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Abstract: Reduced range of motion is one of the main symptoms of knee osteoarthritis. These deficits
are believed to have a negative impact on activities of daily living. The aim of the study was to
examine how manual therapy and closed-chain kinematic exercises affect the range of motion in
patients with knee osteoarthritis. Sixty-six patients with knee osteoarthritis were recruited and
divided into three groups: manual therapy group, exercise group, and control group. The following
parameters were evaluated before and after 10 days of rehabilitation: the range of motion in the open
and closed kinematic chain using Orthyo sensors, pain intensity using Visual Analogue Scale (VAS),
and the subjective functional assessment in Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC). The results indicate an increase in the range of motion after manual therapy in the
open chain test and an increase in the possible range of motion in the closed chain test in the exercise
group. Both study groups showed significant improvement of WOMAC-assessed function and a
significant decrease of VAS-assessed pain following rehabilitation. Manual therapy and exercise
affect the range of motion in patients with knee osteoarthritis. When examining the range of motion,
it is worth taking into account various biomechanical conditions.
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1. Introduction

Osteoarthritis (OA) is a common condition reported in females more frequently than in males [1].
It typically affects joints in hands, feet, spine, knees, and hips [2]. Primary symptoms reported by
patients suffering from osteoarthritis of the knee (OAK) include pain, stiffness, decreased mobility,
and muscle weakness [1,3]. Clynes et al. [4] have proven that radiologically confirmed OAK is
associated with problems with walking, self-care, and activities of daily living (ADLs). It has been
shown by researchers that ADL:s are affected not only by the pain reported but also by the range of
motion [5]. The range of motion (ROM) may decrease due to pain, loss of elasticity in connective tissue
structures, or bone abnormalities [6].

Most authors suggest that the range of 100-110 degrees in the knee is necessary for activities of daily
living [7,8]. It has been noted, however, that a number of available studies evaluated functions, such as
gait, climbing and descending stairs, i.e., activities that typically cannot be avoided or replaced [7,8].
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However, there are a number of other activities that require a larger range of knee motion, such as
getting into a bathtub, gardening, DIY, or changing socks. Some of these activities are commonly
performed while squatting when the knee flexion range significantly exceeds 110 degrees. This was
noted by Hyodo et al. who assessed hip, knee, and ankle angles required for various activities of daily
living, such as dressing, using the toilet, bathing, picking up objects, and crouching [5]. It has been
found that the knee flexion angle when getting into a standard bathtub was approximately 125 degrees,
while trunk rotation during crouching required as much as 149 degrees [5]. Those who cannot achieve
the required range of motion, no longer perform the activity or establish their own movement patterns,
and this may cause other structures to be overloaded [9].

Lambert [10] suggests that activities of daily living more commonly involve closed kinematic
chains or mixed sequences in which open and closed kinematic chains movements are alternately
performed during different phases of an activity. More and more rehabilitation protocols include
closed kinematic chain exercises; however, it is interesting to note that therapeutic efficacy is rarely
evaluated based on closed kinematic chain tests only.

Treatment aiming to improve the range of motion in a joint depends on the cause of impairment.
Major structural abnormalities in the joint frequently require surgical intervention [11]. Conservative
treatment achieves satisfactory effects when impairment is due to other causes. The conservative
treatment strategies to improve the range of motion include stretching exercises, passive exercises,
active assisted exercises, manual therapy, and any physical procedures and exercises to alleviate pain
and improve neuromuscular coordination which also improve the range of motion.

When reviewing the available study results, we have found that no research has been performed to
determine the effect of specific therapeutic procedures on the range of motion and how they affect ADLs.

Therefore, this study aimed to answer the following questions:

1. Can we influence the range of movement within ten days of rehabilitation through manual
therapy or synergistic movement lower limb exercises in the closed kinematic chain?

2. Which of the proposed physiotherapeutic methods better affects the range of movement?

3. Is testing in different biomechanical conditions useful for assessing the range of motion?

4. What are the further guidelines for a long-term physiotherapeutic protocol to improve OAK
patients’ range of movement?

Our study evaluated the short-term effect after 10 days of daily therapy, which was sufficient to
evaluate certain tendencies and design further stages of rehabilitation showing greater effectiveness.

2. Materials and Methods

2.1. Participants

A randomized study was conducted in the Day Care Orthopedic and Rehabilitation Department,
Teaching Hospital of the Poznari University of Medical Sciences between December 2018 and April 2019.
Each patient had a physical examination along with an analysis of X-rays and patient history performed
by a doctor. Out of a group of 147 patients with clinically confirmed osteoarthritis of the knees
(Kellegren-Lawrence stage 1 or 2), 66 were enrolled based on inclusion and exclusion criteria.
The mean age was 64 years (SD = 5). There were 49 women and 17 men enrolled.

Exclusion criteria:

e advanced inflammatory osteoarthritis of the knee (Kellegren-Lawrence stage 3 or 4),

e patellofemoral disorders,

e neurological diseases,

e age below 55 or above 75 years,

e neoplastic disease,

e  other rheumatic conditions (rheumatoid arthritis, ankylosing spondylitis, psoriatic spondylitis),
e  sciatic neuralgia,
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e  status post major lower limb trauma,
e  status post lower limb surgery (e.g. arthroscopy, replacement arthroplasty),
e congenital defects and deformation of the lower limbs.

In spite of radiological signs of osteoarthritis, 22 patients participating in the study did not report
knee pain during activities of daily living. Therefore, they were assigned to a control group. The other
44 patients who reported knee pain during activity and movement-related limitations of activities
of daily living were randomly assigned to one of two groups on Day 1. Patients in the first group
performed exercises (E) while those in the second group had manual therapy of the knees performed
by a physical therapist (MT). The duration of a group-specific therapy in groups E and MT was 10 days.
No therapy was administered in the control group (C). All patients were examined on Days 1 and 10 of
the therapy.

The groups were similar in terms of age and sex. A p-value less than 0.05 was considered a
statistically significant result. The subjects were aware of the study objectives and methodology and
signed written consent for their participation. The study was approved by the Ethics Committee of the
Poznani University of Medical Sciences and was consistent with the Declaration of Helsinki. The basic
anthropometric data are listed in Table 1.

Table 1. Basic anthropometric data of the study population (Kruskal-Wallis test).

Variable Group Mean+SD  Median Min-Max p

E 624 +5.4 62.0 55.0-75.0

age (years) MT 65.2+3.1 65.0 58.0-70.0 0.13
64.0+57 63.0 55.0-75.0
E 78.0+12.2 75.0 58.0-100.0

weight (kg) MT 782 +12.5 75.0 58.0-105.0 0.15
711 +£12.2 68.0 56.0-90.0
E 1.68 + 0.08 1.67 1.53-1.82

height (m) MT 1.65 + 0.08 1.64 1.55-1.81 0.88
1.68 + 0.07 1.68 1.56-1.80
E 276 £3.7 27.1 20.4-36.1

body mass index (BMI) MT 28.6+4.3 28.3 20.9-38.3 0.40
C 251+39 24.0 19.8-34.3

2.2. Experimental Procedures and Instruments

The patients were examined at the beginning and at the end of the therapy. This involved
conducting two tests, three times each, using Orthyo sensors (one in the open and the other in the
closed kinematic chain), completing the Western Ontario and McMaster University of Osteoarthritis
Index (WOMAC) questionnaire (Polish translation), and pain assessment according to the Visual
Analogue Scale (VAS).

2.2.1. Range of Motion (Orthyo System)

The patients were assigned to their groups and registered in the Orthyo online panel.
Orthyo contains three parts: motion sensors, a mobile app, and an online panel. The sensors record 3
types of sensory data: magnetic field, acceleration, and velocity. After preliminary analysis, data are
sent to the Orthyo app through Bluetooth Low Energy. Subsequently, all positions between the sensors
in relation to each other are calculated and then stored in the online database. The Orthyo system has
been discussed in detail in an article by Lisifiski et al. [12].

Before the diagnostic examination, two motion sensors were attached to the patient’s lower limb
using elastic Velcro bands. The first one was attached to the lateral thigh area 15 cm from the trochanter
of the femur, and the other on the anterior side of the lower leg, 5 cm distally from the tibial tuberosity.
The maximum range of knee motion was measured using the sensors during two tests:
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Range of active knee motion: test in the open kinematic chain. The patient performed the test
in the prone position with the lower limbs extended. The patient was requested to perform
maximum knee flexion that would not elicit pain. The test was recorded by the motion sensors
that calculated the difference between the initial and maximum angle (Figure 1).

A
——————————————]
B

Figure 1. Measuring the range of motion in the open kinematic chain. (A) Starting position.
(B) End position.

Maximum range of knee motion test while squatting. The patient performed the test in a standing

position with the lower limbs hip-width apart. Subsequently, the patient was asked to squat as
much as possible without feeling pain (Figure 2).

Figure 2. Measuring the range of motion in the closed kinematic chain. (A) Starting position.
(B) End position.
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Both tests were performed three times for both lower limbs. Both limbs were similarly affected
by the osteoarthritis in the patients, as confirmed by radiography. Therefore, differences between the
right and left side were not included in the study.

2.2.2. WOMAC

WOMAC is used in the subjective functional evaluation of the knee [13]. It consists of 24 items
divided into three categories: pain, stiffness, and physical function. Patients answered each question
using a five-point scale. The maximum score was 96 points. A high WOMAC score indicates greater
pain, stiffness, and functional limitations. Based on previous results [13], WOMAC is commonly used
in research studies.

2.2.3. VAS

VAS is a subjective analogue scale used to evaluate the experienced level of pain [14]. The patient
is asked to mark pain intensity between 0 and 100 points on a 100 mm horizontal line. Value of 0
means no pain, while value of 100 denotes the worst pain imaginable. The higher the score, the greater
patient-reported pain. VAS is widely used in clinical studies.

2.3. Intervention

The MT group underwent patellar mobilization and massage of the soft tissues of the quadriceps
femoris, adductor muscles, iliotibial tract, and biceps femoris. The therapeutic techniques included
trigger point therapy, and functional and transverse friction massage. A set of synergistic motion
exercises was developed for the patients assigned to group E.

These included: rolling the ball on the wall in the supine position (the patients were asked to have
the knees and hips flexed at 90 degrees with the feet pressing on the ball—Figure 3) and balance disc
exercises in the standing position (Figure 4). Both groups followed this therapeutic regimen for 10
consecutive days. No therapy was administered in the control group.

Figure 3. Exercises in the closed kinematic chain with ball.

Figure 4. Closed kinematic chain exercises on the sensorimotor cushion.



Appl. Sci. 2020, 10, 8605 60f11

2.4. Statistical Analysis

Data analysis was performed using Statistica™ (TIBCO Software Inc., Palo Alto, CA, USA). version
13.1 Data listed include mean, median, standard deviation, and range. The Shapiro-Wilk test was used
to evaluate normality of distribution. Student’s t-tests and Wilcoxon rank tests were used to analyze
and compare differences between results before and after therapy. Kruskal-Wallis and Mann-Whitney
U tests were used to analyze differences between the three groups. Post hoc analysis was applied when
statistically significant differences between the results were obtained. p-values of less than 0.05 were
considered statistically significant and highlighted in tables using the blue color.

3. Results

3.1. Range of Motion Measurements

Test results of the range of active knee motion and squat depth were analysed. Intergroup
comparison was calculated before and after 10-day therapy. In the test of the active range of motion,
the groups differed both before and after therapy (p = 0.02). The post hoc analysis showed differences
between the treatment groups and the control group. The flexion angle was greater in the control group
by 11.3 and 8.7 degrees before and after therapy, respectively, in comparison with group E, and by 13
and 8.1 degrees before and after therapy, respectively, in comparison with group MT. The treatment
groups were similar (p = 0.27). No intergroup differences were found in the squat depth test (p = 0.06).
The flexion angle in the MT group significantly improved in the test of active range of motion (p = 0.01).
The mean value and median increased by 5.7 and 5.6 degrees, respectively. In addition, the flexion
angle significantly increased in the squat depth test in group E. The mean value and median increased
by 3.1 and 3.3 degrees, respectively. No statistically significant change in the squat test was found in
the MT group. The values in group C did not significantly change in either test. The detailed results
are listed in the table below (Table 2).

Table 2. Test results of the range of active knee motion and squat.

Variable Group Before After 3
arlable Mean + SD Median Range p! Mean + SD Median Range p? P
Active E 100.1 £22.5 106.4 19.7-141.2 0.02 103.5 £22.2 1045  26.8-139.0 0.04 0.57
range MT 98.4 +21.2 97.6 51.0-139.0 0 '27 . 104.1 £ 16.8 103.2 64.5-142.5 0 '92 * 0.01*
(°) C 1114 +£15.5 1129 72.2-1352 112.2 £ 13.9 1159 85.9-1412 0.73*
Squat E 71.5+15.3 73.2 33.2-95.8 74.6 £15.5 76.5 38.1-100.6 <0.01*
%;1) MT 81.1+19.2 80.7 43.1-118.5 0.06 84.0+17.8 81.5 459-115.0 0.07 0.12*
C 80.8 +16.4 82.6 52.7-122.8 82.1+16.1 79.4 56.3-114.6 0.36 *

p'—intergroup (Kruskal-Wallis test or Mann-Whitney U test); p’—intergroup post-treatment comparison
(Kruskal-Wallis test or Mann-Whitney U test); p>—intragroup post-treatment comparison (dependent Student’s
t-test or * Wilcoxon signed-rank test).

3.2. WOMAC

The study compared the WOMAC results in all three groups before and after therapy (Table 3).
The MT and E groups showed no statistically significant differences before the start of the study,
and group C had the lowest scores (p < 0.01). Marked improvement has been achieved in both
treatment groups after the end of therapy (E: p < 0.01, MT: p = 0.01). Greater functional improvement
has been achieved in the manual therapy group (decrease by 7.2 points) than in the exercise group
(decrease by 5.4 points).

3.3. VAS

The study compared the VAS results in groups MT and E before and after therapy (Table 3).
The group results were similar before the start of tests. Results in both groups significantly improved
after the end of therapy (p < 0.01). The pain level significantly decreased in both groups without any
significant difference between groups E and MT.
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Table 3. Results of Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and
Visual Analogue Scale (VAS) measures in Exercise (E), Manual Therapy (MT), and Control (C) groups

of participants.
. Before After 3
Variable GIOUP  Mean+SD  Median Range p! Mean + SD Median Range p? P
E 418+138 410  19.0-65.0 364+141 390  08.0-580 <0.01
WOMAC ~ MT 4824196 470 20810 <001 410+288 320 10-840 <001 001
1974193 125  20-780 1904206 110  1.0-75.0 0.18*
E 49127 55  0.0-10.0 25421 25 0.0-60 <0.01*
VAS left MT 49425 50 0080 0% 31+27 30 0080 %97 01
. E 50+26 50  0.0-10.0 28+20 30 0.0-60 <0.01
VAS right
S rig MT 48425 50 0080 09 32427 30 0080 9% 001

p'—intergroup WOMAC and VAS pre-treatment comparison (Kruskal-Wallis test or Mann-Whitney U test);
pz—intergroup WOMAC and VAS post-treatment comparison (Kruskal-Wallis test or Mann—-Whitney U test);
p®—intragroup WOMAC and VAS pre- and post-treatment comparison (dependent Student’s t-test or * Wilcoxon
signed-rank test).

4. Discussion

Highly diverse physiotherapeutic procedures are employed in patients with OAK. Our study
evaluated how physiotherapeutic procedures conducted over 10 days would affect the range of knee
motion. Two strategies were compared: synergistic movement exercises in the closed kinematic chain,
and manual therapy. The results show that the range of motion improved in both procedures in two
different tests performed in different evaluation conditions.

The range of motion in a joint is typically evaluated by various types of goniometers: electronic [15-17]
or mechanical [18-20]. The disadvantage of such measurements is that they are usually conducted in a
specific position of a patient to achieve as accurate the attachment of two goniometer arms as possible.
Furthermore, mechanical goniometers introduce a significant measurement error and the results frequently
depend on the examiner’s subjective interpretation [21]. Our tests were based on inertial sensors to
evaluate the range of motion irrespective of the position or type of the patient’s activity. A number of
other studies are available in which inertial sensors were used to evaluate the range of motion [12,22,23].
Approaches using camera-based motion capture systems are another method with similar measurement
potential to inertial sensors. However, the measurements can be recorded only in specialized laboratories
and with the required number of cameras, which is disadvantageous [21,24].

In our study we have demonstrated that the range of flexion evaluated in the conventional way in
the prone position improved in patients after manual therapy. Other researchers have also reported
an improved range of motion following manual therapy in patients with OAK [25-27], but there are
also results available that show no such improvement [28]. It has been noted, however, that manual
therapy includes both joint mobilization techniques and all techniques that affect soft tissues, so it is
rather difficult to come to clear conclusions. Alkhawajah et al. [25] have reported a positive effect of
short-term Maitland joint mobilization on the range of motion in patients with OAK, and Field [26]
has shown positive effects following thigh muscle massage. Holla et al. [6] have revealed a clear
correlation between pain intensity and a decreased range of motion in the joint. Studies show that
pain may originate both in soft tissues [29] and in the joint itself [30], and it would seem that manual
therapy that combines joint and soft-tissue related techniques should achieve the best results [27].
Therefore, our studies on a group of patients undergoing manual therapy involved not only joint-related
techniques but also deep massage of the soft tissues of the thigh and lower leg, and that had a positive
effect not only on the reported pain intensity but also on the range of motion. Similar results have
been reported by Arshad et al. [27]. A number of studies evaluating the efficacy of manual therapy in
combination with other procedures in terms of the range of motion [31,32] are available. Lizis et al. [31]
have shown a significantly improved range of motion in a group undergoing manual therapy combined
with cryotherapy. Other studies have reported an improved range of motion resulting from manual
therapy in combination with exercises [32].
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We have observed that improvement of the range of knee flexion in the manual therapy group
was not significant in the maximum squat test. We believe that this could be due to an absent
therapeutic intervention in the hip. A positive effect of such a therapy on knee motion has been shown
experimentally by Cliborne et al. [33]. However, the squat depth is affected not only by the range of
motion without pain, but also by coordination and muscle strength, which was certainly important in
the manual therapy-only group.

The second group performed lower limb exercises in the closed kinematic chain. The main aim
was to enhance the strength of the muscles acting on the whole lower limb, including the quadriceps,
and thus improve the ROM. Huang et al. [19] basing on their results conclude that the decreased ROM
is primarily caused by joint pain and a weak quadriceps. They believe that the tissues that surround
the joint may become fibrotic, contracted, or shortened due to progressively lower mobility. Therefore,
abnormalities develop in the articular capsule and the ROM decreases. We have seen in our results
that the range of motion evaluated in the prone position in the open chain framework did not improve
in such patients, but the maximum squat range did improve. We believe that our exercise regimen
improved muscle strength and proprioception, and the patients were able to achieve a greater squat
depth. It seems that the ability to maximize squat depth without pain will be much more useful to
patients than the range of motion evaluated in the open chain in terms of activities of daily living.
Other authors show that squatting is used when sitting down and getting up from a chair, crouching or
using the toilet [34,35]. No positive effect in terms of the range of motion in the prone position has been
observed in the exercise group, possibly because no techniques were applied to relax soft tissues and
involve joint mobilization. Other exercises confirmed to be effective in improving the range of motion
include stretching and strengthening exercises. It has been noted, however, that Mondam et al. [36]
conclude that better effects on the range of motion are achieved when therapy includes proprioception
training (similar to one in our study) than conventional strengthening exercises only.

WOMAC and VAS pain scores were used in most studies to evaluate improvement in the patient’s
clinical condition [4,18,37,38]. In our studies we have found significant functional improvement and
decreased pain in the patients. The conclusions of Rhon et al. [39] are similar, as they reported marked
improvement in patients following both manual therapy and exercises. According to Courtney etal. [30]
impaired suppression of central nociceptive pathways occurs in the abnormal joint, which considerably
improves with manual therapy. Positive effects of manual therapy, exercises or their combination on
the improvement of these parameters have also been reported by other studies [18,37,40,41].

The conclusions of other authors are confirmed based on our results in terms of the range of
motion in both groups: a combination of therapy to relax excessively tight tissues and exercises most
significantly improves the ROM, ADL scores and pain.

5. Conclusions

1.  Manual 10-day therapy is beneficial for the range of knee motion in patients with OAK.

2. Synergistic 10-day lower limb movement exercises in the closed chain achieve greater squat depth
without pain in patients with OAK.

3. Manual therapy in combination with exercises may potentially achieve a greater functional effect.

4. Measurements in different biomechanical conditions are useful when evaluating the range
of motion.

5. Inertial sensors are a reliable and objective tool for evaluating the range of motion in different
biomechanical conditions.

6.  There is a need for further research aimed at assessing the long-term effect of the therapy.

5.1. Clinical Implications

Our pilot study shows that more effectiveness is achieved in OAK patients by combining manual
therapy and exercise than by using only one type of treatment to improve the range of movement.
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Moreover, the results show that strength and proprioception training are also important in restoring
the movement range in functional terms. We suspect that if the therapy took longer and combined
both types of therapy the results would be better.

5.2. Limitations

To create a comprehensive algorithm of treatment, the whole spectrum of treatment methods
of degenerative diseases should be considered not only in terms of physiotherapy. First of all,
pharmacological treatment should be considered. Moreover, it would also be worth including other
factors that could influence the results, such as daily physical activity beyond the applied physiotherapy
or functional assessment of muscles, e.g., in the electromyographic examination.

Another limitation of our study is the short observation time. Degenerative disease is a chronic
disease, therefore the evaluation of the longer-lasting therapy and, above all, the evaluation of the
long-term effects of this treatment would be necessary.
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