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Effects of neuroplasticity in people with knee
osteoarthritis
A systematic review of the literature
Leandro Ryuchi Iuamoto, MDa, Fábio Luis Kenji Ito, MDb, Thales Augusto Tomé, MDb, Wu Tu Hsing, MD, PhDc,
Alberto Meyer, MD, PhDd,∗ , Marta Imamura, MD, PhDe, Linamara Rizzo Battistella, MD, PhDe

Abstract
Background:Knee osteoarthritis (OA) is associated with chronic inflammation in somatic structures, which alters sensory afferents
and leads to plastic changes in the nervous system.

Methods: A systematic literature review was carried out, without language restrictions, period, or status of publication. The
database used were Medline, EMBASE, Cochrane Library and clinicaltrials.gov. Extra bibliographic references were extracted
through the discussion with specialists, and through scientific researches in conference papers.

Results: The electronic search found 938 articles. When excluding duplicates and applying the inclusion/exclusion criteria, 5
studies were considered: 2 using EEG and 3 using TMS. Significant reduction of EEG activity in the cingulate medium cortex,
reduction of conditioned pain modulation (CPM) in studies with EEG, as well as the occurrence of an association between pain and
motor response threshold/intracortical pain facilitation in studies with TMS were observed.

Conclusions: The study contributes to a better understanding of the neurophysiological changes seen in the cingulate medium
cortex, decrease in CPM and motor response threshold/intracortical pain facilitation. Advances in neuroplasticity studies may aid in
the screening for early diagnosis of knee OA in the future. However, more studies are necessary.

Abbreviations: EEG = electroencephalogram/electroencephalography, fMRI = functional magnetic resonance imaging, fNIRS =
functional near-infrared saturation, ICF = intracortical facilitation, KL = Kellgren–Lawrence, MEP = motor evoked potential, OA =
osteoarthritis, PMCT = peripheral motor conduction time, TMS = transcranial magnetic stimulation, VAS = visual analogue scale,
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

Keywords: electroencephalography, knee, osteoarthritis, transcranial magnetic stimulation

Key Points
1. Electroencephalography and magnetoencephalogram

findings showed that neuroplastic changes reduce the
inhibition effect of pain promoted by the inhibitory
descending systems of pain.

2. Studies involving transcranialmagnetic stimulation found
a lower inhibition of corticospinal system in chronic pain,
generating dysfunctional state of modulatory pathways—
the descending inhibitory pathway of pain.

1. Introduction
In the last few years, the aging process has become an important
governmental issue in many developed and developing countries
because of the significant increase in life expectancy.[1] As the
human being ages, it’s general health state suffers various
transformations, including some dysfunctions and wears;
amongst them, the diseases that affect cartilage function, for
example knee osteoarthritis (OA).[2]

Knee OA is one of the main causes of incapacity in the adult
and elderly population. It is a heterogeneous pathology
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characterized by a complex and multifactorial character[3–5]

which causes changes in peripheral and central sensitization.[6–17]

The pain associated to the articular damage is highly
variable[18] with few relations to specific radiological changes,
and many times underestimated by physicians. The knee OA can
lead to structural changes previously described in literature,
segmental sensitization, and also promote central sensitization,
with reduction of the pain threshold, hyperalgesia in and out
previously sensitized areas, resulting in generalized pain.[19–26]

It is associated with chronic inflammation in somatic
structures, which alters sensory afferent and leads to plastic
changes in the nervous system.[27–30]

With the constant painful peripheral stimulus, there are
changes in neuronal plasticity associated with less intracortical
inhibition, which enhances the levels of pain and dysfunction.[31]

There are studies that indicate the change from inhibition state
to maladaptive facilitation state by the descending modulating
systems in chronic pain, with a decreased capacity to dissociate
pain.[32,33]

These changes were associated with abnormal activity in the
cingulate cortex, amygdala, insula, nucleus accumbens, and
prefrontal areas.[32]

Knee OA may cause beyond the structural changes already
described in literature: segmental and central sensitivity,
reduction of pain threshold such as hyperalgesia inside and
outside the already sensitized areas, which can lead to generalized
pain.[34] It is associated with chronic inflammation in somatic
structures, which alters sensory afferents and leads to plastic
changes in the nervous system.[30]

Neuroplasticity is the name given to changes in function,
structure, and organization of the nervous system that occurs
continuously during a person’s lifetime in response to internal
factors related to the sensitive afferent visceral system and
external factors, like motor learning and peripheral sensitive
stimulation.[35] It is the way of the nervous system to mold itself
to the individual needs and adapt itself to the environment where
it lives. Effects of the neuroplasticity associated with musculo-
skeletal disorders like knee OA have been demonstrated in the
peripheral nervous system, spinal cord, brainstem, sensory, and
motor rotations of the brain plus mesolimbic and prefrontal
cortex areas.[36]

The main changes in the nervous system due to neuroplasticity
associated with knee OA occurred in the mesolimbic and
prefrontal cortex areas and the best biomarkers to identify the
effects of chronic pain in patients with OA involve the changes in
the activity of these regions.[37]

The afore mentioned studies studied the morphology in the
functional magnetic resonance imaging (fMRI). However, it is
still necessary to carry out studies with functional assessment
methods such as electroencephalogram (EEG), transcranial
magnetic stimulation (TMS), and functional near-infrared
saturation (fNIRS) of patients with pain due to knee OA in
order to analyze functional changes.
Given the existence of neuroplastic mechanisms for pain

modulation and other symptoms of knee OA, a systematic review
of the literature is made necessary to identify important markers
in the diagnosis and progress of this disease.

2. Objectives

The objective of this study is to realize a systematic study review
which used neurophysiological assessment methods such as EEG,

fNIRS, or TMS to verify neuronal plasticity effects in people with
knee OA.

3. Methodology

This systematic review was realized according with the preferred
reporting items for systematic review and meta-analysis proto-
cols.[38] Ethical approval was not necessary because this research
was carried out exclusively with scientific texts to review the
scientific literature. Thus, approval by the Ethics Committee
(CEP/CONEP System) is not required, as stated in Resolution
510/2016 in its Article 1. The study was registered in the
PROSPERO database under the number CRD42018100688.
The elaboration of the scientific question was based on the

PICO strategy,[39] considering: patients with knee OA(Patient/
Problem); neurophysiological assessment methods such as EEG,
fNIRS, or TMS (Intervention). There was not a standard
intervention to be considered in this study (control/comparison).
All the available outcomes in the literature were considered in the
analysis (Outcomes).

3.1. Eligibility criteria
3.1.1. Types of study. The systematic review should screen and
select the same methodology and research articles in order to
provide an unbiased analysis. Nevertheless, most studies that
correlate pain with neurophysiological changes are exploratory.
Thus, it was decided to include all kinds of studies in order to
carry out a complete analysis of the published studies and
possible methodologies to be developed and explored in the
future.
The following model studies were included: randomized

controlled trials; non-randomized controlled trials; descriptive
observational studies like case-report or case series; reviews. The
studies were included according to their data relevancy and
regardless of their publication status.

3.1.2. Types of participants. The participants in the studies
were human adults, at least 40years old, with knee OA of any
duration, evaluated, or treated in any kind of institution. Patients
must follow only clinical and radiological diagnosis of knee
osteoarthritis.
Also, in order to clarify the neurophysiological analysis and to

exclude other influences than osteoarthritis on pain processing,
patients must not have any other cause that may enhance plastic
changes such as: previous surgery in the affected area or diseases
of the peripheral and central nervous system, infectious,
inflammatory, rheumatic or neoplastic diseases, psychiatric
disorders, stroke, neuropathy, and other causes of pain.[36]

3.1.3. Types of intervention. The interventions chosen in this
study were assessment methods such as: EEG, fNIRS, or TMS
applied in study participants.

3.1.4. Types of outcome measures. Primary outcome: cortex
neurophysiological changes in people with knee OA.

3.1.5. Types of parameters analyzed. Authors, date, and
location (country) of publication, number of patients used in the
study, gender of patients, knee affected by OA (right lateral, left
lateral, or bilateral) Kellgren–Lawrence (KL) knee OA scale,
duration of pain resulting from OA, functional tests, visual
analogue scale (VAS), and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) were analyzed in
this study.
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Stimuli in tests were also analyzed: wave changes according to
stimuli (relevant evoked potentials for pain); number of painful
stimuli made in protocol; intensity of painful stimuli; time interval
tested; use or not of analgesics during tests which should be the
same in each study (as long as the use of analgesics can affect both
peripheral and central function); VAS (pre-test and post-test).

3.1.6. EEG.

� Acoustic evoked potential components N1/N2, P1/P2; location
of occurrence of peaks of N1/N2 and P1/P2; increase or
decrease of N1/N2 and P1/P2. Changes in temporoparietal
cortex and mid/anterior cingulate cortex; amplitude/speed
variation of delta waves and theta waves.

3.1.7. fNIRS.

� Wavelength absorption of [HbO] and [Hb] (concomitant or
paradoxical variation), location and temporal relationship
with painful stimuli; optical density or attenuation; intensity of
emitted light; duration of brightness peak; tissue oxygenation
index, and tissue saturation.

3.1.8. TMS.

� Motor evoked potential (MEP): represents the activation of
muscle fibers of motor units stimulated in the contralateral
hemisphere.

� Cortical silent period: it is reproduced in the application of
transcranial stimulus during the voluntary contraction of the
effector muscle and presents soon after the MEP.

� Motor threshold: refers to the lowest stimulus intensity capable
of generating a MEP.

� Central motor conduction time: conduction time of the nerve
impulse from the cortex to the target muscle (cortex-muscle).

� Peripheral motor conduction time (PMCT): PMCT=MEP–
Peripheral conduction time.

3.2. Exclusion criteria

The studies were excluded if: the interventions were made in
animals or children; the methods used to neurophysiological
assessment were not EEG, fNIRS, or TMS to verify neuronal
plasticity.
Letters to editor, incomplete articles, incomplete study

protocols, and not published studies were not considered in this
revision.

3.3. Literature review

The research was realized from May 2018 until January 2019,
without language or date restrictions in the following databases:
Medline (via PubMed)—www.pubmed.com; EMBASE—www.
embase.com; Cochrane Library—www.thecochranelibrary.com;
National Health Institute database; ClinicalTrials.gov—www.
clinicaltrials.gov.
Using the PubMed search tools, we selected the MeSH terms

from the most relevant publications to realize a new research in
order to obtain more articles that could potentially be included in
this systematic review.
In addition, it was realized a manual search of theses, annals of

congresses and meetings, references, study records, and contact
with experts in the field.

3.3.1. Search strategies. The keywords were used equally in all
databases, respecting their heterogeneities (e.g., terms “Emtree”
and terms “MeSH” will be mapped in Embase and Medline,
respectively).
The keywords were: “osteoarthritis,” “knee,” “brain map-

ping,” “gyrus cinguli,” “cerebral,” “cortex,” “sensorimotor
cortex,” “motor cortex,” “theta rhythm,” “delta rhythm,”
“evoked potentials,” “transcranial magnetic stimulation,”
“electroencephalography,” “spectroscopy,” “near-infrared,”
“cerebral cortex.”
The search strategy was: (Osteoarthritis, Knee) AND ((brain

mapping) OR (Gyrus Cinguli) OR (Cerebral Cortex) OR
(Sensorimotor Cortex) OR (Motor Cortex) OR (theta rhythm)
OR (delta rhythm) OR (evoked potentials) OR (transcranial
magnetic stimulation) OR (electroencephalography) OR (spec-
troscopy) OR (near-infrared) OR (cerebral cortex)).

3.3.2. Data extraction. Data from each study were extracted
independently by 3 authors. Discordances were resolved by
consensus. If no consensus was reached, the three authors would
ask for the fourth author’s specialist opinion to clarify the doubts
and follow the decision of the fourth author.
All studies were analyzed according to their titles and abstracts,

following the inclusion and exclusion criteria. If eligibility criteria
were met, the full text would be extracted. All full-text studies
evaluated were described in the “Results” section.
Missing data were elucidated by contacting the authors

directly.

3.3.3. Data validation. Three authors performed the data
validation through the discussion of the selected papers.
The risks of bias for the observational studies was assessed

using the criteria of the Study Quality Assessment Tools j
National Heart, Lung, and Blood Institute (NHLBI).[40]

Intervention-type studies were analyzed through the guidelines
of the Cochrane Back Review Group (CBRG).[41]

All studies were considered.

4. Results

4.1. Trial flow

The electronic search in the PubMed database found 938 articles
related to neurophysiological assessment methods in patients
with knee OA. By excluding 123 duplicates and articles based on
title and abstract, we considered 37 potentially eligible studies. Of
those, 2 studies were incomplete protocol studies and 30 studies
are not related to neurophysiological assessment methods, such
as EEG, cerebral fNIRS or TMS, or studying neuroplasticity in
patients with knee OA according to their relevance and data
update (Fig. 1).

4.2. Quality of evidence

After reading the articles included in the systematic review, the
following factors were analyzed to determine the level of
evidence: study design, selection, detection, loss, reporting, and
information (measurement) biases.
A total of 5 studies were included in the qualitative analysis

(Table 1). Of the 5 articles, 3 studied neuroplasticity through
TMS and 2 used EEG in their methodologies. No studies about
fNIRS were found in this research. All studies had low risk of bias
within their limitations. Study data by Quante et al[42] presented
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poor reports of selection, detection, and reporting bias criteria;
Preece et al[43] presented flaws in relation to the detection bias
criteria; Kittelson et al[44] failed in relation to selection and
detection bias criteria due to lack of data and lack of complete
information on the study methodology.

4.3. Studies’ characteristics

All included studies consist of published full studies, and doubts
about the available data were complemented by contacting the
authors. The studies present no conflicts of interest.
The demographic characteristics of studies are displayed in

Table 2. All studies contained a total of 127 patients, of whom 84
(66.14%) presented knee OA. In the studies, the mean age of the
patients was 62.79years and the mean BMI was 28.764kg/m2.

Populations involved 16.54% of men and 83.46% of women.
TheWOMAC scores averaged 54.04 in the da Graça-TarragóM
et al[33,45] and Preece et al[43] studies. These averages were similar
in the studies.
Most studies tried to include primary knee osteoarthritis,

without previous surgery on the evaluated limb, aiming at
minimal brain neurophysiological changes, with no general
restrictions on unilateral or bilateral knee osteoarthritis. Except
by Preece et al,[43] most studies tried to exclude other influences
than osteoarthritis on pain processing such as: previous surgery,
peripheral/central nervous system diseases, infectious, inflamma-
tory, rheumatic, psychiatric, or neoplastic diseases.[33,42,44,45]

Studies involving EEG were performed by Quante et al[42] and
Preece et al.[43] Quante et al[42] performed a series of cases
involving KL grade IV[46–49] large osteophytes, marked joint
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Figure 1. PRISMA flowchart: neurophysiological assessment methods in patients with knee OA. OA=osteoarthritis, PRISMA=preferred reporting items for
systematic review and meta-analysis protocols.

Table 1

Bias risk analysis.

Author, year,
country

Quante et al (2008),
Neustadt, Holstein,

Germany[42]

da Graça-Tarragó M
et al (2016), Porto
Alegre, Brazil[33]

Preece et al (2016),
Manchester,

United Kingdom[43]
Kittelson et al (2014),
Colorado, USA[44]

da Graça-Tarragó
et al (2016),

Porto Alegre, Brazil[45]

Study description Case series without control group Cross-sectional study Prospective cohort study Case series with control group Randomized clinical trial
Selection bias N/A Low Low N/A Low
Detection bias N/A Low N/A N/A Low
Loss bias Low Low Low Low Low
Report bias N/A Low Low Low Low
Information bias Low Low Low Low Low

N/A=Not available.
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space narrowing, severe sclerosis, and definite bony deformity,
with no control group, with biases in selection, detection, and
reporting that were not identified due to lack of information in
the article. They performed stimuli with intracutaneous electrical
pulses (20ms)[50] on the fingertips contralateral to knee with OA
and verified changes in EEG brain activity (Table 3). However,
there was only one loss in the intervention group and all
measurements of the study were made on the same devices, by the
same trained staff with the same parameters analyzed, which
made the risks of biases due to losses and information low.
Preece et al[43] performed an intervention study with

Alexander’s self-consciousness technique without randomiza-
tion, evaluating patients’ parameters before and after interven-

tions, using a group of patients with KL II–IV and a control group
of healthy volunteers. His study presented an unknown risk of
detection bias, with the possibility of blindness of the evaluators
of outcomes not described in the article.
da Graça-Tarragó M et al[33,45] and Kittelson et al[44]

performed studies involving TMS with KL grade III–IV. da
Graça-Tarragó M et al[33,45] performed analyzes considering
short interval intracortical inhibition with intervals between 2ms
stimuli and intracortical facilitation (ICF) with stimulus intervals
of 12ms. Using the tool developed by the da Graça-Tarragó M
et al[33,45] presented low risks of bias.
Kittelson et al[44] made a comparative study between patients

with knee OA on the waiting list for total knee prosthesis and

Table 2

Demographic characteristics of the studies.

Author, publication
date and country

Number of
patients

(total=127) Mean age, yr Sex
Mean body mass
index, kg/m2

Quantification of
pain (pre-stimuli)
and duration

Grade of knee osteoarthritis
(Kellgren–Lawrence scale)

and laterality of the
analyzed knees

Quante et al (2008),
Neustadt,
Holstein Germany[42]

Total=12
OA=12
C=0

OA=61.4±10.5 M=3
F=9

Mean weight 83.4±12.4 kg
Mean height 167.2±9.0 cm
Mean BMI=29.83

5.83±0.94
>6 months

IV
Unilateral knee osteoarthritis

da Graça-Tarragó M
et al (2016),
Porto Alegre, Brazil[33]

Total=31
OA=21
C=10

OA=64.50 (SD=7.72)
C=34.10 (SD=11.64)

M=0
F=31

OA=27.53
(SD=5.11)
C=NA

WOMACc 57.92
(SD=13.25)

>6 months

III–IV
N/A (not reported knee

osteoarthritis laterality)
Kittelson et al (2014),

Colorado, USA,
Colorado, USA[44]

Total=37
OA=17
C=20

OA=63.9±1.8
C=58.3±2.5

M=18 (C=10; OA=8)
F=19 (C=10; OA=9)

OA=28.3±1.0 C=25.0±2.5 - N/A (not reported knee
osteoarthritis laterality)

Preece et al (2016),
Manchester UK[43]

Total=21
OA=21
C=0

OA=62
C=61

M=10
F=11

OA=29 (SD=4)
C=27 (SD=4)

WOMACs=9.6
WOMACc=45

Varying degrees OA (II–IV)
Unilateral and bilateral OA

da Graça-Tarragó
et al (2016),
Porto Alegre,
Brazil[45]

Total=12
OA=13
C=13

OA=62.15 (SD=7.44)
C=66.85 (SD=7.53)

M=0
F=26

OA=29.16 (SD=6.65)
C=27.47 (SD=4.20)

VAS (last 24h)
OA=6.85 (SD=0.38)
C=6.77 (SD=0.43)
WOMAC
OA=54.92 (SD=18.05)
C=52.46 (SD=11.56)
>6 months

III–IV
N/A (not reported knee

osteoarthritis laterality)

C= control group, F= female, M=male, N/A=Not available, OA=knee osteoarthritis group, SD= standard deviation, T= total, VAS= visual analogue scale, WOMACc=Western Ontario and McMaster
Universities Osteoarthritis Index Complete, WOMACs=Western Ontario and McMaster Universities Osteoarthritis Index simplified questionnaire.

Table 3

Study interventions.
Author, publication date
and country

Neurophysiological
assessment Types of stimuli

Analgesics during
tests Pre-test pain Post-test pain

da Graça-Tarragó M et al (2016),
Porto Alegre, Brazil[33]

TMS CPM - non-dominant hand in
cold water (0–1 °C) for 1min)

No N/A N/A

Quante et al (2008),
Neustadt, Holstein
Germany[42]

EEG (2 32-channel
amplifiers)

Intracutaneous electrical
pulses (20ms)

10mL of bupivacaine
0.5%+triancinolone 40mg
(6 patients) between
pre- and post-intervention
period

VAS=5.83±0.94. NCi: VAS=4.91±1.01
Ci: VAS=4.93±0.93
P= .93

Preece et al (2016),
Manchester UK[43]

64 channels EEG Heat emissions by thulium laser
stimulator (<150ms). Auditory
stimulus before physical
stimulation.

No WOMACs=9.6
WOMACc=45

IAI
WOMACs 9.6 [3.0]–4.2 [2.7]; P< .01
WOMACc=45 [13]–21 [13]); P< .01
15MPI
WOMACs=9.1 [3.2]–4.4 [2.7]); P< .01
WOMACc=43 [14]–25 [14]); P< .01

Kittelson et al (2014),
Colorado, USA[44]

TMS Isometric torque and voluntary
quadriceps activation

No N/A N/A

da Graça-Tarragó
et al (2016),
Porto Alegre,
Brazil[45]

TMS OA= a-EIMS 2Hz;
C=Electroacupuncture
CPM—non-dominant hand

in cold water (0–1 °C for 1min)

No WOMAC
C=52.46 (SD=11.56)
OA=54.92 (SD=18.05)
VAS
C=6.77(SD=0.43)
OA=6.85 (SD=0.38)

VAS
C=4.32 (SD=1.23)
OA=3.11 (SD=1.54)

15MPI=15months post-intervention, a-EIMS= active electrical intramuscular stimulation, C= control group, Ci= “counterirritation on” group, DNIC=diffuse noxious inhibitory controls, CPM=conditioned pain
modulation, EEG= electroencephalogram, IPI= immediately post-intervention, MEP=motor evoked potential, N/A=Not available, NCi= “counterirritation off” group, OA= knee osteoarthritis group, SD=
standard deviation, TMS= transcranial magnetic stimulation, VAS= visual analogue scale, WOMACc=Western Ontario and McMaster Universities Osteoarthritis Index Complete, WOMACs=Western Ontario
and McMaster Universities Osteoarthritis Index simplified questionnaire.
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healthy volunteers with unknown selection bias risk, since the
authors did not mention the origin of the healthy volunteer
population, in addition to presenting an imbalance in the initial
variable (BMI—P= .018). Short interval intracortical inhibition
with intervals of 3ms and ICF with intervals of 15ms were
considered. In addition, they present unknown risk of detection
bias, with the possibility of blindness of the evaluators of the
outcomes, not described in the study.
The consensus between authors during analysis of the studies

was reached at all times.

4.4. Cortex neurophysiological changes

The neurophysiological changes in cortex are displayed in
Tables 4 and 5.

4.5. EEG studies

Quante et al[42] verified the decreased activation of the medial
cingulate cortex in cases of OA pain stimulation, while secondary
somatosensory cortex activity remained the same. The condi-
tioned pain modulation is subject to the neuronal plasticity of the
inhibiting systems descending of pain and decreases in chronic
pain cases. Preece et al[43] did not find any associations changes in
EEG, but verified reductions in WOMAC after application of
Alexander Technnique which are associated to reductions in
medial co-contraction during pre-contact phase in gait.

4.6. TMS studies

da Graça-Tarragó M et al[33] found an association between
cortical changes in patients with knee OA and less intracortical
inhibition, greater levels of pain such as decreased activation of
the endogenous pain modulating system. Also, da Graça-Tarragó
et al[45] studied the active electrical intramuscular stimulation in
dermatomes corresponding to the nerve roots of the knee (L1–L5
and S1–S2). Active electrical intramuscular stimulation enabled
the corticospinal inhibition system at cortical and intracortical
pain processing sites probably through a bottom-up mechanism.

Kittelson et al[44] identified some associations between pain
and motor response threshold such as pain and ICF in TMS in
patients with knee OA.

5. Discussion

Neurophysiological changes related to pain are increasingly
being explored to understand how the brain works towards pain.
There are many studies analyzing brain changes in patients with
knee OA such as Baliki et al[51] who studied changes in activation
of brain areas which are responsible for evoked pain in OA. They
are: bilateral thalamus, secondary somatosensory cortex, insula,
supplementary motor area, medial frontal, and anterior cingulate
gyrus, right and left amygdala. Only one of these areas is similar
to those afflicted by chronic low back pain, another clinical
condition associatedwith chronic pain. The less activated areas in
chronic low back pain involve the anterior cingulate cortex, the
prefrontal cortex, and the nucleus accumbens, suggesting a
diminished function of the descending inhibitory system in those
patients.[52]

Other studies with fMRI have found that chronic pain
generates abnormal connectivity and activation between the
dorsolateral prefrontal cortex and the knee OA pain matrix.[39]

In addition, the cingulate cortex, thalamus and amygdala, areas
involved in the processing of fear, emotions, and aversive
conditioning are also closely related to pain in the knee OA
patient.[53] It is also known that the dopaminergic system and the
system involving opioids of the brain are involved with pain
modulation.[54] And involve regions such as medial prefrontal
cortex, anterior cingulate cortex,[55–57] and the nucleus accum-
bens.[58–60] Because of this, we can infer that there are different
mechanisms of neuroplasticity involved in knee OA pain.
In addition to the results obtained in the literature, it is

important to note the studies that used different methodologies to
assess brain function related to knee OA pain.
Our systematic review examined the various functional central

effects on neuroplasticity responsible for knee OA, changing
parameters seen in EEG and TMS assessments. Our results can be

Table 4

Neurophysiological changes.

Author, publication date and country Specific cortex neurophysiological changes

da Graça-Tarragó M et al (2016), Porto Alegre, Brazil[33] Mean adjusted MEP amplitude was 13.53% higher in OA than in C (1.33 [0.49] vs 1.15 [0.13]) (P= .16).
Mean CSP adjusted OA 23.43% lower than in healthy subjects (54.54 [16.10] vs 70.94 [22.87]) (P= .01).
Pain modulator system evaluated by NPS (0–10) during a CPM task negatively correlated with cortical

excitability (CSP) (P= .001).
CSP negatively correlated with pain and disability.

Quante et al (2008), Neustadt, Holstein Germany[42] NCi: amplitude N2/P2 (22.2±6.0mV)
Ci: N2/P2 (9.6±5.4mV) P= .001). Decreased activation of the medial cingulate cortex

Preece et al (2016), Manchester UK[43] No statistically significant changes in the late anticipation potential (P= .77) nor in the N2-P2 difference or in
the laser evoked potential (P= .32).

Kittelson et al (2014), Colorado, USA[44] Cortex motor—quadriceps area: association between RMT and pain (r=–0.575; P= .016);
Associations between ICF and self-reported pain measures (r=–0.495, P= .043) and stiffness (r=–0.548,

P= .023).
da Graça-Tarragó et al (2016), Porto Alegre, Brazil[45] In the motor cortex - quadriceps-related area: a-EIMS compared with SHAM decreased MEP in 31.61% ([CI]

95% 2.34–60.98). Reduction of ICF 37.32% ([CI] 95% [69.93 a–5.00]). Increase of CSP 22.85% ([CI]
95% [10.90–34.79]). Reduction in VAS 68.08% ([CI] 95% [104–31.45]) and NPS 57.18% ([CI] 95%
[104.14–10.21]) during CPM task. BDNF negatively correlated with PPT.

a-EIMS= active electrical intramuscular stimulation, BDNF=brain derived neurotrophic factor, C=control group, Ci= “counterirritation on” group, CI=confidence interval, CPM=conditioned pain modulation,
CSP=cortical silent period, ICF= intracortical facilitation, MEP=motor evoked potential, NCi= “counterirritation off” group, NPS=numerical pain scale, OA= knee osteoarthritis group, PPT=pressure pain
threshold, RMT=motor resting threshold, VAS= visual analogue scale.
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compared and added to these previous studies in order to
improve the understanding of the effects of neuroplasticity in
people with knee OA.
Quante et al[42] verified in their study through EEG and

magnetoencephalogram (MEG) findings that neuroplastic
changes reduce the inhibition effect of pain promoted by the
inhibitory descending systems of pain in patients with chronic
pain. There was a reduction in the activity of the medium
cingulate cortex (analyzed via EEG), while the activity of the
secondary somatosensory cortex (analyzed via MEG) remained
unchanged with the use of an external pain stimulus. In this
study, no reduction of phasic pain with contraction, reduction of
P2 in the EEG (less activity of the cingulate medium cortex), and
maintenance of N1 and M1 in MEG (unchanged IBS) was
observed in patients with unilateral knee OA. The changes were
verified in the contralateral hemisphere to the electrical stimulus.

The study could clarify whether there is a relationship between
the hemisphere activated with knee OA, however, it prevailed for
patients with unilateral knee OA.
The studies involving TMS[33,44,45] found a lower inhibition of

the corticospinal system in patients affected by chronic pain,
generating a dysfunctional state of modulatory pathways, among
them, the descending inhibitory pathway of pain. It was observed
that chronic and moderate to high intensity nociceptive
stimulation in patients with knee OA caused a negative
modulation in the pain inhibitory cortical pathways, leading
to a lower excitability of the inhibitory neurons. The studies do
not directly describe which hemisphere is activated or inhibited in
patients with knee OA. However, one of the analyzed parameters
was the cortical silent period, which evaluates the interruption of
voluntary muscle contraction by transcranial stimulation of the
contralateral motor cortex. In addition to the fact that most fibers

Table 5

Study analysis and outcomes.

Author, publication date
and country

Number of
patients

(total=127)
Neurophysiological

assessment Neurophysiological changes Studies conclusion

da Graça-Tarragó M et al (2016),
Porto Alegre, Brazil[33]

Total=31
M=0
F=31
OA=21
C=10

TMS Mean adjusted MEP amplitude was
13.53% higher in OA than in healthy
subjects (1.33 [0.49] vs 1.15 [0.13])
(P= .16).

Mean CSP adjusted OA was 23.43%
lower than in healthy subjects (54.54
[16.10] vs 70.94 [22.87]) (P= .01).
Pain modulator system evaluated by
NPS (0–10) during a CPM task was
negatively correlated with cortical
excitability (CSP) (P= .001). CSP was
negatively correlated with pain and
disability assessed by WOMAC.

Change in cortical plasticity in OA is
associated with lower intracortical
inhibition, with levels of pain and
disability, and decreased activation of
the endogenous pain modulating
system due to CPM.

Quante et al (2008), Neustadt,
Holstein Germany[42]

Total=12
M=3
F=9
OA=12
C=0

EEG (2 32-channel
amplifiers)

Significant reduction of cingulate gyrus
activation and CPM/DNIC deficit in
patients with knee OA

Conditioned pain modulation (CPM/DNIC)
is subject to the neuronal plasticity of
the descending pain inhibition systems
and decreases in chronic pain cases

Preece et al (2016),
Manchester UK[43]

Total=21
M=10
F=11
OA=21
C=0

64 channels EEG There were no statistically significant
changes in the late anticipation
potential (P= .77) nor in the N2–P2
difference nor in the laser evoked
potential (P= .32).

Reductions in WOMAC after AT were
associated with reductions in medial
co-contraction during the gait
precontact phase.

Kittelson et al (2014),
Colorado, USA[44]

Total=37
M=18
F=19
OA=17
C=20

TMS Association between RMT and pain
(r=–0.575; P= .016); associations
between ICF and self-reported pain
measures (r=–0.495, P= .043) and
stiffness (r=–0.548, P= .023)

In OA, there is an association between
pain and motor response threshold;
pain and intracortical facilitation.

da Graça-Tarragó et al (2016),
Porto Alegre, Brazil[45]

Total=26
M=0
F=26
OA=13
C=13

TMS a-EIMS compared to SHAM: decreased
MEP in 31.61% ([CI] 95% 2.34–
60.98]. Reduction of ICF 37.32% ([CI]
95% [69.93 to –5.00]) CSP increase
22.85% ([CI] 95% [10.90–34.79]).
Reduction in VAS 68.08% ([CI] 95%
[104–31.45]) and NPS 57.18% ([CI]
95% [104.14–10.21]) during the CPM
task. BDNF was negatively correlated
with PPT (r=520.56)

a-EIMS enabled the corticospinal
inhibition system at cortical and
infracortical pain processing sites
through a bottom-up mechanism.

a-EIMS= active electrical intramuscular stimulation, AT=Alexander technique, BDNF=brain derived neurotrophic factor, C= control group, CI= confidence interval, CPM=conditioned pain modulation, CSP=
cortical silent period, DNIC=diffuse noxious inhibitory controls, EEG= electroencephalogram, F= female, ICF= intracortical facilitation, M=male, MEP=motor evoked potential, NPS=numerical pain scale,
OA= knee osteoarthritis group, PPT=pressure pain threshold, RMT=motor resting threshold, T= total, TMS= transcranial magnetic stimulation, VAS= visual analogue scale, WOMAC=Western Ontario and
McMaster Universities Osteoarthritis Index.
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of the corticospinal tract cross the pyramidal decussation,[61] we
are led to believe that the changes occurred also in the
contralateral hemisphere. In this case, the selection of patients
with uni- or bilateral knee OA could influence the obtained
results depending on where the electrodes were placed in those
studies.
The included studies have a low risk of bias, however, some

data were poorly reported, as seen in Table 1. Because of this,
information such as quantification and duration of pain, as well
as the knee OA radiological degree (KL scale)[46–49] were not
homogeneously reported by the studies.
All included studies were original studies, conducted in

research centers, without conflicts of interest.
The pain stimuli were not homogeneous in the included

studies, ranging from intracutaneous electric pulses, intramuscu-
lar electrical stimulation,[62] cortical modulation of pain through
cold thermal variation (CPM or formerly, pain inhibitory
effect),[63] isometric torque/voluntary activation of the quadri-
ceps muscle and heat emissions by thulium laser stimulator.
Themain result of our review is to demonstrate through several

studies how knee OA is able to modulate the neuronal pathways
in order to generate chronic pain. In general, the central nervous
system plays an important role in the generation and loss of pain
inhibition, which can cause refractory pain leading to a clinically
worse prognosis.

5.1. Limitations of studies

We performed a systematic review according to national and
international guidelines and considered that our bibliographic
research was meticulous. However, it was not possible to assess
the risk of publication bias due to the limited number of studies
related to the topic.
Considering also the limited number of studies, the authors

chose to consider every kind of study and evidence published in
order to carry out a complete analysis of possible studies to be
developed in the future. Nevertheless, because of the mix of
different kind of research articles, the analysis and synthesis
results are biased.
The study by Quante et al[42] presented only a series of cases,

with no control group paired with healthy volunteers with the
normal pain-inhibitor phenomenon, which makes it difficult to
compare and identify the regions actually altered in patients with
knee OA. Among studies using EEG only, study by Quante et al
found significant changes which recruited only 12 patients.
It is possible that the type of pain identified in the studies may

be from other lesions unexplained in the studies, for example, soft
tissue injuries, which may mimic gonalgia in patients with knee
OA. Other descriptions are necessary in this type of study to
identify other affections that can simulate gonalgia, such as:
central sensitization, myofascial pain, etc.
Only studies by Quante et al,[42] Davis andMoayedi,[33] and da

Graça-Tarragó et al[45] reported duration of pain, which was
greater than or equal to 6months (Table 2). WOMAC was
analyzed only by Preece et al[43] and da Graça-Tarragó et al[45];
VAS was analyzed by Quante et al[42] and da Graça-Tarragó M
et al[45] Unfortunately, the studies were not homogeneous and did
not report all variables which could provide more important data.
Another limitation of the studies was the heterogeneity of the

type of intervention performed throughout the studies: Quante
et al[42] carried out a study using 10mL of 0.5% bupivacaine+40
mg triamcinolone to treat patients’ pain. The use of analgesics

should be homogeneous in each study because analgesics can
affect both peripheral and central function and therefore
influence different EEG results.

5.2. Study design proposal

For a better understanding of the neurophysiological changes a
standard intervention (pain treatment) should be performed
because it can affect both peripheral and central function. To
analyze the effect of these interventions, both EEG and TMS can
be performed with special attention to the changes observed in
the studies. On the matter of assessment times, it is important to
carry out periodic and serial assessments to check for functional
changes after standardized treatments and pain relief. Follow-up
for at least 1year can provide important evidence of how the
brain behaves towards pain and also pain management.
It is important to the studies to contemplate both VAS,

WOMAC, and also algometry (as a more objective measure)
assessment methods to promote comparability between studies.
Also it is important to gather information about comorbidities,
given that these would provide insightful information on possible
confounding factors.
It is surprising that after decades of studies, evidence available in

the literature is still limited to these articles. Overall, it is not
possible at the time to determine the exact changes observed in the
brains of patients with knee OA. So far, the only assertion backed
by the articles is that EEG and magnetoencephalogram findings
showed that neuroplastic changes reduce the inhibition effect of
pain promoted by the inhibitory descending systems of pain.
Studies involving TMS found a lower inhibition of corticospinal
system in chronic pain, generating dysfunctional state of
modulatory pathways—the descending inhibitory pathway of
pain. This should be an immediate call-to-arms for new double
blinded clinical trials to be developed in the field involving patients
withkneeOAbeing treatedhomogeneously (with the same therapy
or analgesics) and observing the functional changes in the brain
with tests standardized: EEG or TMS.
All studies in the literature evaluated neurophysiological

assessment methods alone. To better evaluate the neurophysio-
logical changes that occur in patients with knee OA, we believe
that associating measurement measures with fNIRS, EEG, and
TMS may be beneficial.

6. Conclusion

Although there are not many studies currently performing
neurofunctional assessments in patients with knee OA, it was
possible to confirm some cortical changes verified in previous
studies with brain fMRI.
This study contributes to a better understanding of the

neurophysiological changes seen in the cingulate medium cortex,
decrease in pain inhibitory effect and motor response threshold/
intracortical pain facilitation. Advances in neuroplasticity studies
may aid in the screening for early diagnosis of knee OA in the
future. However, more studies are needed to prove such evidence,
and may involve associations of assessment measures such as
fNIRS, EEG, and TMS.
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