gait; meaning from the hip:
extension for propulsion and abduction to ensure frontal
stabilization, and to achieve the push off, an internal rotation in
the hip with knee extension and plantarflexion with eversion
into the big toe is necessary [3,70,71]. When the stance leg is
active as just described, the contra lateral leg needs to be in
swing phase, initiated with stabilization from the lower trunk
[72]. This requires the frontal stabilization from the pelvis by a
couple force provided by the hip abductors from the stance
leg and the contra lateral oblique abdominals. This can be
achieved with the combination of various patterns: stance-
leg pattern in Extension/Abduction/Internal rotation and the
contra-lateral pelvis in Anterior Elevation, while at the same
time the contra-lateral arm is in Extension/Abduction/Internal
rotation together with a scapula Posterior Depression [41].

Besides the use of PNF to improve gait in neurorehabilitation
as described in the section “neurological rehabilitation”, PNF
can be integrated in the treatment for various musculoskeletal
conditions. The application of a specified PNF-program in
amputation patients illustrated musculoskeletal effects
besides motor learning effects [73-75]. Furthermore, PNF-
based gait training has been shown effective after total knee
arthroplasty [76]. The total comprehensive approach with
a rational from biomechanical forces and integrated task
oriented motor learning has been illustrated in a specific
case of total hip arthroplasty while having several pelvic
malformations [41].

Conclusion

In conclusion one can state that the PNF-concept allows to
provide a physical therapy and / or rehabilitation intervention
within the ICF categories. The PNF-basic principles and
procedures (for facilitation) and the PNF-techniques address
impairments from body structures and body functions as well
as limited activities. Therapeutic objectives in both mentioned
categories within the personal and environmental context
can attribute to achieve a higher level of social participation.
In short the PNF-concept enhances patients abilities from
facilitation to participation.
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