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Abstract

Objectives: The aim of the conducted research was to assess muscle performance in rheumatic
patients qualified for knee arthroplasty before and after surgical treatment.

Material and methods: Patients with the diagnosis of rheumatoid arthritis or a degenerative joint
disease qualified for surgical treatment were examined. Three groups were analysed: 1) a control
group, 2) a group of patients qualified for knee arthroplasty (G1), 3) a group of patients with one
knee joint endoprosthesis qualified for the second surgery (G2). The study was carried out through
a portable surface electromyography system from Noraxon U.S.A. INC,, Clinical DTS and using sur-
face electrodes. The surface electromyography (sEMG) examination was conducted twice: before
and on the 10th day after the surgery. The study concerned the quadriceps femoris muscle, i.e. its
straight and medial head in both lower limbs during isometric tension and active movement.
Results: The comparison of the examined muscles’ activity in the control group revealed greatly in-
creased activity during isometric tension than during active movement in both muscles. In the G1
group, the comparison of the average values of isometric tension of the examined muscles before
the surgery showed slight differences between the healthy limb and the one qualified for the surgi-
cal treatment. After the surgery, significant asymmetry between the average values achieved by the
healthy and the operated limb could be identified in both muscles. In the G2 group, muscle activity
within the currently operated limb revealed only slight differences between the limbs before the sur-
gery. After the surgery, there was an increase in muscle activity within the previously operated limb.
Conclusions: Considerably higher average values of muscle activity during the isometric tension,
when compared to the active movement in a sitting position, indicate the necessity of more wide-

spread use of isometric tension in rehabilitating patients after knee arthroplasty.
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Introduction

The necessity of an increasingly thorough examina-
tion of the patient for the needs of planning the therapy
and physical activity means that more and more addition-
al tests are used to complement the classic examination.
In contrast to the classic neurological electromyography
(EMG), which tests the artificial muscle response to ex-
ternal electrical stimulation under static conditions, the
surface EMG (other names used include the following:
surface electromyography — sEMG, global electromyogra-
phy — gEMG, kinesiological EMG, functional EMG) can be

described as a study of the neuromuscular activity while
doing physical exercise from a physiotherapeutic rehabili-
tation programme, monitoring work ergonomics or sports
training [1].

The examination of muscle activity by means of
the EMG during dynamic activities was launched in the
1940s [2]. The advantage of surface electromyography
is the possibility to record the simultaneous functions
of many muscles during a dynamic examination [3]. The
SEMG evaluates the symmetry of the motor units’ activ-
ity of the same muscle groups on both sides as well as
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the interaction among various synergistic or antagonis-
tic muscles functioning within the exact tested limb [4].
In the SEMG, the reception point of electrical potentials
covers in its range a certain area that is difficult to define,
which is why we register the interferential functional re-
cord from numerous motor units of the muscle. Special
attention should likewise be drawn to the phenomenon
of “cross-talk” in which the neighbouring muscle groups, if
they are also active, may influence the received signal [5].

Material and methods

The aim of the research carried out at the National
Institute of Geriatrics, Rheumatology and Rehabilitation
in Warsaw was to assess the muscle performance in
rheumatic patients qualified for knee joint arthroplasty
before and after surgical treatment. The research was
approved by the bioethics commission.

Research questions

What is the activity of the rectus femoris muscle and
the medial head of the quadriceps femoris muscle of
the thigh during an isometric contraction and the active
movement of flexion and extension in a sitting position
in a patient with one and two knee joint endoprostheses?

What are the differences between the activity of the
examined muscles in lower limbs with and without the
knee joint endoprosthesis?

What are the differences in muscle activity before
and after the surgery in a patient with one and two knee
joint endoprostheses?

Research material

' .
Fig. 1. Location of the registering electrodes
during the SEMG test — group G2.
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The criteria for including a patient in the research
programme involved the diagnosis of rheumatoid arthri-
tis or a degenerative joint disease and the qualification
for the knee arthroplasty. The patient was staying at the
Rheumoorthopaedics Clinic in the National Institute of
Geriatrics.

The exclusion criteria included contractures in the
area of knee joints that prevented 90-degree flexion and
extension, destructive changes of other joints that in-
hibited taking up the position in which the research was
conducted, i.e. lying on the back with a straight lower
limb and sitting with legs down.

Risk assessment for the patient — non-invasive test-
ing. Three groups of patients were examined. Control
group (K) — healthy individuals who were not diagnosed
with any joint diseases or pain in the knee joints —
16 patients (13 women, 3 men), average age 63.5. Test
group (G1) — 10 patients qualified for knee arthroplasty
— 8 women and 2 men, average age 56.4. Test group
(G2) — 8 patients with one knee joint endoprosthesis
qualified for the second knee joint replacement surgery
— 6 women and 2 men, average age 62.1.

Research methodology

The study was conducted using a portable surface
electromyography system from Noraxon U.S.A. INC,, Clin-
ical DTS. Tests were carried out using surface electrodes.
The surface electrodes were placed in accordance with
the SENIAM (Surface ElectroMyoGraphy for the Non-
Invasive Assessment of Muscles) recommendations on
the right and left limb and recorded signals from the
following muscles: rectus femoris (RF) and vastus me-
dialis oblique (VMO). SENIAM is a European research
programme containing a number of guidelines for the
selection of the type of electrodes, their location, muscle
anatomy and functions, muscle group tests as well as
signal processing and equipment conditions (Fig. 1) [6].

The sEMG examination of each patient was carried
out twice: before the surgery and on the 10%" day after
the surgery. The study concerned the musculus RF —the
straight head of the quadriceps femoris muscle and
musculus VMO, i.e. the medial head of the quadriceps
femoris muscle.

The test consisted of two stages:

* lying on the back — isometric tension of the quadri-
ceps femoris muscles (10 s), the so-called MVC test
(maximum voluntary contraction test),

« sitting with legs down — active extension in the knee
joint and flexion up to 90 degrees (3 repetitions — 10 s).



Surface electromyography in rehabilitating rheumatic patients after knee arthroplasty 201

A 5 Control group - RF B25 Control group - VMO
20 20
215 2
§ 13.14 S 1
>
(=]
5 .g 11.24
= 104 = 104
54 5
2.66
0- ro—— - 0-
Isometric tension Active movement Isometric tension Active movement
B Healthy limb

Fig. 2. Control group. Average bioelectric voltage values (microvolts) for the straight head (A) and the medial
head (B) of the quadriceps femoris muscle obtained during isometric tension and active movement in the

control group.
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Fig. 3. Group G1. Average bioelectric voltage values (microvolts) for the straight head (A) and the medial
head (B) of the quadriceps femoris muscle obtained during isometric tension before and after surgical

treatment.

Research findings

The comparison of the activity of the examined mus-
cles in the control group indicated considerably more ac-
tivity during isometric tension than during active move-
ment in a sitting position. The above applies to both the
rectus femoris muscle and the medial head (Fig. 2).

In the G1 group of patients, the comparison of the ave-
rage values of the isometric tension of the rectus femoris
muscles of the thigh and the medial head of the quadriceps
femoris muscle before the surgery reveals slight differenc-
es between the healthy limb and the one qualified for sur-

gical treatment. The lowest values can be observed in the
case of the medial head (VMO) of the quadriceps femoris
muscle in the lower limb qualified for knee arthroplasty.

However, after the surgery, significant asymmetry
between the average values achieved by the healthy
and the operated limb could be identified in both ex-
amined muscles. While the activity of RF and VMO de-
creased in the operated limb, it increased in the healthy
limb, considerably exceeding the results obtained before
the surgery (Fig. 3).

In the G2 group of patients qualified for the second
knee joint endoprosthesis, the activity of the RF and
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Fig. 4. Group G2. Average bioelectric voltage values (microvolts) for the straight head (A) and the medial
head (B) of the quadriceps femoris muscle obtained during isometric tension before and after surgical

treatment.
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Fig. 5. Group G1. Average bioelectric voltage values (microvolts) for the straight head (A) and the medial
head (B) of the quadriceps femoris muscle obtained during active movement before and after surgical
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VMO muscles during isometric tension before the sur-
gery revealed lower average values in the limb awaiting
surgical treatment. After the surgery, there was an in-
crease of muscle activity within the previously operated
limb and a slight decrease in the limb that had just un-
dergone the surgical treatment when compared to the
condition before the surgery (Fig. 4).
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Analysing the average values of the medial head ac-
tivity, it can be stated that its activity before the surgery
is reduced in both test groups in comparison to the con-
trol group — a slightly larger reduction in the G2 group,
i.e. patients with 2 knee joint endoprostheses. However,
after the surgery, an increase in the activity of the
non-operated limb was observed in both groups, with
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Fig. 6. Group G2. Average bioelectric voltage values (microvolts) for the straight head (A) and the medial
head (B) of the quadriceps femoris muscle obtained during active movement before and after surgical

treatment.

values exceeding the results achieved in the control
group. There was a decrease of the values within the op-
erated limb in both groups.

In the area of the rectus femoris muscle before the
knee arthroplasty, there was lower muscle activity in
both test groups compared to the control group. In the
G1 group, symmetry between the healthy and operat-
ed limb is visible while, in the G2 group, the activity of
muscles in the non-operated limb increased. Asymme-
try between the limbs appeared after the surgery in the
G1 group. The values achieved by the straight head of
the quadriceps femoris muscle in the healthy limb in-
creased significantly, exceeding even the results of the
control group, whereas they decreased by half in the op-
erated limb. In the G2 group, an increase of the values
in the non-operated limb (comparable to the results of
the control group) can also be observed together with
a slight decrease of the values in the limb after the
surgery.

In the study of the RF muscle’s activity during the
active movement in the G1 group before the surgery,
the obtained average values appear to be lower than
after the surgery. After the surgical treatment, a signifi-
cant increase in the activity within the healthy limb can
also be seen. In the case of the VMO medial head, there
were smaller differences between the limbs and, after
the surgery, lower average values were observed in both
limbs during the active movement (Fig. 5).

In the group of patients with 2 endoprostheses, the
obtained average values of muscle activity were very

low in both examined muscles before as well as after
the surgery (Fig. 6).

Discussion

The assessment of muscle activity in patients dia-
gnosed with a rheumatic disease treated surgically is
an extremely important issue due to the muscular dys-
trophy characteristic for this group. Weak muscles are
the factor which reduces their independence and deter-
mines an increased risk of falls. Muscles and their activ-
ity, during the examination of motor organs, are usually
assessed only through palpation and observation. The
use of surface electromyography enables the evaluation
and monitoring of muscles’ activity and their behaviour
in real time [7].

The conducted tests checked the activity of the
quadriceps femoris muscle, i.e. the straight head (RF)
and medial head (VMO), in both limbs before and af-
ter the surgical treatment during isometric tension and
active movement while sitting with legs down. Patients
of both the G1 and G2 groups participated in the stan-
dard post-operative rehabilitation programme from the
very first day after the surgery. On the 10" day after the
surgery (second examination), they walked on crutches
independently, actively bent the operated knee joint up
to a 90-degree angle when sitting and actively straight-
ened it to the full extent.

Isometric muscle tension is the first exercise per-
formed after knee arthroplasty and is considered to be
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an exercise engaging muscles the least. It was assumed
that the activity of the examined muscles during the ac-
tive movement in a sitting position, in which the muscle
has to overcome the weight of the limb against the force
of gravity, should have been greater than during the iso-
metric tension in the supine position. The obtained re-
sults, however, demonstrate different values.

The comparison of the activity of the examined mus-
cles in the control group revealed considerably height-
ened activity during isometric tension than during ac-
tive movement in a sitting position. The above applied
to both the medial and straight head of the quadriceps
femoris muscle. In a patient after knee arthroplasty, this
can be explained by pain which would be more acute
during the active movement in the operated limb. None-
theless, pain is not a differentiating factor in the control
group. Hence, it could be stated that the patient tight-
ened the examined muscles to the maximum during
the isometric tension. However, during the active move-
ment, the patient was focused on performing the move-
ment task, i.e. extension and flexion of the knee joint,
in the most economical way — not requiring the involve-
ment of as many muscle motor units.

Significant differences in the isometric muscle ten-
sion in the test groups (G1, G2) both before and after
the surgery can also be observed. The average values
obtained after the surgery decreased in the operated
limb. Such results can be explained by pain that patients
experience after the surgical treatment as well as by the
fear of activating the operated joint.

It was found that the average bioelectric voltage val-
ues in the healthy limb increased decidedly. The above
may be due to the fact that patients, instinctively avoid-
ing any activity of the operated limb, transfer the weight
to the healthy limb during physical activities. Conse-
quently, the healthy limb becomes the supporting one,
ensuring stability and a sense of security.

The obtained results indicate the necessity of a more
widespread use of isometric tension when rehabilitat-
ing patients, and not only after total knee replacement
surgery. This seems very important in rehabilitating
rheumatic patients, particularly those at an advanced
age, who often limit their physical activity, which leads
to muscle weakness, frequently even muscular atrophy.
It is a type of activity that, if properly performed, does
not excessively overwhelm the cardiovascular system,
allows seniors to retain physical fitness for longer and
prevents their premature exclusion from society.

The sEMG test results are influenced by various fac-
tors that should be taken into account when conducting
the studies and analysing the results, e.g. a too low or too
high ambient temperature. It should remain within the
range of 22°C to 25°C [8]. This is the optimal tempera-
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ture in which there is no acceleration or slowing down of
physiological processes occurring in the human body and,
thus, it does not affect the muscle work in any way [9].

According to Ohm’s law, tissue impedance is the
main factor influencing the reading of the electrical ac-
tivity of muscles. The high impedance and susceptibility
to an uncontrolled change of apparent resistance, due
to changes in humidity and temperature of skin layers,
also have a significant impact on the result of the sur-
face electromyography test. A different distance of sur-
face electrodes from the muscles that are the source of
potentials is likewise one of the elements affecting the
system’s impedance [10]. Both the postoperative swell-
ing and the swelling which may occur in the course of
jointinflammation in rheumatic diseases as well as fatty
tissue of various thickness (depending on BMI) will
affect the measurement results.

In recent years, what have been arousing increas-
ingly greater interest are the methods of analysing the
parameters of single motor unit action potentials (MUAP)
when using surface electromyography with multi-chan-
nel reception, enabling one, inter alia, to estimate the
number of active motor units, conduction velocity and
muscle fibre length or to determine the zone of potential
denervation of the examined muscle [4, 6].

Local muscle fatigue may also have an impact on the
results of bioelectric signal analysis. Muscle changes oc-
curring due to fatigue are visible in the electromyogram
recording through the changed values of the EMG sig-
nal parameters [11]. Candotti et al. [12], on the basis of
a study on patients with low back pain, claimed that
electromyographic tests provide the opportunity to ob-
serve early changes in the muscles’ functioning mani-
festing as fatigue, which is visible through the reduced
frequency of the recording during physical activity.

Therefore, despite the fact that the advantages of
electromyography are its non-invasiveness and pain-
lessness, the undoubted disadvantages should include
the limited possibility of using this test method — ap-
plied exclusively for examining muscles lying directly
under the skin. It is not possible to use this method to
study muscles from the deep layers whose functioning
is often crucial to maintain the mobility and stability of
locomotor organs. Moreover, while the reliability of this
method of analysis in relation to isometric exercise has
been repeatedly confirmed, less is known about its reli-
ability in relation to dynamic exercise, especially ballistic
movements [9].

Electromyography, in addition to its basic appli-
cation for diagnosis of the muscle’s electrical activity,
has also evolved as a therapeutic method that can be
applied by patients themselves, both during their stay
at hospital and after returning home using the rented
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equipment. It became possible due to biofeedback
training using an electromyograph. Biofeedback is a
therapy which involves sending the feedback signals
about changes in the physiological state of the pa-
tient’s body owing to which patients can, by observing
the results, consciously modify the functions that are
not controlled consciously under normal conditions —
in this case it is muscle tension. The electromyographic
analysis can provide valuable information as to the rel-
ative muscle activity required by a given exercise and
help to determine the optimal body position for the ex-
ercise [7]. Thanks to the use of this method, patients
can independently and properly perform exercises they
are assigned, both isometric and active but slow ones.

The feedback response that patients receive during
the therapy allows them to perform active but slow exer-
cises so effectively that the work of the examined mus-
cle is comparable to the results which can be achieved
during the properly done isometric exercises.

Sjors et al. [13] suggested applying EMG for thera-
peutic purposes as a kind of specific muscular biofeed-
back due to which patients would learn how to relax
muscles. They used surface electromyography for the
assessment of people suffering from pain to evaluate
the strength and endurance of muscles. They present-
ed the results of the research conducted on a group of
women with myalgia occurring in the trapezius muscle.
Indeed, EMG biofeedback has become a method helpful
in the work of physiotherapists and extremely advanta-
geous in teaching how to do the exercise correctly. The
electromyographic record can be essential in learning to
properly tighten the muscles and in the right order [14].

The simultaneous observation of the results when
performing the strengthening exercise may be a stim-
ulus for patients to do it more thoroughly, giving them
at the same time a sense of responsibility for the effect
of their own medical treatment. The EMG biofeedback
can also serve as a tool enhancing the adoption of the
correct posture. It can help people having a sedentary
job at the computer to eliminate inappropriate habits.
Placing the electrodes in the neck and shoulder area and
observing the recording on the monitor may make the
patient aware of the disproportionate muscle involve-
ment when working, e.g. the elevation of the shoulders
or excessive activity of the descending part of the trape-
zius muscle during typing [14].

According to various authors, surface electromy-
ography may be helpful in assessing the condition of
patients suffering from pain. The observed changes in
the recording may include a decrease of the electromyo-
gram’s amplitude value in effort conditions and an in-
crease of the amplitude value in resting conditions as
well as a decrease of the frequency value in effort con-

ditions. Inter alia, Roy and Oddsson [15] consider that
surface electromyography can be useful in assessing the
inhibition of muscles occurring secondarily in relation to
pain and in evaluating the activity associated with low
back pain.

On the basis of the research on patients with low
back pain, Candotti et al. [12] conclude that electromyo-
graphic tests enable one to observe early changes in the
muscles’ functioning manifesting as fatigue, which is
visible through the reduced frequency of the recording
during physical activity.

Pullman et al. [16] also refer to research in which the
possibilities of using electromyography to assess muscle
fatigue are presented. The increase of this phenomenon
may be indicated by a decrease in the frequency of the
recording when performing physical exercise.

Sjors et al. [13] suggest using surface electromyo-
graphy for the assessment of people with pain discom-
forts. The SEMG could be applied to evaluate the mus-
cle strength and endurance, which they investigated in
studies conducted on a group of women with myalgia
in the trapezius muscle. They observed increased mus-
cle tension in women with trapezius muscle pain and
advised that the EMG examination could also be used
for therapy as muscle biofeedback due to which patients
would learn how to relax muscles [14].

Electromyographic tests, which are a source of ob-
jective information about the patient’s condition, seem
to have widespread application in physiotherapy, pri-
marily as a tool complementing physiotherapeutic ac-
tivities. In the era of increasing use of technology and
evidence-based medicine, the use of electromyographic
tests should become common due to their non-invasive-
ness and painlessness, simplicity to carry out the exam-
ination after having received proper training and the
opportunity to objectively document the rehabilitated
patient’s condition [17].

The conducted pilot study, whose aim was to evalu-
ate the possibility of using surface EMG in examining
rheumatic patients after surgical treatment, has yielded
interesting results that can be used to modify the re-
habilitation programme not only for postoperative pa-
tients. Therefore, we plan to continue and expand the
already started research so that the obtained results can
initiate a faster return of the treated patients to com-
plete physical activity.

Conclusions

Significantly higher average values of muscle activ-
ity during isometric tension, when compared to active
movement in a sitting position, indicate the necessity of
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more widespread use of isometric tension in rehabilitat-
ing patients after knee arthroplasty.

The authors declare no conflict of interest.
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