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Background: This systematic review and meta-analysis aimed to evaluate the effect of

neuromuscular electrical stimulation (NMES) on quadriceps muscle strength, pain, and

function outcomes following total knee arthroplasty (TKA).

Methods: PubMed/Medline, Embase, Web of Science, CENTRAL, Scopus, PsycINFO,

PEDro, CINAHL, CNKI, and Wanfang were systematically searched for randomized

controlled trials (RCTs) from their inception to 18 June 2021.

Results: Nine RCTs that involving 691 patients were included in the meta-analysis. Our

pooled analysis showed that NMES improved quadriceps muscle strength after TKA

within 1 months [standardized mean difference (SMD): 0.81; 95% CI: 0.51–1.11], 1–2

months (SMD: 0.55; 95% CI: 0.13–0.97), 3–4 months (SMD: 0.42; 95% CI: 0.18–0.66),

and 12–13 months (SMD: 0.46; 95% CI: 0.18–0.74), pain between 1 and 2 months

[mean difference (MD): −0.62; 95% CI: −1.04 to −0.19], pain between 3 and 6 months

(MD: −0.44; 95% CI: −0.74 to −0.14) Western Ontario and McMaster Universities

Osteoarthritis Index (WOMAC) between 3 and 4 months (MD: −0.43; 95% CI: −0.82

to −0.05), timed up and go test (TUG) within 1 month (MD: −2.23; 95% CI: −3.40 to

−1.07), 3 minutes walk test between 3 and 6 months (MD: 28.35; 95% CI: 14.55–42.15),

and SF-36 MCS between 3 and 6 months after TKA (MD: 4.20, 95% CI: 2.41–5.98).

Conclusion: As a supplementary treatment after TKA, postoperative NMES could

improve the short-term to long-term quadriceps muscle strength, mid-term pain, and

mid-term function following TKA. However, many outcomes failed to achieve statistically

meaningful changes and minimal clinically important difference (MCID), thus the clinical

benefits remained to be confirmed.

Level of Evidence: Therapeutic level I.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/, identifier

CRD42021265609.

Keywords: total knee arthroplasty, neuromuscular electrical stimulation, quadriceps muscle strength, pain,

function, systematic review, meta-analysis
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FIGURE 4 | Forest plots of meta-analysis of the effect of neuromuscular electrical stimulation (NMES) vs. conventional rehabilitation on quadriceps muscle strength.

FIGURE 5 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on physiological cost index.
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37, 40), one in Spain (36), one in Greece (21), one in Turkey (38),
and one in Japan (39). All the characteristics of included studies
were presented in Table 1.

Interventions
All the involved patients received similar conventional
rehabilitation/physical therapy/exercise. Besides, patients in
the NMES groups received similar NMES therapy in all the
included nine RCTs. The frequency of NMES ranged from 30
to 100Hz, and the duration ranged from 300 µs to 1ms in six
studies (18, 21, 22, 36, 38, 39). Klika et al. set the frequency
as 50 pps and the pulse width as 5ms (40). Two studies did
not document the frequency and duration data of the NMES
protocol (19, 37). Three RCTs reported that the NMES therapy
was used twice daily (18, 21, 22). Petterson et al. (19) conducted
NMES therapy 2 or 3 times per week in the experimental group,
while the other two pieces of literature (38, 39) utilized it 5 days
per week. Valdés et al. adopted the NMES for 15min once a day
began from the day after surgery (36). NMES was conducted
in the research of Klika et al. for 200min per week (40). Seven
studies utilized the NMES with maximum tolerable intensity

(18, 19, 21, 22, 38–40). The other two RCTs did not report the
intensity data of NMES (36, 37). The intervention characteristics
were shown in Table 1.

Study Quality Assessment
The risk of bias of all the included studies varied substantially.
Allocation concealment bias was unclear in all nine studies (18,
19, 21, 22, 36–40). All the studies failed to achieve performance
bias (18, 19, 21, 22, 36–40). Five RCTs implied the blinded
assessors in their studies (19, 21, 36, 39, 40). The risk of bias
graph for each study and the risk of bias summary was shown
in Figures 2, 3.

Outcomes
Quadriceps Muscle Strength
Four studies reported the quadriceps muscle strength (19, 22, 39,
40). Since the included studies adopt different intrinsic factors
to normalize MVIC values, the SMD was used to calculate the
total effect of quadriceps muscle strength. Our pooled analysis
involving four studies indicated that NMES improved MVIC
after TKA within 1 month (SMD: 0.81; 95% CI: 0.51–1.11, P <

FIGURE 6 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on pain.
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FIGURE 7 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on the Western Ontario and McMaster Universities Osteoarthritis Index.

0.01, I2 = 0%), 1–2 months (SMD: 0.55; 95% CI: 0.13–0.97, P =

0.01, I2 = 7%), 3–4 months (SMD: 0.42; 95% CI: 0.18–0.66, P <

0.01, I2 = 0%), and 12–13months (SMD: 0.46; 95%CI: 0.18–0.74,
P < 0.01, I2 = 0%). There was no significant heterogeneity (I2 =
0, 7, 0, and 0%, respectively). The forest plot of quadriceps muscle
strength was shown in Figure 4.

PCI
Two studies evaluated the PCI (18, 21). NMES could not improve
PCI between 3 and 6 months or 12 and 13 months after TKA
compared with the control group (MD: 0.02; 95% CI: −0.02–
0.06, P = 0.34; MD: 0.01; 95% CI: −0.03–0.06, P = 0.54;
respectively). We found no significant heterogeneity (I2 = 0%;
I2 = 8%; respectively). The forest plot of PCI was shown in
Figure 5.

Pain
Five studies assessed the pain scores during the rehabilitation
procedure (19, 22, 38–40). Our pooled analysis comprising 168
patients demonstrated that NMES could not improve pain after
TKA compared with the control group (MD: −0.47; 95% CI:
−1.05–0.11, P = 0.11). No significant heterogeneity was found
(I2 = 0%). The NMES significantly improved pain between

1 and 2 months after TKA (MD: −0.62; 95% CI: −1.04 to
−0.19, P = 0.004). No significant heterogeneity was detected
(I2 = 50%). NMES improved pain between 3 and 6 months
after TKA without significant heterogeneity (MD: −0.44; 95%
CI: −0.74 to −0.14, P = 0.005, I2 = 33%). Besides, no
significant difference was found among the groups for more
than 6 months (MD: −0.03; 95% CI: −0.48–0.41, P = 0.88,
I2 = 0%). The forest plot of the pain score was shown in
Figure 6.

WOMAC
A total of three studies reported the effect of NMES onWOMAC
following TKA (22, 37, 38). Our pooled analysis involving three
studies (22, 37, 38) revealed that NMES could not improve
WOMAC between 1 and 2months (SMD:−0.99; 95%CI:−2.71–
0.74, P = 0.26). There was significant heterogeneity between the
articles (I2 = 96%). Nevertheless, NMES significantly improved
WOMAC between 3 and 4 months after TKA (MD: −0.43; 95%
CI: −0.82 to −0.05, P = 0.03). No significant heterogeneity
was detected among the studies (I2 = 0%). We failed to find a
significant difference in WOMAC between 6 and 7 months (MD:
−0.15; 95% CI: −1.15–0.86, P = 0.77, I2 = 84%). The forest plot
of WOMAC was shown in Figure 7.
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TUG
Six articles documented the effect of NMES on TUG following
TKA (19, 22, 36–39). NMES improve TUG within 1 month

after TKA compared with the control group (MD: −2.23; 95%
CI: −3.40 to −1.07, P = 0.0002). There was no significant
heterogeneity among the articles (I2 = 3%). However, NMES

FIGURE 8 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on the timed up and go test.

FIGURE 9 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on stair-climbing test.
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could not improve postoperative TUG between 1 and 2months, 3
months, or 6 and 13 months (MD=−0.28, 95% CI:−2.11–1.56,
P= 0.77, I2 = 73%; MD=−0.75, 95% CI:−1.73–0.23, P= 0.13,
I2 = 56%;MD=−0.29, 95% CI:−1.60–1.02, P= 0.67, I2 = 71%;
respectively). The forest plot of TUG was shown in Figure 8.

SCT
Two RCTs assessed the effect of NMES on SCT following TKA
(19, 22). NMES could not improve SCT between 3 and 4 months
or 12 and 13 months after TKA (MD: −0.45, 95% CI: −4.56–
3.65, P = 0.83, I2 = 67%; MD: −0.57, 95% CI: −5.63–4.49, P =

0.82, I2 = 75%; respectively). The forest plot of SCT was shown
in Figure 9.

3MWT
Two studies evaluated the effect of NMES on 3MWT following
TKA (18, 21). NMES improved 3MWT between 3 and 6 months
after TKA compared with the control group (MD: 28.35; 95% CI:
14.55–42.15, P < 0.0001). There was no significant heterogeneity
among the studies (I2 = 0%). However, no significant difference
was detected on 3MWT between 12 and 13 months after TKA
(MD: 19.06; 95%CI:−4.84–42.96, P= 0.12, I2 = 65%). The forest
plot of SCT was shown in Figure 10.

6MWT
Two studies evaluated the effect of NMES on 6MWT following
TKA (19, 22). Our pooled analysis involving those two

FIGURE 10 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on 3 minutes walk test.

FIGURE 11 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on 6-minute walk test.
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FIGURE 12 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on knee flexion.

studies (19, 22) indicated that NMES could not improve
6MWT between 3 and 4 months or 12 and 13 months after
TKA (MD: 26.08, 95% CI: −39.96–92.11, P = 0.44, I2 =

83%; MD: 15.78, 95% CI: −38.56–70.12, P = 0.57, I2 =

74%; respectively). The forest plot of 6MWT was shown in
Figure 11.

ROM
Six studies evaluated the effect of NMES on knee flexion
following TKA (19, 22, 36–39). NMES could not improve knee
flexion within 1 month, 1 and 2 months, 3 and 4 months,
or 6 and 13 months (MD: 1.56, 95% CI: −0.40–3.52, P =

0.12, I2 = 0%; MD = 0.52, 95% CI: −3.40–4.45, P = 0.79, I2

= 57%; MD: 1.24, 95% CI: −0.65–3.13, P = 0.20, I2 = 0%;
MD: 2.10 95% CI: −0.20–4.39, P = 0.07; respectively). The
forest plot of knee flexion was shown in Figure 12. Besides,
the same six studies evaluated the effect of NMES on knee
extension following TKA (19, 22, 36–39). NMES could not
improve knee extension within 1 month, 1–2 months, 3–4
months, or 6–13 months (MD: −0.64, 95% CI: −3.86–2.59, P
= 0.70, I2 = 81%; MD = −0.72, 95% CI: −1.52–0.08, P =

0.08, I2 = 0%; MD: −0.21, 95% CI: −0.76–0.33, P = 0.44,
I2 = 0%; MD: −0.01, 95% CI: −1.02–1.00, P = 0.98, I2 = 0%;
respectively). The forest plot of knee extension was shown in
Figure 13.

SF-36
Four studies assessed the effect of NMES on SF-36 PCS following
TKA (19, 21, 22, 38). NMES could not improve SF-36 PCS after
TKA within 3 months, 3–6 months, or more than 6 months
(MD: 4.90, 95% CI: −0.53–10.34, P = 0.08, I2 = 78%; MD:
3.39, 95% CI: −1.91–8.68, P = 0.21, I2 = 87%; MD = 2.68,
95% CI: −2.23–7.58, P = 0.28, I2 = 90%). The forest plot
of SF-36 PCS was shown in Figure 14. The same four studies
also assessed the effect of NMES on SF-36 MCS following TKA
(19, 21, 22, 38). NMES could not improve SF-36 MCS within
3 months, or more than 6 months (MD: 4.79, 95% CI: −1.25–
10.82, P = 0.12, I2 = 81%; MD: 1.12, 95% CI: −0.68–2.93,
P = 0.22, I2 = 0%, respectively). However, NMES improved
SF-36 MCS between 3 and 6 months after TKA (MD: 4.20,
95% CI: 2.41–5.98, P < 0.01). No significant difference was
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FIGURE 13 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on knee extension.

detected (I2 = 0%). The forest plot of SF-36 MCS was shown in
Figure 15.

DISCUSSION

The purpose of this systematic review and meta-analysis was to
explore the effect of NMES on quadriceps muscle strength, pain,
and function following TKA. The most important finding of the
current study was that postoperative NMES could improve the
short-term to long-term quadriceps muscle strength, mid-term
pain, and mid-term function following the TKA surgery.

Quadriceps muscle weakness is common following TKA (41).
It was reported that 50–60% quadriceps muscle strength deficits
might occur compared with the preoperative levels (23). Besides,
quadriceps weakness has been found to increase joint loading
and contribute to the progress of osteoarthritis (42, 43). It is
a crucial goal to restore quadriceps strength for postoperative
rehabilitation. Monaghan et al. systematically reviewed relative
studies up to 2008. They did not find direct evidence to prove
the advantage of NMES on quadriceps muscle strength recovery
following TKA by limited (only two) included RCTs (44). Conley

et al. conducted a systematic review involving eight RCTs to
assess the effect of NMES on quadriceps strength after knee
surgery, such as anterior cruciate ligament reconstruction (n =

5), TKA (n = 2), and meniscectomy (n = 1) (43). They revealed
that NMES improved the recovery of quadriceps strength after
the knee surgery with grade B evidence (43). Due to limited
pieces of relevant literature published, some other reviews also
failed to examine the effect of NMES on MVIC following TKA
(45, 46). After including more RCTs that have been published
recently, for the first time, we proved that NMES improved
quadriceps muscle strength in terms of MVIC after TKA within
1 month, 1–2 months, 3–4 months, and 12–13 months with
high-quality evidence.

After including only one published RCT, one previous review
failed to explore the pooled effect of NMES on PCI following
TKA (45). We found that NMES could not improve PCI after
TKA with high-quality evidence.

There was a high risk of severe acute postoperative pain
following TKA, undermining the recovery and delaying the fast-
track rehabilitation programs (47). Dabadghav et al. included
28 bilateral TKA patients following osteoarthritis. One knee
received NMES plus exercise therapy randomly, and the other
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FIGURE 14 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on SF-36 PCS.

FIGURE 15 | Forest plots of meta-analysis of the effect of NMES vs. conventional rehabilitation on SF-36 MCS.

knee received exercise merely. After immediate postsurgical
rehabilitation of 7 days, no significant difference between the two
knees in terms of pain was detected (48). A matched comparison

trial demonstrated that patients using the home-based NMES
in the first 6 weeks relieved the pain (49). There was no
previous meta-analysis that has evaluated the effect of NMES
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on postoperative pain after TKA. We included five RCTs and
found that NMES improved postoperative pain at mid-term (1–2
months and 3–6months) following TKA.However, the improved
differences did not reach the minimal clinically important
difference (MCID) in pain (50).

WOMAC is one of the most commonly used questionnaires
that assess symptoms and physical function in patients with lower
limb osteoarthritis (51, 52). Additional NMES therapy of 8 weeks
to exercise could not improve theWOMAC in patients with knee
OA (53). No previous meta-analysis pooled analyzed the effect
of NMES on postoperative function after TKA. We found that
NMES improved postoperative WOMAC slightly at mid-term
(3–4 months) following TKA with high-quality evidence.

After a matched comparison trial of 6 weeks, patients who
used the home-based NMES improved TUG compared with
patients in the control group following TKA (49). No previous
meta-analysis analyzed the effect of NMES on postoperative
TUG following TKA. With high-quality evidence, we found that
NMES improved the postoperative TUG at short-term (within 1
month) following TKA. Bruce-Brand et al. found that patients
who received home-based NMES for 6 weeks improved the
SCT results than patients who received standard care in knee
osteoarthritis (54). We discovered that NMES could not improve
postoperative SCTwith low-quality evidence. The effect of NMES
on early TUG (within 1month) has not been explored in previous
literature. The SCT comprises different movements, such as stair
ascending, descending, and their transition (55), which may be
hard for patients to conduct in the short-term following TKA.

We found that NMES improved postoperative 3MWT at mid-
term with high-quality evidence but not long-term with low-
quality evidence. Another two RCTs reported the effect of NMES
on 6MWT in our study. We found no significant difference
between NMES and control groups in terms of 6MWT at mid-
term or long-term. The previous studies emphasized an excellent
correlation between 3MWT and 6MWT. 3MWT was easier to
learn and repeat than 6MWT for patients (30). The advantage
of NMES was found in terms of 3MWT but not 6MWT. The
discrepancy may be related to the limited RCTs.

We detected no advantage of NMES in ROM in the present
study, such as knee flexion and extension. Dabadghav et al.
included 28 postoperative bilateral TKA patients and randomly
allocated one knee to NMES plus exercise, while the other knee
received exercise (48). They demonstrated no additional effect
in terms of ROM between the two knees from 28 bilateral TKA
patients (48). Results from an RCT also showed that NMES could
not improve the ROMof the hemiplegic shoulder in patients after
stroke (56).

We included four RCTs (involving 344 participants) and
found that NMES improved SF-36 MCS at mid-term (3–6
months). No differences were found in terms of MCS at short-
term or long-term. Besides, NMES could not improve PCS at
short-term, mid-term, or long-term. A previous meta-analysis
confirmed the advantage of NMES on SF-36 MCS at mid-term
(12 weeks) by Bistolfi et al. (45). However, they did not explore
the effect of NMES on SF-36 at other periods.

Compared with a previous meta-analysis, Bistolfi et al. only
included four RCTs and pooled evaluate the effect of NMES

on SF-36 merely (45). The evidence to prove the advantage of
NMES in TKA was limited. Given the insufficiency of available
data for comparison, some other reviews failed to explore the
quantized effect of NMES on TKA (43, 44, 46, 57, 58). As far as
we knew, this was the first systematic review and meta-analysis
to comprehensively explore the effect of NMES on quadriceps
muscle strength, pain, and function following TKA. However,
the differences did not reach the MCID in pain (50). Given
the included studies adopt different scales in many essential
outcomes, the SMD was used to calculate the total effect of
quadriceps muscle strength and WOMAC, which may generate
issues with heterogeneity.

The study has several limitations. First, all the included
studies failed to achieve the performance bias, which
contributed to the main bias of this systematic review
and meta-analysis. Second, the programs of NMES
were not standardized among the included RCTs, which
contributes to the heterogeneity. Third, the sample size was
relatively small.

CONCLUSION

As a supplementary treatment after TKA, postoperative NMES
could improve the short-term to long-term quadriceps muscle
strength, mid-term pain, and mid-term function following
TKA. However, many outcomes failed to achieve statistically
meaningful changes and MCID, thus the clinical benefits
remained to be confirmed.
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