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ABSTRACT
Background: Weak quadriceps after ACL reconstruction (ACLR) may de-

rail patients’ return to sport or regular physical activity levels. Neuromuscular 
electrical stimulation (NMES) activates muscles in precise sequence and magni-
tude to directly accomplish functional tasks. This prospective comparative study 
compared the outcomes of rehabilitation post-ACLR with and without NMES.

Methods: A total of 70 post-ACLR patients were divided into 2 groups. 
Group 1 received the standard rehabilitation protocol, and Group 2 received 
additional NMES therapy twice weekly for 6 weeks. Patients were evaluated for 
Thigh circumference, Quadriceps Strength, and Single and Triple leg hop.  

Results: The thigh girth in the NMES groups showed a consistent increase 
throughout the follow-up period, whereas in the control group, it showed an 
initial dip and later improved. The diff erence was signifi cant at 3 and 6 weeks 
follow-up (p < .001). The two groups had no signifi cant diff erence in Quadriceps 
strength at 6 months (p = .545). At 6 months, the single leg hop, triple leg hop, 
Lysholm score, IKDC score, and KT readings gave comparable results between 
the control and NMES groups.

Conclusions: The addition of NMES in post-ACLR rehabilitation better re-
stored the quadriceps muscle mass in the early phase but gave comparable re-
sults at 6 months in terms of quadriceps strength and functional scores.

Keywords: Neuromuscular Electrical Stimulation, ACL Reconstruction, 
Quadriceps, Strength, Rehabilitation, Muscle Mass

INTRODUCTION
The knee joint houses the anterior cruciate 

ligament (ACL), a specialized connective tis-
sue band extending from the femur to the tibia. 
A torn ACL can lead to complaints of recurrent 
instability in daily and sporting activities and 
the subsequent risk of meniscal tear or chon-
dral damage, making an early diagnosis an 

important factor in successful rehabilitation. 
(Dhillon, Bali, and Prabhakar, 2012; Duthon et 
al., 2006). An isolated ligament reconstruction 
cannot get the athlete back in the game. Along 
with the ACL, the quadriceps play an essen-
tial role in dynamic stability. Post-ACL recon-
struction (ACLR), quadriceps weakening is 
often associated with hampering performance. 
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(McLean et al., 2004; McLean, Lipfert, and 
van den Bogert, 2004), potentials for reinju-
ry (Boden et al., 2010; McLean et al., 2004), 
and the Development of osteoarthritis (Shel-
bourne, Davis, and Klootwyk, 1998). It may be 
detrimental in delaying return to sport or prior 
physical activity levels, among other factors. 
Quadriceps muscle atrophy also contributes to 
persistent muscle weakness (Olsen et al., 2004; 
Souryal and Freeman, 1993) due to alterations 
in muscle architecture (Hewett et al., 2005; Mi-
cheo, Hernández, and Seda, 2010), and selective 
fiber atrophy (Makhmalbaf et al., 2013; Spin-
dler and Wright, 2008; Vaudreuil et al., 2019). 
Focussed eccentric training programs result in 
a more significant increase in quadriceps fem-
oris and gluteus maximus muscle volume and 
function compared to a standard rehabilitation 
protocol (Scholten et al., 2003). Proprioceptive 
recovery plays an important role; therefore, 
perturbation training is used in the conservative 
and surgical treatment of ACL injuries. A sig-
nificant correlation exists between quadriceps 
strength indices and functional stability both 
before and after surgery (Aglietti et al., 2004).

Sanders et al. (Sanders et al., 2016) suggest 
restoring symmetric quadriceps strength at Re-
turn to Sports (RTS) after ACLR, which may 
promote a higher longitudinal knee function. 
Neuromuscular electrical stimulation (NMES) 
activates muscles in precise sequence and mag-
nitude to accomplish functional tasks directly. 
It may help by being an adjunct therapy to help 
enhance a particular function. Apart from the 
functional effect, it has a therapeutic effect of 
motor relearning, which can be defined as the 
“recovery of previously learned skills that may 
have been lost due to damage” (Hagmeijer et 
al., 2019). NMES is delivered as a waveform 
of electrical current characterized by stimulus 
frequency, amplitude, and pulse width.

The minimum stimulus frequency that gen-
erates a fused muscle response is around 12.5 

Hz. The frequency range for the NMES system 
is 10-50 Hz. Increasing the stimulus amplitude 
or pulse duration (typically 200 microseconds) 
to activate neurons farther from the activating 
electrode achieves more significant muscle 
force generation. However, there is conflict-
ing evidence regarding the effectiveness of 
NMES post-ACLR on quadriceps function. 
Hence, with this background, this randomized 
controlled study was planned to compare the 
outcomes of rehabilitation post-ACLR with or 
without NMES.

Purpose and objectives of the study
The prospective comparative study was 

performed to compare the outcomes of reha-
bilitation post-ACLR with or without NMES.

Hypothesis
NMES in post-ACLR improves quadriceps 

muscle recovery outcomes.

METHODOLOGY
The study included patients who underwent 

arthroscopic ACLR for symptomatic grade III 
post-traumatic ACL injury with instability. 
They further underwent post-ACLR rehabil-
itation. Only patients fulfilling the inclusion 
and exclusion criteria were enrolled for the 
study after obtaining informed consent. The 
Inclusion criteria were a) consecutive patients 
undergoing single bundle ACL reconstruction 
with or without meniscectomy and b) patients 
between 18-45 years of age.

The following patients were excluded: 
a) patients with additional knee ligament in-

juries, 
b) patients with generalized inflammatory ar-

thritis, including rheumatoid arthritis, 
c) patients with revision ACL graft reconstruc-

tion, 
d) patients with any neuromuscular disorder or 

disease, 
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e) patient with bony deformity of lower limbs, 
and/or 

f) patients with additional injury to any other 
joint of the same limb or any injury to the 
contralateral lower limb, which makes re-
habilitation difficult.
The sample size calculated for the outcome 

variable was 70 (35 in each group).
The sample size was calculated by taking 

the increase in the strength of quadriceps in 
NMES and control as the outcome variable. 
Using the minimum required sample size with 
80% power of study and 5% level of signif-
icance based on previous studies, patients in 
each study group were kept at 35. 

Data were recorded on a proforma entered 
in Microsoft® Excel workbook 2019 and ex-
ported into SPSS v21.0 (IBM, USA) for sta-
tistical analysis. Categorical variables were 
expressed as frequency and percentages, and 
the chi-square test was used. Quantitative vari-
ables were expressed as mean ± SD or median 
(inter-quartile range)—quantitative variables 
between two different intervals. P value < .05 
was considered statistically significant.

The patients were allotted into two groups 
using sealed envelopes: A and B. In group A, 
Patients were provided standard ACLR reha-
bilitation after their surgery, including exercise 
and cold therapy. In group B, Patients were 
given NMES sessions and the standard ACLR 
rehabilitation after surgery.

Group A received a standard physiotherapy 
protocol and rehabilitation routinely followed 
in the Centre post-ACLR. In Group B, in ad-
dition to routine post-ACLR rehabilitation, 
patients were given two sessions of NMES 
per week for the first six weeks, starting from 
day two. The subject was positioned supine 
with the knee in full extension. Self-adhesive 
electrodes were placed on the vastus lateralis 
proximally and the vastus medialis distally. A 
medium-frequency EMS (ITO EU-940) was 

used to provide electrical stimulation. The 
stimulus characteristics used during the treat-
ment were similar to those described by Shaerf 
et al. (Shaerf et al., 2014). They included a 
2500-Hz alternating current, time modulated 
to deliver 75 Hz, with a 2-second ramp-up and 
ramp-down time, a 10-second stimulation pe-
riod at the maximum amplitude, followed by 
a 50-second rest period. The amplitude is set 
at an intensity high enough to produce a full, 
sustained, tetanic contraction of the quadriceps 
(no fasciculations observed visually) with vi-
sual and or palpable evidence of superior glide 
of the patella. To achieve this, stimulus inten-
sity was increased to maximum subject toler-
ance. Ten contractions were performed during 
a treatment session, with an approximate time 
of 15 minutes. A total of 12 sessions were given. 
The follow-up assessment was done pre-oper-
atively, 3 weeks, 6 weeks, 12 weeks, and 24 
weeks postoperatively by a team of consultants 
and resident doctors working in the team, and 
the reviewer assessing the patient at follow-up 
was blinded to the treatment arm.

The following parameters were compared 
between the two groups:
1.	 The objective quadriceps strength at base-

line and 6 months of follow-up.
2.	 The functional outcomes ‘Single leg hop 

test’, ‘Triple leg hop test’, Lysholm’s func-
tional score, and International Knee Doc-
umentation Committee (IKDC) score at  
6 months of follow-up.

3.	 Thigh girth was compared between the 
two groups at baseline, 3 weeks, 6 weeks,  
3 months, and 6 months.

RESULTS
The study had 70 patients, and all patients 

completed the 6-month follow-up. The base-
line characteristics of patients in both groups 
are given in Table 1. 
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Table 1. Comparison of Baseline Characteristics of Patients between NMES and control group.
Baseline Characteristics NMES Control P value
Gender
Male 25 22 .445
Female 10 13
BMI 24.64±3.34 kg/m2 23.73±2.90 kg/m2 .227
Beighton Score 1.57±1.44 1.94±1.67 .324
Duration of injury 6.65±3.64 months 6.48±3.82 months .849
Level of play
Professional 18 20 .631
Recreational 17 15

The mean age of the NMES and Control 
groups were 24.94 years and 26.26 years, re-
spectively. There were 25 males (71%) in the 
NMES group and 22 males (62%) in the con-
trol group. There were ten females (28%) in the 
NMES group and 13 females (37%) in the con-
trol group. The mean BMI of the NMES and 
control groups were 24.65 kg/m2 and 23.73kg/
m2, respectively. There was no significant dif-
ference in the age and BMI of the NMES and 
control group patients (p > .05). 

Thigh girth of the patients in the control 
group showed a dip initially and later improved. 
The thigh girth in the NMES groups showed a 
consistent increase throughout the follow-up 
period (p < .001) (Figure 1). While assessing 
differences at individual points of time between 
groups with the baseline values, the thigh girth 
of the patients increased significantly in the 
NMES groups than the control at 3 weeks and 
6 weeks (p < .001), while no significant differ-
ence was found at 12 and 24 weeks (p > .05).

 

Figure 1. Increase in thigh girth as compared to baseline.

There was no significant difference in 
quadriceps strength deficit between the groups 
as well as over the period within each group  

(p < .05). There was no significant difference in 
KT scores over the period between the NMES 
and Control groups (p = .157). In both groups, 
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the Lysholm and IKDC scores showed signif-
icant improvement at 6 months compared to 
baseline. However, there was no significant 

difference in Lysholm and IKDC between 
the NMES and control groups (p = .111 and  
p = .132). (Table 2)

Table 2. Comparison of Quadriceps strength, Lysholms, and IKDC between NMES and Control 
group.

Control NMES P value
Quadriceps Strength Index
Pre 60.11±11.64 61.23±11.56 .687
6 months 95.71±17.14 97.31±10.78 .641
Quadriceps Strength OPP
Pre 86.43±16.47 80.97±10.89 .106
6 months 116.57±19 119.54±17.13 .494
Lysholms
Pre 63.80±7.71 61.06±10.21 .209
6 months 87.29±13.94 89.83±3.52 .299
IKDC
Pre 47.01±8.34 43.46±9.74 .106
6 months 77.83±3.36 77.91±4.95 .937

The mean single-leg HOP of the index 
leg of the NMES and Control groups were 
89.51 and 90.03 years, respectively. The mean  
single-leg HOP of the opposite leg of the 
NMES and control groups were 111.40 and 
108.34, respectively. No significant difference 
was found between the NMES and control 
groups (p > .05). 

The mean triple leg hops of the index leg 
of the NMES and Control groups were 283.03 
and 285.29 years, respectively. The mean  
triple leg HOP of the opposite leg of the NMES 
and control groups were 304.71 and 304.17, 
respectively. No significant difference was 
found between the NMES and control groups 
(p > .05). (Table 3)

Table 3. Comparison of leg hop between NMES and control group.
Control NMES P value

Single Leg Hop
Index Limb 90.03±12.58 89.51±8.16 .838
Opposite 108.34±13.09 111.40±8.72 .253
Triple Leg Hop
Index Limb 285.29±20.27 283.03±14.44 .592
Opposite 304.17±18.13 304.71±11.66 .882

DISCUSSION
The most important finding of this study 

was that the thigh circumference of patients 
who received additional NMES postopera-
tively showed a significant increase at 3 and 6 

weeks postoperatively compared to those who 
underwent standard rehabilitation protocol. 
There was a consistent increase in the quad-
riceps girth in the NMES group from baseline 
till the 24th week, whereas the control group 
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showed a decrease in the quadriceps girth at 
the 3rd and 6th week and an increase thereafter. 
This consistent increase in the quadriceps girth 
during the initial rehabilitation phase in the 
NMES group corroborates with similar find-
ings found in the literature (Ediz et al., 2012; 
Fitzgerald, Piva, and Irrgang, 2003; Labanca et 
al., 2018). This result demonstrates a positive 
correlation between using NMES immediate-
ly in the postoperative period. It further aug-
ments the activation of atrophied quadriceps 
while counterbalancing quadriceps inhibition 
caused by pain and effusion in the postopera-
tive period.

Quadriceps strength was assessed be-
tween the two groups at baseline and 6 months 
post-surgery. There was no significant differ-
ence in quadriceps strength deficit in the index 
limb between the NMES and control groups  
(p = .545) at 6 months postoperatively.

Most studies on this topic have shown that 
the benefits of NMES are in the early recovery 
phase. We assessed the quadriceps power at 6 
months post-surgery. At 6 months, there was no 
difference in the quadriceps strength between 
the two groups. In comparison, studies with 
further shorter intervals between NMES and 
strength testing post-surgery found a signifi-
cant gain in quadriceps strength (Stevens-Laps-
ley et al., 2012; Labanca et al., 2018). The stud-
ies showing better quadriceps strength with 
NMES at shorter follow-ups of 3 months could 
be attributed to other confounding factors like 
different parameters of NMES (frequency, tim-
ing, duration) used, prior quadriceps strength, 
and athlete characteristics (Conley et al., 2021). 
There is a paucity of literature assessing quad-
riceps strength at 6 months or more in the post-
operative period, and there is a further need 
for studies assessing the long-term effects of 
NMES on quadriceps strength.

Subjective assessment scoring was done at 
baseline and 6 months post-operative for both 
groups. There was no significant difference 
in the Lysholm score between the NMES and 
control groups (p = .111) similar to Kawaka-
mi et al. 2001 and Moran et al. 2019. No sig-
nificant difference in the IKDC score was 
found between the NMES and control groups  
(p = .132) (Toth et al., 2020).

There was no significant difference in KT 
scores between the NMES and control groups 
(p = 0.157) in this study, which was similar to 
the previous study in the literature (Ross, 2000). 
On the other hand, some studies showed sig-
nificant differences in self-reported outcome 
evaluation at their 3 months follow (Ediz et 
al., 2012; Fitzgerald, Piva, and Irrgang, 2003). 
In this study, functional evaluations were done 
at 6 months, not 3 months.

Thus, the application of NMES in the 
post-operative rehabilitation of athletes can 
hasten recovery in the early phase and posi-
tively affect the atrophy of quadriceps muscle. 
However, no positive effect could be found 
beyond this early phase. There was no signif-
icant difference in functional scores between 
the NMES and control groups. There was no 
significant difference in hop tests between the 
NMES and control groups over the period. 
Thus, adding NMES in post-ACLR rehabilita-
tion restored the quadriceps muscle mass ear-
lier but gave comparable results at 6 months 
in terms of quadriceps strength and functional 
outcome.

Limitations
One of the limitations of this study is the 

short follow-up, considering that ACL recon-
struction takes a minimum of 9-12 months for 
complete recovery. However, most studies 
on this topic have shown that the benefits of 
NMES are in the early recovery phase (Ediz 
et al., 2012; Kim et al., 2010). Further, many 
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studies assessing NMES in ACL rehabilitation 
had a short follow-up of 6 months or less after 
surgery (Ediz et al., 2012; Toth et al., 2020).

Another limitation is that after baseline, we 
assessed only the thigh girth before 6 months 
follow-up, and the quadriceps power was as-
sessed only at 6 months post-surgery. At 6 
months, the two groups had no difference in 
the quadriceps strength. Studies with further 
shorter intervals between surgery and strength 
testing post-surgery found a significant gain 
in quadriceps strength (Stevens-Lapsley et al., 
2012). More frequent muscle strength testing 
could be planned in future studies at 6 weeks 
and 3 months post-surgery. However, the down-
side of earlier testing of quadriceps strength is 
that at such an early period of follow-up, many 
a time, the patient is unable to put in full efforts 
in muscle testing due to residual pain, leading 
to erroneous results.

CONCLUSION
To conclude, the application of NMES in 

the post-operative rehabilitation of athletes 
after ACL reconstruction can hasten recov-
ery in the early phase and positively affect the 
atrophy of quadriceps muscle. However, the 
quadriceps strength and functional scores were 
found to be similar beyond 6 weeks with and 
without NMES.
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