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a b s t r a c t

The purpose of this manuscript is to provide a current concept review for the rehabilitative management
of knee osteoarthritis (KOA) following regenerative medicine intervention. A proposed comprehensive
regenerative rehabilitative program has been created, based on a literature review of the current best
practices of rehabilitative methods and non-operative management in KOA patients with an emphasis on
the goals of regenerative medicine: to optimize self-healing and functional tissue recovery. Regenerative
medicine promotes regeneration and joint restoration by using blood-based procedures such as platelet
rich plasma, stem cell and cell-based or tissue engineering. Regenerative medicine procedures are var-
iable and lack of standardization in product preparation, administration, and different treatment pro-
tocols. The lack of standardization imposes challenges in regenerative rehabilitation. Over the last
decade, there is growing evidence in regenerative medicine and its uses in non-operative management of
various pathologies. Advances in regenerative medicine technologies brings radical innovations to
establish new and effective rehabilitation protocols promoting restoration of function through tissue
regeneration and repair optimizing the standard of care, specifically in rehabilitation when combined
with regenerative protocols for patients with KOA is the most common degenerative disease in the knee
and can affect any synovial joint in the body. It is a leading cause of disability affecting the quality of lives
of millions of people world-wide. Conventional methods of mild to moderate KOA are focused on short-
term symptomatic relief and do not promote joint homeostasis or regeneration of injured tissue.
Regenerative medicine emphasizes a paradigm shift in patient-centered care promoting regeneration
and joint restoration by using blood-based procedures such as platelet rich plasma, stem cell and cell-
based or tissue engineering. The purpose of this current concept review is to outline a comprehensive
post-regenerative rehabilitative program in the management of KOA based on the best available evi-
dence. Our proposed regenerative rehabilitation program is intended to align the goals of regenerative
medicine with the current, high-level evidence of non-operative management for KOA, to optimize self-
healing and functional tissue recovery.

© 2018
1. Introduction

Osteoarthritis (OA) is a common degenerative disorder affecting
joint cartilage, underlying bone and is characterized by chronic
structural and functional degeneration of synovial joint.1
ay).
Additionally, OA has a chronic cycle of aberrant attempts to repair
joints involved leading to inflammation and tissue degradation.2

OA is the most common joint disorder in the United States. It ac-
counts for 80% of the global burden of diseases3 and affects 10% of
men and 16% of women aged 60 years and older.4 The knee joint is
the most commonly affected joint and has increasing prevalence
with age and weight.3,5 In recent decades, a rise in BodyMass Index
(BMI) has become an epidemic in the United States and is a well-
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known risk factor for KOA.3 This is possibly due to the effects of
joint overloading6 and adiposity-induced inflammation.7 More
recently, OA has been defined as a multifactorial, complex disorder,
which includes genetics, aging, obesity, biomechanics, joint laxity
andmalalignment.1,6 Studies show that excessivemechanical stress
can alter the homeostatic balance by directly causing damage to the
chondrocyte extracellular matrix, causing a shift in the balance
between catabolic and anabolic activity, favoring catabolic activity.6

During the early stages of OA there is an initial increase in
inflammation, which triggers the body's natural immune system to
recognize the presence of damaged cells and irritants. This results
in an influx of inflammatory mediators, matrix-degrading pro-
teinases and stress-response factors in the cartilage.8 During the
body's attempt to repair, it has been shown that phenotypic mod-
ulation of chondrocytes occurs with abnormal matrix molecules
being produced and altered cell behavior.8 This aberrant attempt to
repair the affect joint results in a homeostatic imbalance leading to
further progression of the disease.2

Regenerative medicine, with the use of orthobiologics, is a
rapidly growing field and one that is fairly new, specifically in
rehabilitative settings. Orthobiologic intervention is a treatment
option that is new to many rehabilitative clinicians and in order to
achieve optimal outcomes the clinician must understand its
involvement in the rehabilitation continuum.

The management of OA using various rehabilitative methods is
fundamental for effective symptom relief, including pain manage-
ment, improvement of functional limitations and quality of life. The
future of regenerative rehabilitation offers unparalleled prospects
in supporting the repair of degenerated, diseased, or damaged
tissues. The ultimate goal of regenerative medicine is to effectively
support the body's natural healing system. Regenerative rehabili-
tation interventions involve treating all structures that surround
the affected joint to achieve pain relief and prevention from further
deterioration. Research shows that non-pharmacological treat-
ments have demonstrated only modest clinical benefits and mini-
mal positive outcomes of early surgical intervention.2,9,10

This current concepts review will examine the field of regen-
erative medicine as it applies to patients with KOA and outline a
comprehensive, post-regenerative, rehabilitative program based on
the best available evidence.

The purpose of this manuscript is to provide a current concept
review for the rehabilitative management of knee KOA following
regenerative medicine intervention. A proposed comprehensive
regenerative rehabilitative program has been created, based on a
literature review of the current best practices of rehabilitative
methods and non-operative management in KOA patients with an
emphasis on the goals of regenerative medicine: to optimize self-
healing and functional tissue recovery.

2. Methodology

A literature search was performed in databases PubMed
(January 1,1970eJune 30, 2018) and SPORTDiscus (through June 30,
2018) to identify the rehabilitation in KOA and their levels of evi-
dence to ensure inclusion of pertinent data. Reviews and case
studies were excluded, except for the purpose of background in-
formation on OA, regenerative rehabilitation and regenerative
medicine (Fig. 1). Additionally non-English language articles and
those not matching our inclusion criteria were excluded from the
study (Table 1).

Keywords used included knee osteoarthritis, non-operative,
management, non-surgical, rehabilitation, blood flow restriction
or therapy, strength, quadriceps, proprioception, sensorimotor,
laser, shockwave, transcutaneous electric neuromuscular stimula-
tion, regenerative medicine, regenerative rehabilitation, kinesio
taping, acupuncture, flexibility, joint loading, soft-tissue therapy,
brace, flexibility and weight loss. The articles were then reviewed
for additional references and originality. Primarily, the methodol-
ogy and results were extracted from each pertinent scientific
article. Inclusion criteria are outlined (Table 1).

Literature search revealed 5802 studies involving rehabilitation
of KOA (Fig. 1). These revealed studies were subjected to screening
based on preferred reporting items for systematic review andmeta-
analysis.11

3. Regenerative rehabilitation for managing OA

3.1. Exercise, strengthening and weight management

Moderate physical exercise is associated with a decreased risk of
severe KOA, suggesting that exercise has a protective effect against
cartilage degradation.6 An exercise program that combines endur-
ance work and strength in arthritic patients has been shown to
increase functional capacity and reduce pain.9,12 Patients with KOA
often present with quadriceps weakness, atrophy and strength
training is associated with increasing cross-sectional area of muscle
fibers and increased strength.9,13 Other benefits include improve-
ment in bone mineral density, decreased risk of falling, increased
walking speed, better balance, and increased stair-climbing ability.

Although physical exercise has been shown to be beneficial,
increasedmechanical loading may have adverse effects on the knee
joint caused bywear and tear.14 Implementation of exercises should
involve gradual loading, specificity and must be attainable.9 Longer
training durations at increased loads have been shown to increase
muscular strength overtime. Other benefits include improvement
in bonemineral density, decreased risk of falling, increasedwalking
speed, better balance, and increased stair-climbing ability. Exces-
sive mechanical stress can directly damage the cartilage extracel-
lular matrix and shift the balance in chondrocytes to favor catabolic
activity.6 A change of�1% in body weight has been shown to have a
significant association with slower loss of tibial cartilage volume
and improvement in symptoms, suggesting ameaningful impact on
cartilage health.15 The triad of education, exercise is the first-line
treatment to reduce pain and improve function in individuals
with KOA.6

Although the effectiveness of strength training in patients with
KOA is widely recognized, the exact pathway by which muscle
strengthening results in reduced pain and activity limitations, is
still unclear.16e19 Various mechanisms have been suggested,
including neuromuscular control changes, peri-articular, intra-
articular and psychosocial mechanisms or via general health. Ex-
ercise therapy typically focuses on training muscles intrinsic to the
knee, but recent research has shown strengthening to hip and
pelvis musculature can produce positive results in this popula-
tion.12 As physiologic mechanical stimulation of the articular
cartilage generates biochemical signals which increase the anabolic
activity of chondrocytes.6 We can suggest that exercise therapy
following interventional regenerative medicine is indicated based
on the best available data in the management of KOA. Its inclusion
in combination with a regenerative medicine/rehabilitation proto-
col is strongly recommended. This recommendation can be found
in Table 1.

3.2. Stability, proprioception and neuromuscular training

The majority (>60%) of patients with KOA report knee insta-
bility, which is associated with pain and activity limitations.16 The
knee joint is stabilized by a combination of static and dynamic
stabilizers.16 The deterioration of strength and proprioception seen
in KOA patients may result in impaired balance and therefore



Fig. 1. Systematic literature qualitative analysis.

Table 1
Eligibility criteria for literature search analysis.

Criteria Inclusion Criteria Exclusion Criteria

Level of
evidence

Level I-II studies assess for various rehabilitation interventions for KOA. Level III-V evidence.

Subjects Human subject aged �18 with primary or secondary confirmed KOA
in one or both knees.

Pilot studies (n < 20 human participants), animal, cadaver studies.

Study
design

Randomized controlled trials, systematic review of level-I randomized controlled
trials, prospective cohort study poor-quality randomized controlled trials,
systematic review such as level-II studies, nonhomogeneous and level-I studies.

Case-control, retrospective cohort studies, systematic reviews of Level-III
studies, case series, ideas, opinions and expert opinions (level III-IV
evidence).

Study
outcome

Studies assess the management and treatment for KOA. Non-clinical studies
Studies on other joints (e.g. Hip)
Studies unrelated to knees (injection-based therapies, pharmacology
interventions)

Study
language

Articles in English only. Articles in languages other than English.
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neuromuscular training is needed.20 Although there is conclusive
evidence that exercise improves physical function in subjects with
KOA, the relationship between long-term exercise and stability in
older adults remains inconclusive.20

Knoop et al. found that initial knee stabilization training may
have added value over standard exercises (i.e. strength/functional
training) in patients with strong muscles, but not in those with
weak muscles.16 Patient with muscle weakness around the knee
and instability, should focus on muscle strengthening, whereas in
patients with knee instability and strong muscles, initial knee sta-
bilization training can be beneficial.16 Maggo et al. demonstrated
that the combination of lower extremity strengthening and pro-
prioceptive training combined was superior when compared to
strengthening alone in patients with KOA.21 As with strength
training, the physiologic mechanical stimulation of the articular
cartilage generates biochemical signals which increase the anabolic
activity of chondrocytes.6

A combination of strength, stability, proprioception and
neuromuscular training is recommended in post regenerative
medicine/rehabilitation intervention due to its’ role in chondrocyte
stimulation and role in improving function of patients with KOA.
Refer to Table 2 for specific training protocols.

3.3. Manual therapy

Manual therapy (MT) involves skilled, hands-on techniques that
are diagnostic and interventional. Using MT, a clinician can treat
soft tissue and joint dysfunction, increase ROM, modulate pain,
decrease inflammation, alter muscle tone, and increase circulation
that ultimately improves function and movement.22

Deyle et al. found that patients with KOAwhowere treated with
MT and exercise experienced clinically and statistically significant,
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lasting improvements in self-perceptions of pain, stiffness, and
functional ability when compared to a control group.22 According
to Deyle et al., patients frequently reported 20%e40% relief of
symptoms after only two to three clinical treatments of MT and
exercise.22

MT in the treatment of KOA shows significant improvements
with respects to pain, stiffness and functional ability.22 The mech-
anisms of MT are to improve tissue repair, stability and functions
and its inclusion in a regenerative medicine/rehabilitation protocol
for KOA is suggested. Refer to Table 2 for specific recommendations.

3.4. Blood flow restriction therapy

Blood Flow Restriction training (BFR) is a rapidly growing
intervention for patients suffering from muscle atrophy, weakness,
neuromuscular control deficits, pain, and traumatic injuries where
sufficient loads required for muscle strengthening and hypertrophy
Table 2
Rehabilitation protocols for KOA after regenerative medicine intervention(s).

Immediately post intervention
(day 0e3)

Day 3e14 post treatment

Goals Protect area treated and pain
control when required
Range of motion (ROM) to
tolerance
Promote healing
Patient education about KOA and
weight management
Improve joint mobility

Increase local circulation
Increase tissue tolerance through
exercise or rehab
Improve muscular strength and
endurance
Progress to full ROM.
Avoid deconditioning
Ongoing patient education weight
management as needed
Precautions: deep squatting, twistin
kneeling, closed chain deep knee fle
activities

Precautions No activity that causes pain Weight bearing and exercise as tole
Suggested

therapeutic
exercise(s)
or modality

Passive joint and soft tissue
mobilizations techniques
Gentle active ROM exercises
Address swelling (manual
lymphatic drainage)
Isometrics above and below
treated area
If joint ROM is restricted due to
pain, taping and/or bracing may
be warranted
Electro modalities: LLLT (total
dose equal to or greater than
27J); TENS//IFC as required for
pain management
Acupuncture to surrounding
periarticular structures

Passive joint and soft tissue
mobilizations techniques
Graded load progression with active
ROM exercises
Gradually increase intensity of
isometrics above and below treated
(core/hip/knee strengthening)
Electro Modalities: LLLT (total dose
equal to or greater than 27J); TENS/
as required for pain management
Acupuncture to surrounding
periarticular structures
WBV therapy (frequency of 35e40 H
vibration 60 s, interval rest 60 s) in
combination with squat
Water exercise- Whole body
movements, with warm up, stretchi
flexibility component and cool dow
Weight-assisted treadmill

Cardiovascular
Exercises

None Cycling, Swimming, walking- low im
week

Progression
Criteria

Pain and swelling are controlled
ROM is maintained

Pain and swelling are controlled
ROM is maintained
Gait is normalized

C If increased pain return to previous step until pain is controlled and full return to fun
C Abbreviations: knee osteoarthritis, KOA; range of motion, ROM; pro re nata, PRN (as
stimulation, TENS; interferential current, IFC; whole body vibration, WBV; blood flow re
cannot be tolerated.23 The clinician applies a tourniquet to the
extremity of the patient and partially restricts blood flow as the
patient undergoes mobilization, or exercise.23 To date this tech-
nique has been shown to be a safe and effective mechanism for
patients, including those with the comorbidities associated with
KOA.23

Ferraz et al. concluded that BFR and high interval-resistance
training were similarly effective in increasing muscle strength,
quadriceps muscle mass and functionality in KOA patients.24

Additionally, BFR was also able to improve pain while inducing
less joint stress, emerging as a feasible and effective therapeutic
adjunct in OA management.24

Research supports the use of BFR to increase muscle hypertro-
phy, increase strength, improve serum growth hormone, muscle
endurance, increase peripheral stem cell count and increase protein
synthesis with using less than recommended weight training in-
tensities for those gains.23 For patients with KOA who
2e4 weeks post treatment 5e10 weeks post treatment:

g,
xion

Progress muscular strength and
endurance training
Open chain vs closed chain
Initiate balance and proprioception
training on stable surfaces
Patient education about KOA and
weight management
Initiate aquatic therapy

Improve muscular strength and
endurance
Progress balance and proprioception
to unstable surfaces
Patient education about KOA and
weight management
Precautions: avoid impact activities
Continue modalities PRN

rable

area

IFC

z,

ng/
n.

Graded load progression with active
ROM exercises þ stretching exercises
Continued strengthening exercises
(core/hip/knee
strengthening) þ implement
eccentric exercises
Dynamic exercises with Thera Band
resistance band
Proprioceptive, neuromuscular and
stability training
LLLT (total dose equal to or greater
than 27J)
TENS/IFC as required for pain
management
Initiate static loading exercises- wall
squat holds, leg press holds, mini
squat holds etc.
WBV therapy (frequency of 35e40 Hz,
vibration 60 s, interval rest 60 s) in
combination with squat
BFRT- Perform 4 sets (30, 15, 15, 15
repetitions) at 15e30% of 1RM. Cuff
placement as proximal as possible on
involved limb
Water exercise- increase intensity
and/or duration of water-based
exercises.

Graded load progression with active
ROM exercises þ stretching exercises
Advance closed chain exercises- leg
press, squats, step up/down etc
Continued progressive strengthening
exercises (core/hip/knee
strengthening)
High-intensity resistance exercise
Good eccentric and concentric loads
that are multi-planar
LLLT (total dose equal to or greater
than 27J)
TENS/IFC as required for pain
management
WBV therapy (frequency of 35e40 Hz,
vibration 60 s, interval rest 60 s) in
combination with squat
BFRT- Perform 4 sets (30, 15, 15, 15
repetitions) at 15e30% of 1RM. Cuff
placement as proximal as possible on
involved limb
Water exercise- increase intensity
and/or duration of water-based
exercises.
Progress static loading to greater
degrees of knee flexion

pact Aerobic exercise. Can be accumulated in bouts of 10min, aim for 150min/

Pain and swelling are controlled
ROM is maintained
Pain free muscle testing

Pain and swelling are controlled
ROM is maintained
Good dynamic neuromuscular control
with multi-plane activities and
without pain

ction required for that step.
circumstances require); low level laser therapy, LLLT; transcutaneous electric nerve
striction therapy, BFRT.
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concomitantly are receiving orthobiologic intervention this can be
an essential rehab component to ensure optimal results and
effectiveness of the orthobiologic are achieved. Refer to Table 2 for
specific recommendations.

3.5. Vibration therapy

Whole body vibration (WBV) training involves placing a person
on a vibrating platform.25,26 The amplitude is varied while the
patient is either positioned orthostatically or performing dynamic
movements.25 The vibratory stimulus strengthens the lower limbs
and improves proprioception in elderly patients with KOA by
inducing isometric, concentric, and eccentric contractions of the
hip, knee extensor muscle groups and the plantar flexors thereby
improving the control and execution of functional movements such
as those required for static and dynamic balance and gait
performance.25

Wang et al. concluded that WBV exercise in combination with
quadriceps resistance exercise provided over a 24-week period
improved symptoms, physical function, activities of daily living,
and quality of life in patients with KOA to a great extent and was
superior to quadriceps resistance exercise only in most outcomes.25

Simao et al. found that the addition of vibration training to squat
exercise training improves static and dynamic balance and gait
performance and that the association of the squat exercise with
whole-body vibration was sufficient to induce significant alter-
ations in the plasma concentrations of inflammatory markers, in
elderly individuals with KOA, which could reflect a reduction in the
inflammatory joint process of the knee.24

WBV in KOA patients may slow the progression of cartilage loss
potentially due to modulation of skeletal tissue, increasing oscil-
lation of chondrocytes, and augmenting thickness of the chon-
drocyte layer.26 Thus, WBV exercise is suggested in combination
with a regenerative medicine and the regenerative rehabilitation
program for patients with KOA. Refer to Table 2 for specific
recommendations.

3.6. Electro modalities

Electro-modalities induce physiological actions in living tissues
at the cellular level.27 These effects include cellular oxygenation,
release of neurotransmitters associated with pain modulation,
release of anti-inflammatory, endogenous mediators, augmenta-
tion of blood flow, increased capillary permeability, tissue meta-
bolism and fibrous tissue extensibility, muscle relaxation, and
elevation of pain threshold.27 Electro-modalities examined in this
review included low level laser therapy (LLLT), therapeutic ultra-
sound (US), transcutaneous electrical nerve stimulation (TENS) and
Interferential Current (IFC).

The study of Welch et al. compared therapeutic US to placebo
and concluded that US therapy appears to have no benefit over
placebo for patients with KOA.28 Atamaz et al. conducted a ran-
domized controlled multicenter study comparing the effectiveness
of TENS and IFC between groups in addition to exercise training and
education in KOA.29 Their results showed that all assessment pa-
rameters significantly improved in all groups without a significant
difference.29

Alfredo et al. found positive results with the application of a
class 3b LLLT applied in a total dose of 27J per treatment after the
completion of a 45-min exercise program, three times per week for
8 weeks.27 The combination of LLLT and exercises yielded pain
reduction, improvement in activity and function compared to pla-
cebo group.27 Similar results were found by Stelian et al. who
observed significant functional improvement and pain reduction in
the laser group but not in placebo group in patients with OA.27,30
Hegedus et al. and Montes- Molina et al. carried out clinical trials
according to the recommendations of the World Association of
Laser Therapy, effective results were recorded in pain relief and
improvements in microcirculation in the irradiated area in patients
with KOA.31,32

With respects to regenerative medicine/rehabilitation protocols,
there is insufficient evidence to suggest that the inclusion of US,
TENS or IFC could be detrimental or beneficial in the treatment of
KOA. However, the inclusion of LLLT in combination with a regen-
erative rehabilitation protocol could induce photochemical physi-
ological actions at the cellular level to improve circulation and the
renewing effects of regenerative medicine in relation to OA of the
knee. Refer to Table 2 for specific recommendations.

3.7. Acupuncture and dry needling

Acupuncture and dry needling (DN) are treatment modalities
that are often used in the treatment of painful skeletal muscle
conditions that may produce sensitive, motor, or autonomic
symptoms and signs.33 Clinical trials conducted by Scharf et al. and
Chen et al. concluded that acupuncture as adjunct therapy to ex-
ercise in the treatment for KOA improved pain and function scores,
however no significant difference was noted between puncturing
(non-sham) needles and non-puncturing (sham) needles.34,35

Sanchez-Remero et al., concluded that DN intervention in
conjunction with exercise was no more effective than the placebo
intervention 3.

Although, there is a lack of evidence in the mechanisms and
actions of acupuncture/DN in the treatment of KOA, evidence
suggests that acupuncture/DN principles can positively alter sen-
sitive, motor, and autonomic function in patients with KOA. In
addition, evidence suggests that acupuncture/DN would be of
benefit as an adjunct therapy to a regenerative medicine/rehabili-
tation protocol with respects to KOA. Refer to Table 2, for specific
recommendations.

3.8. Taping and bracing

Kinesio Tape (KT) is used to increase regional circulation, in-
crease afferent stimulation, reduce pain, decrease edema and assist
in muscle inhibition when used correctly36,37 although its success
as a treatment option for KOA remains inconclusive.36,38 Mutlu
et al., demonstrated that KT resulted in short term benefits of
taping on improving a walking task, decreasing pain, while
increasing knee ROM compared to placebo taping in patients with
KOA.38

Knee bracing has been advocated as an effective device for the
management of patients with KOA,39 to achieve proprioceptive
changes, muscle activation and pain reduction stemming from joint
unloading.39 Ornetti et also showed that the bracing effectively
reduced symptoms of medial compartment KOA in both short-term
(6 weeks) and medium-terms (52 weeks).39

KT and bracing may be a beneficial adjunct to those who have
undergone orthobiologic intervention especially in the acute
phase/short term to decrease pain, improve ROM and function, and
increase muscle activation. Refer to Table 2 for specific
recommendations.

4. Comprehensive rehab program following regenerative
medicine intervention

Phase 1 should begin immediately after procedure and can last
up to a week depending on pain and inflammation (Table 2). In the
acute phase it is wise to initiate loading as soon as pain permits, as
early mobilization and tissue loading has shown to have a positive



Table 3
Return to activity protocols for knee osteoarthritis after regenerative medicine intervention(s).

Goals Return to participation Return to sport Return to performance

Precautions Gradual and progressive Gradual and progressive No limitations
Suggested

therapeutic
exercise(s) or
modality

Participate in rehabilitation, training, or in
sport, but at a level lower than his or her
return to sport goals
High-intensity resistance exercise
WBV therapy (frequency of 35e40 Hz,
vibration 60 s, interval rest 60 s) in
combination with squat
BFRT- Perform 4 sets (30, 15, 15, 15
repetitions) at 15e30% of 1RM

Continued strengthening exercises with progressions as
needed (various sports-specific speed, strength, agility,
and flexibility drills)
High-intensity resistance exercise
work/sport specific balance and proprioceptive training
WBV therapy (frequency of 35e40 Hz, vibration 60 s,
interval rest 60 s) in combination with squat
BFRT- Perform 4 sets (30, 15, 15, 15 repetitions) at 15e30%
of 1RM
Return to sport programs

work/sport specific strengthening,
balance and proprioceptive training
High-intensity resistance exercise
WBV therapy (frequency of 35e40 Hz,
vibration 60 s, interval rest 60 s) in
combination with squat
BFRT- Perform 4 sets (30, 15, 15, 15
repetitions) at 15e30% of 1RM
Completion of objective functional tests-
Y-balance, FMS, Biodex drop jumps, hop
test,

Cardiovascular
Exercises

Light aerobic activity Replicate sport or work specific energy demands Perform at fitness level needed for sport

Progression Criteria Modified or unrestricted Individual has returned to his or her defined sport/
activity, but is not performing at his/her desired
performance level

Continue training as per athlete/sports
periodization cycles for performance
demands
Gradual return to his/her defined sport/
activity and is performing at or above his/
her preinjury level

C If increased pain return to previous step until pain is controlled and full return to function required for that step.
C Abbreviations: knee osteoarthritis, KOA; range of motion, ROM; pro re nata, PRN (as circumstances require); low level laser therapy, LLLT; transcutaneous electric nerve
stimulation, TENS; interferential current, IFC; whole body vibration, WBV; blood flow restriction therapy, BFRT.
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effect to promote collagen reorganization and tissue healing.40

Introductory loading should involve a return to full weight
bearing, which can also be achieved through hydrotherapy or
weight-assisted treadmills.40 Because of its pain inhibitory effects,
isometric exercisemakes another excellent option as the first line of
tissue loading intervention.40 Despite their being only Level IV and
Level V studies, low-intensity pulsed ultrasound and neuromus-
cular electrical stimulation are still used in the clinical setting in an
attempt to manage inflammation and promote tissue healing.40

The rehabilitation program for an individual with KOAmust pay
special attention to the strength, stability, and inter-muscular bal-
ance of the muscles of the core, hip, knee and knee and ankle joints.
Early implementation of kinetic chain exercises will prepare the
body for further progression of more advanced joint loading exer-
cises. Exercises should be designed to progress from single joint to
multi-jointed kinetic chain exercises focusing on motions to
address the core, hip, knee and ankle. Common potential deficits to
examine include: (1) weakness of the quadriceps, hamstrings and
hip muscles (2) reduced proprioception and joint kinesthesia.
Phase one will focus on reducing pain and inflammation as well as
early loading isometric exercises before attempting isotonic exer-
cises. Kinetic chain exercises should include squats, lunges, single
leg step downs, side planks, front planks, glute bridges. Exercise
initiation and progressions will depend on individualized gains
such as neuromuscular control, range of motion etc. Exercises po-
sitions will progress from supine or prone to half kneeling, quad-
ruped and lastly standing. Phase 2 can begin once pain and
inflammation diminish, and neuromuscular control and static sta-
bility reach adequate levels. Phase 3 can begin once the individual
has achieved full ROM, at least 4/5 manual muscle test strength,
and has minimal pain. Phase 4 is initiated once the individual at-
tains non-painful ROM; satisfactory isokinetic test results is avail-
able (quadriceps and hamstring ratio); appropriate rehabilitation
progress. The 2016 consensus statement on return to sport was
used to inform the rehabilitation and return to sport protocols
(Table 3).41 Return to participation, sport and performance will be a
continuation of phase 1e4 to address any performance needs for
athletic population (Table 3). The main treatment modalities
included were active rehabilitation to promote tissue healing in
conjunction with PRP or stem cell therapy. Early mobilizations and
in acute phases loading as pain permits. A graded load progression
and cardiovascular exercise are recommended.

Modern rehabilitation methods are based on an active rehabil-
itation framework. It is important to keep the natural healing
process in mind while constructing a rehabilitation program.40

Graded load progression plays a significant role in the rehabilita-
tion model.40 Studies have shown that mechanical loading helps in
initiating the anabolic cascade, helps in stem cell proliferation and
osteogenic differentiation.42

Cyclical mechanical compression increases mineralization of
scaffold seeded with osteogenic cell. These two studies document
that external pressure stimulus might have an effect in guiding the
fate of an stem cell.43 In tendon procedure using ECM (extracellular
matrix) scaffold has been shown to help in scaffold remodeling,
recruitment of circulating growth factors and progenitor cells.44

Cardiorespiratory training is recommended to maintain and
improve aerobic capacity in conjunction with neuromuscular
training to maintain overall muscle strength, flexibility, and pro-
prioception.40 Sufficient loading will result in strength changes
through neural adaptation and hypertrophy and may explain
greater strength gains associated with high-intensity resistance
programs.45 Low-intensity resistance programs may not elicit
adequate muscle activity to promote neuromotor adaptation and
hypertrophy. High-intensity resistance exercise showed low to
moderate levels of quality of evidence for greater and more sus-
tained benefits.45
5. Conclusions

Conventional methods of mild to moderate osteoarthritis of
knee are focused on short term symptomatic relief and does not
promote regeneration or restore the normal homeostasis of knee
joints. Regenerative medicine is promoting a paradigm shift away
from conventional methods towards promoting regeneration and
joint restoration using blood based procedure like platelet rich
plasma, stem cell and cell based or tissue engineering procedure.
However, results of these regenerative procedure are variable due
to lack of standardization in product preparation, administration,
and different treatment protocols. This makes post regenerative
rehabilitation more challenging and require well documented
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rehabilitation program to help in preparing the joints for regener-
ative procedures and supporting them until optimum tissue
regeneration and joint restoration. The purpose of this current
concept review was to outline a comprehensive post-regenerative
rehabilitative program in osteoarthritis of knee joint based on the
best available. Our proposed rehabilitation program is based on
current evidence related to rehabilitation for individuals suffering
from osteoarthritis. We evaluated various conventional methods
that can promote healing to the knee joint. There are some in-
terventions that appears to be promising to support the joint until
regeneration or restoration. Further research and longer follow up
studies are recommended to develop universally accepted post-
regenerative rehabilitation protocols in osteoarthritis of knee
joints.

Limitations of our study include a large portion of the studies
reviewed were not done concurrently with orthobiologic inter-
vention, there is minimal research in the field of rehabilitation of
patients post orthobiologic interventionwith KOA although there is
significant literature in the use of regenerative medicine in patients
with KOA.
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