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Abstract
Background  Shoulder pain is a common clinical problem after laparoscopic surgeries. The use of non-
pharmacological massage and transcutaneous electrical nerve stimulation (TENS) as an adjunct to routine treatment 
is increasing to provide optimal pain relief. Therefore, we aimed to determine the effect of TENS and massage therapy 
on post laparoscopic shoulder pain (PLSP).

Methods  This study was conducted on 138 patients who underwent laparoscopic cholecystectomy. Patients were 
randomly divided into three groups: massage plus conventional pharmacological treatment (n = 46), TENS plus 
conventional pharmacological treatment (n = 46), and conventional pharmacological treatment (n = 46). Massage and 
TENS were performed three consecutive times after the patients regained consciousness in the inpatient wards. The 
intensity of Shoulder pain was evaluated using a visual analog scale before and 20 min after each treatment.

Results  Both massage therapy and TENS led to a significant reduction in the intensity of PLPS compared to the 
control group in all three measured times (p < 0.001). However, no significant difference was observed between TENS 
and massage at any of the three-time points.

Conclusions  This study’s findings demonstrated that massage and TENS techniques could reduce PLSP.

Trial registration  Registered in the Iranian registry of clinical trials (www.irct.ir) in 05/02/2022 with the following 
code: IRCT20200206046395N1.

Keywords  Shoulder pain, Laparoscopic cholecystectomy, Massage therapy, Transcutaneous electrical nerve 
stimulation (TENS)
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Introduction
Laparoscopic cholecystectomy is the standard proce-
dure in gallbladder surgery [1]. Although laparoscopy has 
optimal results compared to open surgery, such as cos-
metic effects, rapid discharge, and less pain at the inci-
sion site, post laparoscopic shoulder pain (PLSP) is one of 
the most common complications [2]. The prevalence of 
PLSP varies from 30 to 90%, and this relatively high rate 
is a challenging issue [3]. Although the underlying cause 
of PLSP is unknown, tissue manipulation, diaphragmatic 
pressure due to pneumoperitoneum, and carbonic acid 
production are the possible causes [4].

Various approaches have been investigated to relieve 
PLSP following laparoscopic cholecystectomy. In some 
studies, different surgical techniques, drainage, respira-
tory approaches [5], drugs such as lidocaine [2], dulox-
etine [6] ,and clonidine [7] were used. Despite few 
studies, they are limited, indefinite, and have controver-
sial results.

Multifaceted methods for pain relief are essential due 
to the complex pain mechanism after laparoscopic chole-
cystectomy [8]. Non-pharmacological methods used for 
these purposes include: Acupuncture, music, rhythmic 
breathing, relaxation, meditation, TENS ,and massage 
[9].

“Therapeutic massage is the manipulation of the soft 
tissue of whole body areas to bring about generalized 
improvements in health, such as relaxation or improved 
sleep, or specific physical benefits, such as relief of mus-
cular aches and pains” [10]. It is a non-invasive method 
with an easy application used in various clinical centers 
to increase the quality of surgery [11]. The benefits of 
massage in pain relief are supported by multiple studies 
on colorectal surgery [12], coronary artery bypass graft-
ing [13], cesarean Sect. [14], and cholecystectomy [15].

In addition, transcutaneous electrical nerve stimulation 
(TENS) as an essential strategy in interventions and clini-
cal approaches for analgesia and its side effects due to 
unique benefits such as ease of use, efficiency, inexpen-
siveness, and low risk is increasing. TENS uses batteries 
and electrodes on the skin based on the adjusted fre-
quency and pulse width by providing alternating current 
for various therapeutic purposes [16]. TENS has been 
instrumental in postoperative analgesia in many hernia 
repair surgeries [17], arthroscopy [18], gynecological lap-
aroscopy [19], and liposuction [20].

Although various techniques have significant effects in 
reducing PLSP, to our knowledge, no previous research 
compared these two interventions, massage therapy and 
TENS, for the relief of shoulder pain after laparoscopic 
cholecystectomy. Considering the prevalence of 63% of 
shoulder pain after laparoscopic cholecystectomy and 
the increase of patients who complain of PLSP [21], it is 
necessary to ensure adequate pain management. Because 

insufficient and poor management leads to delayed recov-
ery, adverse clinical outcomes and increased treatment 
costs [22]. Therefore, we aimed to determine the effect 
of TENS and massage therapy on PLSP. We hypothesized 
that massage and TENS could reduce PLSP in the first 
hours after cholecystectomy.

Materials and methods
Design
This study is a prospective, randomized, single-blind, 
parallel controlled, and triple-arm clinical trial. It was 
conducted on 138 patients with gallstones treated with 
laparoscopic cholecystectomy at Imam Reza Hospital, 
affiliated with Kermanshah University of Medical Sci-
ences, Iran. Eligible patients were selected from February 
2022 to August 2022. They were randomly divided into 
three groups, including massage (A), TENS (B), and con-
trol (C). The ethics committee of the Vice-Chancellor of 
Research approved the study at Kermanshah University 
of Medical Sciences (Code: IR.KUMS.REC.1400.757). It 
was registered on the Iranian Clinical trial Registry with 
identification number IRCT IRCT20200206046395N1 
(registration date: 05/02/2022).

Inclusion and exclusion criteria
The inclusion criteria for patients were:

 	• Undergoing laparoscopic cholecystectomy surgery.
 	• Visual Analogue Scale (VAS) shoulder pain score at 

baseline (within 3 h after surgery) ≥ to 3.
 	• Class I or II physical conditions based on the 

American Society of Anesthesiology (ASA).
 	• No history of mental, motor ,or cognitive disorders 

according to medical records.
 	• Lack of shoulder pain before surgery.

The exclusion criteria were:
 	• Age under 18 years and over 60 years.
 	• Addiction to painkillers and sedatives.
 	• Ulcers, phlebitis, trauma ,and arthritis in the massage 

area.
 	• Contraindications to TENS such as pregnancy and 

internal pacemaker.

Sample size calculation
After a pilot study on 30 participants (10 in each group), 
the minimum number of samples based on a 10-point 
pain scale 4  h after cholecystectomy using the mean 
and standard deviation (3.83 ± 1.94 in the control group 
and 5 ± 1.67 in the intervention group) was identified. 
By accepting α = 0.05 and a power of 80%, the standard 
sample size for each group was calculated as 38 patients 
(114 in total). Considering a 20% drop rate, 46 partici-
pants were included in each group (138 patients in total) 
(Fig. 1).
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Randomization and blinding
After evaluating the admitted patients based on the 
inclusion and exclusion criteria and completing the 
informed consent form, they were placed in massage, 
TENS, or control groups using a random block size of 6. 
A randomization sequence was performed using a ran-
dom number generator.

Twenty-three opaque envelopes and 138 cards were 
created for the random allocation concealment pro-
cess. The envelopes were opened simultaneously as the 
individuals were assigned to the groups. Before random 
sampling, the researcher and participant did not know 

each individual would belong to which group. Conceal-
ment was also observed using this method. Participants 
were aware of the intervention, but the data collector and 
statistical analyst were unaware. In addition, the form 
related to the baseline assessments was initially com-
pleted before assigning the person to groups. The partici-
pants were separated and had no contact to prevent bias.

Pain assessment
Patients were asked to rate their pain in the shoulder area 
by marking a cross on a 10 cm horizontal VAS. It is one 
of the standard tools for measuring pain in studies with 

Fig. 1  CONSORT flow diagram
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a clinical approach. In the study of Al-Ghadir et al. [23], 
the reliability of this tool for pain by the intra-class cor-
relation coefficient was reported 0.97, which can be con-
firmed as one of the most reliable tools for measuring 
pain. Zero indicated no pain, and ten showed unbearable 
pain on this scale. Pain intensity in this study was cate-
gorized into four groups, 0 = painless, 1 to 3 = mild, 4 to 
7 = moderate, and 8 to 10 = severe pain.

Intervention
On the morning of surgery, each patient was asked to 
rate pain VAS using understandable and straightforward 
sentences during a training session. After transferring 
patients to the postoperative ward and consciousness 
recovery, participants in the intervention group received 
TENS or massage in addition to conventional pharma-
cological treatment. No intervention was applied to the 
control group, who only received conventional pharma-
cological treatment. Acetaminophen (Paracetamol) was 
prescribed 15  mg/kg/dose every 8  h according to our 
standard organizational protocol to relieve postoperative 
pain. In addition, patients received intramuscular Pethi-
dine 25 mg/mL at regular intervals in case of more severe 
pain.

Both massage therapy techniques and TENS were per-
formed at regular intervals of 4, 8, and 12 h after surgery 
by a trained individual and under the supervision of a 
physiotherapist. The interventions lasted 30  min in a 

quiet environment away from noise (3 times, 90  min in 
total).

In addition, to avoid bias, in all groups, the researcher 
attended during the study at the mentioned times, and 
asked the participants to lie on the bed for 30  min in a 
supine position with their head at a height of 30 Degree 
headrest.

Massage
The massage was performed in the first intervention 
group using this protocol:

The masseur washed his hands thoroughly and dried 
them with a towel. He applied massage on the patient’s 
dominant hand using kneading-friction-petrissage tech-
niques. The wrist was held in one hand, and with the 
other hand, the massage started with direct pressure 
from the base of each finger and circularly continued to 
the tip. The palm was kneaded with C-like movements 
and firm pressure in alternating directions, then the back 
of the hand was stretched with forward movements from 
the wrist to the base of each finger. Around the wrist 
bones, the massage continued with circular movements 
of the thumbs clockwise and then counterclockwise. 
While the patient’s arm was lying flat on the bed, the 
therapist’s palm was used for upward movements from 
the wrist to below the elbow and downward movements 
from the elbow to the wrist. Finally, the massage ended 
with gentle twisting movements of the forearm (Fig.  2). 
Patients were asked to inform the researcher having any 

Fig. 2  This figure shows the areas of interventions. (A) Massage after PLSP (1). finger massage, (2) palm massage, (3) back hand massage, (4) wrist mas-
sage, (5) forearm massage. (B) TENS after PLSP. Gray indicates Trapezius muscle. UT = Upper Trapezius, MT = Middle Trapezius, LT = Lower Trapezius. The 
Scapula is represented in Light yellow
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risk factor to avoid any problem during the massage 
therapy. After the first set of massage and to ensure the 
patient’s comfort, the second set of massage was per-
formed similarly, without using any special equipment on 
the non-dominant hand. The massage procedure was fol-
lowed using a coherent program and continued with the 
appropriate rhythm and pressure.

Petrissage Massage: Apply direct pressure slowly and 
rhythmically with the fingertips.

Friction Massage: Rubbing in small areas in a circle 
where the masseur presses the area with the front of the 
fingertips or the front of the palm.

Kneading Massage: It is similar to twisting and changes 
the compression direction in succession [24].

TENS
Patients in the second intervention group received 
TENS. Initially, the researcher watched the skin of the 
scapula and shoulders to ensure that no foreign objects 
obstructed the attachment of four electrodes (5  cm x 
10  cm). Then the electrodes were placed on the skin in 
the area of trapezius muscle and scapula, in both sides of 
the shoulders, parallel to the spine (Fig. 2). After placing 
the self-adhesive electrodes at a distance of 5 cm in areas, 
a TENS current with a frequency of 150 Hz and a pulse 
width of 75 microseconds [25] was applied. During the 
intervention, the intensity of the TENS device was con-
stantly increased by the researcher up to the extent that 
the maximum effect of the tingling sense did not cause 
discomfort and muscle contraction (the maximum sen-
sory threshold for pain).

Data collection
Participants’ data, including demographic and clinical 
characteristics, were collected using two parts form and 
multiple-choice questions.

In Its first part, age, sex, education and previous history 
of abdominal surgery were recorded one day before the 
operation.

In the second part, duration of surgery, duration of 
anesthesia, amount of analgesia used during the inter-
vention and severity of PLSP were assessed by the out-
come assessor, unaware of the type of interventions and 
randomization. According to the beginning of the first, 
second and third interventions at 4, 8 and 12 h after cho-
lecystectomy, pain was recorded six times. T1: 20  min 
before the start of the first intervention, T2: 20 min after 
the first intervention, T3: 20  min before the start of the 
second intervention, T4: 20  min after the second inter-
vention, T5: 20 min before the start of the third interven-
tion, T6: 20 min after the third intervention.

Statistical methods
Data analysis was conducted using the SPSS 25.0 soft-
ware. In the present study, Data normality was confirmed 
using the Kolmogorov-Smirnov. ANOVA analysis of vari-
ance compared quantitative variables in three groups. 
Also, the variables of gender, education, and history of 
previous abdominal surgery were evaluated with the 
Chi-square test. In each group, ANOVA with repeated 
measures was used to compare the trend of changes 
in the severity of PLSP at 4, 8, and 12  h after surgery. 
P-value < 0.05 was considered significant.

Results
This study was conducted on 138 patients with a mean 
age of 43.19 ± 11.3 years after laparoscopic cholecystec-
tomy (Fig. 1). The majority of them were women (68.8%). 
Table  1 shows no difference between the demographic 
and clinical characteristics of the participants in the mas-
sage, TENS, and control groups (p > 0.05).

The results of one-way analysis of variance are sum-
marized in Table  2; Fig.  3. Levene’s test confirmed the 
assumption of homogeneity of variances (p > 0.05). Before 
the interventions, the results showed that the mean PLSP 
was not significantly different in the groups. However, 
after the interventions, the amount of PLSP in the mas-
sage therapy, TENS, and control groups decreased at all 
period times and was considered statistically significant 
(p < 0.001).

The mean difference in PLSP decrease in the three 
groups before and after the interventions were significant 
(p < 0.001) (Table 3).

Comparing the two groups regarding changes in PLSP 
intensity showed that the effect of massage therapy 
and TENS was more significant than the control group 
(p < 0.001). However, there was no significant difference 
between the two interventions of massage therapy and 
TENS at any time (Table 4).

Table 1  Demographic and clinical characteristics of participants 
in massage, TENS, and control groups
Variables Control TENS Massaging P-value
sex
male
female

10(21.7)
36(78.3)

19(41.3)
27(58.7)

14(30.4)
32(69.6)

0.127*

Age 42.91 ± 11.50 42.07 ± 11.73 44.59 ± 10.91 0.559**
The history 
of abdomi-
nal surgery

25(54.3) 28(60.9) 20(43.5) 0.240*

Duration of 
surgery

54.67 ± 18.98 53.48 ± 18.99 54.46 ± 20.44 0.952**

Duration of 
anesthesia

72.93 ± 18.93 71.41 ± 18.45 71.95 ± 20.28 0.929**

Pethidine 
use (mg)

29.35 ± 10.93 27.17 ± 8.86 27.72 ± 9.47 0.543**
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In addition, Mauchly test confirmed the assumption 
of sphericity of the data. ANOVA with repeated mea-
surements showed a significant difference between the 
three groups in the average intensity of PLSP after the 

intervention. Hence, the relief of pain in the interven-
tion groups was more than the control group (p < 0.001) 
(Table 2).

Discussion
The present study evaluated the effectiveness of classi-
cal hand massage in reducing PLSP compared to TENS. 
To our knowledge, no previous research compared these 
two interventions to relieve PLSP. Therefore, the cur-
rent randomized trial was the first study following lapa-
roscopic cholecystectomy. Based on our findings, TENS 
significantly reduced PLSP when added to multimodal 
treatment methods. In other studies on different types of 
surgery, the effect of active TENS has been compared to 
placebo [18, 20, 25], no treatment (Control) [17, 26] and 
pharmacological drugs [19, 27], so significant pain relief 
was identified in the active TENS group.

In a previous study, Asgari et al. [27] compared the 
effect of TENS with fentanyl on reducing PLSP in 
patients undergoing laparoscopic gynecologic surgery 
who had spinal anesthesia. They indicated that in the 
short-term evaluation, five minutes after fentanyl inter-
vention, there was a more significant effect than TENS. 
Nevertheless, TENS was more effective after 30  min. 
Although their overall results showed no inferiority of 
fentanyl to TENS, both methods reduced PLSP.

In line with our study, Borges et al. [25] evaluated the 
effect of Active TENS and Placebo TENS compared to 
the control group on pain after laparoscopic cholecys-
tectomy. The authors found that Active TENS for 30 min 
significantly reduced pain at the umbilical, subcostal, 
epigastric, and abdominal incision sites compared to pla-
cebo TENS and the control group. This study showed the 
superiority of Active TENS over placebo TENS and the 
control group that did not receive any intervention.

Table 2  Comparison of mean PLSP intensity scores in 
massaging, TENS, and control groups
Time Control TENS Massaging P-value*
4 h after 
surgery
Before 
intervention
After 
intervention

6.00 ± 1.86
5.93 ± 1.91

5.83 ± 1.78
4.54 ± 1.39

5.93 ± 1.97
4.70 ± 1.54

0.90
< 0.001

8 h after 
surgery
Before 
intervention
After 
intervention

4.76 ± 1.72
4.63 ± 1.81

4.87 ± 1.34
3.13 ± 1.42

4.96 ± 1.54
3.63 ± 1.61

0.83
< 0.001

12 h after 
surgery
Before 
intervention
After 
intervention

3.74 ± 1.54
3.65 ± 1.38

3.15 ± 1.19
1.65 ± 1.15

3.37 ± 1.52
2.09 ± 1.48

0.14
< 0.001

P-value** < 0.001 < 0.001 < 0.001
*ANOVA

** Repeated measure ANOVA

Table 3  Comparison of the mean difference in shoulder pain 
intensity scores before and after the intervention in the massage, 
TENS, and control groups
Times Groups Mean ± SD P-value*
1 Massaging

TENS
Control

1.23 ± 0.99
1.28 ± 1.02
0.06 ± 0.74

< 0.001

2 Massaging
TENS
Control

1.32 ± 0.79
1.73 ± 0.88
0.13 ± 1.04

< 0.001

3 Massaging
TENS
Control

1.28 ± 0.95
1.50 ± 1.14
0.08 ± 0.91

< 0.001

*one-way ANOVA

Table 4  Two-by-Two comparison groups regarding 
shoulder pain intensity at 4, 8, and 12 h after laparoscopic 
cholecystectomy
Times Mean difference P-val-

ue*
4 h after surgery
Massaging-control -1.17 < 0.001
control –TENS -1.21 < 0.001
Massaging _TENS -0.04 0.97
8 h after surgery
Massaging-control -1.19 < 0.001
control –TENS -1.60 < 0.001
Massaging _TENS -0.41 0.08
12 h after surgery
Massaging-control -1.19 < 0.001
control –TENS -1.41 < 0.001
Massaging _TENS -0.21 0.56
*Post hoc analysis, using Tukey’s method

Fig. 3  Mean scores of the shoulder pain severity after Cholecystectomy
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Also, Platon et al. [19] reported the effect of TENS on 
pain after laparoscopic gynecological surgery. One group 
received TENS and the other group received opioids; 
the results of this study showed significant pain relief in 
both groups after discharge from the recovery ward and 
hospital.

In another study, 52 patients undergoing inguinal her-
nia surgery were divided into two active TENS and con-
trol groups (26 people in each group) to investigate the 
effects of TENS on postoperative pain. The duration of 
the intervention was 24 h and applied five times after the 
operation for 30 min. In the experimental group, TENS 
was used with a frequency of 100 Hz and a pulse width of 
100 microseconds. In the other group, TENS was applied 
without electrical stimulation. Similarly, the results indi-
cated a significant reduction in pain in the Active TENS 
group [17].

However, in some studies, no evidence confirmed the 
effect of TENS on pain. In this regard, Kurata et al. [28] 
investigated the effects of TENS on pain after a cesarean 
section. In this clinical trial, 180 women were randomly 
divided into three groups: Active TENS, Placebo TENS 
and control. The results showed that the pain after the 
cesarean section was not significantly different between 
the groups. The findings of this study did not confirm our 
results. Differences in the target population may be the 
reason for this difference.

Also, in these three studies, no effect of TENS on pain 
at rest (static pain) after abdominal surgery [29], hys-
terectomy [30] and, hip fracture [31] was observed. The 
main reasons for this may be the difference in sample 
size, TENS application method and follow-up period. 
Although our findings were consistent only with the 
limited previous studies, the difference in surgical pro-
cedures and other factors influencing the perception of 
pain intensity should be considered.

We also found that classic hand massage significantly 
reduced PLSP. The present finding can improve our 
understanding of the value of massage therapy tech-
niques on pain.

In a systematic review and meta-analysis, an evidence 
was presented that short-term or long-term massage 
is an effective method for reducing shoulder pain [32]. 
Consistent with our study, a case report by Zerkle and 
Gates (2020) examined the effect of 25  min of massage 
after laparoscopic abdominal surgery and reported that 
massage therapy significantly reduced PLSP [33]. Simi-
larly, Sözen and Karabulut (2020) found that a 30-minute 
hand massage relieved pain after laparoscopic cholecys-
tectomy [15].

In another study, 105 patients with rheumatoid arthri-
tis were divided into three massage, reiki, and control 
groups to investigate the effects of hand massage and 
reiki on pain. The interventions were repeated six times 

and each time for 30  min. Similar to the current study, 
the results indicated a significant reduction in pain in 
both groups [34].

Rasooli et al. [14] used 15-minute hand massage tech-
niques to relieve headaches after cesarean section and it 
was found that the VAS score decreased significantly in 
the hand massage group. Their results are consistent with 
the present findings.

In two clinical trials on patients undergoing heart 
surgery, the effect of hand massage on postoperative 
pain showed that in both studies, massage significantly 
reduced patients’ pain compared to those who received 
only routine care [35, 36].

In the present study, there was no significant difference 
in the dose of pethidine used between the three groups. 
Contrary to the current findings, some studies reported 
that massage and TENS reduced analgesic use compared 
to control or placebo groups [15, 37]. These differences 
can be attributed to differences in samples, pain intensity, 
methods, and study designs.

Several mechanisms have been proposed for massage 
therapy and TENS to relieve pain [38, 39]. According to 
the gate control theory, thick sensory fibers (A-β) stimu-
lated by various factors such as massage and TENS are 
faster than thin fibers (A-δ and C) that cause pain trans-
mission. These two modalities stimulate mechanorecep-
tors and thick sensory fibers and eventually slow down 
the transmission of pain signals to the brain. Also, by 
stimulating dense sensory fibers, the pain-inhibiting neu-
rons are activated at the level of the dorsal horn. The pain 
is minimized by reducing the speed of the projection 
neurons [40]. In addition, it has been shown that massage 
therapy and TENS can effectively relieve pain by secret-
ing endogenous opiates [38, 39].

Limitations
Despite the strengths of the present study, our research 
has the following limitations:

1.	 Although the surgical procedure and anesthesia 
were the same for all patients, the patients 
underwent surgery under the supervision of different 
anesthesiologists and surgeons.

2.	 There was insufficient evidence on the best time 
for TENS and massage to start interventions to 
improve shoulder pain which may affect the results 
to somewhat.

3.	 Shoulder pain was assessed in all patients only 
at rest, and no separate pain measurement was 
performed at rest and in motion.

4.	 The primary source of patients’ pain (incision and 
shoulder pain) was not assessed when they requested 
analgesia.
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5.	 The effect of interventions on patients’ shoulder pain 
was not assessed for a long time and was limited to 
the initial hours after surgery.

6.	 At the end, the sample size was small, and it was 
unclear whether the findings would be different if 
used in multiple centers in different environments 
and with larger sample sizes.

Conclusion
It seems that massage therapy and TENS can be effec-
tive in PLSP relief. Considering that the shoulder pain is 
often expected after laparoscopy, and the large number 
of this clinical problem, specifies the need to pay more 
attention to this matter. It is recommended to use fre-
quent massage therapy and TENS with a longer duration 
on patients’ having shoulder pain after other laparoscopic 
surgeries so that their effect on the amount of analgesia 
used by patients can be seen.
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