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Chapter3

ABSTRACT

Background

Morphine is frequently added to spinal anaesthesia for Caesarean delivery. We aimed to
determine whether intrathecal morphine for spinal anaesthesia decreases the risk of chronic
postsurgical pain (CPSP).

Methods

In this randomised, double-blind, placebo-controlled trial, 290 healthy parturients undergoing
elective Caesarean delivery were randomly assigned in a 1:1 ratio to receive either intrathecal
morphine 100 mcg (n=145) or normal saline (control; n=145) as a part of spinal anaesthesia.
Anaesthetic care and postoperative pain management were standardised in all patients. The
primary outcome was the incidence of CPSP at 3 months. Secondary outcomes included
CPSP at 6 months, pain severity, and pain interference, measured by the Brief Pain Inventory
questionnaire using an 11-point numeric rating scale, at 3 and 6 months after the surgery.

Results

Two hundred and seventy-six patients completed the 3-month follow-up, 139 in the morphine
group and 137 in the placebo group. The incidences of CPSP at 3 months were 19% (27 of
139) in the morphine group and 18% (25 of 137) in the placebo group (odds ratio, 1.08; 95%
confidence interval, 0.59-1.97; P=0.803). At 6 months, CPSP was present in 23 of 139 (16%)
morphine group patients compared with 19 of 137 (14%) in the placebo group (odds ratio, 1.23;
95% confidence interval, 0.63-2.38; P=0.536). Brief Pain Inventory questionnaire scores for
pain severity and pain interference at 3 and 6 months were similar between groups.

Conclusions

Administration of morphine 100 mcg as a component of spinal anaesthesia for elective
Caesarean delivery failed to reduce the incidence of chronic pain at 3 and 6 months after
surgery.
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INTRODUCTION

The incidence of chronic postsurgical pain (CPSP) after Caesarean delivery is reported to be
in the range between 7 and 30%, reflecting it to be a significant clinical problem.[1] Studies
related to prevention of progression of acute post-Caesarean delivery pain to its chronicity
are sparse. Severe acute postoperative pain has been consistently linked with chronic post-
Caesarean delivery pain.[1] Therefore, effective analgesia in the perioperative period may
mitigate the development of persistent pain.

Current guidelines on analgesia recommend the inclusion of long-acting intrathecal (i.t.)
opioids to spinal anaesthesia for acute post-Caesarean delivery pain relief.[2] Despite its
frequent use, randomised clinical trials related to intrathecal morphine use and its association
with chronic pain are lacking. Arecent prospective observational study revealed a significant
reduction in chronic pain after Caesarean delivery when morphine was used as an adjuvant to
spinal anaesthesia.[3] The primary objective of our trial was to compare the effect of morphine
with placebo, added to spinal anaesthesia, on the development of chronic pain, 3 months
after elective Caesarean delivery. Our secondary objective was to determine the incidence
of chronic pain after 6 months, and to assess pain severity and interference scores using
the short form Brief Pain Inventory (BPI) at 3 months and 6 months after Caesarean delivery
between the morphine and placebo group. We hypothesised that spinal morphine would
reduce the incidence of persistent pain after Caesarean delivery.

METHODS

This prospective, randomised, double-blind trial was conducted at BP Koirala Institute of
Health Sciences (BPKIHS) between April 2018 and March 2021. The study protocol was
approved by the institutional review committee (BPKIHS; IRC number: IRC/1183/017). The
trial was registered before patient enrolment at clinicaltrials.gov (ClinicalTrials.gov Identifier:
NCT03451695; Principal Investigator: AS; date of registration: March 2, 2018). All participants
provided written informed consent, and the trial was conducted in accordance with the
principles stated in the Declaration of Helsinki and Good Clinical Practice guidelines.

We enrolled full-term singleton parturients with American Society of Anesthesiologists
(ASA) physical status 2 undergoing planned Caesarean delivery under spinal anaesthesia.
Exclusion criteria were age <18 yr, contraindication to spinal anaesthesia, preeclampsia,
height <150 cm, ASA physical status >2, BMI >40 kg m2, allergy to any drug used in the study,
recent opioid exposure, substance abuse, significant cardiovascular, renal, or hepatic
disease, and known fetal abnormalities. Consent for the participation in the study was
obtained during pre-anaesthetic visits in the evening before surgery. During this visit, patient
baseline characteristics (maternal age, height, weight, BMI, gestational age, socioeconomic
background, previous Caesarean delivery, pre-existing chronic pain) were documented. The
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Kuppuswamy scale adapted for Nepali population was used for assessing socioeconomic
status and the scoring was based on education, occupation, and total monthly family
income (26-29: upper class, 16-25: upper middle class, 11-15: lower middle, 5-10: upper
lower, <5: lower class).[4] Also, preoperative anxiety level (assessed with hospital anxiety and
depression scale),[5] pain catastrophising (assessed with pain catastrophising scale),[6,7]
and preoperative pain sensitivity (assessed with pain pressure threshold and tolerance using
a handheld pressure algometer; details provided in the Supplementary Data S1.)[8] were
recorded. The investigator also educated the patients regarding the use of numeric rating
scale (NRS) scores for postoperative pain and satisfaction.

Eligible consented patients were randomly assigned in a 1:1 ratio to one of the two groups
(morphine and placebo groups). We randomised participants using the sequentially
numbered, opaque sealed envelopes (SNOSE) technique. Arandomisation list was generated
in a variable block size of 4/6/8 using the online software (www.sealedenvelope.org) by the
anaesthesia clerk. To ensure allocation concealment, the same anaesthesia clerk (SA)
prepared the randomly generated number for each patientin an opaque envelope, numbered
each envelope sequentially, and sealed it. On the day of surgery, SA handed the envelope
to an anaesthesia assistant not involved in the trial. The participants, care providers, and
investigators were unaware of the trial-group assignments.

On arrival to the operating room, standard monitoring (noninvasive BP, ECG, and pulse
oximetry) was applied. Before administration of spinal anaesthesia, the anaesthesia assistant
opened the envelope and prepared the study drug solution accordingly. The anaesthesiologist
blinded to the group assignment administered spinal anaesthesia in the lateral position at the
L3-L4 or L4-L5interspace using a spinal needle. The morphine group received i.t. hyperbaric
bupivacaine 11 mg (2.2 ml 0.5%), fentanyl 10 mcg (0.2 ml), and preservative-free morphine
100 mcg (0.1 ml). The placebo group received hyperbaric bupivacaine 11 mg (2.2 ml 0.5%),
fentanyl 10 mcg (0.2 ml), and normal saline (0.1 ml). A co-loading with i.v. Ringer’s lactate
solution, 10 mlkg" was initiated immediately after spinalinjection. Patients were positioned
supine with a left lateral tilt. Surgery was started once the sensory level tested with pinprick
reached T6 or higher. All patients received i.v. ondansetron 4 mg. Hypotension was managed
with either phenylephrine or ephedrine at the discretion of the anaesthesiologist. Standard
surgical procedures for Caesarean delivery were followed thatincluded Pfannenstielincision
and leaving the peritoneum unsutured at the time of closure. The paediatrician recorded the
Apgar score at 1 and 5 min after delivery of the baby.

At the end of surgery, the obstetrician injected bupivacaine 0.25% s.c. in the surgical
wound (15 mlin each of the upper and lower sides). Also, ketorolac 30 mgi.v., every 8 h and
paracetamol 1 gi.v., every 6 h were administered. After 24 h, they received oral aceclofenac
100 mgevery 12 h, and paracetamol 1 g every 6 h. Pain during the first 48 h was treated with
i.v. morphine 2 mgevery 5 min, keeping the NRS score <3. In the PACU, patients were observed
forapproximately 2 h and subsequently transferred to the postnatal unit. Postoperative pain
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severity was assessed using an 11-point NRS (0=no pain and 10=the worst possible pain)
at 2, 6, 12, 24, and 48 h after CS. Patients were asked to rate their pain scores both at rest
and movement. The area of hyperalgesia around the surgical incision was assessed at48 h
postoperatively using a 256-mN von Frey filament (Bioseb; In Vivo Research Instruments,
Vitrolles, France). The test was started along four points horizontally and perpendicularly
around the surgical wound. It was initiated at a 5 cm point away from the wound and moving
inthe direction of wound at 5 mm intervals until the patient reported a painful, sore, or sharp
feeling. If there was no change in sensation, the test was stopped at 5 mm to the incision.
The measurements were registered to calculate the total area of hyperalgesia (in cm?) as
described previously.[9,10] At 48 h, patient satisfaction from postoperative analgesia was
assessed using a 5-point scale (1=highly satisfied, 2=satisfied, 3=neutral, 4=not satisfied,
and 5=strongly dissatisfied). After discharge from hospital (at 48 h), oral aceclofenac (100
mg) twice daily and paracetamol 1 g, four times per day were prescribed for 3 days. For
breakthrough pain during this period patients were asked to take tramadol 50 mg orally as
required. At 8 weeks postpartum, patients were assessed for depression using the Edinburgh
postnatal depression scale (EPDS).[11]

For assessment of CPSP, patients were contacted by telephone by one of the blinded
investigators (YT) at 3 and 6 months after the surgery. CPSP was defined as pain that
developed after Caesarean delivery and lasted for at least 3 months after surgery, with the
pain being different from other pre-existing pain conditions before surgery.[12] The patients
who reported CPSP were asked to answer the short form BPI questionnaire, which contains
four questions on pain severity and seven questions on pain interference.[13,14] Pain was
rated on a verbal NRS (0-10), with 0="no pain’ or ‘no interference’ and 10="worst possible
pain’ or ‘complete interference’. Participants rated their worst, least, and average pain during
the past 24 h and their pain at the time of interview. Participants were also asked to rate the
levelthat pain interferes with daily activities on seven aspects of life (general activity, mood,
walking, work, relationship with others, sleep, and enjoyment of life). The primary outcome
was the frequency of CPSP at 3 months after surgery. Secondary outcomes were CPSP at 6
months, and BPI scores at 3 and 6 months after surgery.

Sample size and statistical methods

A previous prospective observational study reported the incidence of persistent pain at 3
months after Caesarean delivery to be 46% in those who did not receive i.t. morphine and
28% in those who received i.t. morphine.[3] To detect this difference, with 80% power, at a
two-sided significance level of 0.05, we estimated a sample of 123 subjects in each group
(Stataversion 15, StataCorp, College Station, TX, USA). To account for 15% loss to follow-up,
we recruited and randomised a total of 290 patients.
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Fig. 1. Consolidated Standards of Reporting Trials flow diagram of the study.

‘ Assessed for eligibility ‘

Excluded (n=53)

.| * Not meeting inclusion criteria (n=33)
* Declined to participate (n=10)
 Involved in other study (n=10)

Randomised (n=290)

\ { Allocation J l
Allocated to morphine group (n=145) Allocated to saline group (n=145)
* Received allocated intervention (n=145) * Received allocated intervention (n=145)
* Did not receive allocated intervention (n=0) * Did not receive allocated intervention (n=0)
l Follow-Up v
Lost to follow-up at 3 months (n=6) Lost to follow-up at 3 months (n=8)
Reason: unable to trace during telephonic call Reason: unable to trace during telephonic call
Analysis
Primary outcome analysed (n=139) Primary outcome analysed (n=137)
* Excluded from analysis (n=0) * Excluded from analysis (n=0)

Normality of the data was assessed using a histogram visually and verified using the Shapiro-
Wilk test. The Student’s unpaired t-test was used for comparing normally distributed
data between groups, and the Mann-Whitney rank sum test for non-normally distributed
data. Proportions between groups were analysed using the x? test or Fisher exact test, as
appropriate. Treatment effects on the incidences of CPSP were presented as odds ratio, with
a 95% confidence interval (Cl). For NRS pain scores over a period of 48 h, we calculated the
area under the curve (AUC) using the trapezoidal rule. Next, time-weighted average pain during
the first 48 h for each patient was obtained dividing the AUC by the time interval between the
first (2 h) and the last (48 h) NRS measurements. Statistical analysis was performed using
Stata version 15. A 2-sided P-value <0.05 was considered as statistically significant.

RESULTS

Of 290 patients randomised, 145 received i.t. morphine and 145 did not receive i.t. morphine;
14 patients were lost to follow-up (Fig.1). The complete case analysis for primary outcome
involved 276 patients (139 in the morphine group and 137 in the control group). We carried out
a complete case analysis because we assumed that the data for the primary outcome were
missing completely atrandom (unable to trace during telephone call). Patient characteristics,
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preoperative anxiety level and pain catastrophising scores, pain pressure threshold, and pain

pressure tolerance are shown in Table 1.

Table 1. Baseline patient characteristics and preoperative data.

Age (yr) 28.29 (4.88) 28.16 (4.74)
BMI (kg/m?) 27.41 (3.66) 27.46 (3.69)
Gestational age (weeks) 38.81(1.26) 38.71(1.16)
Ethnicity

Tibeto-Mongolian 54 (39) 55 (40)

Indo-Aryan 85(61) 82 (60)
Previous Caesarean delivery 94 (68) 91 (66)
Pre-existing chronic pain 4(2) 2(1)

Socioeconomic status

Upper class 6 (4) 12 (9)

Upper middle class 68 (49) 63 (46)

Lower middle class 41 (30) 41 (30)

Upper lower class 24(17) 21 (15)
HADS (0-21)

Anxiety 4 (3-6) 4 (3-6)

Depression 3(2-4) 3(2-5)
Pain catastrophising scores (0-52) 8 (5-13) 8(6-12)
Pain pressure threshold (kg) 4.37 (1.26) 4.32(1.28)
Pain pressure tolerance (kg) 6.74 (1.53) 6.62 (1.36)

0.816

0.915

0.505

0.826

0.832

0.684

0.498

0.394

0.406

0.976

0.766

0.517

Values are expressed as mean (standard deviation), number (%), or
median (inter-quartile range).
Abbreviation: HADS, Hospital Anxiety and Depression Scale.
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Table 2. Postoperative data.

Duration of surgery (min) 60 (45-60) 55 (45-60) 0.123
Pain atrest, up to 48 h* 2.26(0.72) 2.60(0.82) <0.001
Pain during movement, up to 48 h* 3.24 (0.77) 3.63(0.81) <0.001
|.V. morphine used up to 48 h (mg) 6 (4-8) 8 (6-10) <0.001
Severe pain up to 24 h (NRS 27) 6 (4) 14 (10) 0.059
Severe pain up to 48 h (NRS 27) 10 (7) 19 (14) 0.071
Secondary hyperalgesiaat48h (cm2) 51 (17-76) 39(19-80) 0.819
Satisfaction, postoperative analgesia 0.400

Highly satisfied 20 (14) 16 (12)

Satisfied 85 (61) 73 (53)

Neutral 27 (19) 36 (26)

Dissatisfied 5(4) 9(7)

Strongly dissatisfied 2(1) 3(2)
EPDS scores 211 (8 weeks) 10(7) 14 (10) 0.373

Values are expressed as median (inter-quartile range), mean (standard deviation), number (%).
Abbreviations: EPDS, Edinburgh postnatal depression scale; NRS, numeric rating pain scale scores.
*Summary statistics of pain scores are reported as mean (standard deviation) of time-weighted average
pain during the first 48 h.

Immediate postoperative outcomes and outcomes after hospital discharge (EPDS scores)
are shown in Table 2. The pain scores (on rest and during movement) at different time points
up to 48 h are shown in Supplementary Table S1. The time-weighted average postoperative
pain scores and total morphine requirements up to 48 h were significantly higherin the saline
group than the morphine group (Table 2). However, no difference was detected in terms of
acute severe postoperative pain.

Overall, 52 (18%) patients reported CPSP at 3 months. CPSP at 3 months was diagnosed in
27 (19%) patients assigned to receive i.t. morphine, compared with 25 (18%) patients in the
saline group (odds ratio in the morphine group, 1.08; 95% CI, 0.59-1.97; P=0.803) (Fig. 2). The
incidence of CPSP at 6 months did not differ significantly between the two groups: morphine
23 0f 139 (17%) vs saline 19 of 137 (14%), odds ratio in the morphine group 1.23 (95% ClI, 0.63-
2.38; P=0.536). We detected no significant differences between the two groups for the BPI
pain severity and pain interference scores at 3 and 6 months after surgery (Table 3).
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Fig 2. Incidence of chronic postsurgical pain at 3 and 6 months after surgery.

Morphine group
3 months p=0.803
Placebo group
Morphine group
6 months p=0.536
Placebo group 19/137
T T T
15 2 .25
Proportion
Table 3. Description of chronic postsurgical pain at 3 and 6 months after surgery.
BPI pain severity*
Worst pain in past 24 h 3.51(1.15) 3.76(0.83)  0.296 2(0.67) 2.36(0.76) 0.116
Least painin past24h 1.85(0.71) 2.04(0.61)  0.297 1.60 (0.72) 1.57(0.90)  0.882

Average pain in past 24 h 2.22(0.84)  2.52(0.87) 0.222 1.91(0.59)  2.21(0.71)  0.14
Current pain 218(0.87)  2.36(0.70) 0.28 1.60(0.89)  1.68(0.88) 0.76

BPI pain interference*

General activities 214(0.86)  2.56(0.96) 0.186 1.56(0.84)  1.78(0.63)  0.457
Mood 1.33(1.08)  1.92(1.55) 0.196 1.65(0.64)  1.89(0.73)  0.209
Walking ability 1.18 (1.07) 1.84(1.57)  0.128 1.34(0.77)  1.57(1.07)  0.727
Normal work 1.25(1.05)  1.96(1.56)  0.101 1.21(0.90)  1.47(112)  0.436

Relations with other people  0.96(0.93)  1.60(1.38)  0.086 1.43(0.66)  1.78(0.91)  0.133
Sleep 1.33(1.17) 1.76(1.58)  0.393 1.47 (0.59) 1.68(1.00)  0.338

Enjoyment of life 1.03(0.97)  1.56(1.32)  0.151 1.39(0.65)  1.47(1.02)  0.745

Values are expressed as mean (standard deviation).

Abbreviations: BPI, brief pain inventory.

*BPI pain severity and pain interference assessed by numeric rating scale scores (0-10) and analysed
by Mann-Whitney U-test.
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DISCUSSION

In this clinical trial, we were unable to demonstrate a significant difference in the incidence
of chronic pain after planned Caesarean delivery at 3 and 6 months between the parturients
who received i.t. morphine and the parturients who did not receive i.t. morphine for spinal
anaesthesia. Furthermore, between the morphine and the placebo groups, there was no
significant difference in the BPI scores for pain severity and pain interference during the 3- and
6-month follow-up in patients who reported CPSP.

Caesarean delivery is one of the commonly performed surgeries worldwide, and >10% of
parturients report persistent pain afterwards.[1,15] CPSP after surgery is a significant clinical
problem, as it adversely impacts the parturients quality of life and may compromise infant
care. Reports have shown a consistent association between severe acute postoperative
pain and CPSP after Caesarean delivery.[1] Therefore, application of a multimodal analgesic
regimen thatincludes long-acting neuraxial opioids is beneficial. Moriyama and colleagues|3]
reported in their observational study thati.t. morphine 100 mcg decreased the incidence of
a CPSP after Caesarean delivery (adjusted odds ratio 0.424; 95% CI1 0.202-0.889, P=0.023).
Surprisingly, in the study by Moriyama and colleagues,[3] there was no significant difference in
the acute postoperative pain and the reasons as to how i.t. morphine decreased the incidence
of CPSP was also not mentioned.

Intrathecal morphine acts in various levels of pain pathways (spinal and supraspinal) and
provides prolonged duration of analgesia (up to 24 h).[16] Because i.t. morphine is effective
in reducing the intensity of early postoperative pain, we hypothesised that it may indirectly
decrease the incidence of CPSP. This assumption is also supported by a meta-analysis which
showed a reduction in CPSP with the use of neuraxial anaesthesia.[17] However, our clinical
trial failed to demonstrate the protective role of i.t. morphine. One reason could be because
we had used i.t. fentanyl and multimodal analgesia (including local anaesthetic infiltration
atthe incision site) in both groups and, therefore, it did offer some protection in the placebo
group. The other reason is that single shot i.t. morphine may not have any beneficial role
in the late postoperative period. Because the transition from acute to CPSP is complex in
nature, continuation of preventive modalities beyond the early postoperative period may
be beneficial in high-risk groups. However, such modalities in the obstetric population are
practically challenging because of safety, ethical, and feasibility issues.

The mechanism of CPSP is partly explained by central sensitisation, a phenomenon of
neuronal hyperactivity and hyperexcitability in the spinal cord and brain that occurs after
surgical insult.[18] Animal studies have shown that i.t. morphine has inhibitory effects on
nociceptioninthe spinaldorsalhorn.[16,19,20] However, whether this analgesic mechanism
of i.t. morphine is sufficient to attenuate central sensitisation is not fully elucidated. In fact,
intrathecally administered morphine has shown conflicting results in a chronic pain model.
[21] For example, in a model of sustained nociception, it produced analgesic effects,[22,23]
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whereas others reported that it is less effective in animal models of chronic neuropathic
pain.[24,25] Notably, contradictory findings in the previous studies may be attributable to
differences in the timing of its administration.

Secondary mechanical hyperalgesia (i.e. increase pain sensitivity outside the area of the
wound) is the consequence of central sensitisation,[26] and it may be a prognostic marker for
the subsequent development of persistent pain.[27-29] The modulatory effects of i.t. morphine
on nociception-induced hyperalgesia in animal models of postoperative pain remains unclear.
[30,31] Intrathecal morphine (both pre-incisional and post-incisional), in comparison with
the saline, did not result in a significant reduction in mechanical hyperalgesia beyond 5 h of
incisional painin arat model.[30] In healthy volunteers, administration of systemic morphine
in experimentally induced secondary hyperalgesia showed inconsistent results,[32-34]
whereas clinical studies on i.t. morphine and secondary hyperalgesia are lacking.

Although it was statistically insignificant, we observed an increased area of secondary
hyperalgesia in the i.t. morphine group as compared with those who did not receive i.t.
morphine. Whether this paradoxical finding is attributed to opioid-induced hyperalgesia
(OIH) is a matter of debate. In laboratory and clinical studies, chronic administration of spinal
morphineis linked to the genesis of OIH, suggesting that OIH is dose- and time-dependent.[35]
Interestingly, even acute exposure to opioid can produce OIH. A single dose of spinal fentanyl
for Caesarean delivery increased postoperative i.v. morphine requirements.[36] However,
because of the limited data, itisinconclusive that a single dose of spinal morphine contributes
to the development of OIH. Moreover, as a result of the poorly understood mechanism of OIH
and lack of standardised pain sensitivity tools to diagnose OIH, it is difficult to establish a
causalrelationship between perioperative i.t. opioid exposure and the development of OIH.
Nevertheless, this is an important area to explore in future studies because of the linkage
between postoperative OIH and CPSP.[37]

In our study, we assessed pain interference on quality of life using the BPI questionnaire
in patients who reported CPSP at 3 and 6 months after Caesarean delivery. There was
no significant difference in BPI scores between patients who received i.t. morphine and
patients who did not receive i.t. morphine. Similar to our findings, Foadi and colleagues[38]
demonstrated that intrathecally administered morphine was not associated with improved
quality of life or physical function at 6 months after knee or hip surgery. This reflects that
a single dose of i.t. morphine may not produce long-term beneficial effects despite better
perioperative pain control.

There are certain limitations to our study. First, the concept of ‘one size does not fit all’ is
growing and the experts have proposed that the effective preventive strategies should be
tested in the high-risk group. Unfortunately, a risk prediction tool or scoring system for CPSP
after Caesarean delivery is lacking. Development of such validated tools or scoring systems
in the future will help to stratify the vulnerable group preoperatively. Second, this trial was
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carried outin a single centre situated in Nepal. Third, most reviews/studies on psychosocial
risk factors for CPSP have focussed on high-income countries.[39] There may be differences
in the psychological and socio-environmental factors between the Nepali and Western
population, and therefore, the findings of this study may limit generalisability. Fourth, we
used telephonic interview to assess CPSP and BPI questionnaire because we felt that many
patients might not visit the hospital after discharge because of financial and logistic reasons.
Finally, the follow-up period after surgery was limited to 6 months only.

In conclusion, our study failed to demonstrate any significant advantage of i.t. morphine 100
mcg over placebo on the incidence of CPSP at 3 and 6 months after elective Caesarean
delivery. Also, we found no evidence that the use of i.t. morphine affected the pain severity
and pain interference at 3 and 6 months after surgery.

FUNDING

International research grant from the Obstetric Anaesthetists’ Association (OAA), United
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SUPPLEMENTARY DATA

S1. Assessment of mechanical pain sensitivity before surgery.

Mechanical pain sensitivity was assessed using a handheld pressure algometer (FDX®, Wagner
Instruments, Greenwich, USA), with a 1-cm?rubber tip, and the force value was recorded in kilograms.
The device was held perpendicularly on the soft tissue of middle phalanx of the third finger, and the
pressure was applied steadily at a constant rate of 1 kg cm 2 sec™. Each participant was instructed
aboutthe pressure pain threshold (PPT) and pressure pain tolerance prior to the procedure. Pressure
painthreshold (PPT)was defined as the amount of force that elicited pain. The procedure was stopped
when the PPT was achieved. Pain tolerance (PT) was defined as the maximum pain that could be
tolerated by the participant.

Table S1. Postoperative pain scores.

Pain At Rest, NRS (0-10)

2 hr 1(0-2) 1(0-2) 0.08
6 hr 2(1-3) 2(1-3) 0.04
12 hr 2(1-3) 3(2-4) <0.001
24 hr 2(2-3) 3(2-3) 0.05
48 hr 2(2-3) 2(2-3) 0.32

Pain during movement, NRS (0-10)

2 hr 1(0-3) 2(1-3) 0.13
6 hr 3(2-4) 3(2-4) 0.01
12 hr 3(2-4) 3(3-5) <0.001
24 hr 4(3-4) 4(3-5) 0.04
48 hr 3(3-4) 3(2-4) 0.14

Values are expressed as median (interquartile range)
Abbreviation: NRS, Numeric Rating Scale
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