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Title
Evaluation of the effectiveness of neuromuscular electrical stimulation after total knee ar-
throplasty: a meta-analysis.

Abstract

Aim: to analyze and evaluate the efficacy of the use of the neuromuscular electrical stimu-
lation (NMES) after total knee arthroplasty.

Methods: a systematic review of randomized controlled trials identyfied through MED-
LINE, PubMed, Cochrane Library, and PEDro. The PICOS approach was used to formulate
the research question. The criteria for inclusion and exclusion has been defined in advance.
Controlled terms, and Boolean operators have been used to increase the sensitivity and spec-
ificity of the search. “Neuromuscular electrical stimulation” and “total knee arthroplasty”
has been used as keywords. The overall risk of bias was determined according to the follow-
ing domains: random sequence generation, concealment, blinding mass of participants and
staff, commissioning blind assessment results, the presence of incomplete data and loans
received.

Results: out of the 33 identified studies, six were included in the meta-analysis (496 partic-
ipants). In these studies, one group of patients followed a rehabilitation protocol (control-
group) and the other followed a rehabilitation program plus a session of neuromuscular elec-
trical stimulation (NMES-group). Patients from the NMES-groups got the best scores (Up
and Go Test, Stair-Climbing Test and Walk Test). The benefits from NMES were strong in
the first postoperative weeks / months and gradually diminished.

Conclusions: there is scientific evidence to sustain that the NMES allows a better functional
recovery following the total knee arthroplasty, especially in the first period. This is particu-
larly true for individuals with a severe lack of muscular activation of neuronal-type.
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Introduction

Total knee arthroplasty (TKA) is effective for relieving pain and improving function in
patients with end stage arthritis of the knee [1-5]. However, a complete functional recovery
may not be achieved, with up to 20% of patients with a certain degree of dissatisfaction after
TKA[6, 7]: pain, stiffness and weakness are among the leading causes of this dissatisfaction
[8]. Weakness in particular, which is often already present before surgery, still remains after
surgery for long time, in fact differences have been shown between subjects after TKA
surgery and healthy adults of the same age [9]. These functional deficits may have major
consequences for the patients from a clinical standpoint: reduced walking speed and balance,
difficulties with stairs and increased risk of falls [10].

Neuromuscular electrical stimulation (NMES) has been proposed as an adjunct to traditional
rehabilitation programs for patients after TKA, especially for those with deficit of the
voluntary activation of the muscle and postoperative weakness [11,12]. The contractions
induced by electrical stimulation can lead to a more efficient muscle training with a greater
and more selective recruitment of type Il muscle fibers than voluntary contractions [13, 14].
In addition, the inputs generated by NMES may facilitate plastic changes in the networks of
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the senso-motor neurons at the level of the central nervous system, thus leading to a
strengthening of the signals and pathways dedicated to the muscle control and strength [15,
16].

The primary purpose of this meta-analysis was to analyze the randomized controlled trials
reported in literature that compared the results of a traditional rehabilitation program after
TKA with a rehabilitation program implemented with the neuromuscular electrical
stimulation.

Materials and Methods

Literature search strategies

The methodology of this study complies with PRISMA guidelines of 2009 [17]. The research
has been conducted with Electronic databases (MEDLINE, PubMed, Cochrane Library,
PEDro) and Bibliographies of identified studies and review, from June 2000 to June 2016.
Within the literature search on Pubmed, terms or "MeSH terms" and Boolean operators were
employed such as keywords, to increase the sensitivity and specificity of the search.
Keywords used for research were: "neuromuscular electrical stimulation” and “total knee
arthroplasty”. The PICOS approach has been used to formulate correctly the questions
(Patients, Intervention, Comparator, outcomes, Study design) [17].

Inclusion criteria

The studies included in the meta-analysis were required to meet the following criteria: a)
randomized controlled trials evaluating the efficacy of NMES in patients undergoing
unilateral TKA; b) rehabilitation with NMES for a minimum duration of 4 weeks; c) presence
of a control group; d) clinical outcomes defined a priori. "English language" and "the last 16
years" have been established as limits for the research. Table 1 reports inclusion and
exclusion criteria.

Data collection

A standardized data extraction was used for data collection and Excell program was used for
archiving and analysis. The characteristics of the selected studies have been extracted,
included: publication date, demographic characteristics of participants (mean age;
percentage of females; Mean Body Mass Index - BMI), intervention studies, sample sizes
(number of subjects in the intervention and control groups), the study design, the type of
action taken (commencement, duration and frequency of treatment; intensity, frequency, duty
cycle and pulse duration; electrode size), outcomes used by individual studies and the period
of follow up.

Analyses of potential bias

The overall risk of bias was determined according to the following domains: generate
random sequence, concealment of allocation, blind setting of participants and staff, blind
assessment of the results, incomplete data and funding received.

Statistical analysis

The synthesis of the quantitative data was performed using electronic tables in Microsoft
Excell specially designed for creating meta-analysis. The tables were made following the
guidelines provided by the Creative Commons Attribution License and published on Bio
Med Central Research Notes [18].

When data on at least three studies were available, a meta-analysis was carried out.
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Heterogeneity across studies was quantified using I-squared statistics and tested with Q
Cochran’s statistics. Given the small number of studies the pooled mean difference was
estimated along with the corresponding 95% confidence intervals (Cl), using the fixed-effect
model weighting scheme. To assess publication bias, funnel plot techniques, Begg’s rank test
and Egger’s regression test were intended to be used, as appropriate given the known

limitations of these methods. Statistical analyses were carried out with R, h/ersion 3.25 ——| Commentato [pb1]: Ecco la citazione se ti serve:
R Core Team (2016). R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria.

Results

Studies selection

The PRISMA flow diagram reports the assessed items and the reasons for exclusions (Figure
1): from the starting 33 studies identified through the search in the databases, only six
randomized controlled trials reflected the inclusion criteria and were included in the meta-
analysis [19-24]. Twenty-two studies had been excluded because did not match inclusion
criteria. The study of Stevens-Lapsley et al. of 2012 [25] was excluded because it was a sub-
study of the work done by the same team [22]. Similarly, the study of Laufer et al. of 2010
[26] was excluded as it formed a sub-study of the work done by Petterson et al. [23]. Three
case reports [11, 12, 27], a case series [28] and a clinical trial [29] have been excluded
because evaluated the use of NEMS only before surgery and not after.

Characteristics of the studies

Characteristics of participants. The size of the studies included ranged from 30 to 200
participants involving a total of 496 patients. Approximately half of the patients followed a
standard rehabilitation protocol (control-group) and the other part followed a rehabilitation
program plus a session of neuromuscular electrical stimulation (NMES-group). A number of
250 patients were randomized in NMES-Group, while 246 in the control-group; follow-up
periods ranged between 4 and 52 weeks. Overall, the median age was 67.2 years, with 69.9%
of women and a mean BMI of 29.4. In most of the trials included in the meta-analysis, patient
selection was controlled with particular attention to the criteria listed above, including only
relatively healthy subjects who had knee replacement surgery for unilateral arthritis of the
knee. In these studies, patients who had significant pain in other joints of the lower limbs,
other comorbid conditions (uncontrolled diabetes, etc) or cardiovascular diseases have been
excluded. An exception to the criteria mentioned above, was the study of Levine et al. [21]
where patients with knee arthritis and bilateral pain were included. In this study, the patients
with comorbidities such as epilepsy, lower limb ischemia, or decreased cognitive function
were not included. Table 2 reports the demographic of the participants and the characteristics
of the studies.

Characteristics of the procedures. The characteristics of the neuromuscular electrical
stimulation among the various studies were similar, although some variations of parameters
were present. The frequencies of stimulation in all studies were sufficient to induce a tetanic
contraction of the muscle, with variations between 40 and 100 beats per second (Hz). The
duration of the impulse applied to the muscle stretches between 250 and 400us. All studies
used the maximum intensity tolerated by the patient. On the contrary, the Duty cycle (ratio
between the time when the machine dispenses the impulse and time of rest) showed
considerable variations between different studies. In most studies, both groups (control-
group and NMES-group) followed a rehabilitation protocol that included strength exercises,
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flexibility and functional type workouts. The NMES-Groups performed in addition
neuromuscular electrical stimulation sessions as shown in the Table 3.

Description of bias

Table 4 summarizes the quality and the risk of bias of all individual randomized controlled
trials included in the meta-analysis. The overall quality of the included studies was
acceptable, in particular if considering that all studies were randomized, that the quality of
the data was good and complete, that this was not a drug therapies study and that is this kind
of studies where blindness can be complicated. The study of Petterson et al. [23] had the
lowest risk of bias: it was single blind study, which responded positively to all the questions
examined, with the exception of concealment of allocation which was not mentioned. On the
contrary, the study that proved a major risk of bias was that of Stevens-Lapsley et al. [22]:
in this study, the evaluators were aware of the type of treatment received by participants and,
in plus, this was the only study that received economic support.

In the meta-analysis, publication bias was not assessed as there were inadequate numbers of
included trials to properly assess a funnel plot or more advanced regression-based
assessments.

Outcomes

The absence of a defined protocol, involved that, among the various studies, many different
outcomes were used to evaluate the efficacy of NMES. Table 5 reports all the outcomes
described in the studies, divided into two groups. The first group of outcomes evaluated the
physical performance of patients during the rehabilitation phase: aim of these outcomes was
to describe appropriately the physical adaptation of the patients to the prosthesis and how
this affects the everyday performances like walking, getting up, sitting, climbing stairs. The
second group included outcomes whose primary purpose was to provide an estimate of the
overall functionality of the knee. These are well-known questionnaires about social and
emotional functions, pain and disability, and how these affect the subject's life (Table 5).
Analysis of the results

In the first study of Avramidis et al. [19] the participants, randomized in two groups (NMES
and control), were assessed prior surgery and at 6 and 12 weeks after surgery. The NMES-
Group presented a longest distances covered in the 3 minutes walking test (3MWT) than the
control group with a statistically significant difference, both at 6 (p = 0.0002) and at 12 weeks
(p < 0.0001). On the contrary, the differences measured between the two groups regarding
the Physiological Cost Index (PCI) and Hospital for Special Surgery Knee Score (HSS) were
not statistically significant (p > 0.2).

Petterson et al. [23] evaluated the participants pre-operatively and then at 3 and 12 months
after surgery and did not show significant differences (p > 0.08) for all examined outcomes
between the two types of interventions (physical exercises or physical exercises associated
with NMES). These two groups of participants, however, showed better results than a third
control group of 41 patients who followed a standard rehabilitation protocol (“standard of
care"): the outcomes assessed at 12 months after the intervention showed a statistically
significant difference (all p-value less than 0.01).

Stevens-Lapsley et al. [22] showed a statistically significant improvement (p < 0.05) after
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3.5 weeks in favor of the NMES-Group regarding the following outcomes: strength of the
hamstrings and of the quadriceps femoris, functional performance 6 minutes walking test
(6MWT), Stair Climbing Test (SCT), Test Up and Go (TUG) and range of movement (ROM)
for active extension. These differences were still present, although reduced after 52 weeks.

In the study of Avramidis et al. [20] the Knee Society Score (KSS) showed statistically
significant differences in the functional and total score at 6 and 12 weeks after surgery. The
other used outcomes (Oxford 12-item Knee Score and 3MWT) also emphasized that the two
groups had statistically significant differences (with better results for the NMES-group) in
the early postoperative period, which gradually declined over time.

Levine et al. 2013 [21], compared the two groups using six different outcomes: degree of
extension, the degree of flexion, KSS (functional and related to pain), Western Ontario and
McMaster Universities Arthritis Index (WOMAC) and TUG. The parameters were examined
before surgery, at 6 weeks and then at 6 months. The study showed that the NMES-Group
was not less than the control group for any considered outcomes, at both intervals.

In the study of Demircioglu et al. 2015 [24], VAS scores in both the first and third months
after TKA were found to be significantly better in the NMES group than in the control group
(p=0.0), although knee flexion and extension ranges were significantly better only at the
first-month follow-up visit (p= 0.05). The comparisons of WOMAC results at month 1
revealed that pain, stiffness, and total scores of the NMES-group was significantly better
than those of control-group and significantly better physical function and SF-36 subscales,
except mental health, were found for the NMES-group at the first month of follow-up.

In general, according to all studies, the neuromuscular electrical stimulation is a very simple
physical therapy and allows a better functional recovery after total knee replacement surgery,
at least in the first months.

Discussion

The origin of the weakness of the quadriceps muscle after TKA is multifactorial: the trauma
of the surgery, factors associated with the pre-existing knee arthritis, general factors such as
obesity, morbidities and age can all be cause of weakness. The mechanism that underlies the
weakness can be of muscular nature (eg. atrophy, decrease in the number and size of muscle
fibers) or related to neuronal reasons (eg. reduced voluntary muscle activation). The
contribution of the neuronal type seems to be prevalent respect to the muscular one,
especially in the first postoperative weeks after total knee replacement; on the contrary, after
approximately 4-5 months the muscular component takes over [10]. Since weakness can be
a severe impairment for the recover after TKA, NMES has been proposed in addition to
standard rehabilitation programs.

This meta-analysis included six randomized controlled trials performed from 2003 to 2015,
which together collected data on 496 patients undergoing total knee arthroplasty. All studies
evidenced a deficit of strength and functionality in the first period after surgery, compared
with data collected prior to the surgery: this was an effect of surgery itself. These deficits
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receded during the follow-up, also in response to the rehabilitative treatment and after only
6 months the results were already better than before surgery. All patients had excellent
functional outcomes and physical performances, thus confirming the good results achieved
at present with total knee arthroplasty and the subsequent rehabilitation.

Data analysis showed no inferiority of the rehabilitative treatment with neuromuscular
electrical stimulation compared with physical therapy alone. Must be underlined the absence
of a standardized common rehabilitative protocol in the five studies analyzed, that prevented
a uniformity of outcomes. In relation to this issue of heterogeneity, outcomes were then
divided into two categories: those based on tests that evaluated physical performance and
those that evaluated the functionality of the prosthetic knee and the quality of life. This
approach allowed to gather and analyze the homogeneous data properly and to extract the
data that best reflected the real situation. On the other side, persons who during the
rehabilitation period benefited from the neuromuscular electrical stimulation in addition to
normal physical therapy, got higher scores compared with those who received physical
therapy alone (in particular the tests that best expressed this difference were the TUG, SCT
and 6MWT).

One of the findings of this meta-analysis was that the differences highlighted by one or
several outcomes, were strong in the first few weeks/months after surgery and then gradually
waned with passing of the time. This situation was related to the fact that in the early
postoperative period there is an important deficit of muscle activation of neuronal type (or
Central). For this reason, the use of a treatment that allows muscle activation device, such as
NMES, was essential to prevent muscle atrophy and dysfunction.

Another evidence of the study concerns the optimal time for initiation of NMES. Petterson
etal. [23] did not show any statistically significant difference between the NMES-group and
the control-group, but this probably that was consequence of the fact that patients have begun
treatment 4 weeks after surgery, while in the other five studies the NMES started after 24-48
hours. Adding treatments with NMES to conventional rehabilitation is therefore to be
considered the more effective the more the shortfall of the muscular voluntary activation is
pronounced, just like happened exactly during the early postoperative period.

A difference between the studies regarded the timing and the regularity of the application of
the NMES. In the study of Petterson et al. [23] NMES was applied to the patients 2-3 times
per week for approximately 15 minutes each time, while in the studies of Avramidis et al.
[19, 20] and Stevens-Lapsley et al. [22] patients were instructed to apply by themselves.
These different approaches led to widely differing treatment volumes between the studies.
Clearly, the intensive treatment on a daily basis was more effective than the short bi-weekly
sessions.

The intensity of the electrical stimulation also played a pivotal role in the effectiveness of
the treatment. All studies used the maximum intensity tolerated by the patient; nevertheless,
it has been noted that, in certain cases, the NMES may activate the nociceptive receptors,
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causing discomfort that can limit the effectiveness of the treatment. The use of electrodes
with a large surface of skin contact can be a solution to this problem, because the possibility
to reduce the current density (ratio of current and contact surface).

Most studies reported that the NMES allows a better functional recovery after total knee
replacement surgery, particularly for individuals with a pronounced deficit of muscular
activation of neuronal type. Also, no side effects has been correlated with the treatment with
NMES, which has proven to be safe and free from risks to the health of the patient; finally,
the application of NMES did not affect the integrity and the stability of the prosthesis. It is
true that the differences tend to diminish after a certain time, but first is the control group
that reaches the values of the NMES-group and not this one which loses the “advantage”.
Second, and most important, the faster is the recover the better are the result in the long time
for the patients. The compliance to treatment was remarkable because the treatment was very
simple. A cutaneous reaction due to the adhesive of the electrodes, with consequent
discomfort reported by some individuals, has been the only side effects reported.

The major limitation identified in this meta-analysis was linked to reduced sample size of
the studies (excluded the study of Petterson et al. [23]). Another limitation was represented
by the heterogeneity of rehabilitation protocols, in particular as regards the setting of the
NMES, but especially for the timing of commencement, duration and frequency of treatment.
Also, for the studies of Avramidis et al. [19, 20] and for that of Stevens-Lapsley et al. [22]
a blind assessment of the outcomes was not possible due to the reduced funds and therefore
they incurred into a detection bias.

Conclusions

NMES after total knee arthroplasty offered several advantages: a) better and faster functional
recovery, both from the point of view of the physical performance and of the joint function;
b) increasing of quality of life, indices of disability, emotional and social functions. b) NMES
is easy to apply and can be done daily by instructed persons, allowing a continuous and
durable muscular training c) the use of NMES is safe and do not present any risk of injury
secondary to treatment or implant damage.

Conflicts of interest
None: no benefits in any form have been received or will be received from a commercial
party related directly or indirectly to the subject of this article.

Caption
Figure 1: The PRISMA flow diagram encapsulates the items assessed and the reasons for
exclusions.
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Figure 1: The PRISMA flow diagram encapsulates the items assessed and the

reasons for exclusions.
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Figure 2: forest plot of the Mental Component Score of the SF-36 at 12 weeks [I2 =
60.11% (Q statistics: 8.11, pvalue: 0.04, meaning a significant heterogeneity)].
Mean diff: mean difference; 95%Cl: 95% Confidence Interval; RE Model:
Random-effect Model; NME: Neuromuscular electrical stimulation; SF-36: 36-

Item Short Form Health Survey.

Mcs
Petterson 2009 —— 37.33% 0.40[-1.54, 2.34]
Avramidis 2011 —— 37.06% 4.31[2.34, 6.28]
Stevens-Lapsley 2011 —_— 15.63% 3.70[-1.55, 8.95]
Demicioglu 2015 e 9.98% 4.20[-2.92, 11.32]
RE Model e 100.00% 2.74[0.22, 5.27]
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Figure 3: forest plot of the Physical Component Score of the SF-36 at 12 weeks [I?
= 60.65% (Q statistics: 8.20, pvalue: 0.04, meaning a significant heterogeneity)].
Mean diff: mean difference; 95%Cl: 95% Confidence Interval; RE Model:
Random-effect Model; NME: Neuromuscular electrical stimulation; SF-36: 36-

Item Short Form Health Survey.

PCS
Petterson 2009 —.— 30.15% -0.19[-3.12, 2.74]
Avramidis 2011 —— 34.73% 4.61[2.36, 6.86]
Stevens-Lapsley 2011 ——— 24.06% 0.10[-3.82, 4.02]
Dermicioglu 2015 e 11.06% 0.70[-6.71, 8.11]
RE Model e 100.00% 1.65[-1.20, 4.49]
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Table 1. Inclusion criteria

nclusion criteria

exclusion criteria

Patients oatients of both sexes with at patients younger than 18 years
east 18 years old who bilateral TKA
underwent unilateral PTG

ntervention » traditional rehabilitation + post » pre-operatory NMES and not
pperatory NMES (4 weeks) nost-operatory

Comparator traditional rehabilitation

Outcome rstudies with clinical outcome  »studies without clinical
clearly defined "a priori* outcome clearly defined "a

oriori"
Study Design  Controlled randomized studies + Controlled non-randomized

studies
Sub-studies
Systematic review
Case report
Case series
Editorials
Expert opinion
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Table 2. Patients demographics: numerosity of the patients and demographic characteristics
of the participants. The 2003 Avramidis study did not reported the BMI.

15

Avramidis ° | Petterson 2 Stevens;z Avramidis 2 | Levine 2t Demircioglu®*
Lapsley
Nurmber of 30 200 66 70 70 60
natients
NMES
reated/ 15/15 100/100 35/31 35/35 35/35 30/30
controls
Female % 73% 46% 54,5% 81,4% 69,7% 95%
Age (mean) 70 65 65 71 67 65
BMI (mean) - 29.8 29.1 27.3 31.2 29.6




Table 3. Characteristics of the neuromuscular electrical stimulation sessions performed
(NMES). Start of treatment: the day when the treatment was started after surgery. Modality
of treatment: how many times NMES treatment was applied per day or per week. Duty
cycle: ratio between the time when the machine dispenses the impulse and time of rest,
expressed in seconds.

NMES  Avramidis * Petterson 2 Stevens;z Avramidis % | Levine 2 Demircioglu*
Lapsley
Pre operative
reatment 14 days
Start of
reatment 1
2 2 2 2 2
days after 8
surgery)
Duration of
reatment 120 15 15 120 20-30 30
minutes)
Modality of 1 - eor die | 23 UMES 5 times / die 2 times / die |1 time / die |5 times/week
reatment week
ntensity Max Max Max Max Max Max
Tolerated Tolerated | Tolerated | Tolerated | Tolerated Tolerated
rrequency 40 50 50 40 75 30-100
Hz)
Buty cvcle 50 11 25 50 29 50
(y)y Y 8” 10”ON/80”0 |15"ON/45" [8”ON/8”OF |4”ON/10”0 [0"ON/10"OFF
0 ON/8"OFF FF OFF F FF

mpulse 300 400 250 300 300 400
duration (ps)
Probe
dimensions 7x7 7.62x12.7 7.62x12.70| 7.0x7.0 5.08x 10.16 ?
cm)
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Table 4. Risk of bias The quality and risk of bias of individual randomized controlled trials
included in the meta-analysis: + low risk; ? risk uncertain; - high risk

Stevens-

(fundings Bias)

Avramidis | Petterson Lapsley Avramidis | Levine Pemirciogl
19 23 20 21 u?
22
Generation of a random [+ + + + + +
sequence  (Bias  of
selection)
Blind allocation ? ? + ? H
(Bias of selection)
Blind criteria for |? + ? ? P
participants
(bias of participation)
Blind criteria for |- + - + P
evaluators
(Bias of survey)
Incomplete data + + + + + +
(Bias of friction)
Fundings + + - + + t+
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Table 5. Evaluated clinical outcomes for the selected studies.
Physical performance. VAS: visual analog scale; TUG: Test Up and Go (a simple test used
to evaluate the mobility of the subject: measures the time to get up from a chair, walk three
meters, turn around, return to the chair and sit down again); AROM: active range of motion;
PROM: passive range of motion; WST: walking speed test; 3aMWT: 3-minute walking test;
6MWT: 6-minute walking test (measure the distance that the subject covers walking for 3 or
6 minutes, respectively); SCT: Stair Climbing Test (measures the time to go up and down 12
steps of a stair); PCI: physiological cost index
Knee Functionality. KSS: Knee Society Score, WOMAC: Western Ontario and McMaster
Universities; OXFORD: Oxford 12 items knee score; GRS: global rating score; KOS-ADLS:
Knee Outcome Survey - Activities of Daily Living Scale; HSS: Hospital for Special Surgery
Knee Score; SF-36: sf-36 italian version

Physical performance.

Avramidi
g 19

Petterson

23

Stevens-
Lapsley 2

Avramidis
20

Levine 2

Demirciogl
u24

VAS

TUG

AROM

PROM

WST

3MWT

6MWT

Quadriceps strength

X

Quadriceps activation

Posterior tight strength

SCT

X | X | X| X| X

PCI

Knee Functionality.

KSS

WOMAC

OXFORD

GRS

KOS-ADLS

HSS

SF-36
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