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Objective: The purpose of this study was to investigate the effects of an exercise with and without neuromuscular electrical stim-
ulation (NMES) of the quadriceps femoris muscle, on strength, pain, and weight distribution in patients with knee instability post 
surgery.
Design: Randomized controlled trial.
Methods: Twenty patients in the early stage of rehabilitation after knee surgery were recruited as subjects and were randomly div-
ided into either experimental group (exercise combined with NMES) (n=10) or control group (n=10). Both groups received 
strength training of the lower limb for 20 min/day, 5 days/week for 4 weeks. The experimental group used NMES for unilateral 
quadriceps femoris training with incremental increases in the intensity of isometric contraction over 4 weeks. Outcome measure-
ments were assessed using the digital manual muscle testing, 30-chair stand test (30CST), numeric pain rating scale (NPRS) and 
weight distribution using the foot analyzer before and after 4 weeks of training.
Results: After the 4-week intervention, knee extensor strength increased significantly in the experimental group post inter-
vention (p<0.05), and there was a significant improvement in the experimental group compared with the control group (p<0.05). 
The 30CST and NPRS scores improved significantly in the experimental group compared to the control group (p<0.05), and there 
was a significant difference between the two groups (p<0.05). Weight distribution was significantly improved in the experimental 
group compared with the control group, (p<0.05), but there was no significant difference in improvement between the two groups.
Conclusions: This study showed that NMES combined with strengthening exercises of the lower limbs is effective in improving 
lower limb pain and strength in patients with instability after knee surgery. 
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Introduction

After knee surgery, weakness, pain and reduction of func-
tion of the quadriceps generally appear [1]. Asymmetric 
lower limb muscle strength due to surgery brings about in-
stability of the knee joint [2]. Accordingly, asymmetry of 
weight distribution makes it difficult to perform daily life ac-
tivities, such as walking and sit to stand [1,3]. In particular, 
quadriceps strength deficits of 50%-60% exist one month 

postoperatively [4]. Therefore, rehabilitation to secure mus-
cle strength of the quadriceps is essential for function and 
stability of the knee [5].

Recently, neuromuscular electrical stimulation (NMES) 
has been used as an adjunct to traditional strengthening pro-
grams in patients post knee surgery. It has been suggested 
that NMES may provide a more effective means of increas-
ing muscle strength than traditional strengthening programs 
[6]. NMES is the application of an electrical current to the 
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Figure 1. (A) Intervention 1 week, (B) intervention 2 week, (C) in-
tervention 3 week, (D) intervention 4 week.

Table 1. Standard postoperative rehabilitation program

Phase Standard postoperative rehabilitation program

1

2

3

4

Isometric strengthening of the quadriceps femoris 
muscle in the form maximal isometric contractions 
for 10 seconds each contraction was followed by 
20 minutes

Straight leg raising exercise from crook lying 
position for 45 limb elevation hold for 10 seconds, 
then relax for 10 seconds, 

Straight leg raising exercise from sitting position for 
90 knee extension hold for 10 seconds, then relax 
for 10 seconds, 

Squat exercise from standing position. 

neuromuscular junction and the surrounding muscle fibers 
to cause a muscle contraction [7]. It can increase the muscle 
strength by increasing the load on the muscle using an elec-
trically induced contraction to cause a training effect. Also it 
may provide a more effective means of mitigating quad-
riceps muscle central activation deficits and increasing 
quadriceps muscle strength than voluntary exercise alone 
[8]. Voluntary exercises may be limited after surgery be-
cause patients have difficulty producing sufficient muscle 
contraction, but NMES has the potential to override volun-
tary activation and can assist to reeducate the quadriceps to 
contract normally [9]. Talbot et al. [10] reported that after he 
carried out NMES to the quadriceps for 12 weeks on osteo-
arthritic patients, their muscle strength increased. These 
positive effects can be used for reduction of knee pain and 
strengthening of the quadriceps within the clinic, and can be 
applied with ease for patients who received surgery. 
Therefore, better resolution of activation deficits within the 
first month after surgery may offer a more effective re-
habilitation strategy to improve recovery of quadriceps mus-
cle function [11].

This study was conducted to investigate how much 
NMES affects the increase of muscle strength, reduction of 
pain, and weight distribution.

Methods

Subjects

This study selected 20 (6 men and 12 women) patients 
who had a total knee arthroplasty and due to being diagnosed 
with osteoarthritis and meniscus damage severe enough to 
necessitate surgery. They were divided into an experimental 
group composed of 10 participants who participated in a 
4-week phased rehabilitation program and a control group of 

10 participants. Between August 2014 and November 2014, 
all patients had undergone knee arthroscopy and total knee 
arthroplasty. Participants were excluded if they had in-
flammatory arthritis, implanted pacemakers or defib-
rillators, and dermatological conditions affecting the thigh. 
Prior to participation, subjects received an explanation of 
the objective and methods of the study and completed a con-
sent form of agreement. The study protocol was approved by 
the institutional review board of Sahmyook University in 
Seoul, Korea. 

Procedures

A garment-based NMES stimulator (Kneehab; Bio- 
Medical Research Ltd., Galway, Ireland) was used for the 
intervention. The device provided a stimulation frequency 
of 50 Hz and had an output current in the range 0 to 70 mA. 
The Kneehab devices had a on/off ratio that was the same 
(1:1). Electrical stimulation parameters ramp-up time is 1 
second and ramp-down time of 0.5 seconds was applied. 
Patients were instructed on the use of the NMES devices 
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Table 2. General characteristics of subjects                                (N=20)

NMES group (n=10) Control group (n=10) X2/t (p)

Gender (male/female)
Age (y)
Height (cm)
Weight (kg)

2/8
45.50 (12.376), 47.00 (19-60)

163.00 (7.409)
  67.30 (9.093)

4/6
57.00 (16.310), 54.00 (20-76)

160.50 (12.607)
  64.60 (10.469)

−0.949 (0.355)
    1.776 (0.093)

        0.541 (−0.595)
−0.661 (0.517)

Values are expressed as mean (SD), median (range) or mean (SD) only.
NMES: neuromuscular electrical stimulation.

during their stay in the hospital. For this research, muscle 
strength to participants was explained before starting the test 
and patients’ consent was obtained after the providing the 
research purpose. The experimental group received a stand-
ard postoperative rehabilitation program combined with 
NMES, and the control group received only the standard 
postoperative rehabilitation program after a general surgery. 
They attended the program for 20 minutes a day, 5 times a 
week, for 4 weeks. Standard postoperative rehab program is 
as follows (Table 1, Figure 1). The protocol included straight 
leg raises, knee extensions with and without weights, con-
tinuous progressive movement, and flexibility exercises 
[12]. In both groups, training intensity and knee load gradu-
ally increased each week. Training intensity and amount of 
attention from the physical therapists were intended to be 
similar in both groups. Both groups were treated with the 
standard protocol by the same therapist.

Outcome measures 

Manual muscle testing 

The lower limb muscle strength was assessed by measur-
ing the knee extensor using the Digital manual muscle test-
ing (MMT) (Commander Muscle Tester; Jtechmedical, 
Midvale, ID, USA). MMT is of practical value as it is per-
formed quickly without any equipment. The way of measur-
ing muscular strength of lower limbs is to let a subject sit up-
right on chair that the subject’s feet are about 20 cm from the 
ground and put the subject’ hands on the thigh to measure the 
knee extensor. Muscle strength of the knee extensor was 
measured by giving resistance in the opposite direction of 
the subject’s motion direction by attaching a dynamometer 
strip to the center part of the lower leg to be measured, and 
it was measured 3 times in total and the average value was 
recorded [13].

30-chair stand test

This test used 30-chair stand test (30CST) to estimate 

muscle strength of patients’ lower limbs. This test decided it 
as once that examinees sat on a 17 inch-high chair with arms 
crossed over the chest and stood completely and then re-
turned to a sitting position, which was measured by a stop-
watch for 30 seconds and the number of times was recorded, 
which was measured a total of 3 times and it recorded the 
average value [14]. 

Numeric pain rating scale 

The 11-point numeric pain rating scale (NPRS) was used 
to capture the patient’s level of pain. The scale is anchored 
on the left with the phrase ‘‘no pain’’ and on the right with 
the phrase ‘‘worst imaginable pain.’’ Examinees marked the 
position to assess their own pain levels ranging from “0” in-
dicating no pain, to “10” indicating severe pain under each 
item of the questionnaire. The test-retest have been shown to 
be high reliability (r=0.95) [15]. 

Weight distribution

This research used a plantar foot pressure analysis (Foot 
Checker; GHiWell, Korea) to estimate the pressure dis-
tribution of static plantar foot pressure and surface area. The 
whole size of the Foot Checker is 520×650 mm, thickness of 
the pressure sensor is 0.15 mm, the size of each sensor is 
0.73 cm2, the number of the sensors equate to 2,304 (48×48), 
and voltage of 220 V, 50/60 Hz. The plantar foot pressure 
was measured in a state where the subjects put their feet 
shoulder width apart on the sensor with their eyes toward the 
front, and the position was held for 10 seconds.

Data analysis

In this study, PASW Statistics ver. 18.0 (IBM Co., 
Armonk, NY, USA) was used for statistical analysis. The 
general characteristics of subjects were analyzed by using 
descriptive statistics (Table 2). A paired t-test was used to in-
vestigate the differences between the experimental group 
and the control group. The independent t-test was used to 
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Table 3. Comparison of outcome variables lower extremity within group                                  (N=20)

Variable NMES group (n=10) Control group (n=10)

Mamual muscle test (N)
   Pre
   Post 
   ta

Numeric pain rating scale (score)
   Pre 
   Post
   t
30 second chair standing test (count)
   Pre
   Post 
   t
Weight distribution (%)
   Pre
   Post
   t

87.930 (8.6225)
114.10 (19.714)

 0.001*

5.70 (1.418), 5.50 (4-8)
2.30 (1.059), 2.00 (1-5)

 0.000*

  8.20 (1.317)
12.00 (2.494)

 0.000*

45.1770 (3.57641)
50.2070 (0.94073)

 0.001*

  91.900 (11.4054)
  96.49 (17.437)

0.420

4.40 (1.713), 4.00 (2-7)
3.10 (1.524), 3.00 (1-6)

 0.022*

  9.50 (2.838)
11.00 (2.867)

 0.018*

45.5390 (1.88379)
48.1520 (1.91725)

 0.006*

Values are expressed as mean (SD) only or mean (SD), median (range).
aPaired t-test.
*p<0.05.

compare the differences between the experimental group 
and the control. p-values <0.05 were considered significant.

Results

After the 4-week intervention, MMT scores were sig-
nificantly improved in the experimental group (p＜0.05), 
compared to the control group (p＜0.05). As for the NPRS 
pain levels were significantly decreased in both groups post 
intervention (p＜0.05), In addition, the experimental group 
showed a more significant improvement compared to the 
control group. (p＜0.05). For the 30CTS, the experimental 
group showed a more significant level of improvement (p
＜0.05), compared to the control group (p＜0.05). For 
weight distribution, both groups showed a significant in-
crease post intervention (p＜0.05), but there was a no sig-
nificant difference between both groups (Table 3, Figure 2).

Discussion 

NMES offers an effective approach for mitigating quad-
riceps muscle central activation deficits early after surgery 
and restores normal quadriceps muscle function more effec-
tively than voluntary exercise alone [16-18]. This study in-
cluded an exercise to promote lower limb muscle strength, in 
addition to applying NMES to patients with knee joint in-
stability due to residual weakness of the quadriceps after 

surgery. The study showed that the experimental group with 
NMES showed a more significant amount of improvement 
in knee extensor strength according to MMT scores, com-
pared with the control group. It is considered that the combi-
nation of voluntary contraction training of the quadriceps 
and NMES caused a larger contraction of the muscle and 
promoted improvement of muscle strength. These results 
were identical with previous studies that reported that re-
habilitation with combined voluntary contraction with 
NMES was better than training only with NMES or with vol-
untary contraction [16-18]. McAlindon et al. [19] predicted 
that weakness of quadriceps weakness would cause pain in 
the knee joint and the pain would restrict lower limb 
function. Also, quadriceps weakness has been consistently 
associated with knee pain thus affecting other joint move-
ments [20-23]. This study also showed that according to the 
NPRS, a significant reduction of pain levels were indicated 
in both groups and that the difference between both groups 
was significant (p<0.05). It is considered that exercise com-
bined with NMES promoted rapid improvement of muscle 
strength. Knee pain results from factors that may be bio-
logical or psycho-social in origin. Among biological factors, 
data suggests that quadriceps weakness may contribute to 
worsened knee pain [24]. There are many examinations of 
function used for proving the protocol effect [25,26], but it is 
time-consuming or there are not many special examinations 
focused on functional failure related with the quadriceps. 
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Figure 2. Changes between pre- and 
post-test of manual muscle test 
(MMT), numeric pain rating scale 
(NPRS), 30 scond chair test (30CST), 
weight distribution. *Statistically sig-
nificant difference compared to con-
trol group (p＜0.05). 

This research included the 30CST to identify functional fail-
ure due to the weakening of the quadriceps. Mizner et al. 
[27] reported that muscle strength of the quadriceps after 
surgery was more strongly related with functional outcomes 
rather than flexion range of the knee joint. In a previous 
study, the group with NMES applied demonstrated faster 
rising from the chair, pain reduced and increased knee ex-
tensor strength [10]. The study showed that there was a sig-
nificant difference in level of improvement in both groups 
and that there was also a significant increase in values of be-
fore and after intervention between both groups (p<0.05). It 
is considered that the muscle strengthening training of the 
quadriceps applied to both groups after surgery led to im-

provement of muscle strength and functional performance. 
The 30CST was used to observe functional mobility and 
was highly correlated with pain and weight distribution 
[14,28,29]. Asay et al. [30] showed that knee joint pain 
brought about asymmetry of motion, including weight sup-
port of both lower limbs. In this study, both groups showed 
a significant increase in the ratio of weight support (p<0.05). 
This result indicate that the recovery of muscle strength and 
pain was related with weight loaded on both lower limbs af-
ter training The research results seen based on the precedent 
study has shown that pain of both groups improved sig-
nificantly and affected weight distribution of both lower 
limbs. However, the general rehabilitation program com-
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bined with NMES only concentrated on the quadriceps. 
However, weight distribution of both lower limbs in stand-
ing position does not simply use the muscular strength of the 
quadriceps but lower limb coordination is also considered as 
an important factor [31]. In addition, as motions requiring 
muscle strength of both lower limbs among the general re-
hab programs after the surgery applied by this study are also 
included, it is considered that weight distribution in both 
groups would increase significantly. As a result of this study, 
the improvement of quadriceps muscle in the rehabilitation 
after the knee joint surgery had a great influence on the func-
tion of lower limbs. For that reason, stability of the lower 
muscles influenced symmetric distribution of weight. Our 
results suggest that rehabilitation protocols that promote 
muscle strengthening using only voluntary exercise may be 
insufficient to address quadriceps weakness after knee sur-
gery because failure of voluntary activation is a significant 
contributor to the loss of quadriceps strength after surgery. 
Eventually, this is considered that an auxiliary role of NMES 
in the early stage of rehabilitation became a necessary role so 
that it can access the voluntary exercise, the last stage of re-
habilitation, more easily. However, NMES does not promote 
the complicated exercise control. Not only is the agonist im-
portant but also coordination with an antagonist is an im-
portant element for complicated movements [8]. Therefore, 
it is considered that the coordination ability with a different 
antagonist is a necessity to the rehabilitation program. There 
were several limitations to the present study that should be 
considered. First, this study included a small sample size. 
Second, personal surgery types or levels of physical activity 
were not equivalent. Third, there is a necessity for follow-up 
and observation to identify how the effect continues after 
leaving hospital. It is suggested that further studies are con-
ducted for further comparison of the effects of NMES ac-
cording to the disease and condition of the knee joint.
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