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Abstract

effective tool for treating stiffness and pain after TKA.

Objectives: Older adults with total knee arthroplasty (TKA) have a limited range of knee joint motion due to pain and
stiffness. A roller massager (RM) has recently been suggested to decrease pain and increase joint range of motion (ROM).
Therefore, this study aimed to investigate the acute effect of RM intervention on pain and knee joint ROM in older adults
with TKA in the second postoperative week. Methods: The participants were 23 patients (76.3+5.4 years) who had
undergone TKA for knee OA. The degree of pain during the ROM measurements was measured using the visual analog
scale before and immediately after the RM intervention. The RM intervention was performed on the thigh’s lateral, central,
and medial parts for three sets of 60 s using an RM. Results: RM intervention could significantly increase knee flexion
ROM (p<0.01, d=0.41, Achange: 4.1+3.2°) and decrease pain during the knee ROM measurements (p<0.01, d=-0.53,
Achange: -11.9+21.0). Conclusions: The three sets of 60-s RM intervention significantly increased knee flexion ROM and
reduced pain in older adults with TKA in the second postoperative week. These results show that RM intervention is an
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Introduction

Osteoarthritis (OA) is the most common musculoskeletal
disorder, affecting 10% of men and 18% of women over
60 all over the world'. The pain and stiffness caused by hip
and knee OA are a physical, psychological, and social burden
for patients, and surgical intervention is often required?.
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HyLONOme

Total knee arthroplasty (TKA) is one of the most effective
treatments for knee OA, and is effective in treating end-stage
symptoms of knee OA, reducing knee pain, and improving
knee function and quality of life (QOL)3. On the other hand,
joint stiffness after TKA and stiffness of the entire knee
due to reduced flexibility of muscles and tendons can lead
to knee joint range of motion (ROM), which can impair QOL.
Rodriguez-Merchan et al. reported that factors contributing
to stiffness after TKA include the patient’s motivation for
rehabilitation and inadequate pain management“. In previous
studies, the incidence of stiffness has been reported to be
8-12%"°". In clinical practice, we have experienced cases in
which patients with stiffness continue to have limited knee
joint ROM, mainly due to pain and inability to practice knee
joint ROM actively. Stiffness can also impair knee joint ROM
and affect the activities of daily living, such as walking and
climbing stairs. Laubenthal et al. reported that an average
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knee flexion angle of 83° is required to climb stairs, and an
average knee flexion angle of 106° is required to tie shoelaces
in the sitting position. Thus, limited ROM of the knee joint can
impair these activities of daily living and lead to a narrowing
of the range of daily living®. Esler et al. also investigated the
effects of continued physical therapy on 21 patients with a
knee joint flexion ROM of 80° or less at 6 weeks after TKA
surgery. The results showed no significant changes in knee
joint flexion ROM at 6 months and 1 year postoperatively, and
no significant differences were found when comparing 1 year
and 2 years postoperatively®. Thus, when knee joint ROM is
limited due to pain or stiffness, physical therapy is difficult
to manage, and invasive treatment might be necessary.
Therefore, it is important to reduce pain and avoid the
need for invasive treatment. Consequently, it is essential to
establish a practical approach to treating pain and stiffness
in patients with TKA.

Recently, roller massager (RM) has been attracting
attention as a way to alleviate pain and improve ROM as
an alternative to stretching intervention in sports settings.
Recent meta-analyses have shown that other self-massage
techniques, such as foam rolling (FR), appear to be equally
effective in increasing ROM compared to stretching acutely'®
and in the long term'’. In addition, previous studies have
reported an increase in pain pressure threshold and ROM
immediately after an FR intervention'®'>'5, For example,
Nakamura et al. (2020) showed that FR could decrease pain
and improve ROM in healthy subjects with post-exercise
delayed onset muscle soreness'®. Previous studies have also
reported that FR intervention can effectively improve ROM in
patients with hip OA'” and fibromyalgia'®. In patients with hip
OA, the VAS for hip pain improved significantly in the FR and
non-FR groups, but this improvement was more significant
in the FR group than in the non-FR group'. Regarding the
FR effect on fibromyalgia, the meta-analysis found a large
significant effect of myofascial release techniques, including
FR and manual therapy, on pain after the treatment, a
moderately significant effect at 6 months after treatment,
and a moderate at 6 months post-treatment'®.

Based on these results, FR intervention, which can be
performed without causing joint movement, might be
effective in treating pain and decreased knee joint ROM in
patients with TKA. Karaborklu et al. (2021) compared the
effect of the combination of exercise and manual therapy
and exercise alone in TKA patients'®. They reported that
the exercise program combined with manual therapy could
improve pain, function, and patient satisfaction more than
the exercise program alone for postoperative TKA patients'®.
Also, a recent review?® showed that manual therapy
techniques could contribute positively to the treatment
of patients with knee OA by reducing pain and increasing
functionality. In contrast to the manual therapy used in the
previous studies, RM intervention could be performed by the
patients themselves. Therefore, if RM intervention is effective
in improving pain and ROM in TKA patients, we believe that
it can be applied as a new form of self-care in rehabilitation
settings. Therefore, this study aimed to investigate the acute
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effect of RM intervention on pain and knee joint ROM in TKA
patients in the second postoperative week.

Materials and Methods
Participants

The participants were 23 knee OA patients who had been
admitted to Takeda General Hospital since October 2021
and underwent TKA. The mean age was 76.3+5.4 years
(range: 69-83 years), and 91.3% (n=21) were female. Ten
patients of the 23 patients had surgery on the right knee
joint. All patients underwent right knee arthroplasty using
the medial parapatellar approach. Exclusion criteria were
those who could not give consent for the study and those who
had rheumatoid arthritis in their current medical history. The
sample size required for paired t-test (effect size=0.8 (large),
alpha error=0.05, power=0.95) based on our previous
study’s VAS results'® using G*power 3.1 software (Heinrich
Heine University, Diisseldorf, Germany) was 23 participants.
An ethical review was conducted after obtaining approval
from the Ethical Review Committee of Takeda General
Hospital (approval number: 292).

Physical therapy intervention

The physical therapy intervention conducted under the
physician’s direction included wheelchair use, joint ROM
exercises, strength training, and walking exercises using a
walking aid, according to the pain and general condition from
the day after surgery.

Roller massager (RM) exercise

In the TKA protocol used at Takeda General Hospital,
wound extraction is performed in the second postoperative
week. Before the intervention, a physical therapist confirmed
that there were no problems with the surgical wound. In the
second postoperative week, an RM intervention with a stick
type (TheraBand, Akron, OH, United States) was performed.
A physical therapist performed RM intervention with at least
one year of experience. The use of RM was supervised and
standardized by a physical therapist with at least 10 years
of experience. The intensity of RM was set to a pain-free
range. RM intervention was performed for 60 s each, in
the order of anterior, medial, and lateral thigh, starting at a
site 5 cm above the nearest edge of the surgical wound and
moving toward the hip joint, following a previous study?'. We
defined one cycle of RM intervention as one distal rolling plus
one subsequent proximal rolling movement, whereas the
frequency was defined as 30 cycles per 60 s (for a total of 90
cycles in three sets). The participants were asked to perform
the RM intervention as much as was tolerable.

Knee flexion and extension ROM measurement

Both before and after the RM intervention, a physical
therapist used a goniometer to measure the knee joint flexion
and extension ROM in increments of 5°. Each participant was
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instructed to lie in a supine position and relax, and the knee
joint was flexed or extended to the maximum pain the subject
could tolerate'®.

Pain measurement

The degree of pain was measured using the visual analog
scale (VAS) during the knee joint ROM measurement. Using
a VAS that had a continuous 100-mm line with “not sore at
all” on one side (O mm) and “very, very sore” on the other
side (100 mm), the magnitude of pain around the knee joint
and knee extensor muscle was assessed during the knee joint
ROM measurement.

Reliability of the outcome measurements

We investigated the reliability of the knee flexion and
extension ROM and VAS during the ROM measurement
with 15 patients (age 78.3+3.5 years). We investigated the
knee flexion and extension ROM and VAS during the ROM
measurement before and after the 180-s rest in the supine
position. The test-retest reliability of the measurements was
determined by the intraclass correlation coefficient (ICC)
and standard error of measurement (SEM). The ICCs of the
knee flexion and extension ROM and VAS were 0.92, 1.00,
and 0.997, respectively, and the SEM of the knee flexion and
extension ROM and VAS was 3.01, 0.0, and 1.37, respectively.

Statistical analysis

The data distribution was assessed using a Shapiro-
Wilk test. The knee flexion ROM and pain followed a normal
distribution. However, the knee extension ROM did not follow
a normal distribution. Thus, we investigated the acute effect
of the RM intervention on knee flexion ROM and pain using
a paired t-test. In addition, knee extension joint ROM was
compared using the Wilcoxon signed-rank test. We also
calculated the effect size (Cohen’s d) as the difference in the
mean value divided by the pooled standard deviation (SD)
between pre- and post-intervention in each group. A Cohen’s
dvalue of 0.00-0.19 was considered as trivial, 0.20-0.49 as
small, 0.50-0.79 as moderate, and =0.80 as large??23, The
significance level was set at less than 5%. SPSS Statistics 28
was used as the statistical software.

Results

The knee flexion ROM was 97.8+10.2° before the RM
intervention and 102.0+10.3° immediately after the RM
intervention, showing a significant increase in knee flexion
ROM (p<0.01, d=0.412, Achange: 4.1£3.2°). On the other
hand, the knee extension ROM was -5.4+4.2° before the
RM intervention and -5.2+3.8° immediately after the RM
intervention, showing no significant difference (p=0.32,
d=0.055, Achange: 0.2+1.0°). In addition, pain during the
ROM measurement was 44.8+23.2 mm before the RM
intervention and 33.0+22.6 mm immediately after the RM
intervention, indicating a significant decrease in pain (p<0.01,
d=-0.53, Achange: -11.9£21.0).
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Discussion

In this study, we investigated the acute effect of RM
intervention on knee flexion and extension ROM and pain in
older adults with TKA in the second postoperative week. The
results showed that three 60-s sets (180 s in total) of RM
intervention significantly increased knee flexion ROM and
reduced pain. These results indicate that RM intervention is
an effective tool for treating stiffness and pain after TKA. To
the best of our knowledge, this is the first study to investigate
the acute effect of RM intervention on older adults with TKA.

Previousstudies have pointedout that alot of patients suffer
from stiffness after TKAS7. Donaldson et al. also pointed out
that stiffness after TKA can impair knee ROM?4. Therefore, it
is necessary to decrease the stiffness resulting from reduced
flexibility of the muscles and tendons after TKA to prevent
knee ROM limitation. The results of this study showed that
a 180-s RM intervention (three sets of 60 s) on the thigh,
i.e., mainly quadriceps muscle, significantly increased knee
flexion ROM (p<0.01, d=0.412). In a previous study, the
Minimal clinically important difference in knee flexion ROM
from post-TKA to the 12" postoperative week was reported
to be 9.6°. In the present study, an improvement of 4.1+3.2°
was observed immediately after a single RM intervention.
Also, the change in knee flexion ROM was larger than the SEM
value. Thus, we believe that The result are clinically useful.
Many previous studies have investigated the acute effects of
FR intervention in healthy young subjects, and have reported
that FR can increase ROM significantly and is as effective as a
stretching intervention'®'>, Nakamura et al. also showed that
an FR intervention for 90 s or longer is necessary to increase
ROM?5, In addition, FR intervention can also increase ROM in
muscles with delayed onset muscle soreness'®. Although the
mechanism of the increased ROM observed in the present
study is unknown, previous studies have suggested that
increased ROM after an FR intervention could be associated
with an increase in pain tolerance (i.e., stretch tolerance)?.
Therefore, it is possible that three 60-s sets (180 s in total)
of RM intervention in older adults with TKA in the second
postoperative week can increase pain tolerance, resulting in
the increase in knee flexion ROM seen in this study.

In addition, the three 60-s sets (180 s in total) of RM
intervention significantly reduced VAS during the ROM
measurement (p<0.01, d=0.41). As mentioned above,
FR intervention has been reported to increase pain
tolerance®®?’. In a previous review, the effect of FR on pain
was reported to decrease spinal cord excitability and reduce
pain?®, Another systematic review suggests that rolling
muscle and skin stimulation may increase temperature, and
pressure stimulation of tissues is associated with increased
pain thresholds?®. In addition, the skin and fascia have been
found to be highly innervated by sensory neurons, including
Ruffini and Pacinian receptors, which may have the ability to
inhibit sympathetic activity and induce muscle relaxation.
Ruffini receptors, in particular, are sensitive to tangential
force and lateral stretch, and it has been hypothesized that
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stimulation of these receptors through RM may improve pain
and flexibility'>3°, Therefore, RM intervention could be a way
to relieve pain in TKA patients. In addition, it would appear
that the effectiveness of FR intervention is comparable to that
of stretching'®'s. Therefore, we believe that RM intervention
could effectively reduce pain and increase ROM after TKA in
a clinical setting.

This study investigated the acute effects of RMintervention
only. Previous studies have reported a significant increase in
ROM after 5 or 6 weeks of an FR training program?®'32, It has
also been reported that an FR training program can decrease
pain in patients with hip joint OA'” and fibromyalgia'®. A
recent meta-analysis suggested that an FR training program
of more than 4 weeks duration is necessary to increase
ROM'". Therefore, it is possible that an RM training program
lasting a number of weeks could increase ROM and relieve
pain in TKA patients.

There were some limitations in this study. Firstly, this
study is that there is no control group, so it is not sufficient
to confirm whether RM is the only treatment effect. However,
the measurement’s reproducibility was highly reproducible
under the same conditions as at the time of the measurement.
The changes before and after RM in this study are larger
than the SEM. Therefore, we believe that this change is due
to the RM intervention. Secondly, we did not investigate the
sustained effect of RM intervention. Therefore, therapists
must investigate the sustained effect of RM intervention
on ROM and pain in older adults with TKA. In this study, a
detailed setting of the RM pressure was not possible, and it
is possible that variations may have occurred. In the future,
examining the treatment effects of different RM pressures
will be necessary.

In conclusion, we investigated the acute effect of a single
bout of 180-s RM intervention on ROM and pain in TKA
patients in the second postoperative week. Knee flexion
ROM increased significantly immediately after the RM
intervention (p<0.01, d=0.412). Pain during knee flexion
ROM measurements also decreased significantly compared
to before the RM intervention (p<0.01, d=-0.53). However,
the results were based on the same subjects, and the effect
of treatment with and without RM intervention could not be
verified. In the future, we would like to establish a comparison
group to investigate the effect of RM on TKA patients

Ethics Approval

An ethical review was conducted after obtaining approval from
the Ethical Review Committee of Takeda General Hospital (approval
number: 292).

Funding

This work was supported by JSPS KAKENHI with grant number
19K19890 (Masatoshi Nakamura).

References

1. Glyn-Jones S, Palmer AJ, Agricola R, Price AJ, Vincent
TL, Weinans H, Carr AJ. Osteoarthritis. Lancet 2015;

www.ismni.org

25;386(9991):376-87.

Neuprez A, Neuprez AH, Kurth W, Gillet P, Bruyere
O, Reginster JY. Profile of osteoarthritic patients
undergoing hip or knee arthroplasty, a step toward a
definition of the “need for surgery”. Aging Clin Exp Res
2018;30(4):315-321.

Price AJ, Alvand A, Troelsen A, Katz JN, Hooper G, Gray
A, Carr A, Beard D. Knee replacement. Lancet 2018;
3;392(10158):1672-1682.

Rodriguez-Merchan EC. The stiff total knee arthroplasty:
causes, treatment modalities and results. EFORT Open
Rev 2019;4(10):602-610.

Scranton PE, Jr. Management of knee pain and
stiffness after total knee arthroplasty. J Arthroplasty
2001;16(4):428-35.

Daluga D, Lombardi AV, Jr., Mallory TH, Vaughn BK. Knee
manipulation following total knee arthroplasty. Analysis
of prognostic variables. J Arthroplasty 1991;6(2):119-
28.

Mauerhan DR, Mokris JG, Ly A, Kiebzak GM. Relationship
between length of stay and manipulation rate after total
knee arthroplasty. J Arthroplasty 1998;13(8):896-
900.

Laubenthal KN, Smidt GL, Kettelkamp DB. A quantitative
analysis of knee motion during activities of daily living.
Physical Ther 1972;52(1):34-43.

Esler CN, Lock K, Harper WM, Gregg PJ. Manipulation of
total knee replacements. Is the flexion gained retained?
J Bone Joint Surg Br 1999;81(1):27-9.

Konrad A, Nakamura M, Paternoster FK, Tilp M, Behm
DG. A comparison of a single bout of stretching or foam
rolling on range of motion in healthy adults. Eur J Appl
Physiol 2022;122(7):1545-1557..

. Konrad A, Nakamura M, Tilp M, Donti O, Behm DG.

Foam Rolling Training Effects on Range of Motion: A
Systematic Review and Meta-Analysis. Sports Med
2022;52(10):2523-2535.

. Nakamura M, Sato S, Kiyono R, Yoshida R, Murakami Y,

Yasaka K, Yahata K, Konrad A. Acute Effect of Vibration
Roller With and Without Rolling on Various Parts of the
Plantar Flexor Muscle. Front Physiol 2021;12:716668.

. Yoshimura A, Schleip R, Hirose N. Effects of Self-

Massage Using a Foam Roller on Ankle Range of
Motion and Gastrocnemius Fascicle Length and Muscle
Hardness: A Pilot Study. J Sport Rehabil 2020;11:1-8.

. Sullivan KM, Silvey DB, Button DC, Behm DG. Roller-

massager application to the hamstrings increases sit-
and-reach range of motion within five to ten seconds
without performance impairments. Int J Sports Phys
Ther 2013;8(3):228-36.

. Wilke J, Miiller AL, Giesche F, Power G, Ahmedi H, Behm

DG. Acute Effects of Foam Rolling on Range of Motion
in Healthy Adults: A Systematic Review with Multilevel
Meta-analysis. Sports Med 2020;50(2):387-402.

. Nakamura M, Yasaka K, Kiyono R, Onuma R, Yahata K,

Sato S, Konrad A. The Acute Effect of Foam Rolling on
Eccentrically-Induced Muscle Damage. Int J Environ Res

226



M. Yokochi et al.: The acute effect of roller massager on knee joint range of motion and muscle pain in older adults with total knee arthroplasty

17.

18.

19.

20.

21.

22.

23.

24.

Public Health 2020;18(1).

Ikutomo H, Nagai K, Tagomori K, Miura N, Okamura
K, Okuno T, Nakagawa N, Masuhara K. Effects of foam
rolling on hip pain in patients with hip osteoarthritis:
a retrospective propensity-matched cohort study.
PhysiotherTheory Pract 2022;38(8):995-1002.
Ughreja RA, Venkatesan P, Balebail Gopalakrishna D,
Singh YP. Effectiveness of myofascial release on pain,
sleep, and quality of life in patients with fibromyalgia
syndrome: A systematic review. Complement Ther Clin
Pract 2021;45:101477.

Karaborklu ArgutS, Celik D, Kilicoglu Ol. The Combination
of Exercise and Manual Therapy Versus Exercise Alone
in Total Knee Arthroplasty Rehabilitation: ARandomized
Controlled Clinical Trial. PM R 2021;13(10):1069-1078.
Tsokanos A, Livieratou E, Billis E, Tsekoura M, Tatsios P,
Tsepis E, Fousekis K. The Efficacy of Manual Therapy in
Patients with Knee Osteoarthritis: A Systematic Review.
Medicina 2021;57(7):696.

Reiner MM, Glashiittner C, Bernsteiner D, Tilp M, Guilhem
G, Morales-Artacho A, Konrad A. A comparison of foam
rolling and vibration foam rolling on the quadriceps
muscle function and mechanical properties. Eur J Appl
Physiol 2021;121(5):1461-1471.

Cohen J. Statistical power analysis for the behavioral
sciences. 2" ed. ed. Routledge: Hillsdale; 1988.
Nakamura M, Sato S, Hiraizumi K, Kiyono R, Fukaya
T, Nishishita S. Effects of static stretching programs
performed at different volume-equated weekly
frequencies on passive properties of muscle-tendon
unit. J Biomech 2020;31:109670.

Donaldson JR, Tudor F, Gollish J. Revision surgery for
the stiff total knee arthroplasty. Bone Joint J 2016;98-
b(5):622-7.

www.ismni.org

25.

26.

27.

28.

29.

30.

31.

32.

Nakamura M, Onuma R, Kiyono R, Yasaka K, Sato S,
Yahata K, Fukaya T, Konrad A. The Acute and Prolonged
Effects of Different Durations of Foam Rolling on Range
of Motion, Muscle Stiffness, and Muscle Strength. J
Sports Sci Med 2021;20(1):62-68.

Nakamura M, Konrad A, Kiyono R, Sato S, Yahata K,
Yoshida R, Yasaka K, Murakami Y, Sanuki F, Wilke J.
Local and Non-local Effects of Foam Rolling on Passive
Soft Tissue Properties and Spinal Excitability. Front
Phsyiol 2021;12:702042.

Nakamura M, Konrad A, Ryosuke K, Sato S, Yahata K,
Yoshida R, Murakami Y, Sanuki F, Wilke J. Sex differences
in the mechanical and neurophysiological response to
roller massage of the plantar flexors. J Sports Sci Med
2021;20(4):665-671.

Hughes GA, Ramer LM. Duration of myofascial rolling
for optimal recovery, range of motion, and performance:
a systematic review of the literature. Int J Sports Phys
Ther 2019;14(6):845-859. .

Schroeder AN, Best TM. Is self myofascial release an
effective preexercise andrecovery strategy? A literature
review. Curr Sports Med Rep 2015;14(3):200-8.

Behm DG, Wilke J. Do Self-Myofascial Release Devices
Release Myofascia? Rolling Mechanisms: A Narrative
Review. Sports Medicine 2019;49(8):1173-1181.
Kiyono R, Onuma R, Yasaka K, Sato S, Yahata
K, Nakamura M. Effects of 5-Week Foam Rolling
Intervention on Range of Motion and Muscle Stiffness. J
Strength Cond Res 2022;36(7):1890-1895.

Kasahara K, Konrad A, Yoshida R, Murakami Y, Sato
S, Aizawa K, Koizumi R, Thomas E, Nakamura M.
Comparison between 6-week foam rolling intervention
program with and without vibration on rolling and non-
rolling sides. Eur J Appl Physiol 2022;122(9):2061-
2070.

227



