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Abstract

Background: Pain after surgery is highly inevitable, and the use of nonsteroidal anti-inflammatory drugs (NSAIDs) has been re-
ported with side effects.
Objectives: This study evaluated the effectiveness of transcutaneous electrical nerve stimulation (TENS) on pain intensity and dis-
ability of patients who underwent hip arthroplasty.
Methods: A purposive sampling technique was used to recruit 56 subjects that underwent hip arthroplasty. They were randomly
allocated to the TENS group (TG) and control group (CG) equally. The subjects in the TG group were treated with conventional TENS
twice a day for three weeks, but the CG group was treated with normal drugs only. Pain intensity and hip disability were measured in
both groups with the Visual Analogue scale (VAS) and Oxford hip score before the treatment and after the intervention, respectively.
Results: The results showed that there was a significant reduction between the pre-treatment and post-treatment pain intensity (t
= 3.83, P = 0.003) and hip disability (t = -4.45, P < 0.001) in the TG group. A significant reduction was also observed in pain intensity (t
= 3.16, P = 0.01) and hip disability (t = -6.71, P = 0.000) between the pre-treatment and post-treatment periods in the CG group. There
was a significant reduction in post-treatment pain intensity (t = 10, P = 0.000) and hip disability (t = -3.51, P = 0.006) when the TG
group was compared with the CG group.
Conclusions: TENS was effective in the management of acute post-surgical pain and disability of patients with hip arthroplasty.
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1. Background

There has been a continuous increase in hip and knee
replacement surgeries with a record of an upsurge in the
total percentage of patients with total hip arthroplasties
among patients less than 60 years of age (1). The proce-
dure can be total arthroplasty or a hemiarthroplasty (par-
tial joint replacement) to relieve pain, improve mobility,
and provide freedom to perform activities of daily living
(2). Discomfort, pain, and restlessness have been reported
as the aftermath of anesthesia and surgery, which could
have been caused by incision (3). In addition, reawak-
ening of the patient from anesthesia and relieve of pain
are very significant in the postoperative care of the pa-
tient that have just undergone operation (3). The man-
agement of postoperative pain consists of pharmacolog-
ical and non-pharmacological methods. Pharmacolog-

ical methods include balanced (multimodal) analgesia,
opioids, non-opioids, adjuvants, and regional analgesia
(4). Non-pharmacological modalities include acupunc-
ture, physical therapy, and relaxation therapy. There was
a misconception that no matter the severity of pain, opi-
oid analgesics can effectively abase it (5). However, stud-
ies have reported that a large percentage of postoperative
pain was undertreated (6, 7).

Physical therapy management of pain includes tran-
scutaneous electrical nerve stimulation (TENS), cryother-
apy, acupuncture, heat therapy, and pulsed electromag-
netic field (PEMF) therapy. In fact, TENS is a small
portable device that transmits low voltage electrical im-
pulses through the electrode and the skin to the body. It
is cheap and involves no blood or opening of the patient’s
body with no undesirable effects compared to pharmaco-
logic pain-relieving drugs. It is widely used in the relief
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of pain, but its efficacy in the relief of acute postoperative
pain has not been established (8).

The treatment of post-surgical pain is multimodal,
which involves a series of nonsteroidal anti-inflammatory
drugs (NSAIDs) and selective cyclooxygenase-2 (COX-2) in-
hibitors (Coxibs). Research has shown that coxibs were
associated with increased risks of myocardial infarction
compared with placebo (9). Literature has established a se-
ries of side effects such as gastrointestinal, cardiovascular,
and renal complications upon the usage of NSAIDs (10). In
a study by Golladay et al. (11) on the oral multimodal anal-
gesia for total joint arthroplasty, they concluded that the
primary outcomes on the usage of oral medication are to
reduce the consumption of opioids, minimize side effects,
and prevent chronic pain, which can positively affect long-
term outcomes.

Various studies have highlighted that TENS is helpful
in the treatment of post operational pain. A study by Ben-
net et al. (12) reported that the inconclusiveness in the
findings of TENS may be due to methodical fault, poor
assessment outcomes, and inadequacy of TENS interven-
tion. In the study of Lan et al. (13) in patients with hip
arthroplasty, they found no great change in the intensity
of pain. Also, the study by Unterrainer et al. (14) using
TENS for patients with spinal surgeries revealed a reduc-
tion in pain on activity only. In the study of Solak et al.
(15) on pain management among post-thoracotomy pa-
tients using TENS, they reported pain reduction in the first
3 days post-thoracotomy, which is comparable to patient-
controlled analgesia. Based on these reports, there was no
agreement on the efficacy of TENS in the management of
postoperative pain. Moreover, there are a lot of side effects
upon the usage of NSAIDs.

2. Objectives

This study was, therefore, designed to investigate
whether electrical stimulation would have any effect on
the treatment of postoperative hip arthroplasty pain in-
tensity and hip disability to complement the usage of
NSAIDs.

3. Methods

3.1. Ethical Approval

The research protocol was approved (ERC/2017/12/04)
by the Ethics and Research Committee of the OAUTHC, Ile
Ife, Nigeria.

3.2. Subjects

The subjects that participated in this study were
just concluded post-surgical in-patients with hip arthro-
plasty admitted to the Teaching Hospitals Complex of the
Obafemi Awolowo University (OAUTHC), Ile-Ife.

The inclusion and exclusion criteria: patients that were
recruited for the study were those who underwent opera-
tion of the hip joint and without any other comorbidity.
Patients with the operation but have another comorbid-
ity such as diabetes, peripheral neuropathy, renal issues,
and patients with post-surgery thrombophlebitis were ex-
cluded from the study.

3.2.1. Sampling Technique

A purposive sampling technique was used to recruit
subjects for this study. The number of patients used for the
study was calculated by the following formula (16):

(1)n =
2
(
Zα

2
+ Z1−β

)2

(
µ1 − µ 2

σ

)2

where Zα/2 represents the critical value of the normal
distribution at α/2. (i.e., for a confidence level of 95%, α is
0.05, and the critical value is 1,96), Z1–β represents the crit-
ical value of the typical distribution at 1-β (i.e., for a power
of 80%, β is 0.2, and the critical value is 0.84),µ1 andµ2 are
means from 2 independent groups = ∆. δ is the effect size,
which is the standardized difference and equal to the abso-
lute difference (∆) divided by the standard deviation (σ).
Thus, n (size per group) = 25 for a group (16). However, 28
subjects were recruited per group with respect to attrition;
thus, 56 individuals were considered.

3.2.2. Consent From the Patient

A copy of the consent form was provided for each sub-
ject. For those that did not understand the English lan-
guage, the content of the consent was interpreted into the
Yoruba language for a better understanding. Each subject
then signed the form before the commencement of the
study.

3.3. Research Design

3.3.1. Instruments

The instruments used in this study were as follows:
i) A TENS unit (MH6000 Combo, MH6100 EMS, MH6200

TENS) manufactured by Medihightec Medical Co., LTD, Tai-
wan. A small handheld battery-powered device was used to
generate low-voltage electrical impulses to excite the sen-
sory nerves.
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ii) Pre-gelled, self-adhesive electrodes (a square-shaped
40 by 40 MM produced by Civarc Ltd, Lagos) that transmit-
ted the impulses to the area of the body.

iii) Cotton wool and methylated spirit for skin toileting
of the area of skin the electrode was placed.

iv) Visual Analog Scale (VAS): A long flat plastic that con-
sists of 100 mm scale that marked from 0 in the left, repre-
senting no feeling of pain, and finished by 100 mm in the
right, standing for excruciating pain. It is used to assess
pain intensity. Values that are more than 70 mm mean very
severe pain, where value 45 - 54 means moderate pain, 35 -
45 represents mild pain and no pain is represented by 0 to
5. The VAS was validated with VRS by Williamson and Hog-
gart (17) who concluded that VRS provides a useful alterna-
tive to the VAS scores in the assessment of chronic pain. Bi-
jur et al. (18) found a significant correlation between the
VAS and the Numerical Rating Scale (r = 0.94, 95% CI = 0.93
to 0.95). They also found that the slope of the regression
line was 1.01 (95% CI = 0.97 to 1.06), indicating a strong level
of agreement between the two tools. The VAS was used to
measure the present pain intensity.

v) Oxford Hip Score (OHS): Considering OHS, there are
12-items for which patients should report the outcome
measure. It was designed to assess disability after surgery
to the hip. There was an allocation of 0 - 4 to each item of
the questionnaire. Four represents the best outcomes for
a question. Accordingly, there will be a maximum of 48
points and a minimum of 0 points for the questionnaire.
Forty-eight is the best outcome, values that results greater
than 41 are considered excellent or outstanding; 34 - 41 are
good, 27 - 33 are fair, and < 27 are poor. The inter-rater/intra-
rater reliability = 0.679, construct validity between OHS
and Harris hip score is Spearman’s p = -0.712. The validity
and responsiveness of the OHS was reported by Uesugi et
al. (19).

3.4. Site of Experiment

All interventions were performed at the Orthope-
dics ward, Teaching Hospitals Complex of the Obafemi
Awolowo University (OAUTHC), Ile-Ife, Nigeria.

3.4.1. Randomization

Subjects were allocated to two groups randomly. The
fishbowl method was used for the allocation. Here, 56
pieces of paper were wrapped in an envelope with an in-
scription TENS and control of equal number. Once a pa-
tient was found eligible for the treatment, he/she would
pick up a paper from the envelope. The patient was then al-
located to the related group. In this regard, there were two
groups of patients, the TENS group, which consisted of 28
patients, and likewise the control group, which consisted

of 28 patients. The patient flow chart and randomization
of subjects are shown in Figure 1.

3.5. Procedure
Before the treatment, the bio-data of each subject was

collected. A brief interview was conducted before the inter-
vention to find out the type of surgery, pain intensity, and
functional limitation. The consent was obtained before the
commencement of the treatment.

3.5.1. TENS Group

To apply the electrodes for the application of TENS, a
tape rule was used to measure 5 cm away from the incision
site, the marked place was thoroughly cleaned with a piece
of methylated soaked cotton wool. The self-adhesive pre-
gelled electrode was then applied. TENS unit was adjusted
to the bearable mode for the patients. TENS was put on,
with intensity of 100µs and frequency of 100 Hz; the treat-
ment was for 15 minutes. In addition to each patient’s rou-
tine analgesic and antibiotics, TENS was also applied twice
a day for three weeks. The whole treatment lasted for three
weeks for each patient. The patients underwent 20 treat-
ment sessions before discharge.

3.5.2. Control Group

The patients received their normal analgesics and an-
tibiotics only. There was no application of TENS.

3.6. Outcome Measures
3.6.1. Pain Intensity

Pain intensity was measured with VAS. Each patient
was educated on how to place the finger on the scale that
represents the severity of the pain. Zero is no pain, and 100
mm is the maximum or excruciating pain. This was done
before the treatment and after the treatment on each ses-
sion, three days for each patient in the TENS group. In the
control group, VAS was administered on the first day that
patient got back to the ward, and the last day before dis-
charge.

3.6.2. Hip Disability

Oxford hip score (OHS) was used to measure hip dis-
ability. The OHS was administered at the same time the VAS
was administered for the TENS and control groups.

3.7. Data Analysis
Data were analyzed using descriptive and inferential

statistics. Dependent t-test was used to compare the pre-
treatment and post-treatment pain intensity and hip dis-
ability within the groups. Moreover, an independent t-test
was used to compare the outcome measures between the
groups. A P value of less than 0.05 was considered statisti-
cally significant.

Middle East J Rehabil Health Stud. 2020; 7(4):e103662. 3



Ojoawo AO et al.

 

             

  

 

  

 

 

  

 

 

 

 

Assessed for eligibility N = 65 

Excluded (n = 9)  

Not meeting inclusion Criterial (n = 5) 
 

Decline participation (n = 4)
 

Randomized (n = 56)
 

 

                        Randomized N = 56  

Allocated to intervention
 

Received allocated intervention (TENS) in   
 addition to the normal chemotherapy. n = 28 

  

  Allocated to control          

  No intervention Control n = 28 
Mainly on the normal chemotherapy 

n = 3 were discharges after 2 days 

 

 

n = 2 were discharges after 2 days 

 

n = 28 Analysed. Intension to treat was 

used for the 3 that did not complete the 

study  

n=28 Analysed. Intension to treat 

was used for the 2 that did not  

complete the study  

Figure 1. Consort diagram of random allocation of the subjects to the two groups

4. Results

4.1. Socio-Demographic Characteristics of the TEN Group and
the Age Range of All Subjects

The socio-demographic characteristics of the subjects
in the two groups are shown in Table 1. There were nine
(33.3%) males and nineteen (66.7%) females in each group.
Nineteen (66.7%) subjects had primary education, and nine
(33.3%) had secondary education in the TENS group, but All
28 (100%) subjects had secondary education in the control
group. The mean age of all subjects was 57.67 years.

4.2. Comparison Between the TENS and Control Groups

The comparison between pre- and post-treatment pain
intensity and hip outcome measures for the experimental
and control groups are shown in Table 2. There was a sig-
nificant difference between the pain intensity (t = 10, P =

Table 1. Socio-Demographic Characteristics of the Subjects (N = 56)

Variables TENS Group (n = 28) Control Group (n = 28)

Age, mean ± SD
(min-max)

57.67 ± 13.75 (40 - 68) 57.67 ± 13.75 (42 - 66)

Sex, F (%)

Male 9 (33.3) 9 (33.3)

Female 19 (66.7) 19 (66.7)

Educational level, F (%)

Primary 19 (66.7) 0 (0)

Secondary 9 (33.3) 28 (100)

0.00) of the TENS and control groups. There was a signif-
icant difference between the hip outcome measure (t = -
3.51, P = 0.006) of the TENS and control group. There was
also a significant difference in the post-treatment pain in-
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tensity between the experimental and control groups. Fur-
thermore, there was a significant difference in the hip out-
come measure post-treatment.

5. Discussion

This study evaluated the effect of TENS on acute post-
operative pain intensity in hip arthroplasty patients. In
this study, women were more than men. This indicated
that there may be more women with hip problems than
men. The increase in hip problems in women could be at-
tributed to osteoporosis, incontinence, and frailty, which
is common in postmenopausal women (20). If there is an
accidental fall, that is common in older individuals, there
is a tendency to fracture the neck of the femur. Osteoporo-
sis usually leads to bone fragility, which makes the patient
susceptible to fracture. This may be attributed to low bone
mass and microarchitectural deterioration of bone tissue
(21). To recognize osteoporosis in a clinically setting, low-
energy trauma will easily lead to a fracture, which is com-
monly found in the hip, vertebrae, and distal forearm (22).
Osteoporosis has been reported to be common among in-
dividuals of 50 years; (women 5% and men 2.4%), for 50 to
85 years, it has increased to 50% for women and 20% for
men (23).

The study indicated that post-treatment pain intensity
was less than pre-treatment pain intensity, as well as pre-
treatment hip outcome measure in the TENS group was
higher than the control group. This indicates that TENS is
effective in the treatment of acute postoperative pain in
hip arthroplasty. The mechanism of the effect of TENS on
pain intensity of primary hip arthroplasty is based on the
pain gate theory, which explains how the transmission of
the noxious stimulus from the C fibers in the spinal cord
and to the higher centers is reduced after the excitation of
A beta (Aβ) sensory fibers; thus, the stimulus of the pain
cannot go through to the higher center and pain is re-
lieved (24). The use of TENS and sterile electrodes around
the incision was first used by Hymes et al. (25), who first
reported the success of conventional TENS for acute post-
surgical pain. In their study, which lasted for 4 to 5 days af-
ter surgery in which 115 patients were continuously or in-
termittently stimulated, there was a report of an 80% re-
duction in the intensity of pain. Adverse effects of concur-
rent opioid consumption and associated respiratory de-
pression can be relieved using TENS. Reeve et al. (26), in
their report in a systematic review on postoperative and
acute pain, showed that 12 of 20 randomized control trials
concluded that TENS might be of certain benefit to relieve
acute and postoperative pain. This was consistent with the
present study.

The current study further indicated that there was a
significant reduction in pain intensity as well as an in-
crease in hip outcome measures in the control group. It is
noteworthy that these subjects were on pharmacological
treatment throughout this period, which would enhance
pain relief as well as wound healing. This is responsible for
the reduction. The use of systemic analgesics, narcotics,
and related drugs, as well as regional analgesia, can pre-
vent patients from long-acting local anesthetics and can
make patients feel free of pain (27).

Comparing the experimental and control groups’ pain
intensity and hip outcome measures, the study showed
that there was significant pain reduction in the TENS group
compared to the control group. Furthermore, there was a
significant increase in hip outcome measures in the TENS
group compared to the control group. Johnson (28), in
their systematic review, documented that transcutaneous
electrical nerve stimulation is a non-invasive, inexpensive,
self-administered technique to relieve pain. The conven-
tional TENS is used to selectively activate large-diameter
non-noxious afferents (A-beta) to reduce nociceptor cell
activity and sensitization at a segmental level in the cen-
tral nervous system. Pain relief with conventional TENS
is rapid in onset and offset and is maximal when the pa-
tient experiences strong but non-painful paranesthesia be-
neath the electrodes. Clinical experience suggests that
TENS may be beneficial as an adjunct to pharmacotherapy
for acute pain; however, systematic reviews are conflict-
ing (28). Literature has also shown that the effects of TENS
are mediated via a series of neurochemicals such as opi-
oids, serotonin, acetylcholine, noradrenaline, and gamma-
aminobutyric acid (GABA) (29). There has been the involve-
ment of 5-HT2 and 5-HT3 receptors as well as mu-opioid
in low-frequency TENS, but high-frequency TENS has been
shown to involve delta-opioid receptors and reduce aspar-
tate and glutamate levels in the spinal cord (29).

The cost of surgery and hospitalization eventually
should be hypothetically reduced according to the report
by Hymes et al. (25), who declared that TENS reduced
the incidence of postoperative atelectasis, invariably re-
duced the length of stay in a postoperative intensive care
unit (ICU). However, studies by Cooperman et a1. (30) and
Rosenberg et a1. (31) were in contrast to our findings. Tran-
scutaneous electrical nerve stimulation has been reported
to have some modifications on pain-induced, decreases vi-
tal capacity, functional residual capacity, and arterial oxy-
gen tension; therefore, postoperative pulmonary morbid-
ity decreases, while postoperative pulmonary function in-
creases. This study demonstrated that pain related to mus-
culoskeletal trauma can be effectively modulated by TENS.
There is something to the use of TENS that makes it attrac-
tive. In addition to the fact that it eliminates postopera-
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Table 2. Comparison Between the TENS and Control Groups Before and After the Intervention (n = 56)a

Outcomes TENS Group (N = 28) Control Group (N = 28)
Between Groups

t P Value

Pain intensity (VAS)

Pre-treatment 4.00 ± 0.89 4.33 ± 0.52 0.791 0.0448

Post-treatment 2.00 ± 0.89 3.00 ± 0.89 10.00 0.000

Within Groups, t (P value) 3.83 (0.003) 3.16 (0.01)

Hip disability (HOS)

Pre-treatment 10.67 ± 1.86 8.67 ± 1.03 1.000 0.076

Post-treatment 18.00 ± 3.58 12.66 ± 1.03 -3.508 0.006

Within Groups, t (P value) -4.45 (0.001) -6.71 (0.00)

Abbreviation: OHS, oxford hip score; VAS, visual analogue scale.
aValues are expressed as mean ± SD.

tive pain, there is no known side effect. This demonstrates
that TENS is significantly effective in the treatment of acute
postoperative pain in hip arthroplasty.

5.1. Conclusions

There was a significant difference between the pain in-
tensity pre-treatment and post-treatment with TENS. This
implies that TENS is effective in acute postoperative pain
in patients with hip arthroplasty.

5.2. Recommendation

The use of Transcutaneous Electrical Nerve Stimulation
(TENS) has been proven to be effective in the management
of hip arthroplasty with no side effects.

5.3. Limitations

The study did not do the follow-up of the patients af-
ter discharge from the hospital. This can be a limitation in
the sense that the sustenance of the relief of pain and the
maintenance of the improvement of the disability may not
be ascertained after the discharge.
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