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A B S T R A C T

Data on the precise mechanisms of the complex interactions of factors related to clinical impact of knee osteo-
arthritis (KOA) in the elderly population remain limited. To find predictors that explain pain intensity, physical
function, and quality of life in elderly KOA subjects, we performed a cross-sectional analysis of the baseline data
from a randomized trial. The trial included 104 subjects (aged �60) with KOA pain and dysfunctional endogenous
pain-inhibitory system activity assessed by conditioned pain modulation (CPM). Three multiple linear regression
models were performed to understand the independent predictors of Brief Pain Inventory (BPI), WOMAC function
subscale (WOMACFunc), and SF-12 physical subscale (SF12-PCS). Model 1 showed that BPI pain score was
predicted by low CPM response, high von-Frey light touch threshold, worse radiological severity as indexed by
Kellgren-Lawrence grade (KL), high von-Frey punctate pain intensity and high levels of anxiety (adjusted R2 ¼
27.1%, F (6,95) ¼ 7.27, P < 0.0001). In model 2, von-Frey light touch threshold, KL, depressive symptoms
indexed by Beck Depression Inventory (BDI), level of sleepiness and pain pressure threshold were risk factors for
SF12-PCS (adjusted R2 ¼ 31.9%, F (5,96) ¼ 10.5, P < 0.0001). Finally, model 3 showed that WOMACFunc was
predicted by BDI, KL and BPI (adjusted R2 ¼ 41%, F (3,98) ¼ 24.42, P < 0.0001). Our data provides an interesting
framework to understand the predictors of KOA pain in the elderly and highlights how its related outcomes are
affected by disease-specific factors, somatosensory dysfunction and emotional factors.
1. Introduction

Knee osteoarthritis (KOA) is the most prevalent form of osteoarthritis
(OA) worldwide. It is defined as a complex and multifactorial disease
characterized by progressive degeneration of articular cartilage and
sclerosis of subchondral bone and an important cause of pain and
disability, especially in the elderly population [1, 2]. Approximately 25%
of people aged 50 years and over report chronic knee pain, among those
6% have severe knee pain and functional disability [3, 4]. Age is the
strongest factor associated with OA development, thus with global aging
process, the burden of KOA to the health care systems worldwide is
revisani).

September 2020; Accepted 10 D
vier Ltd. This is an open access ar
expected to increase [5, 6]. Besides the pain, older individuals with KOA
may have a poor quality of life due to stiffness, deformity, limitation in
range of motion, dependence to perform activities of daily life; conse-
quently leading to increases in economic and social costs globally [7, 8].

Chronic pain is a multidimensional condition that includes, besides
the nociceptive component, an affective-motivational and cognitive-
evaluative components [9]. Neuroimaging studies have shown that
several brain regions are involved with pain processing, including the
dorsolateral prefrontal cortex, sensorimotor cortex and thalamus [10,
11]. Therefore, KOA pain is not purely a result of the structural damage in
the knee, but an interaction between local and structural changes at
different levels of the neuroaxis [12]. The role of radiological findings on
predicting clinical outcomes in KOA remains controversial, and evidence
suggests that the degree of pain and disability are only weakly explained
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by the radiographic severity itself [13, 14]. Several studies have shown
that peripheral and central sensitization play an important role in KOA
pain persistence [15, 16]. However, it remains poorly understood to what
degree central sensitization contributes to self-reported pain severity [17,
18]. Recent findings have suggested a close association between clinical
pain and experimental pain measures, such as the descending condi-
tioned pain modulation (CPM), pain pressure threshold (PPT) and tem-
poral summation; however, there are few studies with small sample sizes
[19, 20]. Foucher et al also demonstrated that the degree of central pain
sensitization might also be affected by the duration of symptoms in KOA
patients [21].

Besides altered peripheral and central nociceptive processes, the
relationship between mood disorders and KOA pain has been extensively
studied and suggests that high levels of psychological distress, such as
depression, fear, and anxiety, contribute to pain maintenance and
physical limitation [22]. Sharma et al conducted a systematic review and
concluded that anxiety and depression could negatively impact
health-related quality of life (HRQol) by impairing pain perception and
physical functioning among individuals with OA [23]. Since KOA pain
can itself generate or exacerbate psychological conditions [24], this
relationship seems to be bidirectional, therefore one chronic disease
negatively impacting the course of the other disease [25]. Additionally,
pain-related cognitions, such as pain catastrophizing and self-efficacy,
are consistently related to pain intensity and functional decline in KOA
patients [26].

Although it is clear that emotional, somatosensory, and structural
knee changes are important independent predictors of pain in OA, there
is limited data testing all these predictors together to assess which ones
drive pain intensity, physical function and HRQol in KOA. Therefore, the
aim of this study is to investigate the risk factors for self-reported pain
intensity, physical function and HRQol in an elderly population with
KOA using multivariate linear regression models.

2. Methods

2.1. Study design

The present study assesses the baseline data of a randomized clinical
trial evaluating the effects of transcranial direct current stimulation on
pain intensity due to KOA in an elderly population (NCT03117231) [27].
The study was approved by the Research Ethics Committee at S~ao Paulo
Hospital (HSP) (1685/2016). The volunteers were recruited from the
HSP outpatient clinics and from general population by advertisements
posted in the city of S~ao Paulo, Brazil. All participants provided a written
informed consent form before study procedures.

2.2. Participants

A detailed description of the eligibility criteria was reported previ-
ously [27]. Briefly, the trial recruited 104 participants aged 60 years and
above with a diagnosis of KOA, according to the American College of
Rheumatology classification [28]. Eligible subjects met the following
criteria: ongoing knee chronic pain (duration �6 months); average pain
score �4 on a 0–10 numeric rating scale (NRS); dysfunctional endoge-
nous pain-inhibitory system (reduction <10% in the pain intensity dur-
ing the CPM-P test); not diagnosed with any severe acute or chronic
uncompensated disease, cognitive impairment or severe depression; no
history of epilepsy, syncope, alcohol abuse or traumatic brain injury with
residual neurological deficits.

2.3. Assessments

Subjects were queried about demographic, socioeconomic, and clin-
ical information. The following data were collected: age, gender, race,
years of education, employment status, marital status, chronic disease
conditions, cognitive evaluation (Mini-Mental State Examination), the
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knee and its region (medial or lateral) most painful. Furthermore, X-rays
of the most affected knee were made, and the radiographic severity
determined according to Kellgren-Lawrence (KL) 0–4 grading scale [29].

Moreover, the following assessments were performed:
Pain intensity – Brief Pain Inventory (BPI), a short and self-reported

questionnaire, was used to assess pain intensity during the last 24 h [30].
The mean of the 4 items (pain right now, pain on average in last 24 h,
worst pain in last 24 h, and least pain in last 24 h) that measure pain
using an NRS from 0 (“no pain”) to 10 (“the worst pain you can imagine”)
was calculated. In the case of bilateral knee pain, the patients were asked
to rate their most painful knee.

Health-related quality of life – HRQol was assessed using the 12-
Item Short-Form Health Survey scale (SF-12) which includes 8 do-
mains: physical functioning, physical role functioning, bodily pain,
general health perceptions, vitality, social functioning, emotional role
functioning, and mental health [31]. Two subscales called physical
component score (SF12-PCS) and mental component score were calcu-
lated. Higher scores are associated with a better quality of life. The
SF12-PCS subscale was used in the analysis.

Physical Functioning – Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) was collected to evaluate the disease-
specific disability [32]. It includes three subscales to measure pain,
physical function, and joint stiffness. The function sub-scale (WOMAC-
Func) that ranges from 0 to 68 (with higher values meaning worse
physical performance) was used in the analysis.

Psychological Evaluation – Beck Depression Inventory (BDI) was
collected to self-rate depressive symptoms. The questionnaire contains
21 items, yielding total scores ranging from 0 to 63, with higher values
meaning greater severity [33].

The mood was also assessed using a 0–100mm visual analogic mood
scale (VAMS) by asking the subjects to rate their anxiety, depression,
stress, and sleepiness in the moment of the assessment. A higher score
indicates worse mood [34].

Quantitative sensory testing – Mechanical detection threshold
(MDT) and Mechanical pain threshold (MPT) were evaluated using 20
successive weighted Von Frey fibers (from 0.008 g to 300 g) applied
perpendicular to the skin until the filament starts bending, with the eyes
closed. The stimulus was kept for approximately 1.5 s and then removed.
The test was performed on the thenar region ipsilateral to the most
painful knee (hand), and on the most painful knee (knee).

For the MDT, we recorded the smallest weighted fiber that produces
light touch and pinprick sensation. Thereafter to detect the MPT, the
smallest weighted filament that produces pain was recorded. Following
the MPT detection, subjects were asked to rate their pain on a 0–10 NRS,
applying the same filament 3 times on the same regions with an interval
to avoid sensitization; the mean score was recorded. If the subject did not
have a positive response in a trial, the highest weighted fiber (300 g) was
considered [35, 36].

Pain Pressure Threshold – PPT was assessed using a 1-cm2 rubber
probe algometer (JTECH Medical Industries Inc). The probe was applied
perpendicular to the same regions used for MDT and MPT until the pa-
tient reported that the pressure sensation became a painful sensation. The
same test was performed three times, and the mean score of the recorded
values (pressure in Kg at the first “painful sensation” moment) was
calculated.

Conditioned Pain Modulation – CPM was performed using pressure
as the test stimulus and cold water as the conditioning stimulus. The
pressure was applied using the same device, technique and location used
for PPT assessments. Following the PPT procedure, participants were
asked to submerge their contralateral hand to the most painful knee into
a water bath maintained at 10 �C for approximately 1 min. After the 30s
of the cold water immersion, the pressure stimulus was reapplied with
the same technique (post-CPM trial) [18].

The subjects were asked to report the exact moment when the pres-
sure sensation became a painful sensation before (pre-CPM trial) and
after (post-CPM trial) the conditioning stimulus. Participants were also
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asked to rate this pain sensation, using a 0–10 NRS. A percentage change
in pain scores and PPT after CPM procedure were calculated, called CPM-
P and CPM-PPT, respectively. The following formula was used: (post-
CPM trial score � pre-CPM trial score/pre-CPM trial score) * 100. We
expect, after the conditioning stimulus, a negative value for CPM-P - since
pain post-CPM should be lower that pre-CPM trial; and a positive valuer
for CPM-PPT - since the amount of in Kg should be higher in the post-
CPM trial.

2.4. Statistical analysis

Sample characteristics were described using descriptive statistics.
Categorical variables were presented through relative and absolute fre-
quencies. While continuous variables were reported by mean and stan-
dard deviation, and ordinal variables by median and interquartile range.
The normality of data was assessed using visual inspection of the histo-
gram, associated with skewness and kurtosis evaluations. After that, and
also considering the central limit theorem, all variables were considered
normally distributed.

The association of possible explanatory variables with the outcome
variables (pain intensity, physical function, and HRQol) was evaluated
with exploratory multiple linear regression models, using the forward
stepwise selection method, starting by variable with the highest
Table 1. Categorical variables description.

All subjects

Race, n (%)

White 43 (41.4)

Brown 41 (39.4)

Black 13 (12.5)

Asian 7 (6.7)

Working status, n (%)

Unemployed 15 (14.4)

Full-time employed 4 (3.9)

Part-time employed 1 (0.9)

Retired 84 (80.8)

Marital status, n (%)

Married 35 (33.7)

Single 12 (11.5)

Divorced 13 (12.5)

Widowed 44 (42.3)

Comorbidities, n (%)

Hypertension 73 (70.2)

Diabetes Mellitus 26 (25)

Hypothyroidism 19 (18.3)

Osteoporosis 26 (25)

Stable Coronary Disease 10 (9.6)

Radiological grade, KL, n (%)

KL I 26 (25.5)

KL II 32 (31.4)

KL III 30 (29.4)

KL IV 14 (13.7)

Unknown** 2 (0.02)

Knee most affected, n (%)

Right 57 (54.8)

Left 47 (45.2)

Region of knee most affected, n (%)

Medial 78 (75)

Lateral 26 (25)

Abbreviations: KL: Kellgren-Lawrence.
** 2 subjects with total knee arthroplasty.
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correlation with the dependent variable. Separate models were per-
formed for each dependent variable. BPI pain score was used as the
dependent variable in the “pain intensity” model, WOMACFunc in the
“physical function”model and SF12-PCS subscale in the “HRQol”model.

Potential predictors were selected based on the mechanisms related
to chronic pain physiology. As independent variables, we included age,
gender, KL grade, BDI, VAMS for anxiety, depression, stress and sleepi-
ness, von-Frey MDT, von-Frey MPT, von-Frey NRS (pain intensity
following MPT detection), PPT, CPM-PPT, and CPM-P. For the “physical
function” model, BPI level was also considered as an independent
variable.

In the first step, simple linear regressions were created with each
independent variable and dependent variable and sorted according to its
variable regression coefficient and coefficient of determination (R-
squared). Following this, the variables were entered one by one in the
models and maintained depending on the alpha level of significance of
the variable coefficient, associated with the R-squared. Variables were
selected to be in the final model if provoked a relevant change in the R-
squared and/or if they had a significant regression coefficient. The sig-
nificance level was set at 0.05.

All variables were also assessed for effect modification, and if present
(leads to change in more than 10% to the regression coefficient of the
variables previously included in the model), the respective variable
Female, n (%) Male, n (%)

88 (84.6) 16 (15.4)

42 (47.73) 1 (6.25)

29 (32.95) 12 (75)

12 (13.64) 1 (6.25)

5 (5.68) 2 (12.50)

13 (14.77) 2 (12.50)

3 (3.41) 1 (6.25)

1 (1.14) 0

71 (80.68) 13 (81.25)

25 (28.41) 10 (62.5)

12 (13.64) 0

10 (11.36) 3 (18.75)

41 (46.59) 3 (18.75)

63 (71.59) 10 (62.50)

20 (22.73) 6 (37.5)

18 (20.45) 1 (6.25)

24 (27.27) 2 (12.50)

8 (9.09) 2 (12.50)

19 (21.59) 7 (43.75)

27 (30.68) 5 (31.25)

26 (29.55) 4 (25)

14 (15.91) 0

2 (2.27) 0

49 (55.68) 8 (50)

39 (44.32) 8 (50)

66 (75) 12 (75)

22 (25) 4 (25)
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would be included in the final model. In the 3 models, the assumption of
collinearity between each independent variable was evaluated by the
variance inflation factor, linearity between dependent variable and in-
dependent variables was assessed by visual inspection of individual
scatterplots and the homoscedasticity of the model was checked by visual
inspection of the histogram of residuals, and the Shapiro-Wilk normality
test of the standardized residuals [37].

3. Results

Of 104 subjects, the mean age was 73.9 (�8.01), 88 (84.6%) were
women, and the mean educational level was 7 years (�5.52). The sample
descriptive statistics are summarized in Tables 1 and 2.

Three different models were created, one for BPI pain score as the
dependent variable (model 1), one for SF12-PCS as the dependent vari-
able (model 2), and another one considering WOMACFunc as the
Table 2. Continuous/ordinal variables description.

All subjects

Age, years, mean (SD) 73.94 (8.01)

Education, years, mean (SD) 7.02 (5.52)

Mini-Mental State Examination, mean (SD) 24.98 (3.98)

BDI, mean (SD) 13.00 (6.59)

BPI, mean (SD) 4.59 (1.45)

SF -12, mean (SD)

Physical Component Summary (PCS) 32.82 (8.98)

Mental Component Summary (MCS) 48.52 (11.06)

WOMAC, mean (SD)

Pain subscale (0–20) 9.82 (3.53)

Rigidity subscale (0–8) 3.53 (2.04)

Function subscale (0–68) 34.84 (12.15)

Total score (0–96) 48.09 (15.55)

VAMS, mean (SD)

Anxiety 4.16 (2.83)

Depression 2.49 (2.93)

Stress 3.41 (2.97)

Sleepiness 2.90 (2.92)

Von-frey MDT, light touch, median (IQR)

Knee 0.60 (1.00)

Hand 0.40 (0.84)

Von-frey MDT, pinprick, median (IQR)

Knee 4.00 (6.00)

Hand 8.00 (24.00)

Von-frey MPT, median (IQR)

Knee 26 (172.00)

Hand 300.00 (274.00)

Von-frey NRS, mean (SD)

Knee 3.08 (1.94)

Hand 1.76 (1.94)

PPT, mean (SD)

Knee 2.06 (1.21)

Hand 2.72 (1.14)

CPM PPT, mean (SD)

Knee 18.51 (29.32)

Hand 1.87 (26.03)

CPM P, mean (SD)

Knee 9.94 (15.06)

Hand 3.38 (24.61)

Abbreviations: BDI: Beck Depression Inventory; BPI: Brief Pain Inventory; SF -12: 12
Universities Osteoarthritis Index; VAMS: Visual Analogic Mood Scale; MDT: Mechani
Scale; PPT: Pain Pressure Threshold; CPM: Conditioned Pain Modulation; CPM-P: Cond
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dependent variable (model 3). The four assumptions (collinearity, line-
arity, normality of the standardized residuals, homoscedasticity) were
respected.

KL grade was transformed into a dichotomous variable, before the
multiple regression analysis. The cut off used to split the variable was
determined after analyzing the association between the original variable
(KL grade) and the dependent variables in the univariate linear re-
gressions (Table 3). For model 1, the KL IV showed a significant associ-
ation with BPI, therefore KL grade was dichotomized into group 1¼ KL I,
II, and III þ group 2 ¼ IV. For models 2 and 3, the KL III and IV showed a
significant association with the dependent variable, therefore it was
dichotomized into group 1 ¼ KL I and II þ group 2 ¼ KL III and IV. Two
subjects were not classified according to KL grade due to the presence of
bilateral knee prosthesis. Therefore, all the models included 102 patients,
excluding two patients with previous total knee arthroplasty (TKA).
Female, n (%) Male, n (%)

88 (84.6) 16 (15.4)

74.02 (8.10) 73.5 (7.72)

6.85 (5.36) 7.94 (6.44)

24.60 (4.11) 27.06 (2.29)

13.92 (6.45) 7.94 (4.99)

4.69 (1.48) 4.05 (1.15)

31.71 (8.54) 38.95 (9.11)

47.63 (10.89) 53.44 (11)

10.10 (3.56) 8.25 (2.96)

3.64 (2.10) 2.94 (1.57)

36.16 (11.83) 27.56 (11.67)

49.78 (15.36) 38.75 (13.52)

4.41 (2.81) 2.77 (2.59)

2.80 (3.00) 0.81 (1.81)

3.71 (3.00) 1.76 (2.20)

3.04 (2.98) 2.14 (2.52)

0.60 (1.00) 1.00 (0.98)

0.40 (0.64) 0.80 (1.12)

4.00 (6.00) 4.00 (13.60)

8.00 (24.00) 9.00 (21.00)

26.00 (91.00) 43.00 (293.00)

300.00 (274.00) 300.00 (274.00)

3.23 (1.95) 2.31 (1.75)

1.86 (2.03) 1.20 (1.26)

1.94 (1.13) 2.68 (1.47)

2.69 (1.17) 2.90 (0.98)

19.75 (28.30) 11.72 (34.62)

0.98 (25.80) 6.77 (27.56)

10.83 (15.68) 5.07 (10.02)

2.75 (25.31) 6.83 (20.67)

-Item Short Form Health Survey scale; WOMAC: Western Ontario and McMaster
cal Detection Threshold; MPT: Mechanical Pain Threshold; NRS: Numeric Rating
itioned Pain Modulation - pain; IQR: Interquartile Range; SD: Standard Deviation.



Table 3. Simple Linear Regression between KL grade and pain intensity, physical function and quality of life.

Dependent Variable Adjusted R2 KL grade** B SE B p-value

BPI pain score 0.081 Intercept 4.269 0.273 <0.001

II 0.301 0.368 0.415

III 0.047 0.373 0.899

IV 1.463 0.462 0.002*

SF12-PCS 0.129 Intercept 37.616 1.629 <0.001

II -3.310 2.193 0.134

III -8.337 2.225 <0.001*

IV -8.596 2.753 0.002*

WOMAC function subscale 0.116 Intercept 30.077 2.186 <0.001

II 2.829 2.943 0.339

III 6.623 2.987 0.029*

IV 14.066 3.695 <0.001*

Abbreviations: KL: Kellgren-Lawrence; BPI: Brief Pain Inventory; SF12-PCS: Physical Component Summary of 12-Item Short Form Health Survey scale; WOMAC:
Western Ontario and McMaster Universities Osteoarthritis Index.

** Note: KL I was used as the reference variable in the regression.

D.R.B. Tavares et al. Heliyon 6 (2020) e05723
3.1. Predictors of BPI

Model 1 resulted in the following final regression equation: BPI pain
score ¼ 3.163 þ (-0.012 * hand CPM-PPT) þ (0.0003 * hand CPM-PPT2)
þ (0.196 * von-Frey NRS/hand) þ (0.771 * KL) þ (0.129 * anxiety
VAMS) þ (0.195 * von-Frey MDT/light touch/knee) (Table 4). The
relationship between hand CPM-PPT and BPI pain score was not
completely linear, as showed by Figure 1. A linear association was found
between BPI pain scores and the negative CPM-PPT values (defective
pain modulation), marked by higher BPI scores (worse pain) associated
with lower hand CPM-PPT scores (worse pain modulation). A quadratic
term (hand CPM-PPT2) was included in the model to correct this not
completely linear relationship.

Model 1 statistically significantly predicted BPI pain scores, F (6, 95)
¼ 7.27, P< 0.0001. This model was able to explain 27.1% of the variance
in pain scores. Conditioned pain modulation assessed by CPM-PPT in the
hand, von-Frey pain intensity after MPT detection in the hand, radio-
logical evaluation assessed by KL grading method, perception of anxiety
Table 4. Multiple regression analysis.

Dependent Variable Adjusted R2 F-value p-value*

BPI pain score 0.271 7.27 <0.0001

SF12-PCS 0.319 10.50 <0.0001

WOMACFunc 0.410 24.42 <0.0001

Abbreviations: BPI: Brief Pain Inventory; PPT: Pain Pressure Threshold; CPM: Conditio
Visual Analogic Mood Scale; MDT: Mechanical Detection Threshold; SF12-PCS: Phys
Depression Inventory; WOMACFunc: Western Ontario and McMaster Universities Ost

** KL grade dichotomized into group 1 ¼ KL I, II and III þ group 2 ¼ IV.
*** KL grade dichotomized group 1 ¼ KL I and II þ group 2 ¼ KL III and IV.
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at the moment of evaluation detected by the anxiety VAMS and von-Frey
light touch MDT detected in the knee were significantly associated with
BPI pain scores. Model coefficients suggested that lower CPM-PPT scores
in hand (worse pain modulation) are associated with higher scores in BPI
(greater pain intensity), higher scores in NRS after MPT detection (higher
pain) are related to higher scores in BPI, KL IV is associated with higher
scores in BPI, higher values in anxiety VAMS (greater anxiety) are related
to higher scores in BPI, light touch MDT detected with larger fibers is
associated with higher scores in BPI.

Due to the lack of a completely linear association between hand CPM-
PPT and BPI pain score, we also conducted a piecewise linear model
dividing the hand CPM-PPT data into negative values and positive values,
and found the final regression equation: BPI pain score¼ 2.983þ (-0.030
* negative hand CPM-PPT) þ (0.009 * positive hand CPM-PPT) þ (0.192
* von-Frey NRS/hand) þ (0.794 * KL) þ (0.127 * anxiety VAMS) þ
(0.203 * von-Frey MDT/light touch/knee). The spline regression statis-
tically significantly predicted BPI pain scores, F (6, 95) ¼ 7.34, P <

0.0001, and similarly to model 1 accounted for 27.4% of the variance in
Predictors B SE B p-value

Intercept 3.163 0.287 <0.001

CPM-PPT hand -0.012 0.005 0.031

CPM-PPT hand2 0.0003 0.0001 0.031

Von-frey NRS hand 0.196 0.065 0.003

KL grade** 0.771 0.382 0.047

VAMS anxiety 0.129 0.044 0.004

Von-frey MDT, light touch, knee 0.195 0.078 0.014

Intercept 40.221 2.296 <0.001

BDI -0.259 0.117 0.030

KL grade*** -6.202 1.548 <0.001

Von-frey MDT, light touch, knee -1.266 0.446 0.006

VAMS sleepiness -0.791 0.266 0.004

PPT knee 1.292 0.612 0.037

Intercept 13.382 3.208 <0.001

BDI 0.890 0.142 <0.001

KL grade*** 4.718 1.856 0.013

BPI pain score 1.725 0.644 0.009

ned Pain Modulation; NRS: Numeric Rating Scale; KL: Kellgren-Lawrence; VAMS:
ical Component Summary of 12-Item Short Form Health Survey scale; BDI: Beck
eoarthritis Index function subscale.



Figure 1. Scatterplot of BPI pain scores X CPM PPT in the hand. There is a
significant negative correlation between the two variables (Pearson ρ ¼ -0.20; P
¼ 0.04). However, the linear correlation can be noted for the negative CPM-PPT
values (defective pain modulation), that are correlated with higher BPI scores
(worse pain).
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pain scores. This analysis confirmed that there was a linear relationship
between hand CPM-PPT and BPI pain scores only for the negative CPM-
PPT values, which indicates a defective pain inhibition (Table 5).

3.2. Predictors of SF12-PCS

Model 2 resulted in the following final regression equation: SF12-PCS
¼ 40.221 þ (-0.259 * BDI) þ (-6.202 * KL) þ (-1.266 * von-Frey MDT/
light touch/knee) þ (-0.791 * sleepiness VAMS) þ (1.292 þ Knee PPT)
(Table 4). Model 2 statistically significantly predicted SF12-PCS, F (5, 96)
¼ 10.5, P < 0.0001. This model accounted for 31.9% of the variance in
HRQol measured by SF12-PCS subscale. Depressive symptoms assessed
by BDI, the radiological evaluation assessed by KL grade, von-Frey light
touch MDT detected in the knee, perception of sleepiness at the moment
of evaluation detected by the sleepiness VAMS and the PPT measured in
the knee were significantly associated with HRQol. The direction of the
model coefficients suggested that higher scores in BDI (worse depression)
are associatedwith lower scores in SF12-PCS (worse quality of life), KL III
e IV are related to lower scores in SF12-PCS, light touch MDT detected
with larger fibers is associated with lower scores in SF12-PCS, higher
values in sleepiness VAMS (greater sleepiness) are related to lower scores
in SF12-PCS and, also lower PPT in the knee are associated with lower
scores in SF12-PCS.

3.3. Predictors of WOMACFunc

Model 3 resulted in the following final regression equation:
WOMACFunc ¼ 13.382 þ (0.89 * BDI) þ (4.718 * KL) þ (1.725 * BPI)
Table 5. Spline regression analysis.

Dependent Variable Adjusted R2 F-value p-value*

BPI pain score 0.274 7.34 <0.0001

Abbreviations: BPI: Brief Pain Inventory; PPT: Pain Pressure Threshold; CPM: Conditio
Visual Analogic Mood Scale; MDT: Mechanical Detection Threshold.

** KL grade dichotomized into group 1 ¼ KL I, II and III þ group 2 ¼ IV.
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(Table 4). Model 3 statistically significantly predictedWOMACFunc, F (3,
98)¼ 24.42, P< 0.0001. This model accounted for 41% of the variability
in physical function score around its mean. Depressive symptoms
assessed by BDI, radiological evaluation assessed by KL grade, and pain
intensity assessed by BPI were significantly associated with physical
function. The direction of the regression coefficients indicated that
higher scores in BDI (worse depression) are associated with higher scores
in WOMACFunc (worse physical function), also KL III e IV are associated
with higher scores in WOMACFunc, and higher scores in BPI (greater
pain intensity) are related to higher scores in WOMACFunc.

4. Discussion

The present exploratory analysis showed in the same model that
higher peripheral structural damage (indexed by KL), increased periph-
eral sensitization (indexed by light touch Von-Frey in the knee),
increased central sensitization (indexed by dysfunctional CPM and hand
hyperalgesia) and increased anxiety together lead to higher pain. Addi-
tionally, we found that the combination of higher peripheral structural
damage (indexed by KL), increased peripheral sensitization (indexed by
light touch Von-Frey in the knee), increased central sensitization
(indexed by lower PPT in the knee) and worse psychosocial factors
(indexed by increased depressive symptoms and sleepiness) also drove to
a worse HRQol in such elderly KOA patients. Moreover, a third model
demonstrated that worse radiological findings, associated with increased
depressive symptoms and higher pain perception lead to worse physical
function. To our knowledge, this is the first study to combine clinical,
radiological, and neuropsychological variables associated with assess-
ments for peripheral and central sensitization, specifically in elderly
patients.

4.1. Risk factors of pain (model 1)

Model 1 suggested that CPM responses affect the reporting of pain
perception, notably in those individuals with worse endogenous pain
modulation determined by negative scores in CPM-PPT in the hand. The
piecewise regression analysis confirmed our results since it showed a
significantly linear association only between the negative values of hand
CPM-PPT and BPI pain score. This association was not found for CPM-
PPT performed in the knee that can be explained by the presence of
peripheral sensitization in the knee, highlighting the importance of
assessing CPM also in control sites outside the affected joint. It has been
shown that impaired central pain modulation could be detected in distant
areas from the painful knee due to spreading sensitization [16]. More-
over, CPM-P was not able to predict pain intensity in those individuals,
which may be attributed to the subjectiveness of the NRS used to rate
their pain during the CPM test, being such more objective the CPM-PPT
data. This association between clinical and experimental pain is not yet
completely understood, however, it has been theorized that the degree of
central and peripheral sensitization may partially explain the severity of
individual pain perception, marked mainly by widespread mechanical
Predictors B SE B p-value

Intercept 2.983 0.319 <0.001*

Negative CPM-PPT hand -0.030 0.011 0.008*

Positive CPM-PPT hand 0.009 0.009 0.322

Von-frey NRS hand 0.192 0.065 0.004*

KL grade** 0.794 0.380 0.039*

VAMS anxiety 0.127 0.044 0.004*

Von-frey MDT, light touch, knee 0.203 0.077 0.010*

ned Pain Modulation; NRS: Numeric Rating Scale; KL: Kellgren-Lawrence; VAMS:
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hyperalgesia and allodynia [19, 38, 39, 40, 41]. In line with these pre-
vious findings, our results also showed that higher punctate pain in-
tensity measured in the hand (hyperalgesia) and greater hypoesthesia to
light touch measured in the knee are associated with higher pain reports.
The degree of hyperalgesia measured in the knee was not associated with
pain intensity reporting, which could be related to the high levels of knee
hypoesthesia among the study patients.

Regarding the association between structural damage of knee and
pain perception, previous literature resulted in conflicting reports [13,
14]. Our results are consistent with the theory that pain severity in in-
dividuals with KOA is not fully explained by the degree of radiological
involvement. In the present study, only KL IV contributed to the pre-
diction of pain intensity (according to model 1). This finding suggests, as
previously shown in prior studies that this discrepancy between radio-
logical measures and subjective pain reports may be explained by other
factors, such as psychological factors and central sensitization mecha-
nisms [42].

In addition, higher anxiety perception was associated with higher
pain reports. The role of psychological variables, such as depressive
and anxiety symptoms, in explaining KOA pain, has been well
demonstrated in several studies [26]. Smith et al showed in a study
among women with KOA that anxiety and depressive symptoms
significantly predict current and next week's pain ratings; however,
anxiety had almost twice the effect of depression [43]. Our results
failed to demonstrate a predictive value of depressive symptoms for
self-reported pain, which may be attributed to the exclusion criteria of
severe depression.

These factors together could explain about a third of pain variability
scores, thus providing two important insights: (1) treatments targeting
only a single target (such as central sensitization) may have limited effect
and (2) there is still 2/3 of variability that could not be explained which
may indicate lack of precision in the pain outcome used or other factors
not investigated or likely a combination of both.

4.2. Risk factors of health-related quality of life (model 2)

Research has been conducted to investigate factors that may
improve HRQol following TKA and suggests that a decrease in pain
and improvement in function are predictors of improvement in
HRQol [44]. However, other studies indicate that the improvement
in HRQol following TKA is not fully explained by condition-specific
symptoms, such as pain and function [45]. Yakobov et al highlighted
the importance of psychological variables in explaining HRQol re-
ports [46]. The present study aimed to improve knowledge about
the role of psychological, radiological, and central/peripheral sensi-
tization mechanisms and not pain and function variables in pre-
dicting HRQol in KOA subjects. In agreement with previous research,
the results of model 2 suggested that worse depressive symptoms
and poor quality of sleep negatively influence the HRQol [47, 48].
Also, showed that greater hypoesthesia to light touch and lower
PPT, both measured in the knee, are associated with worse HRQol,
suggesting that peripheral and central sensitization may influence
not only pain scores but also the HRQol in KOA patients, as previ-
ously demonstrated by Hansen et al [49]. Also consistent with pre-
vious studies, we found that the radiological severity of KOA is
associated with HRQol, being worse in KL 3 and 4 [50]. Therefore, a
multidimensional approach when treating KOA patients may be
beneficial not only to decrease pain perception, but also to improve
quality of life. These variables also account for around a third of
HRQol variability scores, which may be explained by the absence of
pain and function in the model, as potential predictors.

4.3. Risk factors of physical function (model 3)

In agreement with previous studies, model 3 demonstrated that mood
disorders are associated with physical disability in KOA patients [43, 51].
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Our results suggested that worse depressive symptoms predict worse
physical function. To date, the relationship between KOA radiographic
severity and physical function is not fully understood, with controversial
previous reports [16, 52]. In the present study, consistent with Alkan et
al, there was a correlation between severe radiological findings, corre-
sponding to KL 3 and 4, and worseWOMACFunc [52]. We also found that
pain intensity correlated positively with function, as also showed by
Tambascia et al [53]. These factors explain 41% of function variability
scores, which may be explained by the subjectiveness of the physical
function outcome selected and/or other variables not explored. In addi-
tion, according to our findings, it is reasonable to suppose that in the
early stage of KOA severity (KL � 2), interventions guided to treat pain
perception and mood disorders should be more cost-effective to improve
physical function, compared to TKA procedure.

4.4. Limitations

The present study has some limitations, and its findings must be
interpreted with caution. First of all, it was a baseline analysis of a ran-
domized clinical trial. In addition, the analysis was based on a cross-
sectional design. Therefore, causation deduction is not suitable.
Furthermore, we did not explore all the factors that may influence the
outcomes selected, as physical activity, occupation, bodymass index, and
pain-related cognition variables, such as pain catastrophizing and self-
efficacy, that have been shown to play an essential role in chronic pain
conditions [46]. Also, some outcomes were collected using subjective
scales, such as visual analog scales that have their limitations well
established [54]. Finally, our sample had a great majority of females,
which is commonly observed in studies with the elderly population,
however it may have influenced “gender” no to be in the final models.

5. Conclusion

In conclusion, our study supports evidence that central and peripheral
sensitization associated with psychological factors influence the experi-
ence of clinical pain in elderly subjects with chronic pain due to KOA. The
current study further supports the need for a multidimensional approach
to KOA pain treatment, including treatments targeting multiple neural
targets.
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