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The Effect of Single-Session 
Stimulating Massage on the Knee Joint 
Position Sense in Healthy Older Adult 

Men: A Randomized Crossover Trial

O R I G I N A L  R E S E A R C H

Background: Proprioception is critical 
for older adults to maintain their balance 
and prevent falling. However, massage is 
a convenient intervention that its ben-
ef icial effect on the proprioception is 
suggested.

Purpose: This study aimed to determine 
whether one session of stimulating mas-
sage of the muscles around the knee joint 
improves position sense in older adult 
men.

Methods: Twenty healthy older adults 
participated in this blind, randomized, 
crossover trial. The two treatment phases 
were massage and rest. The washout 
period between interventions was a 
1-week interval. The massage protocol was 
as follows: deep effleurage, petrissage, 
and tapotement for 5 minutes for the 
anterior (tensor fascia lata, quadriceps, 
sartorius, and gracilis) and posterior (ham-
strings) muscles of the knee (10 minutes 
in total).

Results: Outcome measures were abso-
lute, constant, and variable errors (AE, 
CE, and VE). Participants were assessed 
immediately before and after the inter-
vention by a blinded investigator. Inde-
pendent t-tests were used for statistical 
analyses. Massage reduced absolute error 
(2.77°, p = 0.01).

Conclusion: The finding of this study 
confirms the beneficial impact of the mas-
sage on the joint position sense in healthy 
older adult men.

KEYWORDS: Massage; position sense; 
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INTRODUCTION

Falling is a common problem among 
older adults that causes injuries and frac-
tures. Its prevalence was about 20% in 2015. 
In addition to disability and injury, falling 
terribly affects independence and the qual-
ity of life in older adults. Falling also leads 
to spending extra costs.(1) However, in older 
adults, the proprioception that is so impor-
tant for balance is diminished and the risk 
of falling is enhanced.(2,3) Proprioception 
is one of the systems that is involved in 
providing standing balance. The better the 
balance, the better the performance and 
the lower the risk of falling. Similarly, the 
lower the equilibrium, the lower the perfor-
mance and the greater the risk of falling.(4,5)  
Proprioception enables an individual to 
sense where the body is located in space 
and provides important sensory feedback 
to maintain standing balance. On the other 
hand, standing balance is critically depen-
dent on the proprioception.(6) Many studies 
have shown the negative effects of aging 
on proprioception.(4,7,8) Since balance 
impairments are common in older adults 
and they are at high risk of falling, finding 
methods to improve proprioception in 
older adults, which is ultimately expected 
to improve their balance, is of utmost 
importance. Several studies indicated that 
proprioception can be affected positively 
through external manipulation.(9,10)

It is postulated that during the massage, 
sensory inputs are sent to the brain and that 
these afferents provide more connections 
between muscles and the nervous system 
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and that more connections introduce 
better performance;(11-13) in fact, following 
the massage an improvement in gait was 
reported.(14) According to the model sug-
gested, motor responses are influenced by 
sensory inputs.(15) In other words, without 
proper sensory input, movement cannot 
be performed efficiently. Wolpert et al.(15) 
considered two types of sensory signals: 
sensory inputs from the environment and 
sensory inputs produced by movements. 
Although the origin of these two sensory 
signals is distinct, they have the same 
channels. Massage provides multiple sen-
sory inputs through the skin, muscles, and 
joints. However, it should be noted that 
the effects of massage are not limited to 
the stimulation of proprioceptive recep-
tors and mechanoreceptors. Massage also 
affects pain receptors and reducing pain 
also helps improve movement and bal-
ance.(16)

Nowadays, older adult population and 
life expectancy are increasing.(17,18) In addi-
tion, the risk of falling is enhanced with 
aging and simultaneously the propriocep-
tion which is critical for proper balance 
function is weakened.(4) Massage has been 
suggested to improve proprioception by 
providing sensory input. On the other 
hand, improved proprioception is expected 
to contribute to improved balance. Joint 
position sense (JPS) is a component of pro-
prioception.(6) JPS is the measurable com-
ponent of proprioception. JPS is evaluated 
by absolute (AE), constant (CE), and vari-
able (VE) errors. AE indicates the accuracy 
of the joint repositioning error. AE is deter-
mined as the difference in absolute value 
in degrees between the position chosen 
by the subject and the test-position angle. 
CE is the difference between the chosen 
position and the test-position angle; the 
positive relative error (CE) indicates the 
overshooting and negative relative error 
indicates undershooting the test-position 
angle by the subject. VE is the standard 
deviation of the relative error in three rep-
etitions.(19) The purpose of this study was to 
examine the immediate effect of massage 
on knee JPS in older adult men.

METHODS

Study Design

A randomized crossover study design 
was used to investigate the immediate 

effect of stimulating massage of the 
muscles around the knee of the preferred 
lower extremity on JPS in a group of older 
adult men. The two groups/phases were: 
(i) massage and (ii) rest. Participants were 
randomly allocated to a phase. Following 
completion of the first phase, participants 
were then reassigned to the other phase. 
A 1-week “washout period” occurred 
between the phases. In each session, 
outcome measures including AE, CE, and 
VE were calculated pre- and immediately 
post-test. Each session lasted 20 minutes.

Participants

Healthy older adult men were recruited 
through posters in parks around the 
research center. These recruitment 
announcements invited healthy older 
adult men (>65 years) to volunteer to par-
ticipate in the current study.

Subjects were included if they were 
healthy older adult men i.e., they did not 
complain of any particular disease or prob-
lem and were asymptomatic and were able 
to walk independently at least 50 m.

Inclusion: The inclusion criteria were the 
capacity to understand the test procedure 
and perform the test and having a visual 
analogue scale of pain less than 3.

Exclusion: Subjects were excluded if 
they had received sedative drugs, manual 
or physical therapy in the last 4 weeks, 
or if they had fracture or surgery of the 
lower extremities in the past 3 months, or 
if there were open wounds in the lower 
extremities, or if they suffered from muscu-
loskeletal complaints in the past 3 months. 
Participants were free to leave the study 
at any time.

Prior to commencing the study, the test-
ing procedure was explained to all partici-
pants and all subjects signed the written 
consent to the study which was required 
by the local ethics committee. The Ethics 
Committee of Shahid Beheshti University 
of Medical Sciences approved the study 
protocol (IR.SBMU.RETECH.REC.1396.572).

Randomization

Each group was allocated a number 
from 1 to 2. The participants were randomly 
assigned to each group by selecting a 
number of a box. The participants who 
chose an odd number were assigned to 
group one (massage first session and rest 
second session) and the participants who 
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Interventions

Massage
Participants received 10 minutes of 

stimulating massage for the muscles sur-
rounding the knee. Stimulating massage 
consisted of deep effleurage, tapotement, 
and palmar kneading, which were applied 
to all participants in the following order: 
deep effleurage, tapotement, petrissage, 
and deep effleurage. The massage was 
performed while the participant was in the 
supine position with an approximately 45° 
knee flexion, and a pillow was placed under 
the knee. The massage was started with 
30 seconds of effleurage of the anterior 
surface of the knee up to the hip and back 
down. The rate of performing effleurage 
was two strokes per second. Moderate 
pressure was applied during the effleurage. 
In effleurage, hands applied a constant 
pressure to the tensor fascia lata, quadri-
ceps, sartorius, and gracilis muscles.

Then, tapotement massage techniques 
including hacking and cupping were 
used in the same area for 1 minute (each 
technique for 30 seconds). In tapotement 
massage techniques, rhythmic percus-
sions are applied rapidly to the body. After 
that, petrissage was applied for 3 minutes. 
In petrissage, intermittent pressure is 
applied to the body. Then, the participant 
received another effleurage for 30 seconds. 
In this way the anterior surface of the thigh 
received massage for 5 minutes. In order to 
apply these massage techniques with the 
same order and intensity to the hamstrings 
and parts of muscles on the medial or lat-
eral side of the thigh that had not received 
adequate massage during the application 
of massage to the anterior surface of the 
thigh, the participant was placed in a side-
lying position and the trunk was supported 
with a pillow. The anterior and posterior 
surfaces of the thigh received massage for 
equal periods of time. The therapist was 
careful that the intensity of techniques did 
not exceed the participant’s pain thresh-
old. The therapist adjusted the pressure 
of massage techniques when needed. The 
massage was performed for all participants 
by a physical therapist experienced in 
manual therapy; however, no other types of 
manual therapy techniques were allowed.

Rest
During the rest period, the participant 

lay comfortably for 10 minutes (same as 
the duration of the massage group). The 

selected an even number were allocated to 
group two (rest first session and massage 
second session). Randomization occurred 
before the joint testing occurred.

Measurement Procedure

AE, CE, and VE were assessed for a knee 
extension angle of −65°. While the par-
ticipant was sitting relaxed on the bed 
with the knee joint in 90° flexion, he was 
asked to extend his knee until he reached 
the target angle i.e., −65° knee extension. 
Measurements were performed by a 
single-camera and motion analyzer sys-
tem. The test procedure was explained to 
the participant. The participant was asked 
to wear sports shorts and remove his shoes 
and socks so that the markers were visible. 
The measurements were performed in the 
sitting position. The participant was seated 
on the bed in such a way that the hip and 
knee were at 90° flexion. A folded towel 
was placed underneath the distal part of 
the femur to keep the alignment of the 
hip. Four circle markers with 3-cm diam-
eters were applied to the lateral aspect 
of the preferred lower limb (the limb that 
was used to kick the ball) over the bony 
landmarks of long axes of the femur and 
the leg using double-sided tapes as fol-
lows: the head of the greater trochanter, 
lateral condyle of the femur, the head of 
the fibula, and the lateral malleolus.(20) A 
motion analyzer system (SIMI-GS108E v2, 
Germany), a Canon camera (Canon Basler 
ac A 640, Germany), four markers, a univer-
sal goniometer (model SAEHAN, Korea), a 
visual analogue scale (VAS) ruler, a scale, 
a meter, and a ball (to determine the pre-
ferred leg) were used to collect and record 
the data. A universal goniometer was used 
to check the joint angle presented by the 
motion analyzer system. Participants were 
asked to actively try to replicate the knee 
joint target angle with their eyes closed.

Reliability

The reliability of replication of the 
target knee joint angle by the motion 
analyzer system (SIMI-GS108E v2 made 
in Germany) in our study was assessed 
using the interclass correlation coefficient 
(ICC) with 95% confidence intervals (CIs). 
An ICC value of 0.00–0.20 is considered 
“poor,” 0.21–0.40 “fair,” 0.41–0.60 “moder-
ate,” 0.61–0.80 “substantial,” and 0.81–1.00 
“almost perfect.”(21)
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RESULTS

Twenty-seven individuals were assessed 
for eligibility for the study. Seven were 
excluded, with five not meeting the eligi-
bility criteria and two not being interested 
(see Figure 1). Twenty males consented to 
be part of the study and all 20 participated 
in two sessions and completed the study 
(Figure 2). The Shapiro–Wilk test confirmed 
normal distribution of the data (p > 0.05) 
in all cases.

Demographics: The average age of the 
participants was 67.62 years, and the aver-
age body mass index of the participants was 
26.08 kg/m2 (see Table 1). There was no sig-
nificant difference between the two groups 
at the beginning of the study (baseline).

Crossover study design effects: Statisti-
cal analyses indicated that there were no 
period effects i.e., the order of receiving the 
interventions, massage first or rest first, did 
not affect the results. Testing also indicated 
that there was no carryover effect, with the 
carryover effect for AE, CE, and VE being 
0.876, 0.904, and 0.229, respectively. Due 
to the non-significance of the carryover 
and period effects (p > 0.05), the order of 
massage and rest phases did not affect the 
results, so an independent t-test was used 
for statistical analysis.

Study Results (Between-Group 
Comparison)

The AE, CE, and VE were calculated 
before and immediately after each ses-
sion. Following the massage, AE showed a 
significant decrease of 2.77 (p = 0.01) com-
pared to the control group (rest) (Figure 2). 
No other significant changes were noticed 
between groups (Table 2). The p-value, as 
per the Bonferroni correction, was set to 
less than 0.016.

Reliability
This study showed very high test–retest 

reliability for ICC with 95% CIs of the motion 
analyzer system in healthy older adult men 
trying to replicate the target joint angle. 
The ICCs with 95% CI, SEMs, and MDC in 
10 subjects before and after taking rest for 
10 minutes are shown in Table 3.

DISCUSSION

This study investigated the immedi-
ate effects of stimulating massage of 

therapist did not talk to the participant, 
but if the participant had a question or a 
conversation, he could say it.

Power Analysis

A priori power analysis was conducted 
using SPSS for Windows, version 16.0 
(SPSS Inc., Chicago, IL, USA) for sample 
size estimation, based on a post hoc power 
analysis from the study by Lund et al., 2009 
(n = 19), which compared massage to rest 
to improve joint repositioning error. The 
effect size used in the study by Lund et al. 
was 2° with a standard deviation (SD) of 
2.6°, considered to be the minimal detect-
able change. With a significance criterion 
of α = 0.05 and power = 0.90, the minimum 
sample size needed with this effect size is 
20 (10 in each group) based on there being 
no carryover or period effects and thus 
being able to undertake an independent 
t-test.

Statistical Analysis

Data were analyzed by PASWSPSS16. 
SPSS 16 is a statistical package for social 
sciences and was used for all statistical 
analyses

The t-test was used for statistical analysis. 
However, as the number of comparisons 
with the t-test increases the probability 
of a type 1 error, the Bonferroni method 
was used to counteract the multiple 
t-test comparison problem. To obtain the 
Bonferroni-corrected p-value, the original 
alpha value was divided by the number of 
dependent variable analyses. The original 
alpha value was considered to be 0.05, and 
the number of dependent variable analy-
ses was 3 (AE, CE, and VE). Therefore, we 
would have: p-value (0.05/3) = 0.016. A new 
p-value of less than 0.016 was considered 
statistically significant. Pre- and post-test 
measurements from the control group 
were used to calculate the ICC, standard 
error of measurement (SEM), and minimal 
detectable change (MDC). ICC, SEM, and 
MDC were used to examine the reliability 
of the test.

The Shapiro–Wilk test was used to exam-
ine the normal distribution of data. If the 
p-value of the Shapiro–Wilk test was more 
than 0.05 (p > 0.05) in all cases, then this 
confirmed normal distribution of data and 
parametric statistical tests including inde-
pendent t-tests could be used for statistical 
analyses.

https://en.wikipedia.org/wiki/Multiple_comparisons_problem
https://en.wikipedia.org/wiki/Multiple_comparisons_problem
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of healthy older adult men compared to 
rest. Proprioception is weakened in older 
adults.(3,22) Therefore, older adults need to 
receive more information to compensate 

the muscles around the knee on JPS 
and showed that stimulating massage 
applied to the muscles around the knee 
improved knee JPS and AE in a group 

Figure 1. Test procedure flowchart.
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Figure 2. AE, CE, and VE in degrees in the massage and rest groups. A significant difference was observed in 
AE (p = 0.01).
Figure 2 shows that after receiving the massage, there is a trend to reduce all three types of errors (AE, CE, and 
VE) in the massage group. However, this error reduction was only significant for absolute error (AE). Meanwhile, 
no significant changes were noticed in the rest group.
This is an Excel chart and the lines have no special meaning (only for display).
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could see improvements in sporting/ath-
letic performance and/or improvements 
or restoration of sensorimotor function.(25)  
A number of previous studies on older 
adults provided a combined treatment 
intervention (massage and ankle mobiliza-
tion) and found the treatment group had 
better postural control than those who did 
not receive this intervention.(19,26) A limita-
tion of the combined treatment is that 
the massage-specific effect was not able 
to be determined. Our findings provide 
some evidence of the “massage” effect 
and suggest that massage alone, in male 
older adults, can improve the sense of knee 
joint position. This is important as it implies 
that the sense of touch (massage) can be 
impactful, as evidenced in studies with 
younger participants and that aging does 
not appear to impact the effectiveness of 
massage for improving JPS.

Despite the many positive research 
f indings for massage and the sense of 
joint position, not all research studies find 
beneficial evidence of massage. Lund(27) 
reported that massage had no beneficial 
effects on proprioception in older adults 
with knee osteoarthritis (OA). The massage 
techniques used in this study i.e., squeez-
ing, lifting, or beating the soft tissues such 
as the skin, fascia, ligaments, and muscles 
may affect the multiple receptors found in 
these structures, which monitor changes 
in muscle length, muscle tension, and 
pressure distribution and contribute to 
the body’s development of propriocep-
tion.(19) Arthritis is a disease that causes 
irreversible degenerative changes to the 
articular cartilage of the knee which can 
affect proprioception. We postulate that 
OA, and the degenerative changes that 
occur with it, might disrupt the activation 
of multiple receptors found in the skin, fas-
cia, ligaments, and muscle and therefore 

for weak proprioception and to perform a 
task more accurately. It is possible that the 
participants in our study tried to acquire 
more sensory information from the mov-
ing parts and receptors by performing 
the knee movement in a greater range of 
motion in order to be able to adjust the 
task of replication of the knee target angle 
and consequently, they overshot the target 
angle. The study did not find a significant 
difference in CE and we postulate that this 
might be due to the capacity of massage 
to improve proprioception regardless of 
the error vector. Further research could 
investigate if massage has greater efficacy 
related to the vector i.e., undershooting or 
overshooting the target.

The result of the present study aligns with 
previous research that shows a beneficial 
effect of massage on JPS.(12,23,24) While mas-
sage has shown to be beneficial in previous 
studies, not all studies have investigated 
older individuals. Henriksen et  al.,(12) and 
Shin and Sung(23) investigated the effect 
of massage on young people. The benefits 
of a reduced AE and improved propriocep-
tion in different age groups have different 
outcomes with older cohorts potentially 
decreasing their risk of fall with increased 
proprioception, whereas a younger cohort 

Table 2. Comparisons of Pre-intervention and Post-Intervention Values for AE, CE, and VE in Both Groups (n = 10)

Group  
 

AE  
 

CE  
 

VE

Pre   Post Pre   Post Pre   Post

Rest   6.01 ± 1.33   6.69 ± 1.4   6.01 ± 1.33  6.69 ± 1.4   4.21 ± 1.63  3.46 ± 0.68

Massage   5.84 ± 1.73  3.92 ± 0.98   5.51 ± 0.81  3.89 ± 0.98  3.94 ± 1.13   2.45 ± 0.97

p-value     p = 0.01*     p = 0.04     p = 0.58

*Indicates statistically significant difference (independent t-test).
AE = absolute error; CE = constant error; VE = variable error.
The p-value was set less than 0.016. According to this p-value (p = 0.016), only changes in AE were statistically 
significant.

Table 1. Demographic Characteristics of Participants 
(n = 20)

Variable   Mean   SD   Minimum   Maximum

Age (year)   67.26   3.6   65   75

Weight (kg)   76.45   11.29   58   98

Height (cm)   171.30   7.15   152   181

BMI (kg/m2)   26.08   3.11   20.91   30.59

BMI = body mass index; SD = standard deviation.
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