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Three Elements in Treatment

Alighment

Soft tissue

Function

Disclosing the ‘Neuromuscular
Control and Reset (NCR)’

* All organs can functions optimally in neutral
position (Douglas, 2004).

» Wrong position of the joint occurs chemical
disparity and mechanical problem subsequently
(Lewit and Janda, 1987).
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Disclosing the ‘Neuromuscular
Control and Reset (NCR)’

» Abnormal position of the joint is more likely to
produce decreased stability of the joints and
movement impairments, thereby producing joint

» Misalignment of joint causes additional effects to
joints in other parts and muscles around the joint,
and consequently alters the recognition of

movements and postural faulty (Kisner and
Colby, 2010).

‘Neuromuscular Control and
Reset (NCR)’

» Integrated approach reflecting current trend
 Critical component of any evaluation and
treatment

Movements
of joint . R
] Joint's Facilitation of
~ stabilization '~ neuromuscular system
Muscular

function @

Recovery of neuromuscular
control and integration
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Neutral Position of Joints

« The position of a joint where the bones that
make up the joint are placed in the optimal
position for maximal movement (Segen, 2002).

« Good joint alignment, suggesting parallel
position of joints’ surfaces

» Less resistance and stress on joints during
movement

» Optimal function and activity

Neutral Position of Scapula

* Glenoid fossa orients

approximately 5° tilt

upward in sagittal

* Superior angle of scapula: T2
» Root of scapular spine: T3

« Inferior angle of scapula: T7

Scapular plane
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Neutral Position of Wrist Joint

Neutral Posture Awkward Postures
View#1
(minimal radial/ulnar deviation) Radial Deviation Ulnar Deviation
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View#2
(minimal flexion/extension) Flexion Extension
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Neutral Position of Ankle Joint

PRONATED NORMAL  SUPINATED
(right foot) (right foot) (right foot)




Neutral Position of Pelvis

A Neutral B  Anterior C  Posterior
position pelvic tilt pelvic tilt

Influence of pelvic inclination on
sit to stand task in stroke patients

Darwish et al., Egypt J Neurol Psychiatr Neurosurg. 2019;55:89

« Abnormal pelvic alignment and movements affect the
functional performance of stroke patients during sitting
and sit to stand task.

Table 4 Mean values of time of five repetitions sit to stand test in three groups

Variable Gla Gll P value Glb Gli P value

(mean + SD) (mean + SD) (mean + SD)

Time of 5xSTS test (Seconds) 19.77 £599 9.00 £ 0.94 0.0001* 900 £ 094 0.0001*

5x5TS five repetitions sit to stand, SD Standard deviation, P probability, Significant P* < 0.05, ° Degree

Table 3 Mean values of anterior pelvic tilt angles during initiation and mid of sit to stand task between two tested sides of three
groups

Variables Pelvic tilt angle during initiation of STS (9 Pelvic tilt angle during mid of STS (%)
Right Left P value Right Left P value
11.13 £ 485 - 787 £3.11 0037* 787 £415 1073 £ 345 0.049*
- 920 £ 571 - 1120 £4.72 0305 11.00 £ 434 760 £534 0.066
Gll {(mean x SD) ~-753£456 - 687 £ 496 0.705 1413 £ 39 1380 £ 372 0814

STS Sit to stand, SD Standard deviation, P probability, Significant P* < 0.05, * Degree
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Neutral Position of Knee Joint
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Malalignment of trunk and
pelvis after strok

KZakaria et al., Egypt J Neurol Psychiat Neurosurg. 2010;47(4):599-604

» There was a significant
correlation between the
degree of spasticity and both
lateral trunk deviation and
lateral pelvis tilting as well as
between duration of illness
and abnormal trunk
movements.
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Muscular Compensation
in Ligament Deficiency

Kim et al., PLoS One. 2016;11(1):e0146234
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Fig 4. Forest plot demonstrating slight reductions in hamstring-to-quadriceps ratio in ACL deficient

compared with uninjured limbs.

Musclar Function

Joint stability:

Integrity of a joint when it is placed under a functional

load

Optimal length—tension relationship:
v’ Effect of muscle length and the amount of tension

(force) produced

v" Muscles that are too long or too short can produce
adverse stress on the joints
v Position where the muscle can generate the most
tension with the least effort.
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Physical Effects of Stroke

e N (7 N p
Muscle .
Fatigue Foot drop
weakness
2ANE J J
- N N ([ N
Pain Spasticity Contractures

- RN AN J
- ™

Changes at . 3

ti Feeling less sensitive to touch and

sensation temperature

. J Feeling more sensitive to stimuli

Feeling unaware of the position and
movement of your limbs

Reflex and Muscle Adaptation
to Hypertonia

O'Dwyer et al., Brain. 1996;119: 1737-1749

Reflex

" | hyperexcitability N

CNS lesion
\

Hypertonia
7

Altered muscle
function

—

Altered
mechanical
properties

* Reduced activity due

to paresis

» Loss of sarcomrere

» modelling of connective tissue
» Altered periarticular connective

tissue
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Five Factors to Increase
Muscle Tone

Limbic dysfunction

Impaired function at the

. segmental (interneuronal) level .

Impaired coordination of
muscle contraction

Response to pain irritation

Overuse

Janda, Man Med 1991;6:136-139

» Muscle hypertonicity due to dysfunction of the

limbic system

* Muscle tension from emotional stress

* An altered balance between physiologically

agonistic and antagonistic muscles
Muscle tension asymmetry in joint dysfunction

» Impaired coordination of muscle contraction
« Trigger points (TrPs)

+ Adefense reaction meant to immobilize an

injured part of the body

» Splinting spasm from viscera and flexor or

nociceptive reflexes

* Muscle tightness, involved in “muscle

imbalance” syndromes

» Active muscle fibers are replaced by non-

contractile tissue.

Muscle Balance

* Muscle balance is essential for optimal
recruitment of force-couples to maintain

precise joint motion and ultimately decrease
excessive stress placed on the body
(Comerford and Mottram, 2001; Janda, 1996;

Sahrmann, 2002).

« Muscle balance establishes normal length-
tension relationships, which ensure proper
length and strength of each muscle around a

joint.

2021-10-30

11



Causes of Muscle Imbalance
after Stroke

» Spasticity and pathological synergy
* One-sided movement after stroke

» Keeping a posture for long periods

» Adaptive posture and poor posture

« Lack of physical activities

« Congenital of acquired deformity

Muscle Imbalance

Inhibited and
weakened

Overactivated,
shortened, and
tightened |

Muscle balance

Muscle imbalance

2021-10-30
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Muscle Imbalance

Muscle imbalance can result in
the stabilizing muscles being
less efficient to stabilize joints
as they are pulled out of optimal
alignment (Janda, 1993).

Structural

It seems that certain muscles
are prone to shortening

alalignment

Adaptation
(tightness), whereas other
muscles are susceptible to
lengthening and weakness ysfunctio

(inhibition) (Janda, 1983).

Compensatory Muscle
Imbalance

Altered length-tension n s

92X Scapula

Inhibited

relationships Foors V|
Altered force production LA
Synergistic dominance

Altered reciprocal inhibition \
relationships /

Tight Upper
Trapezius

%/ Inhibited

Pector
‘- =

Rhomboids
& Serratus
Anterior

Arthrokinetic dysfunction

Decreased neuromuscular
control

2021-10-30
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Muscle Imbalance and
Movement Impairment

QEY 5 S AMADTSTYELS|X|. 2017:7(2):26-43

Musculoskeletal disorders Neurophysiological disorders

Change of proprioceptive input
» Abnormal perception of joint
motion and position
' A

v

Malalignment of the joint

a

\ 4
a
A 4

Muscle imbalance

1;
A 4 A 4
Physiological change
Change of movement patterns +  Pain and inflammation
» Fatigue and stress
A 4

Adaptive muscular change and
movement impairment

Three Systems of Chain Reaction

Articular chain J

* Postural chains:
v" Structural postural chains v Functional postural chains

Pelvic Tilt
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Three Systems of Chain Reaction

Articular chain J

» Kinetic chains “‘”"

the CRICK in
your neck

the ACHE in
your back

th SN FFNESS

m DISCGMPORT

fi Cervical Spine

e, (Stability)

| Thoracic Spine
[ T (mobility)

. % g ( Lumbar Spine
% (stability)
p T e

(mobility)

Articular chain J

* Movements always
occur toward less *
resistance of tissue in s -
the joint, and it's adapted @ TI s
by sustained use. e

\:’ Immobile t-spine = Weak Link l:’

: ¥

) :aﬁ‘ « Injury generates in the

& weakest part of body
ol during movements.
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Three Systems of Chain Reaction

Muscular chain \

* Synergists chains:
v Synergists work together for isolate joint motion.
v Force coupling (Parsons et al., 2002)

Muscular chain J

* Muscle slings:
v" Providing movement

and stabilization 8
across multiple joints G5 et
v’ Extremity flexor and \< &1
extensor slings (/ \ b4

v" Trunk muscle slings (M %Qp
| 'y

2021-10-30
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Three Systems of Chain Reaction

Muscular chain J

» Myofascial chains:
v" Abdominal fascia
v" Thoracolumbar fascia

Three Systems of Chain Reaction

Neurological chain J

* Protective reflexives
» Sensorimotor chains
v' Feedback and feedforward mechanisms
v Groups of muscles are linked together
neurologically for function.

2021-10-30
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Three Systems of Chain Reaction

Neurological chain

* Neurodevelopmental locomotor patterns
v Reciprocal locomotion and coactivation patterns

Proprioception and Motor
Control

Bjorklund, Umea University, 2004
Proprioceptive information
(muscle spindle)

* Feedback control of movements
* Recalibration of internal models
used for fine tuning motor

commands
wV
Precise motor control
\
e v’ fMMotor learning

(Ghez and Sainburg 1995; Sainburg et al. 1999; Lackner and DiZio 2000)

18



Impaired Proprioception and
Its Role in Dysfunction

Malalignment
of spinal joints

Muscle imbalance
in trunk

Distortion in sensory-
motor processing

Since soft tissues also are richly
innervated with mechanoreceptors,
some soft tissue techniques may also
be useful in normalizing
proprioception (Clark, 2015).

One way of restoring joint motion is
manipulation/mobilization, which is
suitable since it can have an
immediate and significantly beneficial
effect on proprioceptive feedback
(Clark, 2015) and result in plastic
changes from sensorimotor
integration (Haavik, 2012).

Effects on Impaired
Proprioception

Page et al., Assessment of Treatment of Muscle Imbalance, 2004

A lack of proprioception delays the protective muscular

responses of reflexive joint stabilization.

* Insufficient afferent information affects CNS processing.

Local effects

+ Selective atrophy of Type Il
muscle fibers probably results
from instability rather than pain
(Edstrom, 1970)

« Joint damage decreases the
excitability of the alpha motor
neuron (Hurley, 1997).

+ Changes in local muscle firing
patterns

Global effects

Compensatory changes in the
feed-forward control of the motor
program

Copers: Increased cocontraction
of agonist and antagonist to
reinforce joint stability
Noncopers: Changes in the
biomechanics around the joint

2021-10-30
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What is proper body posture?

* Proper Body Posture or Alignment is a
balanced position in which the body's
load-bearing joints are aligned.

» It occurs when all the muscles are in well
balanced position - front to back, side to side,
top to bottom.

« Stress to the joints, muscles, vertebrae, and
tissue is minimized.

« Maximal biomechanical efficiency

Factors Maintaining Posture

Inert structures Dynamic structures
supporting the body maintaining the body
posture posture

* Ligaments * Muscles

* Fascia + Tendinous attachments
» Bones

+ Joints

|5

2021-10-30
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Effects of Poor Posture

A non-neutral spine leads

to ‘improper posture’, which Causes of poor

posture

increases stress on spine
and causes pain, , r

. * Anatomical deformities
discomfort and damage. . Positional Causes

v Poor postural habit

|* v Psychological factors,

. especially depression,
loss of self-esteem ...

v General muscle
weakness

v' Loss of the ability to
perceive the position
of your body

v Loss of flexibility

- Spasticity and synergy |

How do alterations in static
posture occur?

« Habitual movement patterns
v Poor postural habits in daily basis and
chronic overloads
v Frequently the body does not readjust itself
to neutral positioning and continues to
move in this imbalanced position, even
when not loaded.

2021-10-30
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Contributions to Postural Change

+ Altered movement
patterns from
repetitive movement

(Leahy, 1995; Guyer and
Ellers, 1990; Hammer, 1999)

Contributions to Postural Change

 Altered movement patterns from injury

v Acute injury may result in chronic muscle
imbalances.

v' Compensation to perform functional activities

* Altered movement ‘
patterns from surgery H

+ Altered movement patterns from
incompletely rehabilitated injuries

2021-10-30
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Chronic Postural Deformity Cycle

Impaired movement
and posture

motor integration
(proprioception)

;

Faulty motor
program and motor

Altered sensory-

Altered mechanical
responses in
muscle and joint

\

Misalignment of
spinal segments

/

Muscle imbalance
(tightness and

learning . weakness)

Abnormal Posture after Stroke

Depressed and protracted

Arm adducted
and internally
rotated

Elbow flexed and —

forearm
pronated

Wrist and finger
flexion (clenched
fist with thumb-in-
palm deformity)

Subluxation of
shoulder joint

2021-10-30
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Abnormal Posture after Stroke

 Circumduction gait:

A C ,

0 v" Hip hiking at the swing of

‘ 4 affected leg

a v" Hypertonia of knee extensor
and plantar flexor of ankle a

¢ d plantar flexor of ankle at

l‘. swing

a ) v" Back knee at stance

‘Neuromuscular Control and
Reset (NCR)’

QEHY S SRAMADTINELES|X|. 2017:7(2):26-43

* Aims:
v" To define the original sources of the symptoms
v To provide structured procedure for clinical
practice
v To allow for the advanced treatment and
applied clinical research to manage the
symptoms using precise techniques Q@

°@

2021-10-30
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Model to Explain Dysfunction
in the NCR

-
« Increase of muscle tension
+ Changes in movement

Impairments of motor

control
F l 1
N ' I N .
Displacement of Changes in joint Changes in muscular | * Changes in
joints A ) length-tension
« Restriction of mechanic ) L mechanic relationship and

joint movement L

1 " force couple
g h * Muscle imbalance

Changes in sensory-
motor integration
|
Decrease in
neuromuscular control
|
Postural and movement
impairments
|

Dysfunction

Reset of Brain Engram on
Posture and Movement

Active
participation

Precise
application

Repeated
performance

Brain
engram

Intensive
practice

Awareness on correct
posture and movement

2021-10-30
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Basic Premise of the NCR
Concept

» Body function can be most effectively performed
by the integrative control of neuromuscular
system normalizing joint motions and muscle
activities.

Main Ideas of the NCR Concept

24

o
on
rot

teAME 2SI &S|, 2017;7(2):26-43
» Treatment should accept two main ideas:

(1) Recovery of normal movement requires
comprehensive process to reset neuromuscular
control by correcting joint position and
encouraging appropriate muscle activity.

(2) Optimal motor control can be achieved during
functional activities, considering movement
interacted with environment.

2021-10-30
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Eight Principles of the NCR
Concept

TMSOI = °+=‘%M7é_==r{H%§ 3|X|. 2017;7(2):44-68

1. Neuromuscula(r control and mu\scT function in
the neutral p '

2. Influences pf
movement

3. Influences o} ' of the
joint leading to. the |mpa1rment of
joint motion e

4. Exact evaluation and treatment

Eight Principles of the NCR
Concept

AYB| S, B AUYD KL EBIK|. 2017;7(2):44-68
5. Muscle imb,élghé:e resulting in\dl\\stprted sensory-
motor and 'wé s b e functions

bI”ZG the joint

7. Intenswe an iti es based on
active particive ya
\ N // /
8. Performance offunctlonal % (\‘ )
e - .// //,- -
activities. > { ®
|
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Start of Treatment

LYY 5, st MEd2 SN ESt B X]. 2017;7(2):26-43

Application of the NCR concept

A

Correction of joint
alignment

Improvement of joint

stability J

» End-range mobilization .

(Lungdberg et al, 1978)
+ Oscillatory technique (Maitland, 1980)
» Use of lateral shift (Mckenzie, 1981)

* Mobilization with movement
(Mulligan, 1995)

Stabilization exercise
(Hides, 2001)

Application of the NCR Techniques

Passive stability
[ ]

Muscular function
JL
Ve
Active stability
JL
Functional activities

Correction of joint malalignment
Alleviation of compression or
shear

Recovery of muscle imbalance
Active stretching and
strengthening

Strengthening of joint stabilizers
Maintaining the neutral position
of a joint

Facilitation of neuromuscular
control

Coordination and balance
trainings

2021-10-30
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A WO NN -

4R Rules in the NCR

Reset of joint

malalignment
(Sluka et al, 2006)

Reset of muscle

imbalance
(Shiple & DiNubile, 1997)

Reset of impaired joint
stability
(Hides et al, 2008)

Reset of impaired
sensory-motor control
(Wemick et al., 1999)

Restoration of joint alignment

Alleviation of compression or shear

Recovery of muscle imbalance

Active stretching and strengthening

Improved active stability

- To reinforce joint stabilizers’ function
- To maintain neutral position of the joint

Functional training

- To facilitate neuromuscular control

during activities

- To improve coordination and balance

function

Ankle Joint Mobilization with
Movement in Chronic Stroke

Alamer et al., Degener Neurol Neuromuscul Dis. 2021:11 51-60

ROM

Balance

Gait
function

« All of these studies

(n= 170 subjects)
proved that ankle
range of motion of
stroke survivors
were significantly
improved in MWMs
groups compared to
control groups

Out of seven studies,
six of them (n=198
subjects) mentioned
that balance ability
of stroke patients
was significantly
enhanced in MWMs
groups relative to the
control groups in all
outcome measures
(BBS, TUG)

« All of the included

trials (n=224
subjects) indicated
that MWMs had a
positive impact on
gait function as
compared to control
groups.

2021-10-30
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Joint Mobilization and Stretching
for Stroke

Cho and Park, J Stroke Cerebrovasc Dis. 2020;29(8):104933

Table 3. Comparison of spatio-temparal gait variables in pre- and post-intervention in three groups (mean + SD).

Classification Pre-intervention Post-Intervention within-group change
Cadence (steps/min) 8268 £1795 84.00 £ 17.08 1.31 £4.53

89.05 + 1687 95.94 + 16.68* 6.89 £+ 11.67

87.75 £ 1642 98.12 £ 20.07* 10.37 £ 10.08*

0.78 4 0.20 0.81+0.18 0.02 £0.06
084 £0.17 0.05 £ 0.08
0.76 £0.22 0.12£0.12°

Speed (m/s)

Stride length (m) 1.11 £0.13 0.00 £+ 0.05
1.10 £0.19 1.16 = 0.20% 0.06 £ 0.09
1.04 +0.24 1.12 + 0.19* 0.08 011

IMG, joint mobilization group: ASG, active stretching group: IMASG, joint mobilization & active streiching group.
Within group: *p < 0.05 when compared with pre intervention values.

Amo
"p < 0.0

sups: “p < 0.05 when compared with the IMG
when compared with the ASG.

Effectiveness of Massage
Therapy in Post-Stroke Survivors

Cabanas-Valdés et al., Int J Environ Res Public Health 2021;18(9):4424

Tuina massage + CP cp Mean Difference Mean Difference
Study or Subgroup Mean _ SD  Total Mean  SD Total Weight IV.Random,95% Cl IV, Random, 85% C1
3.3.1 End treatment upper himd
Wang 2019 a (upper limb) 715 758 135 399 538 121 330%  37B[216,538) =
Yang 2011 (upper limb) 2306 382 0 2098 428 30 287% 2100005415 [
Yang 2017 (upper limb) 698 1504 45 B27 177 45 67% -129}808, 550 ——
Subtotal (95% C1) 210 196 684%  2.75[0.97,453) |

Heterogeneity. Tau®= 091, Chi*= 314, df= 2(P=0.21), "= 36%
Test for overall effect 2= 3.03 (P =0002)

3.3.2 Follow-up 3 months upper kmb

Wang 20193 (upperlimb) 1348 1006 128 TB5 827 113 263%  583[351,815
ang 2017 (upper limb) 1008 1487 33 1084 1834 38 53% -0.75[850,7.00]
Sublotal (95% C1) 161 151 36%  2.62(-247,0.71)
Heterogenelty Tau'= 13.13,Chf= 254, df=1 (P=011),F=61%

Testfor overall effect Z= 117 (P = 0.24)

Total (95% CN) n M7 1000%  325[1.34,5.16] | &
Heterogeneity Tau™= 222, Chi*= 8.84,df= 4 (P=0.07), P= 55% J‘u 4‘0 :J + +
Testfor overall effect Z= 333 (P = 0.0009) B FavoursCP Fa

Test for subqroup differences: Ch#= 007, df=1 (P=0.79), F=0%

Figure 3. Forest plot of comparison Tuina massage plus conventional physiotherapy (CP) versus CP for upper limb motor
function in subacute stage (<3 months) evaluated by Fugl Meyer Assessment.

NYand 2015 ¢ (wsg 0x okr 2 - 1 14% -0230075,017)
Yang 2017 (v imb) 043 403 38 08 31 01% -0 0%, 1.29]
Sublotal (95% 581 540 380% 032([041, 023 *
Hel ey Chi*= =9 (F=08%, F=0%
o overall efect 7= 717 (7 < 000001
1.3.3 End treatmaont lowar kmt
0 2019 (lowor iImo) 09 082 40 “oOTE% -

ang 2047 (lower mb) 114 578 45 ¥ 0%
Sublotal (95% C1) 34 8 7.9%
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Core Exercising for Postural
Control in stroke
Gamble et al., Arch Phys Med Rehabil. 2021;102:762-75

M Pre treatment

M Post treatment

» Core muscle training is

140
- - s similar to conventional
ol o . physical t.he.rapy .

o 843 i program in improving
80 Z upper limb function in
60 hemiparetic patients,
. and has beneficial effect
w0 | _ on improving trunk

balance
0

Group A Group B Shoulder Group A Group B Shoulder

Shoulder abduction Shoulder flexion flexion

abduction
Fig. 4 Mean values of ROM of shoulder abduction and flexion pre- and posttests in both groups

Joint mobilization added to task-
oriented training in chronic stroke

Sabbah et al., Egypt J Neurol Psychiatr Neurosurg. 2020; 56:38

o Pre
- 3331 uPon ' upont
= E 8135
| .
3w § s891 P
= i ®
! £ w
P ® £
5 H
§ 1"
b i
Sty grove Contrel prove
A B
Pee
5 wron

b4 2147

r 1

E 1

1478
% 1208 182
s 10
°
c Shudy group Control groun
Nt in rist extension ROM pre-
ar
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‘Neuromuscular Control and
Rest (NCR)’

» Appropriate treatment based on accurate procedure
of the evaluation

* Influences of the kinetic chain reaction in the body
* Key factors of treatment:
- To identify the exact origin of physical problems
- To restore neutral position of the joint

- To recover normal pattern of movement (Sahrmann,
2002)

‘Neuromuscular Control and
Rest (NCR)’

The NCR concept focuses on the
alteration of brain engram from
movement impairments by getting better
neuromuscular control in various activities,
facilitating normal function !!!
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‘Neuromuscular Control and
Rest (NCR)’

Beyond current views ...

Top-down
Approach

Bottom-up
Approach
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