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INTRODUCTION

Osteoarthritis (OA) is a musculo-skeletal disease defined by progressive cartilage
degradation leading to increasing joint pain and functional disability [39,50]. Patients
suffering from painful knee OA and increasing disability in activities of daily living are
prime candidates for total knee arthroplasty (TKA) [8]. TKA is a surgical procedure that
resurfaces the damaged articular cartilage surface with metal, aiming to reduce pain and
restore function to patients suffering from OA.

The socioeconomic impact of knee OA and subsequent dramatic rise in the annual number
of TKA procedures worldwide have led to numerous investigations focused on
understanding the pathophysiological, molecular, and biochemical mechanisms that underlie
cartilage degradation, associated pain in OA [23,50], and perioperative TKA pain (i.e.
persistent knee pain develops in 10-20% of TKA patients) [15]. It is now well-established
that dysregulated biosynthesis and degradation of extracellular matrix components (e.g.
collagen type 11) by chondrocytes secondary to increased production of cytokines and
matrix-degenerating enzymes leads to the breakdown of the extracellular matrix and
cartilage [50]. Arthritic pain arises via nociceptors located in the affected joint triggered by
inflammatory and catabolic mediators [23,37]. A host of pro-inflammatory mediators that
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contribute to painful OA have been identified including interleukins (e.g., IL-6) and
prostaglandins [26,50].

The endocannabinoid system has recently emerged as a promising target for the
development of novel analgesics [12,31,48]. For example, activation of cannabinoid
receptors by their endogenous ligands, anandamide (AEA) and 2-arachidonoyl glycerol (2-
AG), or by synthetic agonists have been shown to reduce nociception in preclinical models
of pain including OA [1,8,10,28,33,48]. Furthermore, the structurally related N-
acylethanolamines (NAESs), palmitoylethanolamide (PEA) and oleoylethanolamide (OEA),
activate the nuclear receptor peroxisome proliferator-activated receptor alpha, thereby
producing antinociceptive and anti-inflammatory effects in preclinical pain models including
OA [24,34,35]. Interestingly, recent data suggest that in addition to activating cannabinoid
receptors, 2-AG is also a major source of arachidonic acid in numerous tissues and is
therefore a precursor to pro-inflammatory eicosanoids [41], which could in principle
contribute to OA pain.

To date a detailed analysis of endocannabinoid levels in OA patients and their influence
upon OA-associated pain has not been reported despite the well-documented role of
endocannabinoids in the modulation of pain and the recognized presence of cannabinoid
receptors on chondrocytes [14]. A single clinical study has examined endocannabinoid
levels in the synovial fluid of OA patients and found elevated AEA and 2-AG levels and
reduced content of the anti-inflammatory PEA [45], possibly reflecting a pro-inflammatory
and proalgesic environment. However, the association of the endocannabinoid tone with OA
pain was not reported. Furthermore, the influence of the endocannabinoid tone upon post-
operative pain and opioid usage in a clinical setting has likewise never been reported. Here,
we begin to address these outstanding questions by providing the first comprehensive profile
of endocannabinoid/NAE levels in serum, synovial fluid, and cerebrospinal fluid (CSF) in
patients with painful OA and explore whether endocannabinoid levels correlate with
baseline functional pain disability status, acute post-operative pain, and post-operative
opioid use following TKA.

METHODS

Study participants

The local institutional review board approved our study protocol and written consent was
obtained from each patient. Eligible TKA patients enrolled for this prospective,
observational study were all scheduled for elective unilateral TKA under spinal anesthesia
and femoral nerve block as per our standard of care clinical protocol. As part of the routine
clinical care protocol, TKA patients had refrained from taking non-steroidal anti-
inflammatory drugs for 7 days prior to surgery. However, as part of our multi-modal
analgesic care protocol, all TKA patients (unless contraindicated) received a COX-2
selective inhibitor (Celecoxib) immediately prior to surgery (typically given at the time of
the spinal anesthesia when the patient is sitting up). We excluded patients with 1) medical
conditions which precluded use of regional anesthesia, 2) chronic pain with opioid usage
over 100mg morphine-equivalents orally daily, 3) patients with documented rheumatoid
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arthritis, 4) history of abuse of opioids, 5) patients scheduled for bilateral TKA, and 6)
patients scheduled for a TKA revision.

Experimental design & data collection

Prior to anesthesia and surgery, the TKA patients underwent assessment of pain disability
status using the Pain Disability Questionnaire (PDQ) [3], which is well validated in patient
groups with chronic pain or musculoskeletal disorders compared to asymptomatic normal
individuals. The PDQ functional subscale consists of nine items, each of which are answered
on a scale from 0-10, with O representing no disability while 10 representing maximal
disability [3,13]. Functional items include the ability to walk, run, bend, lift, and reach
objects overhead, personal care, work and travel. Pain was also assessed using the numerical
rating scale (NRS. 0=no pain; 10=worst possible pain) pre- and post-operatively. At the time
of the spinal anesthesia, blood and CSF were collected from the TKA patients. Synovial
fluid was collected immediately prior to TKA surgery by the orthopedic surgeon (JN). The
participating TKA patients’ demographic information and post-operative opioid
consumption (morphine equivalent dose, mg) were also collected.

Quantification of Endocannabinoids

Serum, synovial fluid, or CSF (0.5 ml) was mixed with 3.5 ml of 2:1:1 CHCl3:MeOH:Tris
(50 mM, pH 8) and spiked with 4 ng d4-PEA, d>-OEA, ds-2-AG, and 400 pg ds-AEA.
Following centrifugation, the organic layer was removed and extracted again with the same
buffer. The resulting organic layer was dried down under argon and resuspended with 120 pl
of 2:1 CHCI3:MeOH and 10 pl was injected into a Thermo TSQ Quantum Access Triple
Quadropole mass spectrometer in triplicate. Endocannabinoid quantification was performed
exactly as described [25].

Analysis of IL-6

Serum samples were prepared from clotted blood that had been drawn from the patients
using tubes without anticoagulant (BD Vacutainer®). The serum samples were flash frozen
and stored at —80°C until analysis. Freshly drawn CSF was collected in sterile uncoated
tubes, subjected to centrifugation at 1800 x g for 15 min at 4°C, and the supernatant was
flash frozen in liquid N, and stored at —80°C. A highly sensitive enzyme-linked
immunosorbent assay specific for IL-6 (Quantikine® immunoassay kits, R&D Systems, Inc,
MN) was used. Briefly, each sample was diluted with buffer and measured in triplicate in
wells coated with monoclonal antibody specific for IL-6. Once unbound materials were
rinsed away, a second cytokine-specific antibody conjugated to horseradish peroxidase
(HRP) was added. Subsequent to removal of the unbound second antibody, HRP substrate
was added to each well, followed by color development reagent. The color intensities were
read at 450 nm and background corrected. The cytokine concentrations were calculated from
the slopes of linear fits to the cytokine standard. The sensitivity of the control assays were
within the manufacturer's specifications.
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Statistical analysis

RESULTS

Subjects

To examine differences in demographic parameters between male and female TKA patients,
the mean differences in age, BMI, baseline PDQ functional scores and opioid usage over the
first 12- and 24 hrs post-operatively were compared by a two-sided t-test for independent
groups. The differences in pain assessed by the average NRS pain scores at 12- and 24 hrs
post-operatively were compared using a two-sided Fisher's exact test. Spearman'’s rank
correlation coefficient was used to quantify the correlation between each pair of
endocannabinoids, as well between each endocannabinoid, baseline PDQ functional score
and IL-6 levels. Correlations between endocannabinoids, age, and BMI were also examined.
For each of the variables, observations that fell above 1.5*IQR (Interquartile range:
difference between the 15t quartile and 3 quartile) plus 3 quartile or below 15t quartile
minus 1.5*IQR were considered outliers and were excluded from the analysis. Pairwise
comparisons were performed for each metabolite in each compartment. Correction for
multiple testing was performed using the Benjamini and Hochberg false discovery rate of
5% [6]. All the statistical analyses were performed using SAS (Version 9.3, Cary NC), R
(version 3.0.0). We consider a p-value less than 0.05 as statistically significant.

Demographic information of male and female OA patients presenting for TKA surgery (n =
45) selected for endocannabinoid/NAE analysis is presented in Table 1. There were no
differences in age, BMI, and pre-operative PDQ scores between male and female TKA
patients. Acute postoperative average NRS pain scores assessed over 12- and 24 hrs
averaged 4.5 with no observed pain differences between genders. In addition, average opioid
consumption over 12- and 24 hrs was similar in male and female patients.

Correlation between serum, CSF, and synovial fluid endocannabinoid levels

Comparison of endocannabinoids in serum, CSF, and synovial fluid revealed similar levels
of PEA, OEA, AEA, and 2-AG in male and female subjects (Table 2). Therefore, all
subsequent analyses of endocannabinoid levels in serum, CSF and synovial fluid included
both genders. It should be noted that fewer synovial fluid samples were analyzed because
synovial fluid was not collected from the initial set of patients from whom serum and CSF
were obtained (see Table 2).

In the serum, AEA levels were positively correlated with PEA (r = 0.57, p < 0.0001) and
OEA (r=0.67, p < 0.0001) while PEA levels also correlated with OEA (r = 0.80, p <
0.0001) (Table 3). 2-AG levels did not correlate with PEA, OEA, or AEA. PEA and OEA
levels were strongly (positively) correlated with each other in CSF as well as synovial fluid
(Table 3). Serum and synovial fluid PEA levels were positively correlated (r = 0.62, p <
0.0001). Similar results were observed for serum and synovial fluid 2-AG levels (r = 0.45, p
< 0.05). In contrast, no correlation was observed between serum and CSF 2-AG levels
suggesting independent regulation of these two 2-AG compartments. Collectively, our data
demonstrate significant correlations between endocannabinoids in different tissue
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compartments of OA patients suggesting synergy between their production and/or peripheral
and central access/transport.

Correlations between endocannabinoids, IL-6, and functional disability in OA patients

In addition to endocannabinoids, we also profiled levels of IL-6 in all compartments. There
was a positive correlation between serum and synovial fluid IL-6 levels (r = 0.43, p < 0.05).
IL-6 and endocannabinoid correlations are summarized in Table 4. In the serum, there were
no significant correlations between endocannabinoids and IL-6. However, we observed
trends for positive correlations between 2-AG and IL-6 levels in the CSF (r =0.36, p =
0.054) and synovial fluid (r = 0.39, p = 0.071). A trend for a negative correlation between
synovial fluid AEA and IL-6 levels was also observed (r =-0.37, p = 0.085). We also
examined correlations between endocannabinoid levels and functional disability associated
with OA. As shown in Table 5, only synovial fluid PEA exhibited a positive correlation with
functional PDQ scores (r = 0.44, p < 0.05).

2-AG is positively correlated with acute post-operative pain and opioid use following TKA

Previous work has demonstrated that PEA levels are reduced while AEA and 2-AG levels
are elevated in the synovial fluid of OA patients [45]. Because 2-AG is a precursor to pro-
inflammatory and proalgesic eicosanoids [41], we hypothesized that elevated pre-operative
2-AG and reduced PEA levels may predispose patients to develop greater post-operative
pain. To test this hypothesis, we subdivided the TKA patients into those who developed low
(NRS < 5) and high (NRS = 5) post-operative acute pain at 12 hrs following TKA. In
support of our hypothesis, the analysis revealed that patients who reported higher post-
operative pain were characterized by elevated pre-operative levels of 2-AG in the CSF and
synovial fluid (Figure 1). In contrast, PEA and AEA levels in all compartments as well as
serum 2-AG levels did not differ in patients who reported low or high levels of pain. We
subsequently examined whether 2-AG levels in the CSF and synovial fluid correlated with
post-operative cumulative average pain scores measured at 12 and 24 hrs after surgery. Pain
at 12 hrs was positively correlated with synovial fluid 2-AG levels (r = 0.42, p < 0.05) and a
trend was also observed for the 24 hr pain measurements (r = 0.35, p > 0.05) (Table 5 and
Figure 2A). A positive trend between pain at 24 hrs and CSF 2-AG levels was also observed
(r=10.33, p=0.06) (Table 5 and Figure 2B).

Lastly, we explored whether elevated 2-AG levels were associated with post-operative
opioid usage. We first confirmed that TKA patients’ post-operative opioid consumption
depended on the severity of their reported acute pain (r = 0.48, p < 0.01). In support of our
hypothesis, synovial fluid 2-AG levels were positively correlated with opioid use at 12 hrs (r
=0.55, p<0.01) and at 24 hrs (r = 0.52, p < 0.05) after surgery (Table 5 and Figure 2C).

DISCUSSION

We characterized the endocannabinoid tone in patients undergoing TKA surgery and
demonstrated that patients who reported more severe post-operative pain had higher pre-
operative levels of 2-AG in CSF and synovial fluid, suggesting that 2-AG may predispose
patients to acute pain after TKA surgery. Consequently, elevated pre-operative 2-AG levels
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in CSF and/or synovial fluid would predict greater intake of opioid analgesics post-
operatively, which is corroborated by the positive correlations between synovial fluid 2-AG
levels and opioid usage at 12 hrs and 24 hrs post-operatively.

The endocannabinoid system regulates nociception in rodents and humans [4,5,42,49].
Preclinical and clinical data suggest that activation of the endocannabinoid system produces
antinociceptive effects in diverse animal models of pain and in neuropathic pain patients
[36,44,48]. To date, only one study has examined endocannabinoid levels in OA patients
[45] and demonstrated that PEA levels were significantly reduced while AEA and 2-AG
levels were markedly elevated in the synovial fluid of OA patients. Here, we examined the
influence of the endocannabinoid tone upon OA pain. Our data reveal that only synovial
fluid PEA levels correlate with pre-operative functional disability, suggesting that the
endocannabinoid tone (i.e., AEA and 2-AG) does not appear to modulate OA-associated
disability as measured by PDQ scores. The positive correlation between PEA levels and
PDQ scores may reflect the recruitment of this anti-inflammatory lipid [35] in response to
chronic OA pain. Indeed, preclinical and clinical evidence suggests that PEA levels fluctuate
under inflammatory states [45,47,52].

Although endocannabinoid levels were not examined in serum and synovial fluid from non-
OA patients, serum endocannabinoid levels in our study are similar to previous reports of
healthy and non-OA patients and did not correlate with pain, suggesting that the serum
endocannabinoid tone is not altered by OA [11,16,18,19]. Our negative results in regard to
endocannabinoids and chronic OA pain are in agreement with a recent clinical report
demonstrating that inhibition of the endocannabinoid hydrolyzing enzyme fatty acid amide
hydrolase, and consequent elevation of PEA, OEA, and AEA levels, does not alter pain in
OA patients [22]. Furthermore, our results are also in agreement with other studies
investigating other chronic pain states. For example, reduced AEA levels were observed in
the CSF of chronic migraine patients [46], yet these did not correlate with pain severity. A
lack of correlation was also observed for 2-AG [46]. Fibromyalgia patients possess elevated
circulating AEA levels, which likewise did not correlate with pain [27]. In contrast,
circulating 2-AG levels were negatively correlated with mechanical pain in neuromyelitis
optica patients [43]. These data suggest that the endocannabinoid system may be
differentially recruited under distinct chronic pain states.

The most interesting results of our study are the observations pertaining to the significant
positive correlations between 2-AG levels in the CSF and synovial fluid and acute post-
operative pain as well as opioid usage. One possible explanation for this association may be
a potential mobilization of the endocannabinoid system in response to acute pain and its
subsequent failure to dampen pain. Indeed, in preclinical models of acute post-operative
pain, activation of cannabinoid receptors reduces nociception [2,32,38]. However, such a
scenario is unlikely given that the CSF was sampled prior to the onset of surgery. Instead,
although speculative, we favor a model wherein 2-AG levels are upregulated in OA and
contribute to post-operative pain. Indeed, recent work has shown that in addition to serving
as a cannabinoid receptor agonist, 2-AG serves as a major source of free arachidonic acid,
the precursor to pro-inflammatory eicosanoids in the brain and peritoneal macrophages, and
inhibition of 2-AG biosynthesis reduces pain in preclinical inflammatory and neuropathic
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pain models (Figure 3) [20,41,51]. 2-AG is likewise a substrate for cyclooxygenase-2
(COX-2) and lipoxygenase (LOX) enzymes [17,29,30,40] and the COX-2 metabolite of 2-
AG, prostaglandin E2-glycerol ester, induces pain [21]. Importantly, 2-AG levels are
undetectable in the synovial fluid of non-inflamed normal patients but are significantly
elevated in OA patients [45]. Therefore, elevated biosynthesis of 2-AG in OA and its
possible subsequent metabolism during the post-operative period may facilitate the
establishment of a pro-inflammatory and proalgesic environment, thereby enhancing
postoperative pain. Indeed, pre-operative administration of non-steroidal anti-inflammatory
drugs (i.e., COX inhibitors) is associated with reduced pain and opioid consumption during
the postoperative period following TKA surgery [9].

TKA is a painful procedure [7] and results in significant acute post-operative pain that can
be partially controlled with analgesics such as opioids. Our data reveal that 2-AG levels in
the synovial fluid are positively correlated with post-operative opioid use. Therefore, it is
possible that the pre-existing pro-inflammatory environment of the arthritic knee, reflected
here by elevated 2-AG levels, may predispose patients to higher post-operative pain, which
necessitates elevated opioid consumption.

Collectively, our data are the first to demonstrate a correlation between 2-AG and acute
post-operative pain in humans. Because CSF and synovial fluid levels of 2-AG are
independently regulated (Table 3), this suggests compartment-specific mobilization of 2-AG
pools in OA. Therefore, identification of possible 2-AG metabolites and their contribution
towards postoperative pain may facilitate the development of novel opioid sparing
analgesics.
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Figure 1.

2-AG levels are elevated in patients who developed a high level of post-operative pain.
PEA, AEA, and 2-AG levels in the (A) serum, (B) CSF, and (C) synovial fluid were
examined in patients who developed low (NRS < 5, n = 24) and high (NRS =5, n = 21)
post-operative pain. 2-AG levels were elevated in the CSF and synovial fluid of high pain

patients (p < 0.05).
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Figure 2.

Page 12

Correlation between post-operative pain, opioid use, and 2-AG levels. Correlations between
12 and 24 hr NRS pain scores and 2-AG levels in the (A) synovial fluid and (B) CSF. (C)
Correlations between synovial fluid 2-AG levels and cumulative post-operative opioid use
during the first 12 hrs and 24 hrs after surgery.
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Figure 3.
Model of 2-AG metabolism and its possible contribution to post-operative pain. Enzymes

that mediate 2-AG metabolism. 2-AG metabolism occurs primarily through hydrolysis by
monoacylglycerol lipase (MAGL), yielding arachidonic acid, which is subsequently
converted into eicosanoids by COX and LOX enzymes. In addition, 2-AG can be
metabolized into prostaglandin glycerol esters (PG-Gs) by COX-2 and
hydroperoxyeicosatetraenoic acid glycerol esters (HETE-Gs) by LOX enzymes.
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Table 1

Demographics of subjects selected for the study (Mean £ S.E.).

Male Female P value
Number of Subjects 20 25
Age 67.3+1.33 | 65.04+1.74 0.335
BMI 30.88 +1.00 | 33.54 +1.00 0.071
Diabetes, (%) 6, (30%) 7, (28%)
Depression, Bipolar, Anxiety, (%) 6, (30%) 7, (28%)
PDQ (functional) 41.39+4.04 | 40.28 £3.75 0.842
NRS Pain 12 hrs 4.46 +0.47 4.57 +0.50 0.872
NRS Pain 24 hrs 4.10+0.45 4.31+0.45 0.758
Opioid usage, 12 hrs 13.34+£2.71 | 17.88+215 0.191
Opioid usage, 24 hrs 2757 +5.61 | 35.73+3.85 0.223

8BMI = Body Mass Index (kg/mz); PDQ=Pain disability Score; NRS=Numerical rating scale. Opioid usage defined as morphine equivalent dose
(mg) over first 12 hrs or 24 hrs post-operatively.
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Comparison between serum, CSF, and synovial fluid pre-operative levels of PEA, OEA, AEA, and 2-AG
(ng/ml) in male and female OA patients (mean + S.E.). For each metabolite the number of samples for each of
the two groups is indicated.

Male Female P value
PEA. | 1.74+0.14 (N=20) | 1.70+0.12 (N=24) | 0.813
OEAg | 2.12+0.24 (N=20) | 2.27+0.21 (N=24) | 0.638
AEAy, | 0.22+0.02 (N=20) | 0.26 +0.02 (N=24) | 0.139
2-AGgy | 2.98£0.35 (N=20) | 3.20+0.34 (N=25) | 0.659
PEA,s | 0.16+0.02 (N=18) | 0.15+0.02 (N=21) | 0.729
OFEA« | 0.03+0.00 (N=19) | 0.04+0.01 (N=20) | 0.725
AEA.; | 0.01+0.00(N=19) | 0.01+0.00(N=22) | 0.819
2-AGys | 0.10+0.01 (N=19) | 0.11+0.02 (N=19) | 0.641
PEAy, | 0.85+0.07 (N=12) | 0.86 +0.06 (N=10) | 0.861
OEA,, | 111013 (N=14) | 1.13+0.10 (N=10) [ 0.879
AEAy, | 0.09+0.01(N=14) | 0.09+0.01 (N=10) | 0.693
2-AGgy, | 1332021 (N=13) | 1.51+0.30 (N=10) | 0.634

Pain. Author manuscript; available in PMC 2016 February 01.



Page 16

Azimetal.

10000>d,

100> Qg

s00>d,
T 0z'0 €20 €10 S0°0 000 oro- | cro- | €0 | zo0- | oro- | soo- | “ovz
- T 620 ST'0 100 110- | 8zo- S0°0 820 poo | 0 | ezo- | “evav
- - T o880 90 a0 | 1ro- | evo- 810 120 0€0 %50 | veyz0
- - - T €€0 at¥0 | sro- [ ¥ | so0 90 €0 90 | uhsygy
- - - - T 2ro 000 500 €0°0- [A%0] 900 v1'0 | *ov-e
- - - - - 1 ero- [e®07 | oro- | %0 | o0 | "0 | vy
- - - - - - 1 g0 800 200 900 L00- | **v30
- - - - - - - T 910 LT0 200- | 2zo- | *vad
- - - - - - - - T 220 900- | vT0- | *ov-z
. ) . 3 B} B . ) ) I ol90 | 5250 [ sy
- - - - - - - - - - T 080 | wsy30
- - - - - - - - - - - T y3d

Woy-z | Yyav | Yya0 | “Yvad | Fov-z | Fvav | Fv3o | Fvad | Fov-z | Fvav | vao | vad

(S1UBI0144902 UOINR[31I02 UelieadS) S|aAs] PIoUIgeuURIopUS/IWN PINL [RIAOUAS pUB ‘45D ‘LUNISS USBMIS] UOIR[a1I0D

NIH-PA Author Manuscript

€9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pain. Author manuscript; available in PMC 2016 February 01.



Page 17

Azimetal.

60 180~ 62°0 82°0 LT0 10°0- TA 000 01’0 910 920 szo | "o

000 €T'0- 020 LT'0 9€0 610 020 000 T1°0- 100 80°0- €20 | 9

z10 €0°0- ve'0 82°0 vT°0 800 sT0- | oro- 000 9z'0 600 910 | ™9
Woy-z | YSyay | Yvao | Yvad | Fov-z | Fvav | Fvao | vad | Fov-z | Fvav | v3o | vad

NIH-PA Author Manuscript

(S1U810144902 UOIR[31I00 UewieadS) S|aAs] 9-T| pue PIoUICRULIRI0PUS LIBaMIaq UOIR|a1I0D)

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pain. Author manuscript; available in PMC 2016 February 01.



Page 18

Azimetal.

100> QQ
s00>d,
‘Alannresado-1sod si1y ¢z pue sy gt 1s414 10 (Buw) asop Jusjeainba aulydiow se pauiyap abesn pioidQ "ajeas Buires [earlswNnN=SYN ‘8109S Aljigesip ured=0dd
£¢S0 350 €0 Lo voo- | Yov-z
90°0- €T’0- L0°0 €00 800 | “Svav
8T°0- ST'0 €0°0- 8T°0 9z0 | “Svao
€T'0- 11°0 00— LT0 e/V0 | uhsygy
000 €10 €e'0 120 €10 | *ov-
yT0- 500 2T 2T0 810 | *vav
yT0- ¥0°0- vT°0 100 sTo | *v3o
€20~ 92°0- 20°0- 0T°0- 110 | *vad
€20 S2'0 €10 8T°0 90°0- | *ov-z
20'0- 700 ST0- 80°0- 900 | ®vav
20°0- 600 S0°0- v0°0 0z0 | *v3o
Zro- €00 €0°0- 100 G20 | *vad
s4y ¥z 8Besn proido | say z1 ebesn proido | say yz uted SN | sS4y gT ured SUN | Oad

“(S1UB19114909 UOIR[2.1109 UeWIradS) S|9A3] ploulgeuurdI0pua pue ‘asn pioido ‘ured annelado-1sod usamiaqg uone|a1I0)

NIH-PA Author Manuscript

G 9olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pain. Author manuscript; available in PMC 2016 February 01.



