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Abstract: Background: manual therapy (MT) has been shown to have positive effects in patients
with osteoarthritis (OA)-related pain, and its use in clinical settings is recommended. However,
the mechanisms of action for how these positive effects occur are not yet well understood. The aim
of the present study was to investigate the influence of MT treatment on facilitatory nociception
and endogenous pain modulation in patients with knee OA related pain. Methods: Twenty-eight
patients with knee OA were included in this study. Pain intensity using the numerical pain rating
scale (NPRS), temporal summation (TS), conditioned pain modulation (CPM), and local (knee) and
distant (elbow) hyperalgesia through the pressure pain threshold (PPT), were assessed to evaluate
the pain modulatory system. Patients underwent four sessions of MT treatments within 3 weeks and
were evaluated at the baseline, after the first session and after the fourth session. Results: the MT
treatment reduced knee pain after the first session (p = 0.03) and after the fourth session (p = 0.04).
TS decreased significantly after the fourth session of MT (p = 0.02), while a significant increase in
the CPM assessment was detected after the fourth session (p = 0.05). No significant changes in the
PPT over the knee and elbow were found in the follow-ups. Conclusions: The results from our
study suggest that MT might be an effective and safe method for improving pain and for decreasing
temporal summation.

Keywords: knee osteoarthritis; manual therapy; diffuse noxious inhibitory control; conditioned pain
modulation; temporal summation; central sensitization
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1. Introduction

Osteoarthritis (OA) is considered a progressive chronic degenerative disease of the
articular cartilage in the synovial joints [1] and is one of the most common types of
rheumatic disease [2], affecting 303 million people worldwide [3].

The diagnosis of knee OA is mainly based on the identification of its symptoms and is
confirmed by an imaging diagnosis according to the criteria of the American College of
Rheumatology (ACR) and the Kellgren and Lawrence scale [4]. However, pain phenotypes
in OA patients vary considerably, and often do not correlate with the severity of radio-
graphic findings [5]. Emerging evidence suggests that alterations in pain processing within
the peripheral and/or central nervous system (CNS) may be a crucial factor in accounting
for the various clinical presentations of pain related to OA [6].

Neurophysiologically, central sensitization (CS) is characterized by an increase in the
afferent nociceptive information that could increase the excitability of neurons in the spinal
dorsal horn [7]. This phenomenon would facilitate a possible sensitization at a central
level, leading to signal amplification within the CNS, hypersensitivity to pain, and referred
pain [8,9]. Spinal cord neurons also receive information from other tissues that are far from
the painful area of joint damage, such as the muscle or peri-articular tendon, generating
a dysfunction of the downstream inhibitory mechanisms and an increase in temporal
summation (TS) and conditioned pain modulation (CPM) alterations [10,11]. Therefore,
one of the main objectives of any treatment is to improve the pain modulation systems.

Psychosocial factors (cognitive factors, emotional factors, behavioral factors, social
factors) also play a key factor in sensitizing the CNS [7]. The biopsychosocial approach
in understanding the interaction between psychological and physical factors is a topic of
primary importance, especially for its association with chronic pain [12]. Reducing the
impact of stress and psychological factors could have a positive impact on the experience
of pain, making the assessment of social, behavioral, and contextual factors necessary in
pain trials.

Manual therapy (MT) can be considered an effective treatment in the management of
pain in knee OA, decreasing the pain threshold and cortical excitability. Indeed, systematic
reviews support a transient pain inhibitory effect of manual therapy on psychophysi-
cal measures [13,14]. Previous studies have investigated the reduction of pain associ-
ated with the normalization of TS and CPM variables in patients with knee OA [15,16].
Pain mechanistic-based treatment strategies for MT give us an interesting approach for
identifying patients likely to respond to MT [17]. Despite this, there is a current lack of
knowledge regarding the pain mechanisms through which MT treatment induces a positive
effect on musculoskeletal patients.

The mobilization with movement technique (MwM) is a joint mobilization method
based on the concurrent application of sustained mobilization applied by a therapist and
an active physiological movement performed by the patient. MwM has been shown to
generate hypoalgesia by stimulating the spinal dorsal horn with non-painful information.
On the other hand, articular accessory mobilizations try to achieve similar effects by
increasing the range of movement, reducing pain and restoring optimal kinematics between
articular surfaces [18]. However, the effects of MT treatment on pain processing and
endogenous pain modulation remain under investigation.

Therefore, the main objective of this study was to investigate the influence of the MT
treatment on facilitatory nociception and endogenous pain modulation in older adults with
knee OA.

2. Materials and Methods
2.1. Study Design

A case series of 28 consecutive patients with knee OA (Kellgren and Lawrence scale
between 1–3) was recruited from the physiotherapy departments of “Manuel Herranz
Esclavas de la Virgen Dolorosa” older-adult care center in Pozuelo de Alarcón, Madrid
and “Parque Coimbra” older-adult care center in Móstoles, Madrid between January and
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March 2020. It was approved by the Clinical Research Ethics Committee of the Rey Juan
Carlos University, Madrid, Spain (approval number: 0902201803618).

2.2. Participants

Twenty-eight consecutive patients over 65 years old meeting the American College
of Rheumatology (ACR) clinical criteria for a knee OA diagnosis [19] with low or null
response to analgesic medication were recruited. A non-probabilistic method of judgmental
or purposive sampling was performed. A Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) [20] and a timed up and go (TUG) [21] test were performed
at the first evaluation to investigate the patients’ functionality at baseline conditions.
Psychological measures such as depression (Beck Depression Inventory [22]), anxiety (State–
Trait Anxiety Inventory [23]), and kinesiophobia (Tampa Scale of Kinesiophobia [24]),
and cognitive measures such as catastrophizing (pain catastrophizing scale) were also
assessed at the baseline (Table 1).

Table 1. Characteristics of the participants at baseline.

Characteristics Group (n = 28)

Age (y), mean (SD) 87 ± 8
Gender, n female (%) 20, (71.4%)

NPRS 5.72 ± 2.9
Temporal Summation 2.6 ± 2.1

Conditioned Pain Modulation 3.1 ± 1.1
PPT-knee, (kg/cm2) 3.2 ± 1.2

PPT-elbow, (kg/cm2) 3.4 ± 1.4
Beck Depression Inventory II 9.8 ± 7.2
Tampa Scale of Kinesiophobia 24.8 ± 12.5

STAI 18.2 ± 13.1
WOMAC 38.7 ± 19.0

Time Up and Go Test 23.7 ± 18.3
Pain Catastrophizing Scale 9.4 ± 11.1

SD: standard derivation; NPRS: numeric pain rating scale; PPT: pressure pain threshold; STAI: state–trait anxiety
inventory; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

Exclusion criteria for all subjects were the following: patients with a body mass
index (BMI) ≥ 25; presence of any syndrome or disease compatible with myofascial or
neuropathic pain in lower limbs; corticoid or local anesthetic injection in the previous year
or during the treatment; previous lumbopelvic or lower limb surgery; contraindications
to receive MT; and previous diagnosis of myopathy, neuropathy or cognitive impairment.
Informed consent was obtained from all the subjects and the study followed the principles
outlined in the Declaration of Helsinki.

2.3. Intervention

Twenty-eight participants underwent either the articular accessory mobilizations or
the mobilization with movement treatment the day after being assessed. They underwent
the other 3 sessions of the treatment in the following 3 weeks, receiving 4 total sessions
of treatment.

The articular accessory joint mobilization technique was executed with the patient in
supine position with a pillow under their knee, granting them slight knee flexion in order
to facilitate gliding. Then, physiological (flexion and extension) and accessory (anteropos-
terior, posteroanterior) movements were evaluated for pain and/or restriction [25].

The technique was executed by placing both hands on the knee of the subject and glid-
ing the tibia forward and back (posteroanterior) or vice versa (anteroposterior), based on
the patient’s pain relief, on the femur in an oscillatory manner (Figure 1A). The range of
motion of the technique was based on the patient’s severity and irritability instead of the
classic Maitland grades of movement, as other studies have demonstrated that a large
amplitude and small amplitude of mobilization did not produce statistically significant
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differences in terms of pain relief [26]. Each treatment was applied for 2 sets of 3 min with
30 s of rest interval between [16].
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Figure 1. (A,B) In these two images we can see the positions and the manual forces developed in
each technique: (A) articular accessory joint mobilization technique; (B) mobilization with move-
ment technique.

In the mobilization with movement technique, with the patient in supine position,
the range and direction of the painful knee movement (flexion or extension) performed
by the subject were identified. Each patient was tested with different sustained glides in
each position (medial glide, lateral glide, medial rotation and lateral rotation of the tibia on
femur), looking for the glide that resulted in the painful movement becoming pain-free and
improving the range of motion (considering the baseline NRPS value) [27]. These gliding
techniques were described by Mulligan in his textbook (Mulligan BR 2004 Manual Ther-
apy: “NAGS”, “SNAGS”, “MWMS” Etc. Wellington, New Zealand, Plane View Services)
(Figure 1B). If two or more glide directions produced the same effects in a supine position,
a weight-bearing position was tested to determine the best glide [27].

If the movement combined with the glide showed no change in pain or increased the
pain beyond 3 repetitions, the glide had to be changed. For whichever glide made the move-
ment pain-free when applied to the painful movement beyond 3 repetitions, the repetitions
were continued further as per the response of the reduction in pain to the mobilization.
Each treatment was applied for 3 sets of 10 repetitions, as other studies did [27].

2.4. Outcomes Measurement

The primary outcome measures were the intensity of pain as assessed by the numerical
pain rating scale (NPRS), TS, CPM, and pressure pain threshold (PPT). These measures were
assessed at the baseline, the day after the first session and the day after the last session (fourth
session). The same physiotherapist carried out the pain, function, and test assessments.

2.4.1. Numeric Pain Rating Scale

Pain intensity was measured with the NPRS of 11 points (interval from 0 to 10), where 0
corresponds to no pain and 10 corresponds to the worst pain imaginable. The patients
were asked to assess the subjective pain intensity of the painful knee at rest, in maximum
flexion, in maximum extension, in the best moment of the day, and in the worst moment
of the day. The NPRS is a valid and reliable tool in the assessment of older adults, and its
correlation with the VAS shows a high convergent validity (0.79–0.95) [28].

2.4.2. Pressure Pain Threshold

A handheld pressure algometer (Model FDIX, Wagner Instrument Mark, Greenwich,
CT 06836-1217, USA) with a 1 cm diameter flat rubber probe was used to evaluate the PPT.
The PPT was assessed at two points marked at the painful knee joint interline and at the
lateral epicondyle of the ipsilateral arm. Pressure was applied manually at approximately
0.5 kg/s on the test site [29] and the minimal amount of pressure that produced pain was
detected. Three PPT measurements following the sequence knee–elbow were recorded
from each test site with a minimum interval of 10 s [30,31]. The average threshold values
(kg/cm2) have been considered for the analysis. The PPT near to the pathological site
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was thought to represent the degree of peripheral nociception, whereas the PPT distant
to the pathology is a valid indicator of CNS hyperexcitability [32]. The reproducibility
and reliability of the results obtained by using algometry to measure the pressure pain
threshold have been previously demonstrated [16,33].

2.4.3. Temporal Summation

TS was evaluated using the previously described handheld pressure algometer. TS was
elicited with 10 pressure stimulations at the pressure pain detection threshold intensity
following a specific protocol subsequently described. Pressure stimulation was applied at
3 cm lateral to the patellar edge of the painful knee. TS elicitation commenced 2 min after
the PPT was taken in order to avoid possible sensitization from pain threshold stimulation.
For each pulse, the pressure was increased at a rate of approximately 2 kg/s up to the
previously determined pain threshold [34]. Pulses were presented with an interstimulus
interval of 1 s because this has previously been shown to be optimal for inducing TS with
pressure pain [35]. Before the first pulse, subjects were instructed to orally rate the pain
level of the first and tenth pulse with the NPRS. The TS value is the result of the subtraction
of the NPRS value at the tenth pulse from the NPRS value at the first pulse.

2.4.4. Conditioned Pain Modulation

The same pressure algometer with a 1 cm diameter flat rubber probe was used to
evaluate PPT before and during the conditioning stimulus. Ischemic muscle pain was
used as a conditioning stimulus using a sphygmomanometer (Model Minimus® II, Rudolf
Riester, Germany). The sphygmomanometer was applied around the contralateral upper
limb (lower rim 3 cm proximal to the cubital fossa). A first PPT was measured 3 cm lateral
to the patellar edge of the painful knee before inflating the cuff (PPT without stimulus).
Afterwards, the cuff was inflated to 260 mmHg and maintained until the subjects perceived
a 6/10 pain on the NPRS, and PPT was detected during this conditioning stimulus at the
same place on the knee [36]. The CPM value is the result of the subtraction of the value of
the PPT during the conditioning stimulus minus the PPT without stimulus.

2.4.5. Statistical Analysis

The data were analyzed using the SPSS package version 25.0 (SPSS Inc, Chicago, IL,
USA). The normal distribution of the sample was analyzed by using the Kolmogorov–
Smirnov test. A one-way analysis of variance (ANOVA) with repeated measurements and
Bonferroni was used as a post-hoc test to evaluate statistical significance. Within-group
effect sizes were calculated using the Cohen d coefficient [37]. An effect size greater than
0.8 was considered large, around 0.5 moderate, and less than 0.2 small. For all the data of
the study, p-values lower than 0.05 were considered significant.

3. Results

The baseline characteristics of the 28 patients (mean age 87.3 ± 8.3 years; 8 male and
20 female) are listed in Table 1. We found no differences in the demographic variables
and in the baseline levels of the primary outcome (NPRS, TS, CPM and PPT). No subjects
dropped out during the different phases of the study, and no adverse effects were detected
after the application of the treatments. None of the subjects began drug therapy during the
course of the study.

3.1. Knee Pain Intensity

At baseline assessment, the patients presented an intensity of pain in the knee of
5.7 ± 2.9 (F = 4.153, p = 0.021). In contrast, NPRS after the first session treatment decreased
to 4.2 ± 3.03, (p = 0.03 vs. Pre-treatment; n = 28), and after the fourth session, patients
presented an NPRS in the knee of 4.0 ± 2.6, (p = 0.04 vs. Pre-treatment; n = 28), Table 2.
Within-group effect sizes were moderate in the post-treatment period (d < 0.8).
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Table 2. Mean (SD) and mean difference within the group for numeric pain rating scale, temporal
summation, pain modulation and pressure pain threshold at all study visits.

Baseline 1st Session 4th Session Cohen’s d

Pain intensity, NPRS
Knee 5.7 ± 2.9 4.2 ± 3.03 * 4.0 ± 2.6 * 0.6

PPT (kg/cm2)
Knee 3.2 ± 1.2 3.5 ± 1.4 3.7 ± 1.6 0.4

Elbow 3.4 ± 1.4 3.6 ± 1.3 4.1 ± 1.9 0.4

Temporal Summation
2.6 ± 2.1 1.5 ± 1.5 0.6 ± 1.5 * 1.1

Conditioned Pain Modulation
3.1 ± 1.1 3.3 ± 1.2 3.8 ± 1.4 * 0.6

NPRS: Numeric pain rating scale; PPT: pressure pain threshold; * Indicates statistical significance p < 0.05.

3.2. Mechanical Pain Sensitivity

We found no significant differences for time in PPT over the knee and elbow, which had
values of 3.21 ± 0.04 kg/cm2 (F = 2.871, p = 0.07) and 3.42 ± 1.4 kg/cm2 (F = 3.5, p = 0.08),
respectively (Table 2). Within-group effect sizes were small in the post-treatment period
(d < 0.5).

3.3. Temporal Summation

At baseline assessment, the patients presented a TS value of 2.64 ± 2.1 (F = 4.832,
p = 0.01). In contrast, TS after the first session decreased to 1.5 ± 1.5 (p = 0.06 vs. pre-
treatment; n = 28), and after the fourth session of treatment, patients presented a TS value
of 0.61 ± 1.5, (p = 0.02 vs. pre-treatment; n = 28) (Table 2). Within-group effect sizes were
greater in the post-treatment period (d > 0.8).

3.4. Conditioned Pain Modulation

Patients with knee OA before the treatment presented a CPM mean value in the
knee of 3.10 ± 1.1 (F = 4.893, p = 0.01). After the fourth session of MT, patients presented
comparable levels at 3.8 ± 1.4, (p = 0.05; vs. pre-treatment; n = 28). The CPM remained at
the same level after the first session (Table 2). Within-group effect sizes were moderate in
the post-treatment period (d < 0.8).

4. Discussion

The main results of the present study suggest that in patients with knee OA, MT im-
plies a decrease in the neuronal excitability in the spinal cord by means of a reduction in
the TS after the application of four treatment sessions. MT led to a significant knee pain
reduction after the first session and after the fourth session, while significant changes in
the CPM and in the TS assessment were detected after the fourth session.

Our study found significant changes in pain intensity after first and fourth session
treatments. Rao et al. [25] in a recent study compared two manual therapy techniques
showing improvement in the pain intensity parameter after the intervention; moreover,
the improvements occurred in both groups without any differences between the techniques.
In addition, Bhagat et al. [38] compared the effects of MwM mobilization with sham
mobilization, finding a statistically significant decrease in the NPRS value post-treatment
in both groups.

In the literature, few studies assess the changes in TS following the application of
MT in patients with knee OA. In a recent study, Lluch et al. [34] performed four sessions
in four weeks of MT combined with either biomedical education or pain neuroscience
education, investigating the TS in patients with knee OA. They did not find any significant
improvements on the TS parameters after four sessions of MT nor at one month of follow-
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up in any of the considered groups. Instead, in our study, significant decreases in TS were
found after the fourth session compared to the baseline measurement.

In the present study, no significant changes in the PPT were detected in the lateral
epicondyle and locally at the level of the knee after the first and fourth MT session. This is
in contrast with the study of Courtney et al. [39], which defined that MT could reverse
hyperalgesia at a local and a distant site, therefore suggesting effects at a central level.
Despite this, in a previous published study by Courtney et al. [16] the knee PPT significantly
improved immediately after joint mobilization, suggesting that joint mobilization may
aid in facilitating central inhibitory mechanisms. In contrast with our study, Alkhawajah
et al. [27] found that MT resulted in greater immediate improvement of the PPT at the
painful site and at a distant site (shoulder) in knee OA patients.

The effect on the pain modulatory system, especially relative to the TS, could be
explained by the neurophysiological effects that MT has been shown to produce on the
CNS [40]. The hypothesis that MT would improve the facilitatory nociception and endoge-
nous pain modulation, causing a reduction in the maladaptive mechanisms observed in
the pain neuromatrix in patients with knee OA, remains an issue of clinical interest [41–44].
However, after the results of this study and the discussion based on the results of similar
studies, a question may arise as to the possible relationship between the MT applied and
the level whereat the greatest effect would occur.

Limitations

The present study has a number of limitations that could influence the results obtained,
so they will have to be taken into account in similar future studies. The major limitation
is that the MT technique has not been compared with a placebo/sham group and no
specific effects can be agreed. Another significant limitation is that only the short-term
effects were measured, thus precluding conclusions regarding the long-term effects. Finally,
we recognize that the sample size was small, although sufficient to determine significance.

5. Conclusions

The results from our case series suggest that MT might be effective and safe for
improving the neuronal excitability in the spinal cord by means of a reduction of the
TS after the application of four treatment sessions in patients with knee OA. However,
our recommendations are weak due to the limitations of the study and the lack of a
control group. Clinical use of MT is traditionally supported by the concept of a peripheral
action; however, changes on the facilitatory nociception and endogenous pain modulation
system were shown in the present study. High-quality RCTs with long-term follow-up are
warranted to confirm our findings.

Author Contributions: O.M.-P. and E.F.E. contributed to the investigation development with the pa-
tients, wrote and revised the manuscript. Conceptualization, J.F.-C. and E.A.S.-R.; methodology, J.H.V.
and P.P.; software, A.A.-R. and J.F.-C.; validation, all authors; formal analysis, J.H.V.; investigation,
all authors; resources, J.L.A.P.; data curation, J.F.-C. and J.H.V.; writing—original draft preparation,
Y.G.-Z., A.A.-R., E.A.S.-R. and J.F.-C.; writing—review and editing, all authors; visualization, J.F.-C.;
supervision, all authors; project administration, E.A.S.-R. and J.F.-C.; funding acquisition, J.L.A.P.
All authors have read and agreed to the published version of the manuscript.

Funding: The publication of this work has been financed by the European University of Madrid,
Villaviciosa de Odón, Madrid.

Institutional Review Board Statement: The study protocol was approved by the Clinical Re-
search Ethics Committee of the Rey Juan Carlos University, Madrid, Spain (approval number:
0902201803618).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent for publication must be obtained from participating patients who
can be identified (including by the patients themselves). Written informed consent has been obtained
from the patient(s) to publish this paper.



Appl. Sci. 2021, 11, 1895 8 of 9

Data Availability Statement: Data available on request due to privacy and ethical restrictions.

Conflicts of Interest: The authors certify that they have no affiliations with or financial involvement
in any organization or entity with a direct financial interest in the subject matter or materials discussed
in the article.

References
1. Mobasheri, A.; Batt, M. An update on the pathophysiology of osteoarthritis. Ann. Phys. Rehabil. Med. 2016, 59, 333–339. [CrossRef]
2. Kolasinski, S.L.; Neogi, T.; Hochberg, M.C.; Oatis, C.; Guyatt, G.; Block, J.; Callahan, L.; Copenhaver, C.; Dodge, C.; Felson, D.; et al.

2019 american college of rheumatology/Arthritis foundation guideline for the management of osteoarthritis of the hand, hip,
and knee. Arthritis Care Res. 2020, 72, 220–233. [CrossRef] [PubMed]

3. Kloppenburg, M.; Berenbaum, F. Osteoarthritis year in review 2019: Epidemiology and therapy. Osteoarthr. Cartil. 2020, 28,
242–248. [CrossRef]

4. Hochberg, M.C.; Altman, R.D.; April, K.T.; Benkhalti, M.; Guyatt, G.; McGowan, J.; Towheed, T.; Welch, V.; Wells, G.; Tugwell,
P. American college of rheumatology 2012 recommendations for the use of nonpharmacologic and pharmacologic therapies in
osteoarthritis of the hand, hip, and knee. Arthritis Rheum. 2012, 64, 465–474. [CrossRef] [PubMed]

5. Finan, P.H.; Buenaver, L.F.; Bounds, S.C.; Hussain, S.; Park, R.J.; Haque, U.J.; Campbell, C.M.; Haythornthwaite, J.A.; Edwards,
R.R.; Smith, M.T. Discordance between pain and radiographic severity in knee osteoarthritis: Findings from quantitative sensory
testing of central sensitization. Arthritis Rheum. 2013, 65, 363–372. [CrossRef]

6. Dieppe, P.A.; Lohmander, L.S. Pathogenesis and management of pain in osteoarthritis. Lancet 2005, 365, 965–973. [CrossRef]
7. Ji, R.R.; Nackley, A.; Huh, Y.; Terrando, N.; Maixner, W. Neuroinflammation and central sensitization in chronic and widespread

pain. Anesthesiology 2018, 129, 343–366. [CrossRef]
8. Villafañe, J.H.; Valdes, K.; Pedersini, P.; Berjano, P. Osteoarthritis: A call for research on central pain mechanism and personalized

prevention strategies. Clin. Rheumatol. 2018, 38, 583–584. [CrossRef]
9. Soni, A.; Wanigasekera, V.; Mezue, M.; Cooper, C.; Javaid, M.K.; Price, A.J.; Tracey, I. Central Sensitization in knee osteoarthritis:

Relating presurgical brainstem neuroimaging and PainDETECT-Based patient stratification to arthroplasty outcome. Arthri-
tis Rheumatol. 2019, 71, 550–560. [CrossRef]

10. Arendt-Nielsen, L.; Nie, H.; Laursen, M.B.; Laursen, B.S.; Madeleine, P.; Simonsen, O.H.; Graven-Nielsen, T. Sensitization in
patients with painful knee osteoarthritis. Pain 2010, 149, 573–581. [CrossRef]

11. Neogi, T.; Frey-Law, L.; Scholz, J.; Niu, J.; Arendt-Nielsen, L.; Woolf, C.J.; Nevitt, M.C.; Bradley, L.A.; Felson, D.T. Sensitivity and
sensitisation in relation to pain severity in knee osteoarthritis: Trait or state? Ann. Rheum. Dis. 2015, 74, 682–688. [CrossRef]
[PubMed]

12. Booker, S.Q.; Sibille, K.T.; Terry, E.L.; Cardoso, J.S.; Goodin, B.R.; Sotolongo, A.; Staud, R.; Redden, D.T.; Bradley, L.A.; Fillingim,
R.B.; et al. Psychological predictors of perceived age and chronic pain impact in individuals with and without knee osteoarthritis.
Clin. J. Pain 2020, 36, 569–577. [CrossRef]

13. Gay, C.W.; Alappattu, M.J.; Coronado, R.A.; Horn, M.E.; Bishop, M.D. Effect of a single session of muscle-biased therapy on pain
sensitivity: A systematic review and meta-analysis of randomized controlled trials. J. Pain Res. 2013, 6, 7–22.

14. Millan, M.; Leboeuf-Yde, C.; Budgell, B.; Amorim, M.A. The effect of spinal manipulative therapy on experimentally induced
pain: A systematic literature review. Chiropr. Manual Ther. 2012, 20, 1–22. [CrossRef]

15. O’Brien, A.T.; El-Hagrassy, M.M.; Rafferty, H.; Sanchez, P.; Huerta, R.; Chaudhari, S.; Conde, S.; Rosa, G.; Fregni, F. Impact of
Therapeutic interventions on pain intensity and endogenous pain modulation in knee osteoarthritis: A systematic review and
meta-analysis. Pain Med. 2019, 20, 1000–1011. [CrossRef] [PubMed]

16. Courtney, C.A.; Steffen, A.D.; Fernández-De-Las-Peñas, C.; Kim, J.; Chmell, S.J. Joint Mobilization enhances mechanisms of
conditioned pain modulation in individuals with osteoarthritis of the knee. J. Orthop. Sports Phys. Ther. 2016, 46, 168–176.
[CrossRef]

17. Bialosky, J.E.; Beneciuk, J.M.; Bishop, M.D.; Coronado, R.A.; Penza, C.W.; Simon, C.B.; George, S.Z. Unraveling the mechanisms
of manual therapy: Modeling an approach. J. Orthop. Sports Phys. Ther. 2018, 48, 8–18. [CrossRef]

18. Villafañe, J.H.; Cleland, J.A.; Fernández-De-Las-Peñas, C. Bilateral sensory effects of unilateral passive accessory mobilization in
patients with thumb carpometacarpal osteoarthritis. J. Manip. Physiol. Ther. 2013, 36, 232–237. [CrossRef] [PubMed]

19. McDonough, C.M.; Jette, A.M. The contribution of osteoarthritis to functional limitations and disability. Clinics Geriatr. Med. 2010,
26, 387–399. [CrossRef]

20. Marot, V.; Murgier, J.; Carrozzo, A.; Reina, N.; Monaco, E.; Chiron, P.; Berard, E.; Cavaignac, E. Determination of normal KOOS
and WOMAC values in a healthy population. Knee Surg. Sports Traumatol. Arthrosc. 2019, 27, 541–548. [CrossRef]

21. Sabirli, F.; Paker, N.; Bugdayci, D. The relationship between Knee Injury and Osteoarthritis Outcome Score (KOOS) and timed up
and go test in patients with symptomatic knee osteoarthritis. Rheumatol. Int. 2012, 33, 2691–2694. [CrossRef]

22. Wang, Y.P.; Gorenstein, C. Psychometric properties of the beck depression inventory-II: A comprehensive review.
Rev. Bras. Psiquiatr. 2013, 35, 416–431. [CrossRef]

23. Julian, L.J. Measures of anxiety: State-Trait Anxiety Inventory (STAI), Beck Anxiety Inventory (BAI), and Hospital Anxiety and
Depression Scale-Anxiety (HADS-A). Arthritis Rheum. 2011, 63, S467–S472. [CrossRef] [PubMed]

24. Weermeijer, J.D.; Meulders, A. Clinimetrics: Tampa scale for kinesiophobia. J. Physiother. 2018, 64, 126. [CrossRef]

http://doi.org/10.1016/j.rehab.2016.07.004
http://doi.org/10.1002/acr.24131
http://www.ncbi.nlm.nih.gov/pubmed/31908149
http://doi.org/10.1016/j.joca.2020.01.002
http://doi.org/10.1002/acr.21596
http://www.ncbi.nlm.nih.gov/pubmed/22563589
http://doi.org/10.1002/art.34646
http://doi.org/10.1016/S0140-6736(05)71086-2
http://doi.org/10.1097/ALN.0000000000002130
http://doi.org/10.1007/s10067-018-4270-4
http://doi.org/10.1002/art.40749
http://doi.org/10.1016/j.pain.2010.04.003
http://doi.org/10.1136/annrheumdis-2013-204191
http://www.ncbi.nlm.nih.gov/pubmed/24351516
http://doi.org/10.1097/AJP.0000000000000842
http://doi.org/10.1186/2045-709X-20-26
http://doi.org/10.1093/pm/pny261
http://www.ncbi.nlm.nih.gov/pubmed/30615173
http://doi.org/10.2519/jospt.2016.6259
http://doi.org/10.2519/jospt.2018.7476
http://doi.org/10.1016/j.jmpt.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23719518
http://doi.org/10.1016/j.cger.2010.04.001
http://doi.org/10.1007/s00167-018-5153-6
http://doi.org/10.1007/s00296-012-2512-3
http://doi.org/10.1590/1516-4446-2012-1048
http://doi.org/10.1002/acr.20561
http://www.ncbi.nlm.nih.gov/pubmed/22588767
http://doi.org/10.1016/j.jphys.2018.01.001


Appl. Sci. 2021, 11, 1895 9 of 9

25. Rao, R.V.; Balthillaya, G.; Prabhu, A.; Kamath, A. Immediate effects of maitland mobilization versus Mulligan mobilization with
movement in osteoarthritis knee—A randomized crossover trial. J. Bodyw. Mov. Ther. 2018, 22, 572–579. [CrossRef]

26. Krouwel, O.; Hebron, C.; Willett, E. An investigation into the potential hypoalgesic effects of different amplitudes of PA
mobilisations on the lumbar spine as measured by pressure pain thresholds (PPT). Man. Ther. 2010, 15, 7–12. [CrossRef] [PubMed]

27. Alkhawajah, H.A.; Alshami, A.M. The effect of mobilization with movement on pain and function in patients with knee
osteoarthritis: A randomized double-blind controlled trial. BMC Musculoskelet. Disord. 2019, 20, 1–9. [CrossRef] [PubMed]

28. Karcioglu, O.; Topacoglu, H.; Dikme, O.; Dikme, O. A systematic review of the pain scales in adults: Which to use? Am. J.
Emerg. Med. 2018, 36, 707–714. [CrossRef] [PubMed]

29. Aspinall, S.L.; Jacques, A.; Leboeuf-Yde, C.; Etherington, S.J.; Walker, B.F. No difference in pressure pain threshold and temporal
summation after lumbar spinal manipulation compared to sham: A randomised controlled trial in adults with low back pain.
Musculoskelet. Sci. Pract. 2019, 43, 18–25. [CrossRef] [PubMed]

30. Chesterton, L.S.; Barlas, P.; Foster, N.E.; Baxter, D.G.; Wright, C.C. Gender differences in pressure pain threshold in healthy
humans. Pain 2003, 101, 259–266. [CrossRef]

31. Paungmali, A.; O’Leary, S.; Souvlis, T.; Vicenzino, B. Naloxone Fails to antagonize initial hypoalgesic effect of a manual therapy
treatment for lateral epicondylalgia. J. Manip. Physiol. Ther. 2004, 27, 180–185. [CrossRef]

32. Pedersini, P.; Valdes, K.; Cantero-Tellez, R.; Cleland, J.A.; Bishop, M.D.; Villafane, J.H. Effects of Neurodynamic mobilizations on
pain hypersensitivity in patients with hand osteoarthritis compared to robotic assisted mobilization: A randomized controlled
trial. Arthritis Care Res. 2021, 73, 232–239. [CrossRef] [PubMed]

33. Pedersini, P.; Negrini, S.; Cantero-Tellez, R.; Bishop, M.D.; Villafañe, J.H. Pressure algometry and palpation of the upper limb
peripheral nervous system in subjects with hand osteoarthritis are repeatable and suggest central changes. J. Hand Ther. 2020, 33,
103–111. [CrossRef]

34. Lluch, E.; Duenas, L.; Falla, D.; Baert, I.; Meeus, M.; Sanchez-Frutos, J.; Nijs, J. Preoperative pain neuroscience education combined
with knee joint mobilization for knee osteoarthritis: A randomized controlled trial. Clin. J. Pain 2018, 34, 44–52. [CrossRef]

35. Randoll, C.; Gagnon-Normandin, V.; Tessier, J.; Bois, S.; Rustamov, N.; O’Shaughnessy, J.; Descarreaux, M.; Piché, M. The mecha-
nism of back pain relief by spinal manipulation relies on decreased temporal summation of pain. Neuroscience 2017, 349, 220–228.
[CrossRef]

36. Vaegter, H.B.; Handberg, G.; Graven-Nielsen, T. Similarities between exercise-induced hypoalgesia and conditioned pain
modulation in humans. Pain 2014, 155, 158–167. [CrossRef] [PubMed]

37. Gallagher, A. RD, LD, CD receives 2001 Copher Memorial award. J. Am. Diet. Assoc. 2001, 101, 1369.
38. Bhagat, M.; Neelapala, Y.V.R.; Gangavelli, R. Immediate effects of Mulligan’s techniques on pain and functional mobility in

individuals with knee osteoarthritis: A randomized control trial. Physiother. Res. Int. 2020, 25, e1812. [CrossRef]
39. Courtney, C.A.; Clark, J.D.; Duncombe, A.M.; O’Hearn, M.A. Clinical presentation and manual therapy for lower quadrant

musculoskeletal conditions. J. Man. Manip. Ther. 2011, 19, 212–222. [CrossRef] [PubMed]
40. Courtney, C.A.; Witte, P.O.; Chmell, S.J.; Hornby, T.G. Heightened flexor withdrawal response in individuals with knee os-

teoarthritis is modulated by joint compression and joint mobilization. J. Pain 2010, 11, 179–185. [CrossRef]
41. Moseley, G. A pain neuromatrix approach to patients with chronic pain. Man. Ther. 2003, 8, 130–140. [CrossRef]
42. Skyba, D.A.; Radhakrishnan, R.; Rohlwing, J.J.; Wright, A.; Sluka, K.A. Joint manipulation reduces hyperalgesia by activation of

monoamine receptors but not opioid or GABA receptors in the spinal cord. Pain 2003, 106, 159–168. [CrossRef]
43. Vicenzino, B.; Paungmali, A.; Buratowski, S.; Wright, A. Specific manipulative therapy treatment for chronic lateral epicondylalgia

produces uniquely characteristic hypoalgesia. Man. Ther. 2001, 6, 205–212. [CrossRef] [PubMed]
44. Zusman, M. Forebrain-mediated sensitization of central pain pathways: ‘non-specific’ pain and a new image for MT. Man. Ther.

2002, 7, 80–88. [CrossRef]

http://doi.org/10.1016/j.jbmt.2017.09.017
http://doi.org/10.1016/j.math.2009.05.013
http://www.ncbi.nlm.nih.gov/pubmed/19643656
http://doi.org/10.1186/s12891-019-2841-4
http://www.ncbi.nlm.nih.gov/pubmed/31627723
http://doi.org/10.1016/j.ajem.2018.01.008
http://www.ncbi.nlm.nih.gov/pubmed/29321111
http://doi.org/10.1016/j.msksp.2019.05.011
http://www.ncbi.nlm.nih.gov/pubmed/31176287
http://doi.org/10.1016/S0304-3959(02)00330-5
http://doi.org/10.1016/j.jmpt.2003.12.022
http://doi.org/10.1002/acr.24103
http://www.ncbi.nlm.nih.gov/pubmed/31675184
http://doi.org/10.1016/j.jht.2018.06.003
http://doi.org/10.1097/AJP.0000000000000511
http://doi.org/10.1016/j.neuroscience.2017.03.006
http://doi.org/10.1016/j.pain.2013.09.023
http://www.ncbi.nlm.nih.gov/pubmed/24076045
http://doi.org/10.1002/pri.1812
http://doi.org/10.1179/106698111X13129729552029
http://www.ncbi.nlm.nih.gov/pubmed/23115474
http://doi.org/10.1016/j.jpain.2009.07.005
http://doi.org/10.1016/S1356-689X(03)00051-1
http://doi.org/10.1016/S0304-3959(03)00320-8
http://doi.org/10.1054/math.2001.0411
http://www.ncbi.nlm.nih.gov/pubmed/11673930
http://doi.org/10.1054/math.2002.0442

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Intervention 
	Outcomes Measurement 
	Numeric Pain Rating Scale 
	Pressure Pain Threshold 
	Temporal Summation 
	Conditioned Pain Modulation 
	Statistical Analysis 


	Results 
	Knee Pain Intensity 
	Mechanical Pain Sensitivity 
	Temporal Summation 
	Conditioned Pain Modulation 

	Discussion 
	Conclusions 
	References

