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on the hip and knee joints (literature review)
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Every year the number of cases of anterior cruciate ligament re-
construction, total hip and knee arthroplasty increases. This leads
to the improvement of rehabilitation protocols for patients after sur-
gery to quickly restore normal range of motion and return to nor-
mal life. Objective. Provide physical therapists with an evidence-
based resource that can guide clinical decision making, thereby
enabling clinicians to make effective use of electrical stimulation to
improve muscle function in patients after orthopedic operations and
increase awareness of the range of applications for neuromuscular
electrical stimulation (NMES). Metods. Electronic databases PMC,
PUBMED and SCOPUS were used to search the relevant literature,
which was published in the period from the creation of databases
to December 2020. Additional articles were identified by analyzing
bibliographies in systematic reviews. We have reviewed the full text
of selected articles to confirm that all included studies meet the stat-
ed objectives of the review. Results. In patients after orthopedic sur-
gery on the hip and knee joints, the inclusion of NMES in standard
physical therapy significantly increases the strength of the quad-
riceps muscle compared to conventional physical therapy. Early
activation can be helpful to avoid suppression of quadriceps func-
tion and atrophy, provide the patient with the most effective course
of rehabilitation, and return to active life after anterior cruciate
ligament reconstruction or knee arthroplasty. It is also advisable
to use NMES as an alternative mechanical prevention of deep vein
thrombosis and edema in the early period after hip arthroplasty.
In the presented studies, patients tolerated NMES well even when
it initiated on 1-2 postoperative days. However, no standardized
NMES protocols reported in the literature, so the choice of stimu-
lation parameters is at the discretion of the physician and usually
depends on the individual tolerability of the patients. Key words.
Neuromuscular electrical stimulation, anterior cruciate ligament
reconstruction, arthroplasty, hip joint, knee joint.

UJopiune 36inbuiennss 6unadKié GUKOHAHHSA OREPAYil PeKoH-
cmpyKkyii nepeonvoi cxpewjenol 36’13Ku, MmomaibHo20 eHOo-
npome3y8anHs KyIboso20 ma KOAHHO20 cY2a00i6 00yMO6II0€e
800CKOHAIeEHHS NPOMOKONIE peabinimayii nayienmié nicisa Xi-
pypeiunozo empyuants 0N WEUOUL020 BIOHOBNEHH HOPMAlb-
H020 00cA2Yy pYXi6 i nogeprents 00 36U4HO20 CNOCOOY JHCUMMAL.
Mema. Hadanns 00xa3068020 pecypcy, AKUil moice 00380.1uU-
mu KaiHiyucmam epekmueHo GUKOPUCIOBYBATNU eNeKMPUUHY
CMUMYAYI0 01 noAinweHHs QYHKYii M’a3i8 y nayienmis nic-
751 OpmoneouyHux onepayii i 30inbuwumu 00I3HaAHICMb OO0
cehepu 3acmocysanv HeupoM 130801 eNeKmpuyHoOl cmumynayii
(HMEC). Memoou. Erexmponni 6asu oanux PMC, PUBMED
i SCOPUS 3acmocoeano ons noutyky 6i0nogionol rimepamypu,
saKa Oyna onyonikoeana 6 nepiod 8i0 cmeopents 6as 00 2pyo-
na 2020 poky. Hooamxogi cmammi 6uA61€HO WIAXOM AHANIZY
6ibniocpaghiii y cucmemamuunux oznsioax. Iepeensnymo nogmi
mexkcmu 0opanux cmamet, woo niomeepoumu, o 6ci 8KIIYEHI
docaiodcenns 8ionogioaroms memi 02aa0y. Pesynomamu. ¥ x6o-
PUX Rics OpMoneouyHux onepayii Ha KyIbUOBUX I KOAIHHUX
cyenobax exarouenns HMEC oo cmanoapmuoi izuunoi mepanii
0ae 3M02y CYmmeBo 30inbuwumu CUuLy Yomupueoio8020 m’sa3a
cmeeHa NOPIGHAHO 31 36UYAlIHON0 Qi3uunol mepanict. Panus
akmueayis Modice Oymu KOPUCHOIO 01k VHUKHEHHS NPUCHIYEHHS
Gynryii 1 ampoii wvomupueonoeoeo m’siza, 3abe3neueHHs nayicH-
ma HaveekmusHiWUM Kypcom peabirimayii ma noeepHeHHs 00
AKmMueHo20 cnocooy dcumms nicis PeKOHCMpPYKyYii nepeonboi
cxpewjenol 36’3Ku YU eHOONPOMe3y8anHs KONHHUX CY2100i8.
Takoowc doyinvro suxopucmogyeamu HMEC ax anemeprnamugny
MexauiyHy npo@inakmuxy mpom6o3y 2auboKux eex i HaOPAKY
6 panHbOMy nepiodi niciisi endonpome3sy8aHHs Kyiboeo2o cya-
n06a. Y npoananizoeanux pobomax 6iomiveHo, wo nayienmu
0obpe nepenocunu npusHavenus HMEC na 1-2-ii denv nicaa
onepayii. IIlpome npomoxoru HMEC oyace giopizuaiombcs,
momy eubip napamempie cmumynayii 3aIUMAEMbCS HA PO3CYO
JIKAps ma, 3a36u4ail, 3a1exCums 60 MoiepanmHoCcmi 00 cmu-
Mynayii nayienma.

Key words. Neuromuscular electrical stimulation, anterior cruciate ligament reconstruction, arthroplasty, hip

joint, knee joint

© Prytula N. Yu., Fedotova I. F., 2021



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2021. No 2

Introduction

The incidence of anterior cruciate ligament (ACL)
reconstruction operations [1] and total hip and knee
arthroplasty [2] is increasing every year.

There is a need for continuous improvement
of rehabilitation protocols for patients after surgery
to provide them an opportunity to quickly restore
normal range of motion and return to a higher life
quality. The use of non-invasive neuromuscular
electrical stimulation (NMES) as a supplement to
standard rehabilitation programs has a wide range
of applications.

In 2017, in response to inquiries from physio-
therapists about recommendations for optimal musc-
le stimulation with NMES, six Canadian physical
education teachers, clinicians, and electrophysical
agent researchers reviewed and synthesized key data
from the literature [3]. Clinical orthopedic practice
shows that in the rehabilitation of patients after ACL
reconstruction and total hip and knee arthroplasty it
is advisable to start NMES on the 1-2" postopera-
tive day (POD). However, in the cited sources, the use
of NMES was aimed only at strengthening and rein-
forcement of the quadriceps femoris. We conducted
a more detailed analysis and considered the effective-
ness of early appointment of NMES for the following
conditions: prevention of thromboembolic complica-
tions after surgery on the lower extremities, reinfor-
cing muscles and increasing their strength, reducing
postoperative edema.

The aim of the study was to provide an evidence
resource that can enable clinicians to effectively use
electrical stimulation to improve muscle function
in patients after orthopedic surgery and to increase
awareness of the scope of neuromuscular electrical
stimulation.

Material and methods

Three electronic databases (PMC, PUBMED and
SCOPUS) were used to search for relevant literature
published between the creation of the databases and
December 2020. Additional articles were identified
by analyzing bibliographies in systematic reviews.
We have reviewed the full text of selected articles to
confirm that all studies included meet the purpose
of the review.

Results and discussion

Anterior cruciate ligament reconstruction

Muscle atrophy and weakness inevitably occur
after an ACL injury, so physically active individu-
als often need ligament reconstruction to restore knee
stability, improve lower limb function, and return to

a normal lifestyle [4]. Due to limited movement and
immobilization after surgery, the patient needs addi-
tional methods of early muscle activation. In the case
of imperfect rehabilitation, complications caused by
a decrease in muscle strength lead to dissatisfaction
with the results of the operation and can accelerate
the progression of arthrosis [5] or re-injury of the li-
gament [6], so improving muscle strength is the main
goal to be achieved in the early stages of rehabilita-
tion after ACL reconstruction.

The following stimulation parameters were used
in the published studies: waveform mono- [7], two-
phase pulse [7-10] or alternating current [11]; used
frequencies involved 20—50 Hz of pulse current,
2,500 Hz of alternating current; pulse duration was
150—400 ps [7, 8, 10, 12], ON: OFF time (alternating
current and pause links) 5-10: 2-110 s. The amplitude
was set taking into account the patient's response.

1. Wigerstad-Lossing et al. [12] started NMES on
the 2" POD (session duration 40 min, 3 times a week,
6 weeks). They reported that among patients who re-
ceived NMES during the period of immobilization
after ACL reconstruction, the loss of isometric force
(39 %) and the reduction of the cross-sectional area
of the quadriceps femoris (23 %) were significantly
smaller than in the control group (CG) (58 and 29 %,
respectively). Moreover, an increase in the relative
area of type 2 muscle fibers compared to type 1 indi-
cates a more intense muscle contraction in patients re-
ceiving NMES. Summarizing the results of the study,
the authors noted that NMES, combined with arbit-
rary muscle contraction during the therapy session,
significantly protects against atrophy and prevents
the development of secondary muscle weakness.

A. F. Anderson and A.B. Lipscomb [8] selected
100 patients who underwent ACL reconstruction us-
ing the same method and divided them into 5 groups
to determine the effects of different treatments (some
in combination): percutaneous electrical nerve stimu-
lation (PENS), flexion immobilization or extensions,
electrical myostimulation (EMS) and training with
passive movements. Electrical stimulation was start-
ed on the 1** POD. Arbitrary muscle contraction was
not performed concomitantly with EMS. The dis-
advantage was a very demanding protocol, namely
10 hours a day for 12 weeks, so 5 patients did not
complete the study. The use of EMS did not reduce
atrophy, but was effective in minimizing the decrease
in force that occurs during immobilization. An unex-
pected advantage was a significantly greater amount
of movement in patients after EMS compared with
the groups of passive training and a significant re-
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duction in the frequency of knee-femoral crepitation
compared with all groups.

D. P. Currier et al. [9] combined the use of NMES
and a pulsed electromagnetic field (PEMF). They
divided 17 patients into three groups: | — NMES
(n =7), I — NMES/IEMP (n = 7), III — control
(n = 3). NMES therapy was started on the 1* POD
(session duration 30 min, 3 times a week, 6 weeks)
in both groups. PEMF was added to the protocol on
day 4. To determine the effectiveness, the hip cir-
cumference was evaluated before and 6 weeks after
surgery. In groups I and II this indicator decreased
equally well, but group II patients underwent a higher
intensity of stimulation.

S. Hasegawa et al. [11] investigated the effect
of electrical stimulation on the prevention of muscle
atrophy in 20 patients in the early stages of rehabili-
tation after ACL reconstruction. Patients were ran-
domly divided into two groups, particularly control
(n = 10) and NMES (n = 10). Patients in the control
group participated only in the usual rehabilitation
program. In the second group, in addition to this pro-
tocol, NMES was used from the 2™ POD to 4 weeks
after surgery (session duration 20 min, 5 times
a week). The study involved stimulation of quadriceps
and posterior thigh muscles, anterior tibia and triceps
calves of the operated leg. As a result of the decrease
in muscle strength of the quadriceps, the operated
limb was significantly smaller in the group of NMES
(1.2 %), compared with the control (39.2 %) 4 weeks
after surgery. The recovery rate in the NMES group
was higher than in the control after 3 months. The au-
thors believe that the difference in muscle strength
between the groups is due to the prevention of atro-
phy by using NMES for 4 weeks.

M. J. Toth et al. [7] published the results of a ran-
domized, blinded, placebo-controlled study that com-
prehensively examined the effects of NMES on main-
taining skeletal muscle size and function. The results
of bilateral lateral broad thigh muscle biopsy were
analyzed. Therapy with NMES was started as early
as possible, but not later than the 3" POD. The dura-
tion of the session was 60 minutes, 5 times a week
for 3 weeks. Early use of NMES has been shown to
reduce skeletal muscle fiber atrophy in myosin heavy
chain (MHC) II and to maintain contractility in
MHC I fibers. The results demonstrate the usefulness
of early use of NMES to reduce atrophy and increase
the force of contractions of the quadriceps femoris.

Hip replacement

Total hip arthroplasty is a well-known success-
ful surgical procedure in the late stages of arthrosis.
The development and improvement of surgical tech-

niques, pain management strategies and enhanced
postoperative rehabilitation help to improve the re-
sults of functional joint repair [10]. However, patients
in the postoperative period may have complications,
such as decreased muscle strength, edema of the ope-
rated limb, thrombosis of the veins of the lower ex-
tremities. The experience of modern physiotherapy
shows that the inclusion of NMES in standard reha-
bilitation programs can effectively reduce the mani-
festations of complications.

Two small randomized clinical trials of the ef-
fects of NMES on the quadriceps femoris after hip
arthroplasty have been reported in the literature. In
one, the use of NMES was started 2 weeks after sur-
gery [13], in the other [14] the effectiveness of stan-
dard rehabilitation, NMES and unilateral resistance
training was compared. The use of NMES began on
the Ist POD for 12 weeks. Stimulation parameters
were as follows: waveform two-phase pulse current,
frequency 40 Hz, pulse duration 250 ps, ON: OFF
time 10:20 s, maximum amplitude that the patient can
withstand, session duration 60 minutes. It was found
that the functional activity of the muscles increased
after NMES by 15 % more than in the group of stan-
dard rehabilitation [14].

In the first two weeks after total hip arthroplas-
ty there is a high risk of deep vein thrombosis, and
the peak of their occurrence is most often observed in
1-3 days. With this in mind, compression stockings
and NMES are used effectively together with phar-
macological measures to improve venous circulation
of the lower extremities.

In two studies, NMES was used immediately
after surgery to stimulate the calf muscles of both
limbs (operated and non-operated) for 4 h [15, 16].
B. J. Broderick et al. [16] studied whether the use
of NMES increases venous outflow from the lower
extremity at rest in the early post-prosthetic period
and to what extent patients can tolerate an extended
session of NMES. Stimulation parameters: waveform
two-phase pulse current, frequency 36 Hz, pulse du-
ration 350 ps, a gradual increase of amplitude un-
til a slight bending of the foot. The electrodes were
placed under compression stockings. The authors
found a favorable hemodynamic response to NMES
in patients in the early postoperative period (in-
creased peak and mean venous velocity, volumetric
flow in the lower extremities compared with rest).
All participants easily tolerated the four-hour NMES
session.

In 2017, a clinical observation was conducted,
which evaluated the effect of using a portable NMES
device for the prevention of deep vein thrombosis [17].
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After the operation, NMES was started for the first
24 hours, the course of treatment was 3 days. Usually,
intensity at the level of 3—4 was used (according to
the operating instructions of the device), depending
on the patient's tolerance to stimulation, with a gradu-
al increase in intensity. The use of NMES was found
to increase blood flow in the deep veins of the lower
extremity, dilate blood vessels and effectively reduce
the incidence of deep vein thrombosis.

A randomized clinical trial was later completed
comparing the effectiveness of a portable NMES de-
vice and compression stockings [18] for the preven-
tion of deep vein thrombosis in patients after elective
hip replacement. Hemodynamic reactions to the ac-
tion of the device, edema of the lower extremities,
the range of motion of the thigh were also evaluated,
and Sit to Stand and Timed Up and Go tests were
performed. Two cases of asymptomatic deep vein
thrombosis were detected in a group of patients using
compression stockings with vascular Doppler imaging
48 hours after surgery. In patients who used NMES,
there was a general tendency to reduce swelling in
the postoperative period, while the volume of the legs
remained largely unchanged in the group using com-
pression stockings. In addition, positive hemody-
namic effects in the contralateral limb were found
in the NMES group. Timed Up and Go test scores
were better in the NMES group: (150 + 152) % vs.
(363 £ 257)% in the case of compression stockings
(p = 0.03). No differences in Sit to Stand estimates in
the thighs were found.

The use of NMES to reduce postoperative edema
is also supported by the results of another clinical
study [19], which analyzed the performance of 40 par-
ticipants who started treatment with NMES (n = 20)
or compression stockings (n = 20) on the 2" POD. To
evaluate the outcome, circumference of the ankle,
knee, and thigh of both lower extremities was mea-
sured before, immediately after, and two days after
surgery, then every day before discharge. NMES has
shown a greater clinical effect in reducing edema
compared with the use of compression stockings.

Knee arthroplasty

Total knee arthroplasty successfully relieves pain
and improves function in patients with osteoarthri-
tis, although the restoration of strength and function
of the quadriceps muscle can occur over a long period
of time [20]. NMES has been used for many years as
an adjunct to traditional patient rehabilitation, as it
can provide a more effective increase in strength and
reduce the deficit of central activation of the quadri-
ceps muscle than performing special exercises alone.

The following stimulation parameters were used in
the above studies: waveform two-phase pulse current,
frequency 35-100 Hz, pulse duration 250—600 ps,
ON: OFF time 8-15: 8—45 s, individual, maximum
allowable amplitude. In particular, R. S. Gotlin
et al. [21] performed NMES from the 13 POD (2 times
a day for 60 min) simultaneously with continuous
passive movement on the simulator (main group) and
compared the effectiveness of electrical stimulation
with the performance of only conventional physio-
therapy (control). In the subjects of the main group,
the limitation of the extensor function decreased
from 7.5° to 5.7°, and in the control group, on the cont-
rary, the indicators increased from 5.3° to 8.3°. Also,
the length of hospital stay after NMES was shorter
compared to the control (6.7 days vs. 7.4).

It has been shown that administration of NMES
from the 2" POD (2 times a day, session duration 2 h)
contributes to a significant increase in distance and
walking speed in 6 (NMES — 176.1 m, control —
151.7 m), and 12 (NMES — 188.2 m, control —
155.9 m) weeks after surgery [22].

P. E. Mintken et al. [23] reported a clinical case
where the appointment of NMES from the 2" POD
lasting 6 weeks resulted in improved quadriceps
function and positive results on the Knee Injury and
Osteoarthritis Outcome Score (KOOS), SF-36 Physi-
cal Component Score and Timed Up and Go tests,
a 6-minute walk and stair climbing.

J. E. Stevens-Lapsley et al. [24] showed that ear-
ly administration of NMES (from the 2" POD for
6 weeks, 2 times a day, session duration 30 min)
significantly reduced the loss of quadriceps muscle
strength and improved functional performance after
knee arthroplasty. The effects were most evident and
clinically significant during the first month after sur-
gery, and persisted throughout the year. During reha-
bilitation, patients should make every effort to main-
tain the maximum possible intensity of NMES to
improve the strength of the quadriceps muscle. Usu-
ally, several sessions are performed so that the patient
can get used to the intensity of stimulation [25].

The author’s manuscript evaluated the effective-
ness of prescribing NMES to reduce quadriceps ac-
tivation deficit [26]. Treatment was started within
48 hours after surgery and continued for six weeks.
Individuals receiving NMES were found to have
greater quadriceps strength, a wider range of mo-
tion in the knee joints, and functional efficiency than
the control group. Early recovery of quadriceps musc-
le by counteracting the development of activation
deficiency contributed to long-term improvement in
functional performance in patients receiving NMES.



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2021. No 2

Another randomized clinical trial shows that early
appointment with NMES, along with a standard re-
habilitation protocol, is more effective in reducing
knee pain, increasing walking distance, and im-
proving quality of life. In the NMES group, passive
range of motion in the knee joints, Timed Up and Go
test score, Western Ontario McMaster Osteoarthritis
Index (WOMAC) and Short-Form 36 were better than
in the control group [27].

Conclusions

In patients after orthopedic surgery on the hip
and knee joints, the inclusion of NMES in standard
physical therapy significantly increases the strength
of the quadriceps muscle. Early activation can be
helpful to avoid suppression of electrical excitabili-
ty and atrophy of the quadriceps muscle, providing
the patient with the most effective course of reha-
bilitation and return to active life after ACL recon-
struction and knee arthroplasty. It is also advisable
to use NMES as an alternative mechanical preven-
tion of deep vein thrombosis and edema in the early
postoperative period after hip arthroplasty. Patients,
according to modern standards, after orthopedic
surgery receive anticoagulation therapy. No adverse
reactions in the form of bleeding have been reported
in the literature, but NMES should be prescribed
after hemodynamic stabilization of the patient. In
the analyzed studies, patients tolerated the appoint-
ment of NMES well on the 152" POD. However,
NMES protocols are very different, so the choice
of stimulation parameters is left to the discretion
of the physician and usually depends on the patient’s

tolerance to stimulation.
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