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Effects of proprioceptive neuromuscular facilitation and
both sides up ball exercise on pain level, range of motion,
muscle function after total knee arthroplasty

Keon-Ju Park, Tae-Beom Seo, Young-Pyo Kim*

Department of Kinesiology, College of Natural Science, Jeju National University, Jeju, Korea

Knee osteoarthritis (0A) is a degenerative joint disease caused tearing
and progressive wear of articular cartilage, and total knee arthroplasty
(TKA) is recommended to patients with OA. The purpose of this study
was to investigate the effect of proprioceptive neuromuscular facilita-
tion (PNF) and both sides up ball (BOSU) exercises on pain, range of
motion (ROM), and muscle function in patients following TKA. Ten par-
ticipants who have limitation of the knee joint from TKA were divided
into two groups: the continuous passive motion (CPM}+PNF exercise
group (n=5) and the CPM+BOUS exercise group (n=5). Exercise reha-
bilitation program consisted of PNF and BOSU exercises, and both ex-
ercises were performed twice a day for 2 weeks. To examine effect of
exercise rehabilitation, visual analogue scale (VAS), sit and reach flexi-
bility, knee ROM, and Timed Up and Go test (TUG) were measured be-
fore and after exercise intervention. A two-way repeated analysis of

INTRODUCTION

The knee joint is one of the largest and most complex joints in
the human body and belongs to a synovial joint that connects the
femur, tibia, and patella. The knee joint also is stabilized by sur-
rounding skeletal muscles, tendons, and ligaments, but it is a joint
with a high risk of injury in daily life or sports activities (Albtoush
etal., 2018).

Knee osteoarthritis (OA) is a degenerative joint disease caused
tearing and progressive wear of articular cartilage. Patients with
OA have reduced lower limb strength and exercise performance
due to pain and inflammation in the knee joint. Specifically, it has
been reported that joint stiffness and deformation, and decreased

variance was used to confirm the main effect. If there was a significant
interaction effect, an independent ttest between groups or a paired
t-test between times was applied. VAS, sit and reach flexibility, knee
ROM and TUG did not show interaction between the PNF and BOSU
exercise groups, but all measured variables showed significant differ-
ences over time. Present findings provide information that PNF and
BOSU exercise rehabilitation after TKA might be an important part of
ensuring successful surgical outcomes as they have a positive impact
on reducing pain, increasing ROM, improving muscle strength, and en-
hancing daily life movements.

Keywords: Total knee arthroplasty, Proprioceptive neuromuscular facil-
itation, Both sides up ball, Range of motion, Muscle function

proprioceptive function in OA patients decrease the patient’s bal-
ance ability, leading to a decline in quality of life (Knoop et al.,
2012). To treat patients with OA, nonsurgical treatments such as
drug therapy, physical therapy, exercise therapy are primarily ap-
plied. However, If the degtee of joint damage is severe and extreme
pain interferes with daily life, total knee arthroplasty (TKA) is
recommended (Canovas and Dagneaux, 2018).

Patients who undergo a TKA often experience loss of mobility
due to pain at surgical site (Canovas and Dagneaux, 2018). Mo-
bility in patients following TKA is closely associated with range
of motion (ROM) of the knee. A decrease in knee ROM not only
reduces lower extremity muscle strength over time, but also in-
duces joint stiffness (Zeni and Higginson, 2009).
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Rehabilitation is one of the important steps after TKA to im-
prove mobility deficit and knee ROM (Lenssen et al., 2008). Con-
tinuous passive motion (CPM) is mainly used to prevent joint con-
tracture, increase ROM, and reduce pain in TKA patients. As an
exercise rehabilitation approach to increase ROM, CPM mode us-
ing isokinetic device is the most widely used worldwide (Yang et
al., 2019).

Proprioceptive function is a kinesthetic receptor located in mus-
cles, tendons, and joints that primarily controls the sense of move-
ment and posture (Prochazka, 2021). Proprioceptive neuromuscu-
lar facilitation (PNF) is a therapeutic technique that stimulates
the proprioceptive sense through activating the response of neuro-
muscular mechanisms such as muscle spindles or tendon spindle
organs (Sharman et al., 2006). Hindle et al. (2012) reported that
PNF can regulate pain, muscle strength, ROM, and functional
movement in people with the skeletal muscle weakness. Alaca et
al. (2015) suggested that PNF technique is widely used in the
treatment of not only patients with central nervous system disor-
ders but also those with musculoskeletal issues including TKA
patients.

Both sides up ball (BOSU) is an exercise equipment in the form
of a hemispherical inflated ball that is flat on one side and convex
on the other. Various BOSU exercises on an unstable platform can
enhance balance and muscular strength at the same time (Behm
and Colado, 2012). Squat exercises using BOSU have been shown
to increase balance and improve muscle activity in the trunk mus-
cles, glutes, and lower extremities (Saeterbakken et al., 2014). Fur-
thermore, walking practice using BOSU during rehabilitation ex-
ercises for patellar pain syndrome has resulted in stable balance
patterns and gait (Calatayud et al., 2017).

Previous studies on exercise rehabilitation for TKA patients have
explored various PNF treatments, but research on BOSU exercise
treatment remains limited. To promote mobility and physical ac-
tivity in patients following TKA, a systematic exercise rehabilita-
tion program is needed to reduce pain in the early stage of reha-

Table 1. Physical characteristics of the participants

bilitation and improve lower extremity balance ability, ROM, mus-
cle strength. Therefore, this study aimed to compare and analyze
the effect of PNF and BOSU exercise on pain, ROM, and muscle
function in TKA patients, and to present an exercise treatment
program suitable for the early stage of rehabilitation.

MATERIALS AND METHODS

Participants

Participants in this study were only those who underwent 1-2
weeks after TKA surgery at Jeju Medical Center and expressed
their intention to participate in this experiment. Ten elderly women
participated and were randomly assigned two groups: the CPM+
PNF exercise group (n=5) and the CPM+BOUS exercise group
(n=>5) (Table 1). Before beginning the study, all participants had a
detailed explanation of this study, and they submitted their writ-
ten informed consent to the researchers. This research was con-
ducted ethically according to international guidelines. This expet-
iment obtained approval by the Ethics Committee of Jeju Nation-
al University (2020-041).

Training program

The design of the exercise treatment program in this study was
inspired by the work of Chow and Ng (2010), Lewek et al. (2001),
and Verhagen et al. (2005) who reconstructed exercises rehabilita-
tion program through tests and measurements related to the func-
tional problems of TKA patients. To achieve the purpose of this
study, exercise rehabilitation program was reorganized into PNF
exercise and BOSU ball exercise to suit TKA patients. The overall
exercise program is outlined in (Table 2).

PNF stretching program

The exercise rehabilitation program for the PNF-treated group
consisted of 30 min of patient-tailed CPM (ARTROMOT-K1,
ORMED GmbH, Freiburg, Germany) and 20 min of PNE The

Table 2. Total of PNF and BOSU exercise program

Variable PNF (n=5) BOSU (h=5) Construction Type of training Time Intensity Frequency
Age (yr) 75.00+6.08 73.00+£4.47 Warm up Stretching exercise 5Min ROM of painless, 3 Days/wk
Height (cm) 151.40+850 151.80+2.58 Main exercise ~ CPM CPM  30Min  RPE11-13

Weight (kg) 56.50+7.26 61.46+9.67 PNF BOSU 20 Min

BMI (kg/m?) 24.74+355 26.61+3.69 Cool down Stretching exercise 5Min

Values are presented mean + standard deviation.
PNF, continuous passive motion & proprioceptive neuromuscular facilitation group;
BOSU, continuous passive motion & both side up ball group; BMI, body mass index.

18 https://www.e-jer.org

PNF, proprioceptive neuromuscular facilitation; BOSU, both side up; CPM, continu-
ous passive mation; ROM, range of mation; RPE, ratings of perceived exertion.
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hold-relax PNF technique was selected and applied twice a day
for 2 weeks. And a combination of isotonic exercises and rhythmic
inhibition were performed alternately once. In the first week, pa-
tient’s posture for the PNF treatment was lying down and sitting
with legs spread. The hold-relax PNF technique, rhythmic stabil-
ity, and isotonic exercises were petformed for 10 sec each, followed
by 10 sec of rest, for a total of 9 sets. In the second week, patient’s
posture for the PNF treatment was lying down and sitting with
knees bent. The treatment, rest times, and number of repetitions
were the same as in week 1. The detailed exercise program con-
tents of the PNF group are outlined in Table 3.

BOSU ball exercise program

The exercise rehabilitation program for the BOSU group was
applied for a total of 2 weeks. In detail, CPM was tailored to the
patient for 30 min, followed by 20 min of BOSU (Bosu Fitness,
LLC, San Diego, CA, USA) exercises. In the first week, the BOSU
exercise program consisted of isometric sitting, sitting and stand-
ing, and a static standing posture for 10 sec each, followed by a
10-sec rest, and a total of 9 sets were performed. The entire BOSU
exercise treatment method was repeated twice. In the second week,
the BOSU exercise program included dynamic standing, standing

Table 3. CPM and PNF exercise program

on one leg, and walking in place. The treatment duration, rest
time, and number of repetitions were the same as in week 1. The

detailed exercise program for the BOSU group is outlined in Ta-
ble 4.

Visual analogue scale

A visual analogue scale (VAS) is psychometric response scales to
investigate a unidimensional measure of pain intensity, and it is
widely used in clinical research to examine the intensity or fre-
quency of pain (Paul-Dauphin et al., 1999). The VAS was a 10 cm
horizontal or vertical line, and both ends were marked with no
pain or the most severe pain. The subjects marked a point that
matched the intensity of the pain they are currently feeling.

Sit and reach flexibility testing

To measure sit and reach flexibility, a body forward bending
measuring device (SC633616, SKARO, Gunpo, Korea) was uti-
lized. The subject sits on the box with the knee straight and the
soles of both feet touching the vertical surface of the measuring
device. They were then instructed to slowly bend their upper
body forward and gradually push the measuring device with the
middle fingers of both hands. The final position was noted at the

Type Process Position Training Technique ~ Time  Rest Rep Set  Setrest
CPM 1-2 Weeks Supine Slowly increase ROM without pain 30 Min - - -
PNF 1 Week Supine Assisted knee flexion with a strap HR 10Sec 10Sec 9Rep 2Set  2Min

Long sitting ~ Knee extension on a towel roll RI, Cl

Long sitting  Knee flexion by sliding foot on bed HR

2 Weeks Hook lying Assisted knee extension with strap around the foot HR
Sitting Knee extension RI, Cl
Sitting Knee flexion by sliding foot on the floor HR

CPM, continuous passive motion; PNF, proprioceptive neuromuscular facilitation; ROM, range of motion; HR, hold-relax; RI, rhythmic inhibition; Cl, combination of isotonic.

Table 4. CPM and BOSU exercise program

Type Process Position Training

Time Rest Rep Set  Setrest

CPM 1-2 Weeks ~ Supine
BOSU 1Week  Sitting
Sit to stand Sit Up & Stand Up

Static standing Static standing
2 Weeks Dynamic standing  Dynamic standing

Slowly increase ROM without pain

Sit and stretch your arms toward the sore side with your hands clasped 10 Sec

30 Min - - - -
10Sec  9Rep 2Set  2Min

- Weight movement back and forth, left, and right in a standing position

One leg standing ~ One leg standing

- Keep your eyes open and standing

Walking on BOSU ~ Walking on BOSU

CPM, continuous passive motion; BOSU, both side up; ROM, range of motion.
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point where the subject could no longer push further, and this
value was recorded. Measurements were taken twice in total, and
the maximum value (cm) was recorded.

Knee ROM testing

The knee ROM of the subject was measured by a physical ther-
apist using universal and reliable goniometer (Baseline HiRes Plas-
tic 360 Degree ISOM, Fabrication Enterprises, White Plains, NY,
USA). The subjects lie on a bed in the supine position with their
knee extended. And then the active ROM was measured by flexing
the knee joint. To reduce the error between measurements, ROM
test was repeated 3 times, and the average value was applied.

Muscle function testing

To evaluate lower limb muscle function, a Timed Up and Go
test (TUG) was performed. This test, known as the stand-up and
walk test, quickly measures walking and balance ability and is a
highly reliable tool with inter- and intrarater reliability scores of
r=0.98 to 0.99 (Podsiadlo and Richardson, 1991). For the mea-
surement, the subject sits comfortably on a chair with armrests
placed on a flat floor. Upon receiving a ‘start” signal from the mea-
surer, the subject stands up from the chair and walks as quickly as
possible to a turnaround point 3 m away in the direction of the
operated leg, then returns to sit down on the chair. The time re-
quired for one round-trip walk is recorded, with the test repeated
a total of 2 times. The average time of these two attempts is then
recorded.

Statistical analysis

PASW Statistics ver. 21.0 (SPSS Inc., Chicago, IL, USA) was
used to determine the effect of PNF and BOSU exercise in patients
with OA. To confirm the main effect, we used a two-way repeated
analysis of variance. If there was a significant interaction effect, an
independent 7-test between groups or a paired r-test between times
was applied. All values are expressed as mean + standard deviation.

Table 5. The result for visual analogue scale (VAS)

P <0.05 was considered significant.

RESULTS

PNF and BOSU exercises regulate pain sensitivity

To examine VAS scores for pain, we performed a subjective mea-
sure before and after applying PNF and BOSU exercises. As shown
in Table 5, VAS score did not represent interaction effect (F = 0.460,
P <0.517) between groups and period, but there was a significant
difference in the period within group (F=37.278, P <0.001). Both
PNF (¢=-5.041, P <0.007) and BOSU (¢=4.025, P <0.016) exer-
cises significantly decreased values for VAS in the posttest com-
pared pretest.

PNF and BOSU exercises regulate flexibility

Changes of flexibility in TKA patients were investigated before
and after applying exercise rehabilitation. As shown in Table 6,
flexibility (sit and reach test) was not shown interaction effect (F =
1.087, P <0.328) between groups and period, however, there was
a significant difference in the period within the group (F = 14.579,
P <0.005). PNF exercise (1=-4.009, P <0.016) significantly in-
creased values for flexibility in the post test compared pretest.

PNF and BOSU exercises regulate knee ROM

Changes of knee ROM before and after applying PNF and BOSU
exercises were investigated. As shown in Table 7, knee ROM did
not represent significant difference interaction effect (F=0.289,
P <0.605) between groups and period, but there was a significant
difference in the period within group (F=35.017, P <0.001). Both
PNF (¢=-3.478, P <0.025) and BOSU (¢=-7.216, P <0.002) ex-
ercises significantly increased values for knee ROM in the post
test compared pretest.

PNF and BOSU exercise regulate muscle function
Changes of TUG before and after applying PNF and BOSU ex-

Table 6. The result for flexibility

Variable Group Pre Post P-value Variable Group Pre Post P-value
VAS PNF 6.8+05 32+£16" G:0.562 Flexibility PNF 179454 22.8+58* G:0.194
BOSU 69+13 24+16* P:0.001 BOSU 107458 191489 P-0.005

GxP: 0517 GxP:0.328

Values are presented as mean + standard deviation.

PNF, continuous passive motion & proprioceptive neuromuscular facilitation group;
BOSU, continuous passive motion & both side up ball group; G, group; P. period;
G P, groupx period.

*P<0.05 and **P<0.01, significantly different from pretest.

20 https://www.e-jerorg

Values are presented as mean + standard deviation.

PNF, Continuous passive motion & proprioceptive neuromuscular facilitation group;
BOSU, Continuous passive motion & both side up ball group; G, group; P. period;
GxP, groupx period.

*P<0.05, significantly different from pretest.
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Table 7. The result for rang of mation of the knee (ROM)

Table 8. The result for Timed Up and Go test (TUG)

Variable Group Pre Post P-value Variable Group Pre Post P-value
ROM PNF 76.0£11.9 108.4+12.9% G:0.898 TUG PNF 76.0£11.9 108.4+12.9% (G:0.858
BOSU 780+125  1060+7.9* P-0.001 BOSU 780+125  1050+7.9* P-0.002

GxP:0.605 GxP: 0932

Values are presented as mean + standard deviation.

PNF, continuous passive motion & proprioceptive neuromuscular facilitation group;
BOSU, continuous passive motion & both side up ball group; G, group; P. period;
GxP, group x period.

*P<0.05 and **P<0.01, significantly different from pretest.

ercises were investigated. As shown in Table 8, TUG was not shown
interaction effect (F=0.008, P <0.932) and between groups and
period, but there was a significant difference in the period within
the group (F=19.143, P <0.002). Both PNF (= 2.895, P <0.044)
and BOSU (#=3.364, P <0.028) exercises significantly decreased

values for TUG in the post test compared pretest.

DISCUSSION

TKA is currently one of the most successful orthopedic surgical
procedures performed when cartilage cells are damaged due to
weakened ligaments and muscles in the knee joint. This surgery
involves removing the severely worn joint surface and replacing it
with an artificial joint (Carr et al., 2016). In the early stages post-
surgery, almost all patients suffer from extreme pain, which tends
to lessen over time. Pain in the knee joint generally reduces static
and dynamic postural stability, balance ability, and increases the
likelihood of falling due to reduced ROM of the knee (Puolakka
etal.,, 2010). After TKA, it is crucial to apply a systematic and ef-
fective exercise rehabilitation program to improve pain, muscular
strength, ROM of the knee (Ddvila Castrodad et al., 2019). Our
study examined changes in VAS scores according to the PNF and
BOSU exercise programs and found significant reductions in pain
level in both groups after rehabilitation program. Previous studies
reported that early exercise rehabilitation including passive knee
ROM exercises, patellofemoral joint mobilization, incision mobil-
ity and PNF decreased pain levels in patients with OA and TKA
(Bade and Stevens-Lapsley, 2011; Song et al., 2020). This indicates
a positive effect in patients who underwent TKA, supporting the
results of this study.

ROM test has been often used in daily life and sports field to
examine the joint mobility and performance capacity (Moreno-
Pérez et al., 2020). In general, ROM is highly associated with in-
creasing age and joint pain (Kennedy et al., 2013). In this study,
flexibility (sit and reach) was improved in the PNF group posttest
compared to pretest. Furthermore, both PNF and BOSU exercises

https://doi.org/10.12965/jer.2448004.002

Values are presented as mean + standard deviation.

PNF, Continuous passive motion & proprioceptive neuromuscular facilitation group;
BOSU, Continuous passive motion & both side up ball group; G, group; P. period;
GxP, groupx period.

*P<0.05, significantly different from pretest.

significantly increased knee ROM after compared to before apply-
ing exercise rehabilitation program. The results suggest that the
PNF and BOSU execise programs improved flexibility by recov-
ering knee stiffness and limited knee ROM in TKA patients. Im-
mediately after surgery, TKA patients have complained of diffi-
culty in undergoing exercise rehabilitation due to extreme pain,
stiffness, and strong muscle contraction (MacDonald et al., 2000).
Several previous studies reported that applying PNF to adults and
athletes might improve ROM and flexibility function (Maicki et
al., 2017; Smedes et al., 2016) as well as that exercise rehabilita-
tion for TKA patients might stimulate proprioceptors within
muscles and joints to restore ROM (Alaca et al., 2015; Yang et
al., 2021). The application of various exercise rehabilitation is be-
lieved to have a positive effect on recovering ROM and flexibility
function. Therefore, it is considered that TKR patients need di-
versity in their exercise rehabilitation programs, including both
PNF and BOSU.

Increased quadriceps muscle strength is associated with func-
tional stability of the knee joint, quality of life, and exercise per-
formance. In addition, it has been reported that, in patients with
ROM limitation such as TKA, the increase in quadriceps muscle
strength at the initial stage of rehabilitation is one of the import-
ant factors determining the success of rehabilitation (Greene and
Schurman, 2008; Paravlic et al., 2020). The results of these previ-
ous studies support the importance of PNF and BOSU in thera-
peutic strategy for developing the knee ROM.

Balance is the ability to maintain equilibrium with body’s cen-
ter of gravity on various surface, and it is an essential physical ca-
pacity for static and dynamic stability of the body. To maintain
functional balance, we must develop proprioception, integrated
control of the central and peripheral nervous system, and vestibu-
lar sensory function (Lord and Fitzpatrick, 2001). TUG test, de-
signed by Podsiadlo and Richardson (1991) has been used to eval-
uate walking ability, balance, and functional movement of older
adults who had high risk of falling. Recently, it has also been ap-
plied to patients with stroke, Parkinson disease, and arthritis

https://www.e-jerorg 21
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(Morris et al., 2001). In this study, the PNF and BOSU exercise
programs resulted in faster TUG walking speeds. Previous studies
by Saeterbakken et al. (2014) suggested that BOSU exercise im-
proved lower extremity stability by enhancing muscle activation
and balance ability. Also, when PNF exercise was administered to
TKA patients, TUG times were significantly reduced (Blasco et
al., 2017), and balance exercises notably improved mobility-relat-
ed functions (Liao et al., 2015). The PNF and BOSU exercise pro-
grams are effective not only for TKA patients but also for the el-
derly and patients with stroke, Parkinson disease, and other con-
ditions. Therefore, the PNF and BOSU exercise programs may be
considered effective for improving walking ability in TKA pa-
tients.

Exercise rehabilitation after TKA is a crucial part of ensuring
successful surgical outcomes, and this application have a positive
impact on reducing pain, increasing ROM, improving muscle
strength, and enhancing daily life movements. The number of
TKA patients among elderly women is gradually increasing. Nev-
ertheless, in this study, a small number of elderly participants pro-
vided consent for the exercise program. Due to the limited sample
size, there are significant constraints in generalizing the results.
Therefore, additional verification with larger samples will be nec-
essary in the future.
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