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Abstract

Objectives: 1, to investigate if the referred pain elicited by active TrPs reproduces the
symptoms in individuals with painful knee osteoarthritis (OA); and, 2, to determine the
relationship between the presence of active TrPs, intensity of ongoing pain, function,
quality of life and sleep quality in individuals with painful knee OA.

Methods: Eighteen women with bilateral painful knee OA, aged 79 to 90 years, and 18
matched controls participated. Muscle TrPs were bilaterally explored in several muscles
of the lower extremity. Trigger points were considered active if the elicited referred pain
reproduced knee symptoms, and TrPs were considered latent if the elicited pain did not
reproduce symptoms. Pain was collected with a numerical pain rate scale (NPRS, 0-10),
function was assessed with Western Ontario and McMaster Universities (WOMAC),
quality of life was assessed with the Medical Outcomes Study Short Form 36 (SF-36)
questionnaire, and sleep quality was determined with the Pittsburgh Sleep Quality Index
(PSQI).

Results: Women with knee OA exhibited a greater number of active TrPs (mean: 1+1,
P<0001) but similar number of latent TrPs (mean: 4£2) than healthy women (mean: 4+3,
P=0.613). A greater number of active TrPs was associated with higher intensity of
ongoing pain (r=0.605; P=0.007). Higher intensity of ongoing knee pain was associated
with lower physical function (P<0.05).

Conclusions: The referred pain elicited by active TrPs in the lower extremity muscles
contributed to pain symptoms in painful knee OA. A higher number of active TrPs was

associated with higher intensity of ongoing knee pain.



Association between muscle trigger points, ongoing pain,
function and sleep quality in elder women with bilateral
painful knee osteoarthritis

Introduction
Osteoarthritis (OA) is the most common form of arthritis, affecting a higher
number of people in ageing populations.! The estimated incidence of symptomatic knee

OA ranges from 0.37% per year for males to 1.02% per year for females in the USA, and

about 9.3% of the American population is diagnosed with symptomatic knee OA by age
60.2

OA is mainly featured by cartilage joint degradation, change in subchondral and
marginal bone, synovial inflammation, and capsular thickening.® Individuals at different

stages present with pain, but it is estimated that up to 40% of patients with radiological

damage do not report pain and that there is poor relationship between imaging findings
and sensory symptoms.*

Recent studies have reported that spreading sensitization is particularly apparent
in individuals with knee OA with high levels of pain in absence of moderate to severe
radiographic findings.>® The presence of nociceptive changes in OA-related pain can be
one of the many mechanisms explaining discrepancies between imaging and clinical

features.
One feature of spreading sensitization is the presence of muscle hyperalgesia.’

Bajaj et al. reported that patients with knee OA exhibited larger pain areas and higher

muscle referred pain intensity after infusion of hypertonic saline in the leg muscles in
comparison with healthy controls.® The presence of larger muscular referred pain areas

after experimental stimulation has been related to spreading sensitization mechanisms in



other local pain disorders, e.g., lateral epicondylalgia,® temporomandibular disorders,*°

or tension type headache.! In addition, the presence of referred pain areas elicited by
trigger points (TrPs) has been also associated to sensitization mechanisms in the same

conditions.'?4 In fact, it has been previously proposed that TrPs can be involved in pain

processes in subjects with knee pain.'® Trigger points (TrPs) are usually defined as
hypersensitive tender spots within taut bands of skeletal muscles that are painful on
muscle stimulation and that usually elicit referred pain.'® Trigger points are clinically
classified as active or latent. Active TrPs reproduce the patient’s symptoms and the
elicited referred pain during stimulation is recognized as a familiar phenomenon for the
patient. Latent TrPs are not responsible of any symptom of the patient and the pain is not
recognized as a familiar phenomenon. This clinical distinction between active and latent
TrPs is substantiated by histochemical findings because higher levels of several chemical

mediators and algogenic substances (i.e. bradykinin, serotonin, or substance P) were
found in active TrPs as compared to latent TrPs and non-TrPs.t’

There is scarce scientific information related to the presence of TrPs in patients
with knee OA. An old case series found that treatment of TrPs in the semimembranosus

muscle resulted in relief of persistent knee pain but without clarifying the cause of the
pain.'® Bajaj et al analyzed the presence of TrPs in a small number of patients with hip,
knee and multiple joint OA and reported that OA-related pain was associated to latent,

but not active, TrPs.!® Further, there is preliminary evidence showing that treatment of

active TrPs is effective for reducing symptoms in patients with knee OA.2%?! However,

no previous study has systematically investigated the presence of active TrPs in patients
with knee OA and their relationship with other outcomes including knee pain, function,

quality of life or sleep quality.



Therefore, the primary aims of the current study were: 1, to investigate if the
referred pain elicited by active TrPs reproduces the symptoms in subjects with painful
knee OA,; and, 2, to determine the relationship between the presence of active TrPs, the
intensity of ongoing pain, function, quality of life and sleep quality in individuals with

painful knee OA.

Methods

Participants
For this study, women diagnosed with painful knee OA from a clinic of physical
therapy associated to a geriatric center participated. Knee OA was diagnosed according

to American College of Rheumatology (ACR) classification.?? Clinical data including

intensity and duration of the symptoms, radiological evaluation, and medication were
collected. All patients had bilateral weight bearing, fixed flexion posterior-anterior and
lateral X-rays of both knee regions. Degenerative profiles of the tibio-femoral joint were
verified for each patient. Patient should exhibit moderate pain intensity with a numerical
pain rate scale (NPRS, 0-10) score > 3points and bilateral symptoms.

Participants were excluded if presented any of the following: 1) previous lower
extremity surgery; 2) diagnosis of lower extremity radiculopathy or myelopathy; 3) any
sensory dysfunction including nerve damage; 4) if they had received any therapeutic
intervention in the past 6 months before the study; or, 5) if they were mentally impaired

(Mini-Mental State Examination, MMSE<20/35).23

In addition, age-and gender-matched volunteers who had no knee pain or other
lasting pain problems in the past year were included as healthy controls and recruited

from the general population.



Participants were requested not to take any analgesic medication 24h before the
examination. The study protocol was approved by human research committee of the
Universidad Salamanca, Spain (registry 201200003354). Subjects signed an informed
consent prior to participation in the study.

Demographic and clinical data

Demographic data including age, gender, weight, height, body mass index, past
medical history and location of the symptoms were collected. An 11-point numerical pain
rate scale (NPRS, 0: no pain; 10: maximum pain) was used to determine the mean
intensity of knee pain experienced in the preceding 24h.2*%° Since patients exhibited
bilateral knee pain, the mean of both sides was used for the analysis.

The functional status of the patients was evaluated using the Western Ontario and
McMaster Universities (WOMAC) index. The WOMAC consists of a self-administered
questionnaire reflecting 3 dimensions: pain (5 items), stiffness (5 items), and physical
function (17 items) in patients with OA in the lower extremity.?® Each subscale ranges
from 0 to 20 (pain), 0-8 (stiffness), and 0-68 (function) points. A higher WOMAC score
represents greater limitation. This questionnaire has shown high reliability (ICC: 0.92-
0.97) in patients with knee OA.?" In the current study we used the validated Spanish
version of the WOMAC which is a valid, reliable and responsive instrument in patients
with knee OA.?8

The health-related quality of life was assessed with the Medical Outcomes Study
Short Form 36 (SF-36) questionnaire.?® This questionnaire assesses 8 domains: physical
functioning, role physical, bodily pain, general health, vitality, social functioning, role-

emotional, and mental health. Each domain ranges from 0O (lowest level of functioning) to



100 (highest level of functioning) points.®® The SF-36 questionnaire has shown the best

ability to discriminate between subjects with health problems and healthy people.3!

Sleep quality assessment

The Pittsburgh Sleep Quality Index (PSQI) is the most common used standardized
questionnaire for the comprehensive assessment of sleep quality.3? It consists of 19 self-

rated questions and 5 questions answered by bedmates/roommates, if available. PSQI
items use varying response categories that include recording usual bed time, usual wake
time, number of hours slept, and number of minutes to fall asleep. The sum of the scores

for the components yields one global score (0-21 point) where higher scores indicate
worse sleep quality.3® Buysse et al reported that the PSQI has good internal consistency
(a: 0.83) and test-retest reliability (r: 0.85). A total score > 8.0 points has been found to
be indicative of poor sleep quality.>*

Trigger point (TrP) examination

Trigger points were bilaterally explored in the tensor fasciae latae, sartorius, rectus
femoris, vastus lateralis, vastus medialis, gracilis, biceps femoris, semitendinosus,
gastrocnemius and tibialis anterior muscles by an assessor with 9 years of experience in
TrP diagnosis. The order of evaluation was randomized between subjects with a 2 minutes
rest period between muscles.

Trigger Points (TrP) diagnosis was performed following the criteria described by
Simons et al:*® 1, presence of a hypersensitive tender spot within a palpable taut band (if
possible); 2, local twitch response elicited by the snapping palpation of the taut band
(when possible to palpation); and, 3) presence of referred pain in response to manual
compression. Trigger points were considered active when the local and referred pain

reproduced any pain symptom perceived by the subject and the subject recognized this



evoked pain as familiar. In the current study, TrPs were considered active when their
elicited referred pain reproduced knee pain symptoms. Trigger points were considered
latent when the elicited local and the referred pain did not reproduce any symptom
experienced by the subject, in our study, in the knee area.'® These criteria, when are
applied by trained and experienced assessors have shown to exhibit good inter-examiner
reliability (kappa: 0.84-0.88).%°

Trigger point (TrP) examination was conducted as follows. After palpation of
TrPs in all muscles, participants were asked for: “When I palpated this muscle, did you
feel pain locally and/or in another distant area?” When the answer was positive, the
subject was asked for: “Please tell me whether the pain that you feel during the manual
examination reproduced any symptom that you usually suffered from in the knee area.”
Participants had to indicate whether the pain elicited during manual examination of the
musculature reproduced or not any symptom around the knee. Since patients included in
this study were elderly, particular attention was given to a proper understanding of the
procedure.
Statistical analysis

Data were analyzed with the SPSS statistical package (18.0 Version). Descriptive
data was collected on all patients. The Kolmogorov-Smirnov test revealed that all data
showed a normal distribution (P>0.05); therefore, parametric tests were used in the main
analyses. Differences in the number of TrPs (total, active or latent TrPs) between groups
were assessed with the unpaired student t-test. The Pearson correlation test (r) test was
used to determine the association between the number of TrPs, pain intensity, function
(each subtest of the WOMAC), quality of life (each dimension of the SF-36), and sleep
quality (PSQI). The unpaired student t-test was used for assess differences in clinical

features, function (WOMAC), quality of life (SF-36), and sleep quality (PSQI) between



groups. The statistical analysis was conducted at 95% confidence level. A P value less

than 0.05 was considered statistically significant.

Results

Eighteen women with painful knee OA, aged 79 to 90 years old, and 18 matched
controls, aged 79 to 90 years were included. No differences in any demographic data were
observed between groups (Table 1). The mean intensity of knee pain, based on the NPRS,
experienced the previous 24 hours of the OA group was 4.0 £ 1.2.

The mean + SD number of TrPs for each women with painful knee OA was 5 + 3,
1+1 were active TrPs and the remaining 4+2 were latent TrPs. Healthy controls only
exhibited latent TrPs (mean + SD: 4 + 3). Therefore, the number of TrP between both
groups was significantly different for active TrPs (t =3.796; P<0.001), but not for latent
TrPs (t=-0.510; P=0.613): women with painful knee OA showed a greater number of
active TrPs and similar number of latent TrPs than healthy women. Active TrPs in the
vastus lateralis, vastus medialis and gastrocnemius muscles were the most prevalent in
women with painful knee OA. Table 2 summarizes the distribution of active and latent
TrPs for all muscles in both women with painful knee OA and healthy women.

A significant positive association between the number of active TrPs and the
intensity of pain was found in women with painful knee OA (r=0.605; P=0.007): the
greater the number of active TrPs, the higher the intensity of ongoing pain. No other
significant association between the number of latent or active muscle TrPs and function,
quality of life or sleep quality was found.

Women with painful knee OA exhibited worse physical function (WOMAC and
SF-36 domains, P<0.01) and greater stiffness (WOMAC, P<0.001) than healthy women.

No differences in the remaining domains of the SF-36 questionnaire and quality of sleep



(PSQI) were found between groups. Table 1 summarizes scores of the WOMAC, SF-36
and PSQI questionnaires of women with knee OA and healthy women. Significant
correlations between the intensity of ongoing knee pain and function were found in both
WOMAC (r=0.608, P=0.008) and SF-36 (r =-0.654, P=0.03) questionnaires: the greater

the intensity of knee pain, the lower the physical function.

Discussion

The current study found that women with painful knee OA exhibited latent and
active TrPs and that the referred pain elicited by some TrPs, those which were active,
reproduced the knee pain symptoms. No differences in the presence of latent TrPs were
found between women with painful knee OA and healthy women. The presence of active
TrPs was associated with the intensity of ongoing knee pain. In addition, women with
knee OA exhibited worse physical function than healthy women and it was negatively
associated with the intensity of knee pain.

Some authors have previously suggested the relevance of muscle TrPs in knee

pain;1>1618-2L however, no previous study has systematically investigated the presence

of active and latent TrPs in women with painful knee OA. Our study found that active
TrPs in the vastus lateralis, vastus medialis and gastrocnemius muscles were the most
prevalent in women with painful knee OA. The referred pain elicited during manual
examination by these TrPs reproduced the knee symptoms and the number of active TrPs
was associated with the intensity of ongoing knee pain. Our results agree with a previous
study where all individuals with knee OA waitlisted for total knee arthroplasty showed

TrPs within the vastus lateralis and gastrocnemius muscles.?! The presence of active TrPs

in these muscles seems expected since the vastus medialis, vastus lateralis and the

gastrocnemius muscles are intrinsically related to knee joint load and stabilization. It is
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possible that patients with knee OA adapt their dynamic loads during walking or daily
life activities inducing a muscle overload and promoting the activation of TrPs.%® The fact
that experimental muscle pain induced in knee muscles exerts generalized muscle
inhibition supports this hypothesis.®” Our findings would support the relevance of TrPs

referred pain in OA-related knee pain; nevertheless, the presence of active TrPs was

scarce. This hypothesis is partially supported by the fact that inactivation of active TrPs
is effective for pain relief in these patients.?>?! Future studies should investigate the

etiologic role of muscle referred pain elicited by active TrPs in the development of knee
OA pain symptoms.

An interesting finding was that women with painful knee OA exhibited a similar
number of latent TrPs than healthy women. In fact, the number of latent muscle TrPs was
unexpected high as compared to the number of active TrPs. These findings have been
previously reported in published studies conducted in individuals with mechanical neck
pain®®39 but contrary to others conducted in individuals with whiplash injury,*° tension

43,44

type headache,*1#? lateral epicondylalgia**** or shoulder impingement*® where healthy

controls exhibited lower number of latent TrPs than the patient populations. The presence
of some latent TrPs in asymptomatic people should be expected since muscles can
experience repetitive overload during normal daily live activities*®; however, it is also
expected that this prevalence would be lower than in the symptomatic population.
Discrepancies can be related to specific areas of the body, muscles investigated or the
elder age of the sample. The presence of latent, but not active, TrPs in our control group
supports that we were able to find an appropriate comparison group considering the age

of our sample. It is important to note that the clinical relevance of latent TrPs has

increased with recent studies*® demonstrating that latent muscle TrPs can disturb normal

11



pattern of motor recruitment and movement efficiency*’ and may induce sensitization

mechanisms.*® Therefore, it is possible that motor disturbances induced by latent muscle

TrPs also contributed to motor symptoms experienced by patients with knee OA; although
this should be investigated in future studies.
We also showed that our group of women with painful knee OA exhibited lower

physical function than healthy women which is expected and highly documented in the
literature.*>>° Surprisingly, we did not find differences in sleep quality or quality of life,

probably because the small sample size. In fact, previous studies including higher sample

sizes found that sleep disturbances are related to pain mechanisms in subjects with knee
OA.5152 Eyrther, we also found an association between physical function and the intensity

of knee pain experienced the previous 24h. Since the intensity of knee pain was positively
associated with the presence of higher number of active TrPs and worse physical function,
it is plausible a complex clinical interaction between all these factors. Current results
would suggest that it seems essential to address these different aspects as an integral part
of the evaluation and treatment of individuals with painful knee OA.

We should recognize some limitations to the current study. Firstly, the sample size
was small which may explain the lack of significance in some outcomes; however, it is
difficult to get a proper sample size of elder women with painful knee OA without other
comorbid conditions. Second, the inclusion of a control group is highly difficult in elder
people. Although we included age-and gender-matched volunteers without knee pain or
other lasting pain problems in the past year, this group also showed scores in the
WOMAC, which can be attributed to the old age of the participants. Nevertheless, based
on the results we believe that we were able to find an appropriate comparison group
considering the age of our sample. Third, the cross-sectional nature of the study does not
permit to establish a cause and effect relationship. Fourth, we did not also collect data on

12



catastrophizing, anxiety, fear, or medication side effects. In addition, we should consider
that we assessed pain experienced in the preceding 24 hours; which can be a short period
of time considering that patients were chronic. Future longitudinal studies with larger
sample sizes and including all these related outcomes are required to further confirm a

relationship between active TrPs, physical function and OA-related knee pain.

Conclusions

This study found that the referred pain elicited by active TrPs reproduced knee
pain symptoms in women with painful knee OA. The presence of the number of active
TrPs was associated with the intensity of ongoing pain. No differences in the presence of
latent TrPs were found between women with painful knee OA and healthy women.
Women with knee OA also exhibited worse physical function than healthy women and it

was negatively associated with the intensity of ongoing knee pain.
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Table 1: Demographic and clinical data of women with painful knee osteoarthritis (OA) and healthy women

Knee osteoarthritis (n=18)

Healthy controls (n=18)

Significance

Age (years)

Weight (kg)

Height (cm)
BMI (kg/cm?)

MMSE
WOMAC pain”
WOMAC stiffness”
WOMAC physical function”
SF36 physical function”

SF36 physical role
SF36 bodily pain
SF36 social function
SF36 mental health
SF36 emotional role
SF36 vitality

SF36 general health
PSQI

85+4
68.8 £9.1

152 +7
29.7+3.8
26.1+5.0
83+3.9
39+1.2
43.2+9.8
125+12.5
56.9 £40.0
56.3 £ 22.7
79.9+23.1
55.8 £20.9
68.5+ 37.0
54.4+179
60.6 £ 16.1
11.1+£5.0

85+6
64.3+12.0
153+ 7
27.4+48
26.7+4.4
3.9+58
24+16
31.2+13.0
33.1+16.1
73.6 £ 33.7
61.5+26.5
79.2+18.6
52.0+225
57.4+40.9
53.6 £24.7
59.2+21.38
9.5+£438

t=0.914; P = 0.367
t=1.207;P=0.213
t=-0.500; P = 0.620
t=1.610; P =0.117
t=-0.333; P=0.741
t=2.650; P =0.012
t=3.875; P <0.001
t=3.137; P = 0.004
t=-4.262; P <0.001
t=-1.351; P =0.186
t=-0.640; P = 0.527
t=0.099; P =0.922
t=0.521; P = 0.606
t=0.854; P =0.399
t=0.116; P = 0.909
t=0.217; P=0.830
t=0.939; P = 0.354

Data are expressed as means + standard deviation; BMI: body mass index; MMSE: Mini-Mental State Examination; WOMAC: Western Ontario

and McMaster Universities Arthritis Index; SF36: 36-ltem Short Form Health Survey; PSQI: Pittsburgh Sleep Quality Index

* Indicated statistically significant difference between groups



Table 2: Number (n) of women with knee osteoarthritis and healthy women with muscle trigger points (TrPs).

Active TrPs (n)
Latent TrPs (n)
No TrPs (n)

Active TrPs (n)
Latent TrPs (n)
No TrPs (n)

Tensor fasciae latae
Right Side Left Side

0 0
2 3
16 15

Gracilis muscle
Right Side Left Side

0 1
5 5
13 12

Women with painful knee osteoarthritis (n=18)
Sartorius muscle Rectus femoris Vastus lateralis
Right Side Left Side Right Side LeftSide Right Side Left Side

1 2 1 1 2 2
6 6 3 4 5 3
11 10 14 13 11 13

Biceps femoris muscle Semitendinosus Tibialis anterior
Right Side Left Side Right Side LeftSide Right Side Left Side

0 0 0 0 1 0
0 1 2 3 3 5
18 17 16 15 14 13

Vastus medialis
Right Side Left Side

2 1
4 4
10 13

Gastrocnemius
Right Side Left Side

2 1
5 3
11 14

Tensor fasciae latae
Right Side Left Side

Healthy women (n=18)
Sartorius muscle Rectus femoris Vastus lateralis
Right Side Left Side Right Side LeftSide Right Side Left Side

Vastus medialis
Right Side Left Side

Active TrPs (n) 0 0 0 0 0 0 0 0 0 0
Latent TrPs (n) 3 5 4 3 3 3 9 6 5 4
No TrPs (n) 15 13 14 15 15 15 9 12 13 14
Gracilis muscle Biceps femoris Semitendinosus Tibialis anterior Gastrocnemius
Right Side Left Side Right Side LeftSide Right Side LeftSide RightSide LeftSide Right Side Left Side

Active TrPs (n) 0 0 0 0 0 0 0 0 0 0
Latent TrPs (n) 5 4 2 3 0 2 6 4 4 8
No TrPs (n) 13 14 16 15 18 16 12 14 14 10
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