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Abstract 

[Purpose]  

The purpose of this study was to investigate and analyze the methods for measuring the range of motion of 

cervical rotation joints with regards to studies on patients with cervical musculoskeletal diseases in Japan and 

overseas. 

 

[Methods]  

We searched PubMed, an electronic database, and the Ichushi-Web (last search date: March 11, 2024) for ran-

domized controlled trials on cervical rotation range of motion, and extracted articles that included subjects with 

cervical musculoskeletal disorders. The content of the selected references was evaluated using the PEDro scale 

according to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement, and 

the results were summarized according to PICO. 

 

[Results]  

Twenty references from PubMed and two from the Ichushi-Web were selected. Of the selected references, 16 

were rated as high quality, 5 as moderate quality, and 1 as low quality. The CROM device was the most common 

measurement device. 

 

[Conclusion]  

One limitation of this study is that the results for range of motion of cervical rotation do not reflect differences 

in age and gender. In future studies, it is desirable to develop measurement instruments and methods that can be 

used in a wide range of research and clinical settings. 
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Ⅰ. Introduction 

Neck pain and pain related to neck pain are major 

causes of disability worldwide1). In Japan, neck pain 

and shoulder stiffness are also prevalent across a wide 

range of ages2). According to the National Livelihood 

Basic Survey conducted by the Ministry of Health, La-

bour and Welfare, neck pain consistently ranks among 

the top complaints in terms of self-reported symptoms 

over the past decade, alongside lower back pain3-5). 

Neck pain is stated to be "neck pain with or without 

pain in one or both upper extremities."6). It is also de-

fined in the anatomical field of neck pain, and evalua-

tion and treatment of neck pain is an important matter 

in medical fields worldwide. 

 In joint motion impairment assessment7), joints with 

multiple movements exhibit distinct differences in im-

portance related to each specific motion. These move-

ments are categorized into primary motion, reference 

motion, and other motion. Among these, primary mo-

tion refers to the most crucial actions preformed in 

daily activities. Typically, throughout the human body 

each joint is responsible for one primary motion. How-

ever, in the case of the neck, there are two primary mo-

tions: flexion-extension and rotation. When the range 

of motion for either of these is restricted to less than 

half, it results in residual motion impairment. The 

measurement of joint range of motion is used not only 

to evaluate disability but also to determine the effec-

tiveness of treatment in various situations, and the joint 

range of motion indication and measurement method 

(hereafter referred to as "joint range of motion meas-

urement method "8) established by the Japanese Ortho-

paedic Association and the Japanese Society of Reha-

bilitation Medicine is widely used. Considered to be 

foundational knowledge in various medical fields, it is 

important that joint range of motion measurement 

methods be both practical and easy to understand, and 

therefore should be analyzed according to this purpose. 

According to a previous study9) that surveyed and 

examined neck range of motion and cervical spine ro-

tation in healthy subjects in Japan, goniometers and 

three-dimensional motion analysis and analyzers were 

utilized in more than half of the cases (36.8% and 

28.9%, respectively), indicating the use of various 

measurement devices other than goniometers. However, 

we could find no literature on the measurement of cer-

vical rotational joint range of motion in patients with 

cervical diseases. Therefore, we thought that it would 

be highly significant to investigate and analyze litera-

ture on patients with cervical diseases to clarify the 

measurement method and in turn provide new 

knowledge. 

 The purpose of this study was to conduct a qualita-

tive systematic review of studies conducted in Japan 

and overseas on patients with cervical diseases and to 

investigate and analyze methods for measuring range 

of motion of the cervical rotation. 

 

Ⅱ. Method 

1. Research Design 

 This study was conducted in accordance with the Pre-

ferred Reporting Items for Systematic Review and 

Meta-Analysis (PRISMA) statement10), a guideline for 

reporting systematic reviews. 

 

2. Selecting a Target Paper 

 A search formula including the keywords "cervical," 

"rotation," and "joint range of motion" was used to ex-

tract literature on randomized controlled trials (RCTs) 

of cervical rotation joint range of motion (Table 1).  

The databases used for the literature search were Pub-

Med and the Web version of the NPO Japan Medical 

Abstracts Society Ichushi-Web (hereafter referred to as 

Ichushi-Web) (last search date: March 11, 2024), and 

were collected by one independent person. 

 Inclusion criteria were as follows: 1) the study design 

was RCT, 2) the article was written in Japanese and 

English, 3) the full text was available, 4) the article was 



Journal of International Exercise Sciences Vol.3 No.2 2024 

- 31 - 

 

submitted during the 10-year period from 2014 to 2023, 

and 5) the article contained PICO elements in its text 

structure. 

Exclusion criteria were: 1) reviews, opinions, letters, 

case reports, conference proceedings, and abstracts, 2) 

full text was not available, and 3) the subject was not a 

patient with cervical musculoskeletal disease. 

 The decision to include literature was made by three 

independent evaluators, all three of whom have experi-

ence with systematic reviews. 

 Primary screening was conducted based on the con-

tents of the title and abstract in accordance with the in-

clusion/exclusion criteria. Secondary screening was 

conducted according to the inclusion/exclusion criteria, 

based on a careful reading of the full text and the inclu-

sion/exclusion criteria, and inclusion of those with a de-

scription of patients with cervical musculoskeletal dis-

orders in the text. When there was disagreement among 

the three participants, discussion was held until consen-

sus was reached. The literatures were tabulated and vis-

ually displayed according to the PICO format. 

 

3. Assessing the quality of the literature (risk of bias) 

 To confirm the quality of each reference, the "reliabil-

ity" (or "internal validity") of the clinical trial and 

whether the trial contained appropriate statistical infor-

mation were assessed by two independent raters using 

the PEDro scale11). Each of the following items was 

scored as 1 point, and the total score was 7/10 or higher 

for high, 5-6/10 for fair, and 4/10 or lower for poor. 

1. Random allocation, 2. Concealed allocation,       

3. Baseline comparability，4. Blind assessors，5. Blind 

subjects，6. Blind therapists，7. Adequate follow up，

8. Intention-to-treat analysis，9. Between-group com-

parisons，10. Point estimates and variability， 

Eligibility criteria（outside the score） 

 

Ⅲ. Result 

1. Selected studies 

 An initial search identified 2037 references in Pub-

Med and 242 references in Ichushi-Web. After a pri-

mary screening based on the inclusion criteria, 368 ref-

erences in PubMed and 80 references on the Ichushi-

Web were selected. Subsequently, those with descrip-

tions of patients with cervical musculoskeletal disor-

ders in addition to the primary screening items were se-

lected as secondary screening items by full-text reading, 

and 20 PubMed articles, 2 articles on the Ichushi-Web, 

and a total of 22 articles12-33) were extracted (Fig. 1, Ta-

ble 2). In studies that involve cervical joint range of 

motion measurements and include patients with neck 

pain, we excluded literature where the purpose of joint 

range of motion assessment was the evaluation of cer-

vical proprioception and represented the target position 

as joint angles34). 

 

Table1．Search Fomulas for Databease (Ichushi-Web,PubMed) Searches

PubMed

Ichushi-Web

("cervic"[All Fields] OR "cervicals"[All Fields] OR "cervices"[All Fields] OR

"neck"[MeSH Terms] OR "neck"[All Fields] OR "cervical"[All Fields]) AND

("rotate"[All Fields] OR "rotated"[All Fields] OR "rotates"[All Fields] OR

"rotating"[All Fields] OR "rotation"[MeSH Terms] OR "rotation"[All Fields] OR

"rotations"[All Fields] OR "rotational"[All Fields] OR "rotator"[All Fields] OR

"rotators"[All Fields]) AND ("range of motion, articular"[MeSH Terms] OR

("range"[All Fields] AND "motion"[All Fields] AND "articular"[All Fields]) OR

"articular range of motion"[All Fields] OR ("joint"[All Fields] AND "range"[All

Fields] AND "motion"[All Fields]) OR "joint range of motion"[All Fields])	

(頸部/TH or 頸部/AL) and (回転/TH or 回旋/AL) and 可動域/AL
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2. Quality of selected studies 

 The quality of 20 PubMed articles and 2 Ichushi-Web 

articles selected by the PEDro scale was evaluated and 

shown in Table (Table 3). The median total score was 

7/10, with the lowest score being 3/10, and the highest 

score being 9/10. Sixteen of the selected references 

scored 7/10 or higher, indicating that the studies were 

of high quality. The remaining five were of moderate 

quality and one was of low quality. Random assignment, 

statistical group comparisons, point estimates and con-

fidence intervals described in 100%, 95.4%, intention-

to-treat analysis in 59.0%, blinding to the subject in 

22.7%, and blinding to the treatment in 0%. 

 

3. Time duration 

 In the 10-year period from 2014 to 2023, when the 

survey was conducted, the largest number of references 

was 5 in 2022 (Figure 2). In the five-year period from 

2014 to 2018, 8 references (36.4%) were found, and in 

the five-year period from 2019 to 2023, 14 references  

 

(63.6%) were found.  

4. Sample sizes 

 Sample sizes ranged from 20 to 134, for a total sample 

size of 1342 (Figure 3). The largest sample size ranged 

from 40 to 49, with 5 references. 

 

5. Measuring instruments 

 The cervical range of motion (CROM) device (Perfor-

mance Attainment Associates, MN, USA) (hereafter re-

ferred to as CROM device) was the most commonly 

used measurement device in 11 references (50.0%). 

This was followed by goniometers in 7 (31.8%), incli-

nometers in 3 (13.6%), and electromagnetic tracking 

systems in 1 (4.5%) (Table 4). 

  

・outside the applicable period122literature ・outside the applicable period1015literature

・hard to read40literature

【domestic literature】 【overseas document】

keyword keyword
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・No clear statement of results1literature

Number of Papers2literature
・Difficulty in reading the text1literature

・No ROM measurement2literature



Journal of International Exercise Sciences Vol.3 No.2 2024 

- 33 - 

 

 

T
a
b
le

2
．

C
h
a
r
a
c
t
e
r
is

t
ic

s
 
o
f
 
t
h
e
 
S

e
le

c
t
e
d
 
S

t
u
d
ie

s

F
ir

s
t
 
a
u
t
h
o
r
, 
d
a
t
e

P
I

C
O

①
S

t
a
t
ic

 
S

t
r
e
t
c
h
in

g
1
0
 
t
im

e
s

O
m

a
t
a
 
J

②
S

t
a
t
ic

 
S

t
r
e
t
c
h
in

g
2
0
 
t
im

e
s

①
,②

,③
,④

2
0
1
4

③
C

o
n
t
r
a
c
t
 
S

t
r
e
t
c
h
in

g
1
0
 
t
im

e
s

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n

④
C

o
n
t
r
a
c
t
 
S

t
r
e
t
c
h
in

g
2
0
 
t
im

e
s

O
h
 
S

H
①

S
li
n
g
 
s
t
a
b
il
iz

a
t
io

n
 
e
x
e
r
c
is

e
 
g
r
o
u
p

①
,②

R
O

M
 
im

p
r
o
v
e
d
 
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
.

2
0
1
6

②
S

t
r
e
t
c
h
in

g
 
e
x
e
r
c
is

e
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

J
o
s
h
i 
S

①
C

7
-
T

1
 
le

v
e
l 
M

a
it
la

n
d
 
m

o
b
il
iz

a
t
io

n
 
g
r
o
u
p

①
,②

R
O

M
 
im

p
r
o
v
e
d
 
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
.

2
0
2
0

②
M

id
-
t
h
o
r
a
c
ic

 
(
T

3
-
T

6
)
 
m

a
n
ip

u
la

t
io

n
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

T
h
e
r
e
 
w

a
s
 
s
ig

n
if

ic
a
n
t
 
im

p
r
o
v
e
m

e
n
t
 
in

 
②

 
a
f
t
e
r
 
t
h
e
 
in

t
e
r
v
e
n
t
io

n
, 
3
 
m

o
n
t
h
s
, 
a
n
d
 
6
 
m

o
n
t
h
s
.

A
f
t
e
r
 
b
o
t
h
 
3
 
a
n
d
 
6
 
m

o
n
t
h
s
, 
t
h
e
r
e
 
w

a
s
 
a
 
s
ig

n
if

ic
a
n
t
 
w

o
r
s
e
n
in

g
 
in

 
t
h
e
 
le

s
s
 
r
e
s
t
r
ic

t
iv

e
 
①

.

T
h
e
r
e
 
w

a
s
 
a
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
in

 
②

 
c
o
m

p
a
r
e
d
 
t
o
 
①

 
a
f
t
e
r
 
t
h
e
 
in

t
e
r
v
e
n
t
io

n
, 
3
 
m

o
n
t
h
s
 
a
n
d
 
6
 
m

o
n
t
h
s
.

K
a
n
g
 
T

①
R

e
s
is

t
a
n
c
e
 
e
x
e
r
c
is

e
 
g
r
o
u
p

①
,②

R
O

M
 
im

p
r
o
v
e
d
 
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
.

2
0
2
2

②
T

r
a
p
e
z
iu

s
 
m

a
s
s
a
g
e
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
S

ig
n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

R
o
d
r
íg

u
e
z
-
S

a
n
z
 
J

①
E

x
e
r
c
is

e
 
g
r
o
u
p

①
,②

S
ig

n
if

ic
a
n
t
 
im

p
r
o
v
e
m

e
n
t
 
w

a
s
 
o
b
s
e
r
v
e
d
 
in

 
②

 
a
f
t
e
r
 
t
h
e
 
in

t
e
r
v
e
n
t
io

n
.

2
0
2
1

②
M

a
n
u
a
l 
t
h
e
r
a
p
y
+

E
x
e
r
c
is

e
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
a
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
in

 
②

 
c
o
m

p
a
r
e
d
 
t
o
 
①

 
a
f
t
e
r
 
t
h
e
 
in

t
e
r
v
e
n
t
io

n
.

S
e
o
 
J

①
A

c
t
iv

e
 
t
h
o
r
a
c
ic

 
s
p
in

e
 
m

o
b
il
it
y
 
e
x
e
r
c
is

e
 
g
r
o
u
p

①
,②

R
O

M
 
im

p
r
o
v
e
d
 
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
.

2
0
2
2

②
T

h
o
r
a
c
ic

 
s
p
in

e
 
m

a
n
ip

u
la

t
io

n
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
a
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
in

 
r
ig

h
t
 
r
o
t
a
t
io

n
 
f
o
r
 
①

 
c
o
m

p
a
r
e
d
 
t
o
 
②

.

T
e
je

r
a
 
D

M
①

V
ir

t
u
a
l 
r
e
a
li
t
y
 
t
r
e
a
t
m

e
n
t
 
g
r
o
u
p

①
,②

T
h
e
r
e
 
w

a
s
 
im

p
r
o
v
e
m

e
n
t
 
in

 
R

O
M

 
b
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
 
a
n
d
 
o
v
e
r
 
t
im

e
.

2
0
2
0

②
N

e
c
k
 
e
x
e
r
c
is

e
s
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
,A

f
t
e
r
 
1
a
n
d
3
 
m

o
n
t
h
s

T
h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

S
r
ik

r
a
ja

n
g
 
S

①
A

c
t
iv

e
 
s
c
a
p
u
la

r
 
c
o
r
r
e
c
t
io

n
 
e
x
e
r
c
is

e
 
g
r
o
u
p

①
,②

S
ig

n
if

ic
a
n
t
 
im

p
r
o
v
e
m

e
n
t
 
w

a
s
 
o
b
s
e
r
v
e
d
 
in

 
①

 
a
f
t
e
r
 
t
h
e
 
in

t
e
r
v
e
n
t
io

n
.

2
0
2
3

②
C

o
n
t
r
o
l 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
a
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
in

 
①

 
c
o
m

p
a
r
e
d
 
t
o
 
②

 
a
f
t
e
r
 
t
h
e
 
in

t
e
r
v
e
n
t
io

n
.

①
D

e
e
p
 
n
e
c
k
 
f
le

x
o
r
 
g
r
o
u
p

②
M

c
K

e
n
z
ie

 
g
r
o
u
p

①
,②

,③

③
C

o
n
t
r
o
l 
g
r
o
u
p

①
E

le
c
t
r
o
a
c
u
p
u
n
c
t
u
r
e
 
g
r
o
u
p

②
A

c
u
p
u
n
c
t
u
r
e
 
g
r
o
u
p

③
S

H
A

M
 
g
r
o
u
p

M
u
r
il
lo

 
C

①
D

r
y
 
n
e
e
d
li
n
g
 
g
r
o
u
p

①
,②

T
h
e
r
e
 
w

a
s
 
s
ig

n
if

ic
a
n
t
 
im

p
r
o
v
e
m

e
n
t
 
in

 
b
o
t
h
 
①

 
a
n
d
 
②

.

2
0
2
1

②
S

H
A

M
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

A
y
 
S

①
K

in
e
s
io

 
T

a
p
in

g
 
g
r
o
u
p

①
,②

T
h
e
r
e
 
w

a
s
 
s
ig

n
if

ic
a
n
t
 
im

p
r
o
v
e
m

e
n
t
 
in

 
b
o
t
h
 
①

 
a
n
d
 
②

.

2
0
1
7

②
S

H
A

M
 
t
a
p
in

g
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

A
n
w

a
r
 
S

①
B

r
e
a
t
h
in

g
 
r
e
e
d
u
c
a
t
io

n
 
g
r
o
u
p

①
,②

T
h
e
r
e
 
w

a
s
 
s
ig

n
if

ic
a
n
t
 
im

p
r
o
v
e
m

e
n
t
 
in

 
b
o
t
h
 
①

 
a
n
d
 
②

.

2
0
2
2

②
R

o
u
t
in

e
 
p
h
y
s
ic

a
l 
t
h
e
r
a
p
y
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
,A

f
t
e
r
 
4
 
a
n
d
 
8
 
w

e
e
k
s

T
h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

①
R

e
h
a
b
il
it
a
t
io

n
 
g
r
o
u
p

I
m

p
r
o
v
e
m

e
n
t
 
w

a
s
 
s
e
e
n
 
in

 
b
o
t
h
 
①

, 
②

 
a
n
d
 
③

 
.

②
①

+
E

S
W

T
(
g
u
id

e
d
 
b
y
 
X

-
r
a
y
 
im

a
g
e
)
g
r
o
u
p

②
 
a
n
d
 
③

 
 
s
h
o
w

e
d
 
im

p
r
o
v
e
m

e
n
t
 
c
o
m

p
a
r
e
d
 
t
o
 
①

.

③
①

+
E

S
W

T
(
g
u
id

e
d
 
b
y
 
m

u
s
c
u
lo

s
k
e
le

t
a
l 
s
o
n
o
g
r
a
p
h
y
)
g
r
o
u
p

③
 
 
s
h
o
w

e
d
 
im

p
r
o
v
e
m

e
n
t
 
c
o
m

p
a
r
e
d
 
t
o
 
②

.

①
I
n
h
ib

it
o
r
y
 
s
u
b
o
c
c
ip

it
a
l 
t
e
c
h
n
iq

u
e
 
g
r
o
u
p

②
U

p
p
e
r
 
c
e
r
v
ic

a
l 
t
r
a
n
s
la

t
o
r
ic

 
m

o
b
il
iz

a
t
io

n
 
g
r
o
u
p

③
C

o
n
t
r
o
l 
g
r
o
u
p

N
o
g
u
e
r
a
-
I
t
u
r
b
e
 
Y

①
K

in
e
s
io

 
T

a
p
in

g
 
g
r
o
u
p

①
,②

N
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
in

 
b
o
t
h
 
①

 
a
n
d
 
②

.

2
0
1
9

②
S

H
A

M
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
N

o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
in

 
b
o
t
h
 
①

 
a
n
d
 
②

.

S
id

d
iq

u
i 
M

①
A

u
t
o
g
e
n
ic

 
in

h
ib

it
io

n
 
t
e
c
h
n
iq

u
e
 
g
r
o
u
p

①
,②

I
m

p
r
o
v
e
m

e
n
t
 
w

a
s
 
s
e
e
n
 
in

 
b
o
t
h
 
①

 
a
n
d
 
②

.

2
0
2
2

②
R

e
c
ip

r
o
c
a
l 
I
n
h
ib

it
io

n
 
t
e
c
h
n
iq

u
e
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
C

o
m

p
a
r
e
d
 
t
o
 
②

, 
①

 
w

a
s
 
s
ig

n
if

ic
a
n
t
ly

 
im

p
r
o
v
e
d
.

①
M

a
n
u
a
l 
s
u
b
o
c
c
ip

it
a
l 
in

h
ib

it
io

n
 
t
e
c
h
n
iq

u
e
 
g
r
o
u
p

②
I
n
s
t
r
u
m

e
n
t
a
l 
s
u
b
o
c
c
ip

it
a
l 
in

h
ib

it
io

n
 
g
r
o
u
p

③
②

+
U

p
p
e
r
 
c
e
r
v
ic

a
l 
m

a
n
ip

u
la

t
io

n
 
t
e
c
h
n
iq

u
e
 
g
r
o
u
p

①
M

e
d
ia

n
 
n
e
r
v
e
 
n
e
u
r
a
l 
m

o
b
il
iz

a
t
io

n
 
g
r
o
u
p

②
C

e
r
v
ic

a
l 
la

t
e
r
a
l 
g
li
d
e
 
g
r
o
u
p

③
O

r
a
l 
ib

u
p
r
o
f
e
n
 
g
r
o
u
p

①
N

e
c
k
 
c
o
o
r
d
in

a
t
io

n
 
e
x
e
r
c
is

e
 
g
r
o
u
p

②
S

t
r
e
n
g
t
h
 
t
r
a
in

in
g
 
g
r
o
u
p

③
M

a
s
s
a
g
e
 
t
r
e
a
t
m

e
n
t
 
g
r
o
u
p

P
a
r
k
 
K

D
①

H
ig

h
-
e
n
e
r
g
y
 
E

S
W

T
 
g
r
o
u
p

①
,②

I
m

p
r
o
v
e
m

e
n
t
 
w

a
s
 
s
e
e
n
 
in

 
b
o
t
h
 
①

 
a
n
d
 
②

, 
w

it
h
 
a
 
s
ig

n
if

ic
a
n
t
 
in

c
r
e
a
s
e
 
in

 
r
o
t
a
t
io

n
 
t
o
 
t
h
e
 
h
e
a
lt
h
y
 
s
id

e
.

2
0
1
8

②
L

o
w

-
e
n
e
r
g
y
 
E

S
W

T
 
g
r
o
u
p

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
T

h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

E
S

W
T

:e
x
t
r
a
c
o
r
p
o
r
e
a
l 
s
h
o
c
k
 
w

a
v
e
 
t
h
e
r
a
p
y

5
4
1
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

1
3
6
 
p
a
t
ie

n
t
s
 
w

it
h
 
n
e
c
k
 
p
a
in

N
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
w

a
s
 
f
o
u
n
d
 
f
o
r
 
R

O
M

.

2
S

t
r
a
ig

h
t
 
n
e
c
k
 
s
y
n
d
r
o
m

e
 
2
0

3
4
2
 
p
a
t
ie

n
t
s
 
w

it
h
 
n
e
c
k
 
p
a
in

 
p
r
e
s
e
n
t
in

g
 
w

it
h

c
e
r
v
ic

o
t
h
o
r
a
c
ic

 
ju

n
c
t
io

n
 
d
y
s
f
u
n
c
t
io

n

4
R

o
d
r
íg

u
e
z
-
S

a
n
z
 
J

2
0
2
0

5
8
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

①
E

x
e
r
c
is

e
 
g
r
o
u
p

②
M

a
n
u
a
l 
t
h
e
r
a
p
y
 
+

 
E

x
e
r
c
is

e
 
g
r
o
u
p

①
,②

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
,A

f
t
e
r
 
3
a
n
d
6
 
m

o
n
t
h
s

S
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
in

 
③

 
c
o
m

p
a
r
e
d
 
t
o
 
①

 
a
n
d
 
②

.

T
h
e
r
e
 
w

a
s
 
a
ls

o
 
a
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
in

 
①

 
c
o
m

p
a
r
e
d
 
t
o
 
②

.

6
4
8
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

7
2
6
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

8
4
4
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

4
0
 
p
a
t
ie

n
t
s
 
w

it
h
 
n
e
c
k
 
p
a
in

9
2
8
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

1
0

A
b
d
e
l-

A
z
ie

m
 
A

A

2
0
2
2

5
5
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

1
1

A
r
a
n
h
a
 
M

F

2
0
1
5

7
2
 
p
a
t
ie

n
t
s
 
w

it
h
 
t
r
ig

g
e
r
 
p
o
in

t
s
 
in

 
t
h
e
 
u
p
p
e
r

t
r
a
p
e
z
iu

s
 
m

u
s
c
le

①
,②

,③

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n

S
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
in

 
r
ig

h
t
 
r
o
t
a
t
io

n
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

.

S
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
in

 
①

 
a
n
d
 
②

 
c
o
m

p
a
r
e
d
 
t
o
 
③

.

I
n
 
le

f
t
 
r
o
t
a
t
io

n
, 
t
h
e
r
e
 
w

a
s
 
a
 
s
ig

n
if

ic
a
n
t
 
in

c
r
e
a
s
e
 
in

 
p
a
r
t
 
o
f
 
①

.

T
h
e
r
e
 
w

a
s
 
n
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
②

 
a
n
d
 
③

 
.

1
3

7
3
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
e
r
v
ic

a
l 
m

y
o
f
a
s
c
ia

l 
p
a
in

s
y
n
d
r
o
m

e

1
4

6
8
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

1
5

L
in

 
T

Y

2
0
1
5

6
0
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
e
r
v
ic

a
l 
s
p
o
n
d
y
lo

s
is

 
w

it
h
 
t
e
r
m

li
g
a
m

e
n
t
 
c
a
lc

if
ic

a
t
io

n

①
,②

,③

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n

1
6

G
o
n
z
á
le

z
-
R

u
e
d
a
 
V

2
0
2
0

7
8
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

①
,②

,③

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
,A

f
t
e
r
 
3
 
m

o
n
t
h
s

1
2

1
7

1
3
4
 
p
a
t
ie

n
t
s
 
w

it
h
 
t
r
ig

g
e
r
 
p
o
in

t
s
 
in

 
t
h
e
 
u
p
p
e
r

t
r
a
p
e
z
iu

s
 
m

u
s
c
le

1
8

8
0
 
p
a
t
ie

n
t
s
 
w

it
h
 
n
e
c
k
 
p
a
in

1
9

A
r
jo

n
a
 
R

e
t
a
m

a
l 
J
J

2
0
2
1

9
6
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

2
2

3
0
 
p
a
t
ie

n
t
s
 
w

it
h
 
m

y
o
f
a
s
c
ia

l 
p
a
in

 
s
y
n
d
r
o
m

e
 
in

 
t
h
e

u
p
p
e
r
 
t
r
a
p
e
z
iu

s
 
m

u
s
c
le

①
,②

,③

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n

I
m

p
r
o
v
e
m

e
n
t
 
w

a
s
 
s
e
e
n
 
in

 
b
o
t
h
 
①

, 
②

 
a
n
d
 
③

 
.

N
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
in

 
①

, 
②

, 
a
n
d
 
③

 
.

2
0

C
a
lv

o
-
L

o
b
o
 
C

2
0
1
8

1
0
5
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
e
r
v
ic

o
b
r
a
c
h
ia

l 
p
a
in

①
,②

,③

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
,6

 
w

e
e
k
s
 
la

t
e
r

I
m

p
r
o
v
e
m

e
n
t
 
w

a
s
 
s
e
e
n
 
in

 
b
o
t
h
 
①

, 
②

 
a
n
d
 
③

 
.

N
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
s
 
w

e
r
e
 
f
o
u
n
d
 
in

 
①

, 
②

, 
a
n
d
 
③

 
.

2
1

R
u
d
o
lf

s
s
o
n
 
T

 
 
 
 
2
0
1
4

1
0
8
 
p
a
t
ie

n
t
s
 
w

it
h
 
c
h
r
o
n
ic

 
n
e
c
k
 
p
a
in

①
,②

,③

B
e
f
o
r
e
 
a
n
d
 
a
f
t
e
r
 
e
a
c
h
 
in

t
e
r
v
e
n
t
io

n
,6

 
w

e
e
k
s
 
la

t
e
r

②
 
im

p
r
o
v
e
d
 
s
ig

n
if

ic
a
n
t
ly

.

N
o
 
s
ig

n
if

ic
a
n
t
 
d
if

f
e
r
e
n
c
e
 
w

a
s
 
f
o
u
n
d
 
b
e
t
w

e
e
n
 
①

 
a
n
d
 
③

 
.



 

 

- 34 - 

 

 

T
a
b
le

3
．

Q
u
a
lit

y
 o

f 
S

e
le

c
te

d
 S

tu
d
ie

s

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

Ⅰ
R

a
n
d
o
m

 a
llo

c
a
ti
o
n

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Ⅱ
C

o
n
c
e
a
le

d
 a

llo
c
a
ti
o
n

N
N

Y
Y

N
Y

Y
Y

Y
N

N
Y

Y
Y

N
N

Y
Y

Y
Y

N
Y

Ⅲ
B

a
se

lin
e
 c

o
m

p
a
ra

b
ili

ty
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y

Ⅳ
B

lin
d
 a

ss
e
ss

o
rs

N
N

Y
Y

N
Y

N
Y

Y
N

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Ⅴ
B

lin
d
 s

u
b
je

c
ts

N
N

N
N

N
N

N
N

N
N

Y
N

Y
N

N
N

Y
N

Y
N

N
Y

Ⅵ
B

lin
d
 t

h
e
ra

p
is

ts
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N
N

N

Ⅶ
A

d
e
q
u
a
te

 f
o
llo

w
 u

p
Y

N
Y

Y
N

Y
Y

Y
Y

Y
N

Y
N

Y
Y

Y
Y

Y
Y

N
Y

Y

Ⅷ
In

te
n
ti
o
n
-t

o
-t

re
a
t 

a
n
a
ly

si
s

Y
N

N
Y

Y
Y

N
Y

Y
N

N
Y

N
Y

Y
Y

Y
Y

N
Y

N
N

Ⅸ
B

e
tw

e
e
n
-g

ro
u
p
 c

o
m

p
a
ri

so
n
s

Y
N

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Ⅹ
P

o
in

t 
e
st

im
a
te

s 
a
n
d
 v

a
ri

a
b
ili

ty
N

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y

E
lig

ib
ili

ty
 c

ri
te

ri
a
(o

u
ts

id
e
 t

h
e
 s

c
o
re
）

N
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

to
ta

l 
a
m

o
u
n
t

5
/1

0
3
/1

0
7
/1

0
8
/1

0
5
/1

0
8
/1

0
6
/1

0
8
/1

0
8
/1

0
5
/1

0
6
/1

0
8
/1

0
7
/1

0
8
/1

0
7
/1

0
7
/1

0
9
/1

0
8
/1

0
8
/1

0
7
/1

0
6
/1

0
8
/1

0

R
e
se

a
rc

h
 Q

u
a
lit

y
F

P
H

H
F

H
F

H
H

F
H

H
H

H
H

H
H

H
H

H
F

H

Y
:M

e
e
ts

 t
h
e
 c

ri
te

ri
a

N
:C

ri
te

ri
a
 n

o
t 

m
e
t

Ⅰ
:R

a
n
d
o
m

 a
llo

c
a
ti
o
n

S
u
b
je

c
ts

 w
e
re

 r
a
n
d
o
m

ly
 a

llo
c
a
te

d
 t

o
 g

ro
u
p
s

Ⅱ
:C

o
n
c
e
a
le

d
 a

llo
c
a
ti
o
n

A
llo

c
a
ti
o
n
 w

a
s 

c
o
n
c
e
a
le

d

Ⅲ
:B

a
se

lin
e
 c

o
m

p
a
ra

b
ili

ty
T

h
e
 g

ro
u
p
s 

w
e
re

 s
im

ila
r 

a
t 

b
a
se

lin
e
 r

e
g
a
rd

in
g
 t

h
e
 m

o
st

 i
m

p
o
rt

a
n
t 

p
ro

g
n
o
st

ic
 i
n
d
ic

a
to

rs

Ⅳ
:B

lin
d
 a

ss
e
ss

o
rs

T
h
e
re

 w
a
s 

b
lin

d
in

g
 o

f 
a
ll 

a
ss

e
ss

o
rs

 w
h
o
 m

e
a
su

re
d
 a

t 
le

a
st

 o
n
e
 k

e
y
 o

u
tc

o
m

e

Ⅴ
:B

lin
d
 s

u
b
je

c
ts

T
h
e
re

 w
a
s 

b
lin

d
in

g
 o

f 
a
ll 

su
b
je

c
ts

Ⅵ
:B

lin
d
 t

h
e
ra

p
is

ts
T

h
e
re

 w
a
s 

b
lin

d
in

g
 o

f 
a
ll 

th
e
ra

p
is

ts
 w

h
o
 a

d
m

in
is

te
re

d
 t

h
e
 t

h
e
ra

p
y

Ⅶ
:A

d
e
q
u
a
te

 f
o
llo

w
 u

p
M

e
a
su

re
s 

o
f 

a
t 

le
a
st

 o
n
e
 k

e
y
 o

u
tc

o
m

e
 w

e
re

 o
b
ta

in
e
d
 f

ro
m

 m
o
re

 t
h
a
n
 8

5
%

 o
f 

th
e
 s

u
b
je

c
ts

 i
n
it
ia

lly
 a

llo
c
a
te

d
 t

o
 g

ro
u
p
s

Ⅷ
:I

n
te

n
ti
o
n
-t

o
-t

re
a
t 

a
n
a
ly

si
s

A
ll 

su
b
je

c
ts

 f
o
r 

w
h
o
m

 o
u
tc

o
m

e
 m

e
a
su

re
s 

w
e
re

 a
v
a
ila

b
le

 r
e
c
e
iv

e
d
 t

h
e
 t

re
a
tm

e
n
t 

o
r 

c
o
n
tr

o
l 
c
o
n
d
it
io

n
 a

s 
a
llo

c
a
te

d
 o

r,
 w

h
e
re

 t
h
is

 w
a
s 

n
o
t 

th
e
 c

a
se

, 
d
a
ta

 f
o
r

a
t 

le
a
st

 o
n
e
 k

e
y
 o

u
tc

o
m

e
 w

a
s 

a
n
a
ly

se
d
 b

y
 "

in
te

n
ti
o
n
 t

o
 t

re
a
t"

Ⅸ
:B

e
tw

e
e
n
-g

ro
u
p
 c

o
m

p
a
ri

so
n
s

T
h
e
 r

e
su

lt
s 

o
f 

b
e
tw

e
e
n
-g

ro
u
p
 s

ta
ti
st

ic
a
l 
c
o
m

p
a
ri

so
n
s 

a
re

 r
e
p
o
rt

e
d
 f

o
r 

a
t 

le
a
st

 o
n
e
 k

e
y
 o

u
tc

o
m

e

Ⅹ
:P

o
in

t 
e
st

im
a
te

s 
a
n
d
 v

a
ri

a
b
ili

ty
T

h
e
 s

tu
d
y
 p

ro
v
id

e
s 

b
o
th

 p
o
in

t 
m

e
a
su

re
s 

a
n
d
 m

e
a
su

re
s 

o
f 

v
a
ri

a
b
ili

ty
 f

o
r 

a
t 

le
a
st

 o
n
e
 k

e
y
 o

u
tc

o
m

e

E
lig

ib
ili

ty
 c

ri
te

ri
a
(o

u
ts

id
e
 t

h
e
 s

c
o
re
）

E
lig

ib
ili

ty
 c

ri
te

ri
a
 w

e
re

 s
p
e
c
if

ie
d



Journal of International Exercise Sciences Vol.3 No.2 2024 

- 35 - 

 

 

 

Ⅳ. Discussion 

The purpose of this study was to conduct a qualitative 

systematic review of studies in patients with neck dis-

orders in Japan and abroad, and to investigate and ana-

lyze methods for measuring range of motion of the cer-

vical rotation. Twenty-two references were selected 

through primary and secondary screening according to 

inclusion and exclusion criteria. 

 CROM devices were the most commonly used instru-

ments, accounting for half of the total, because of their 

excellent intra- and inter-rater reliability35). The second 

most commonly used instrument was a goniometer, 

which is inexpensive, readily available, portable, and 

easy to use35). The electromagnetic tracking system, 

which uses magnetic sensors to measure position in 

three dimensions, produced the fewest results. The 

measurement of joint range of motion in cervical rota-

tion requires consideration of the advantages and dis-

advantages of the measurement devices themselves, as 

they are employed according to the purpose of the 

measurement. The CROM device used most frequently 

in this study, which specializes in measuring joint range  

 

 

 

 

of motion in the neck, has excellent intra- and inter-ex-

aminer reliability, but requires instruction and practice 

for proper use, may not be easily accessible35), can 

cause discomfort when being worn during measure-

ment, and a limited starting posture during measure-

ment36) are some of the device’s disadvantages. The 

second most common joint range of motion measure-

ment method uses a goniometer to measure joint range 

of motion. While goniometers are inexpensive, easy to 

use and have the advantage of being used not only for 

measuring the neck but also for other joints, their dis-

advantage is that intra-examiner reliability is superior 

to inter-examiner reliability and the same examiner 

should perform the measurement36). Although 3D mo-

tion analyzers are available in various types, such as 

optical, mechanical, and magnetic, and are capable of 

continuous and detailed evaluation of various types of 

movements, their disadvantages are that they require 

time for measurement and analysis36), are expensive, 

and are bound to a limited measurement environment9). 

In a previous study9) on healthy subjects, 28.9% of the 

subjects used 3D movement analysis/analysis devices, 
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while only 4.5% of the patients used such devices in the 

present study. This indicates that 3D motion analysis 

devices are not realistic as measurement devices in hos-

pitals and other facilities that provide intervention and 

treatment to patients. 

 The quality of the 22 included RCTs was evaluated 

using the PEDro scale. 16 of the 22 studies were of high 

quality (72.7% of the total). However, while an increase 

in the range of motion of the cervical rotator joints was 

observed, several studies found no significant differ-

ence. This confirms that studies of high quality with 

high scores on the PEDro scale do not necessarily pro-

vide evidence that the treatment is clinically useful37). 

The percentages for each evaluation item showed a 

similar trend to the PEDro statistics (updated February 

7, 2022)38). Random assignment, statistical group com-

parisons, point estimates and confidence intervals were 

described in most of the literature, and intention-to-

treat analysis and blinding of subjects were performed 

in a small percentage of the studies, with no blinding of 

treatment subjects. Blinding of treatment subjects was 

performed in only 2% of the PEDro statistics, and it is 

not unusual to find 0% blinding of treatment subjects, 

not only in the present study but also in previous stud-

ies39-42). It is easy to imagine that the intervention by 

treatment makes blinding to the therapist difficult, but 

blinding to the therapist is an important issue to im-

prove the quality of RCTs in future clinical research. 

 Of the 22 references included in this study, only one 

was an RCT conducted in Japanese. This may reflect 

the low level of interest in and awareness of the range 

of motion of the cervical rotation in Japan. It is well 

known that range of motion of the cervical rotation is 

very important in daily life activities but evidence has 

not yet been established, and this is a research field that 

requires future development. 

 A limitation of this study is that the range of motion 

of the cervical rotation does not reflect the results of 

age and gender differences. It is known that joint range 

of motion decreases with age and that women tend to 

have a wider range of motion than men. However, 

RCTs are not studies that seek differences in age or gen-

der, as they are interventions for diseases. Another lim-

itation of the review process is that only existing instru-

ments were used in this study, and no new instruments 

or methods were found, as literature on healthy subjects 

was used as an exclusion criterion. Although it was 

shown that each measurement device can be used for 

various purposes in research and clinical practice, the 

shortcomings of each device have not been overcome, 

and it is desirable to develop measurement devices and 

methods that can be used in a wide range of research 

and clinical practice in future studies. 
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Abstract 

[Purpose]  

To clarify the effects of various trigger point treatments on joint range of motion and the potential of joint range 

of motion measurement as an evaluation method to determine the effectiveness of treatment in a qualitative system-

atic review. 

 

[Methods]  

We searched PubMed, an electronic database, and the NPO Japan Medical Abstracts Society Ichushi - Web for 

randomized controlled trials on trigger points, and extracted those that mentioned joint range of motion in the text 

(Last search date: December 7, 2023). 

The PRISMA statement was followed, and the selected literature was qualitatively evaluated according to the PEDro 

scale. The results are summarized in a table according to PICO. 

 

[Results]  

Thirteen articles were extracted from PubMed and three articles from the Ichushi - Web. Of the selected articles, 

12 were rated as high, 2 as fair, and 2 as poor. The most common site of interest was the neck, suggesting that 

various treatment methods for trigger points can affect joint range of motion. 

 

[Conclusion]  

Although we were unable to determine a clear range of improvement or statistically significant differences, the 

finding that various treatment methods for trigger points affect joint range of motion suggests that joint range of 

motion measurement can be used to determine the effectiveness of trigger points. 
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Ⅰ．Introduction 

A Comprehensive Survey of Living Conditions 

(2022) showed that among both men and women who 

had subjective indications of illness and/or injury, low 

back pain and stiff shoulders, in that order, were the 

most common symptoms1 ). It has been suggested that 

the cause of back pain may originate from spinal struc-

tures such as ligaments, intervertebral joints, vertebral 

bodies, intervertebral discs, and muscles and fascia2). In 

the case of stiff shoulders, the name of the symptom is 

derived from the state of muscle tension3). 

Thus, while many people in Japan complain of low 

back pain and stiff shoulders as subjective symptoms, 

the clinical causes of such issues are often numerous 

and diverse, making it difficult for therapists to decide 

on an appropriate treatment strategy. 

In recent years, treatment practices employing vari-

ous methods of manual therapy for trigger points (here-

after referred to as "TrP"), which are effective for my-

ofascial pain syndrome (hereafter referred to as "MPS"), 

have attracted widespread attention4), and back pain 

and stiff shoulders treatment with MPS as one of the 

causes, are noware being performed. 

TrP is defined as a painful mass or induration at a 

site of tension within a muscle. There are two types of 

TrP: active TrP, which is the site causing the symptoms 

of patient complaints, and latent TrP, which has char-

acteristics such as cord-like induration but does not 

cause the symptoms of patient complaintst5). The two 

types of TrPs are said to be characterized by the pres-

ence of scattered pain and cord-like induration, repro-

ducible pain caused by pressure (associated pain), and 

the fact that the cause of the pain cannot be explained 

by the results of the neurological examination. 

The former includes bony, intra-articular structural, 

muscular, and periarticular soft tissue factors and struc-

tural factors, while the latter states that defensive mus-

cle contraction causes joint range of motion limitation6). 

The latter includes defensive muscle contraction that 

causes joint range of motion limitation.  Needless to 

say, TrP is characterized by pain, which can be an indi-

rect factor in the above, and there are many reports that 

indicate that treatment for TrP affects joint range of 

motion. On the other hand, there have not been enough 

studies on the effects of various treatment methods on 

the range of motion of joints. 

The purpose of this study was to determine, in a qual-

itative systematic review, the effects of various treat-

ments for TrP on joint range of motion and the potential 

of joint range of motion measurement as an evaluation 

method to determine the effectiveness of treatment. 

 

Ⅱ．Subjects and Method 

1. Study Design 

This study was conducted in accordance with the 

Preferred Reporting Items for Systematic Review and 

Meta-Analysis (hereafter referred to as " PRISMA ") 

statement7), a guideline for reporting systematic re-

views. 

 

2. Selection of Target Literature 

A search formula for "trigger point" was used to se-

lect references from randomized controlled trials (here-

after referred to as " RCT ") on trigger points (Table 1). 

The databases used for the literature search were Pub-

Med and the NPO Japan Medical Abstracts Society 

Ichushi-Web (hereafter referred to as " Ichushi-Web 

"),and were collected by two independent persons (last 

search date: December 7, 2023).  

Inclusion criteria were as follows: 1) Study Design 

Table 1．　Search Formula

Ichushi-

web
(トリガーポイント/TH or トリガーポイント/AL)

PubMed
"trigger points"[MeSH Terms]OR("trigger"[All fields]AND"points"[All Fields])OR"trigger points"[All

Fields]OR("trigger"[All Fields]AND "point"[All Fields])OR"trigger point"[All Fields]
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was RCT, 2) The article was written in both Japanese 

and English, 3) The full text was available, 4) The arti-

cle was submitted during the 10-year period from 2013 

to 2022, and 5) The article contained PICO elements in 

its text structure. 

Exclusion criteria were: 1) Reviews, opinions, letters, 

case reports, conference proceedings, and abstracts; 2) 

Articles for which the full text was not available; and 

3) Articles for which there were non-human subjects. 

The decision on which literature to include was made 

by three independent evaluators, all of whom had expe-

rience with systematic reviews. 

 Primary screening was performed based on the con-

tents of the title and abstract in accordance with the in-

clusion and exclusion criteria. Secondary screening 

was conducted based on the inclusion/exclusion criteria, 

and the inclusion of articles with descriptions of joint 

range of motion in the text that was determined in ad-

dition to the primary screening. When there was disa-

greement among the three researchers, discussion was 

held until consensus was reached. The extracted refer-

ences were summarized in a table in PICO format. 

 

3. Assessment of Risk of Bias 

To confirm the quality of each literature, bias risk 

was assessed by two independent raters using the 

PEDro scale8), which evaluates the "reliability" (or "in-

ternal validity") of a clinical trial and whether the trial 

contains appropriate statistical information. The risk of 

bias was assessed by two independent raters using the 

following items, with each item scoring 1 point, and a 

total score of 7/10 or higher being low, 5-6/10 being 

fair, and 4/10 or lower being high. 1. Random alloca-

tion, 2. Concealed allocation, 3. Baseline comparabil-

ity, 4. Blind assessors, 5. Blind subjects, 6. Blind ther-

apists, 7. Adequate follow up, 8. Intention-to-treat 

analysis, 9. Between-group comparisons, 10. Point 

estimates and variability. 

 

Ⅲ．Result 

1. Extracted Articles 

An initial search identified 8,147 articles in PubMed 

and 1,139 articles in Ichushi-Web. Primary screening 

was conducted based on the inclusion criteria, and 119 

articles in PubMed and 16 articles in Ichushi-Web were 

selected. After that, as a secondary screening, those 

with descriptions of joint range of motion in addition to 

the primary screening items were extracted by full-text 

reading, and those without PICO elements were ex-

cluded, in total13 PubMed articles were selected9-21) 

and 3 editions of the Ichushi-Web 22-24) were extracted 

(Fig. 1 and Table 2). 

 

2. Quality of Selected Studies 

Thirteen PubMed articles and three Ichushi-Web se-

lected by the PEDro scale were evaluated for research 

quality. Twelve of the selected articles scored 7/10 or 

higher, indicating that the studies were of high quality. 

Two articles were rated as fair-quality studies with a 

score of 6/10, and two articles were rated as poor-qual-

ity studies with a score of 4/10(Table 3)． 

Excluded Papers 891cases Excluded Papers5,706cases

・Out of Period 3,636cases

・Difficult to Read 2,070cases

Excluded Papers232cases

Figure1.　Selected Paper

Number of discussion

papers2,441cases

【Domestic Literature】 【Overseas Literature】

keyword keyword

「trigger point」 「trigger point」

・Out of Period 638cases

・Difficult to Read 253編

Number of discussion papers3cases

Number of discussion papers13cases

Excluded Papers13cases

・No ROM mentioned in full            text

104cases

・Contains no PICO elements2cases

・No ROM mentioned in full

text 9cases

・Other than RCT232cases
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3. Target Site 

Eleven reports on the neck, two reports on the thora-

columbar region, one report on the hip joint, one report 

on the knee joint, and one report on the temporoman-

dibular joint were followed up for intervention and 

joint range of motion measurement. 

4. Effects of Various Treatment Methods for Trigger 

Points on Joint Range of Motion 

Two Laser Therapy, three Kinesio Taping (hereafter 

referred to as " KT "), three Dry Needling (hereafter 

referred to as "DN"), five Manual Therapy, one Mas-

sage Stick, one Electroacupuncture, and one Radiofre-

quency Therapy were used as intervention methods for 

trigger points. 

Fourteen of the 16 interventions increased the range 

of motion of the joints, but there was no significant dif-

ference in 8 of the interventions between groups. In 2 

cases, there were no significant differences between the 

intervention groups before and after the intervention. 

 

Ⅳ．Discussion 

The purpose of this study was to clarify through a 

qualitative systematic review the effects of various 

treatment methods for TrP on joint range of motion and 

the possibility of measuring joint range of motion as an 

evaluation method for determining treatment efficacy. 

 Considering the research results, the initial keyword 

search for extracted articles yielded 8,147 PubMed ar-

ticles and 1,139 Ichushi-Web, but after screening, the 

number of articles was reduced to 13 PubMed articles 

and 3 Ichushi-Web．We believe the reason for such a 

large decrease in the number of publications was due to 

the fact that there were few RCTs, and were only case 

reports and short reports. In addition, this study was 

limited to the 10 years from 2013 to 2022 in order to 

investigate recent research trends, which can also be a 

major factor  in the decrease of  the number of docu-

ments. In addition, in the quality evaluation using the 

PEDro scale, 12 studies were of  high, 2 studies were 

of fair, and 2 studies were of poor quality. There were 

many articles that did not meet the criteria, and of par-

ticular note were 14 articles for VI Blind therapists that 

failed to meet the criteria standard.  It is said that only 

2% of studies meet the criteria for blinding of therapists 

in the PEDro statistics25), and in this study as well, 

blinding of therapists in clinical trials is important for 

implementing interventions. It was suggested that this 

would be extremely difficult because the person con-

ducting the test must be in a situation where they do not 

know the subject's intervention. 

 Regarding the target areas, there were 11 cases on 

the neck, 2 cases on the thoracolumbar region, 1 case 

on the hip joint, 1 case on the knee joint, and 1 case on 

the temporomandibular joint. From the above, the ma-

jority of the target areas for TrP were the neck. Based 

on the extracted literature, TrPs are said to occur most 

often in the shoulder girdle and neck, and among them, 

the trapezius muscle, is the most common site of 

MPS12). The reason for this could be due in part to its 

relative easiness.  

 The treatments for TrP included Laser Therapy in 2 

cases, KT in 3 cases, DN in 3 cases, Manual Therapy 

in 5 cases, Massage Stick in 1 case, Electroacupuncture 

in 1 case, and Radiofrequency Therapy in 1 case. A 

wide range of methods were used, from highly special-

ized methods such as DN and Electroacupuncture that 

require a limited intervention environment, to methods 

that could be performed by the patient themself, such 

as KT and Massage Sticks. TrP is said to be a painful 

mass or induration at the site of intramuscular tension, 

and it has been suggested that external stimulation can 

be implemented as a treatment method depending on 

the skill of the interventionist and the environment. Re-

garding the effects of various treatment methods for 

TrP on joint range of motion, 14 out of 16 articles stated 

that an increase was observed, but there were also cases 

where there was no significant difference, and statisti-

cally there was no significant difference in joint range 
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of motion. It has become clear that it is difficult to judge 

whether it is effective in increasing the number of pa-

tients. Although the above suggests that TrP affects 

joint range of motion, there was no clear evidence that 

various treatments for TrP statistically contributed to 

improving joint range of motion limitations. On the 

other hand, it has been revealed that TrP affects joint 

range of motion, suggesting that joint range of motion 

measurement can be used to determine the effective-

ness of TrP. 

 One limitationOne of this study was that it was not 

possible to clearly report thereport contribution of TrP 

to improving joint range of motion. Even in the litera-

ture where improvements were seen, the specific extent 

of improvement could not be clarified.In addition, with 

the time limit we set as a period of only 10 years and  

research to be limited limited to include PICO elements 

from the RCT research, we experienced a significant   

decrease in the number of documents available anda-

vaibable fewer results for various treatment methods.  

In the future, we hope that clinical research will pro-

duce statistical results on the effects of various treat-

ment methods for TrP on joint range of motion, and that 

joint range of motion measurements will contribute to 

the objective evaluation of effects in patients with TrP.  

 

Conflict of interest 

There are no conflicts of interest or research funding to 

disclose in this study. 

 

References 

1) Ministry of Health, Labor and Welfare: Overview 

of the Basic Survey on National Living (Reviewed 

in 2022) https://www.mhlw.go.jp/toukei/sai-

kin/hw/k-tyosa/k-tyosa22/dl/14.pdf  (Accessed 

on December 12, 2023). 

2) Richard A, James N: Low Back Pain. N Engl Med, 

2001,344(5):363. 

 

3) Kenji Takagishi, Yuichi Hoshino, Junji Ide, et al.: 

Project research on stiff shoulders (2004-2008): 

The journal of the Japanese Orthopaedic Associa-

tion, 2008,82:901-911. 

4) Yoichi Minakawa, Shingo Saito, Fukutaro Asai, et 

al.: Literature research of trigger point acupunc-

ture. The Japanese Society for the Study of Chronic 

Pain, 2018, 37(1): 126-131. 

5) Yoichi Minakawa: Overview of myofascial trigger 

point acupuncture method and treatment of shoul-

der pain. The Japanese journal of acupuncture & 

manual therapies,2015,12:82-90. 

6) Shigeo Kurata: Consideration of treatment for joint 

range of motion limitations - Through clinical ex-

perience with orthopedic diseases-. Physical Ther-

apy Research, 2005, 32(4): 188-191. 

7) Hiroharu Kamioka, Yoshihiro Kaneko, Kiichiro 

Tsuya, et al: The PRISMA 2020 Statement: An 

Updated Guideline for Reporting Systematic Re-

views (Japanese Translation)-. Japanese Pharma-

cology & Therapeutics. 2021,49(6). 

8) Japanese Society of Physical Therapists: Overview 

of PEDro scale.  

https://www.jspt.or.jp/ebpt/evidence/pedro/04.ht

ml (Accessed on December 1, 2023). 

9) Sara DÁ, Jorge VS, Zacarías SM, et al.: Effective-

ness of Dry Needling and Ischemic Trigger Point 

Compression in the Gluteus Medius in Patients 

with Non-Specific Low Back Pain: A Randomized 

Short-Term Clinical Trial. Int J Environ Res Public 

Health,2022,19(19):12468. 

10) Musa S D, Abdulsalam M Y, Aminu A I, et al.: 

Effect of integrated neuromuscular inhibition 

technique compared with positional release tech-

nique in the management of piriformis syndrome. 

J Osteopath Med,2021,121(8):693-703. 

  



Journal of International Exercise Sciences Vol.3 No.2 2024 

- 47 - 

 

11) Jorge V-S, Beatriz R-R, David R-S, et al.: Efficacy 

of quadriceps vastus medialis dry needling in a re-

habilitation protocol after surgical reconstruction 

of complete anterior cruciate ligament rupture. 

Medicine (Baltimore),2017,96(17):e6726. 

12) Michał W,Małgorzata W: Evaluation of the Com-

bination of Muscle Energy Technique and Trigger 

Point Therapy in Asymptomatic Individuals with a 

Latent Trigger Point. Int J Environ Res Public 

Health,2020,17(22):8430. 

13) Wei-Han C, Li-WT, Yu-CP, et al: Comparison of 

the effects between lasers applied to myofascial 

trigger points and to classical acupoints for patients 

with cervical myofascial pain syndrome. Biomed 

J,2021,44(6):739-747. 

14) Cansın MC, Merve D K, Mustafa C, et al.: Demon-

stration of kinesio taping effect by ultrasonography 

in neck pain. Rev Assoc Med Bras (1992), 2022, 

68(10):1452-1457. 

15) Mohammad N, Xu Q, Charith RW, et al.: Dry Cup-

ping, Ischemic Compression, or Their Combina-

tion for the Treatment of Trigger Points: A Pilot 

Randomized Trial. J Altern Complement Med, 

2020,26(1):44-50. 

16) Adelaida MC-S, Hector G-L, Guillermo A M-P, et 

al.: Effects of Dry Needling on Spinal Mobility and 

Trigger Points in Patients with Fibromyalgia Syn-

drome. Pain Physician,2017,20(2):37-52. 

17) Yolanda N-I, Javier M-G, Francisco J M-A, et al.: 

Short-Term Effects of Kinesio Taping in the Treat-

ment of Latent and Active Upper Trapezius Trig-

ger Points: two Prospective, Randomized, Sham-

Controlled Trials. Sci Rep, 2019,9(1):14478. 

18) Jurairat B, Phiyaphon P, Watchara D, et al.: Myo-

fascial Pain Syndrome Focused on the Upper Tra-

pezius Muscle: A Comparative Randomized Con-

trolled Trial of the Court-Type Traditional Thai 

Massage versus the Thai Hermit. J Evid Based In-

tegr Med,2021, 26: 2515690X211030852. 

19) Maria F M A, Cristina E E M, Maria B D G: Pain 

intensity and cervical range of motion in women 

with myofascial pain treated with acupuncture and 

electroacupuncture: a double-blinded, randomized 

clinical trial. Braz J Phys Ther, 2015,19(1):34-43. 

20) Juan José A R,Alejandro F S,José D T C, et al.: 

Effects of Instrumental, Manipulative and Soft Tis-

sue Approaches for the Suboccipital Region in 

Subjects with Chronic Mechanical Neck Pain. A 

Randomized Controlled Trial. Int J Environ Res 

Public Health,2021,18(16):8636. 

21) Isabel M A D, Josue F-C, Sofía L V, et al.: Anal-

gesic effects of a capacitive-resistive monopolar 

radiofrequency in patients with myofascial chronic 

neck pain: a pilot randomized controlled trial. Rev 

Assoc Med Bras(1992),2019,65(2):156-164. 

22) Alayat MS, Battecha KH, Elsodany AM, et al.: 

Pulsed ND: YAG laser combined with progressive 

pressure release in the treatment of cervical myo-

fascial pain syndrome: a randomized control trial. 

J. Phys. Ther. Sci,2022,32(7):422-427. 

23) Wamontree P, Kanchanakhan N, Eungpinichpong 

W, et al.: Effects of traditional Thai self-massage 

using a Wilai massage stick versus ibuprofen in pa-

tients with upper back pain associated with myo-

fascial trigger points: a randomized controlled trial. 

J. Phys. Ther. Sci,2015,27(11): 3493-3497. 

24) Bae Y: Change the Myofascial Pain and Range of 

Motion of the Temporomandibular Joint Following 

Kinesio Taping of Latent Myofascial Trigger 

Points in the Sternocleidomastoid Muscle. J. Phys. 

Ther. Sci,2014,26(9): 1321-1324. 

25) Physiotherapy Evidence Database: PEDro Statis-

tics. Physiotherapy Evidence Database: 11 January 

2021 (pedro.org.au) (Accessed on February 15, 

2024). 

https://pedro.org.au/wp-content/uploads/7Feb2022_japanese.pdf
https://pedro.org.au/wp-content/uploads/7Feb2022_japanese.pdf


 

 

- 48 - 

 

Original Article 

 

Aerobic energy release decreases under hypoxia during 

intense identical constant-load exercise 
 

Toshiyuki HOMMA, Ph.D1), Wataru TAKASHIMA, Ph.D2), 

Masahiro MURATA, MS3), Tetsunari NISHIYAMA, Ph.D4), and Yusuke IKEDA, Ph.D4) 

 

1) Department of Sports Science, Faculty of Sports and Health Science, Daito Bunka University 

2) Kanagawa Institute of Technology 3) Kochi Sports Science Center 4) Nippon Sport Science University 

 

Journal of International Exercise Science 2024;3(2):48-56. Received: 2024.06.10, Accepted: 2024.07.14. 

 

Abstract 

[Purpose]  

We aimed to clarify the effects of hypoxia on metabolic kinetics during short-duration constant-load exercise at 

identical intensities. 

 

[Methods]  

Eleven highly trained male track sprint cyclists (age, 22.2 ± 1.3 years) performed 65–70-s exhaustive identical 

constant-load bicycle exercise (558 ± 23 W) under normoxia (fraction of inspired oxygen, 20.9%) and hypoxia 

(fraction of inspired oxygen, 14.4%). Pulmonary oxygen uptake was measured using the breath-by-breath method. 

The blood lactate concentration was also measured post-exercise. 

 

[Results]  

The pulmonary oxygen uptake showed similar changes during the initial 20 s of exercise under both conditions. 

Thereafter, until the end of exercise, the pulmonary oxygen uptake was significantly lower under hypoxia than under 

normoxia. The pulmonary oxygen uptake plateaued after the initial 40 s of exercise under both conditions. Hypoxia 

reduced accumulated oxygen uptake during exercise (–12.8 ± 1.8%). The peak blood lactate concentration after the 

exercise was significantly higher under hypoxia than under normoxia (normoxia: 13.4 ± 0.5 mM, hypoxia: 15.6 ± 

0.4 mM). 

 

[Conclusion] 

Hypoxia reduces aerobic energy release after the initial 20 s of identical constant-load exercises, suggesting a 

compensatory increase in anaerobic energy release, which results from glycolysis. 

 

 

Keywords: hypoxia, intense identical constant-load exercise, anaerobic energy release 
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Ⅰ．Introduction 

Altitude (or hypoxic) training is performed to im-

prove endurance. Recently, athletes participating in rel-

atively short-duration sporting events also perform al-

titude or hypoxic training to improve their anaerobic 

performance. Previous studies have investigated the 

physiological effects of altitude training on endurance 

(aerobic) performance using parameters such as hema-

tological changes1, 2, 3), maximal oxygen uptake4), and 

blood lactate (BLa) concentration during submaximal 

exercise at identical work load3). However, the physio-

logical effects of altitude (or hypoxic) training on an-

aerobic performance have not been adequately clarified. 

Pulmonary oxygen uptake (V
．

O2) during exercise at 

identical submaximal workloads does not differ be-

tween exercise under normoxic and hypoxic condi-

tions5, 6, 7). Therefore, the oxygen cost of identical-load 

exercises is constant, regardless of the oxygen condi-

tions during exercise. 

In contrast, aerobic energy release is lower under hy-

poxia than under normoxia, despite the lack of differ-

ence in mechanical performance between these two 

conditions in short-duration all-out exercises of ≤ 60 s6, 

8). Therefore, the decrease in aerobic energy release and 

the compensatory increase in anaerobic energy release 

under hypoxia compared with that under normoxia 

would result in the maintenance of exercise perfor-

mance in short-duration high-intensity exercise6, 8). 

Maldonado-Rodriguez et al.9) reported that hypoxic 

conditions elicited significantly greater physiological 

strain (rating perceived exertion: RPE, heart rate: HR, 

BLa) compared with that under normoxic conditions. 

Their results suggested that the sprint training protocol 

under hypoxic conditions might induce more positive 

training adaptations, in terms of increasing RPE, HR, 

and BLa without decreasing power output, compared to 

those with sprint training under normoxic conditions. 

In addition, a single session of sprint interval exercise 

(3 × 30-s sprints) under hypoxia caused a greater 

decrease in muscle glycogen content compared with the 

same exercise under normoxia without interfering with 

power output10). Therefore, short-duration exercise at 

high intensity under hypoxia is considered to elicit a 

large amount of anaerobic energy release with glyco-

lytic energy compared with that under normoxia. 

It is reported that hypoxia significantly slowed the re-

sponse of V
．

O2 at the onset of exercise at submaximal 

identical intensity compared to normoxia4, 11, 12). How-

ever, the differences in metabolic kinetics during short-

duration exhaustive, identical constant-load exercise 

under normoxia and hypoxia remain unclear. If aerobic 

energy release is lower under hypoxia than under 

normoxia during short-duration exhaustive, identical 

constant-load exercise, this difference is observed in 

parameters such as the speed of the V
．

O2 response 

and/or the degree of change in V
．

O2 during exercise. 

Therefore, this study aimed to clarify the effect of hy-

poxia on metabolic kinetics during short-duration ex-

haustive, identical constant-load exercise. We used an 

exercise protocol practiced by Japanese sprint track cy-

clists for training. Clarifying the kinetics of metabolism 

during intense constant-load exercise is expected to be 

useful for the effective hypoxic training in sprint events. 

 

Ⅱ．Method 

Eleven highly trained male sprint track cyclists vol-

unteered to participate in this study. The participants’ 

physical characteristics were as follows: age, 22.2 ± 1.3 

years; height, 171.4 ± 1.2 cm; and body mass, 72.1 ± 

4.4 kg, maximal oxygen uptake (V
．

O2max), 4.73 ± 0.24 

L·min–1 (65.6 ± 3.2 ml·kg-1·min–1). Of these, six were 

national team track cyclists in Japan. The remaining 

five cyclists were college students who had undergone 

sprint training. All the participants were fully informed 

of the purpose, procedures, potential benefits, and pos-

sible risks of participating in this study. We did not con-

duct the experiment when participants reported feeling 

unwell. We also carefully monitored the participants 
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and immediately stopped the experiment if we ob-

served that they were not feeling well. This study was 

approved by the Ethical Committee for the Protection 

of Human Subjects of the Japan Institute of Sports Sci-

ences, and written informed consent was obtained from 

all the participants. 

Each participant participated in two sessions: an ex-

ercise test under normoxia and an exercise test under 

hypoxia. The tests were performed in the same experi-

mental room (hypoxic training room at the Japan Insti-

tute of Sports Sciences) at the same room temperature 

(21ºC). The inspiratory O2 fractions (FIO2) used in this 

study were 20.9% (normoxia) and 14.4% (hypoxia, 

equivalent to a simulated altitude of 3,000 m)10, 11, 13, 14, 

15), and the O2 concentration in the room air was ad-

justed accordingly. The participants performed the two 

tests on separate days, and the order of the tests was 

randomized. The two tests were performed at least 7 

days apart. The participants were instructed to refrain 

from strenuous exercise the day preceding each test and 

maintain a similar diet. 

The participants warmed up using two prescribed ex-

ercise protocols starting 40 min prior to the exercise test. 

The warm-up exercises were performed outside the ex-

perimental room. The participants performed bicycle 

exercise at 200 W for 10 min while maintaining their 

pedal cadence at 100 rpm. They rested for 2–3 min and 

then rode the bicycle at the same absolute intensity as 

that in the exercise test for 20 s. The work rate of this 

second exercise was 558 ± 23 W. The participants were 

instructed to maintain their pedal cadence at 100 rpm. 

After the warm-up exercises, the participants entered 

the experimental room and were instructed to rest for 

10 min. They were then instructed to ride a bicycle er-

gometer, and the position, the mask for pulmonary gas 

measurement, and a pulse oximeter for measuring arte-

rial oxygen saturation (SpO2) were set for each partici-

pant. Thereafter, the participants assumed a sitting po-

sition on the bicycle ergometer for > 3 min, and the 

exercise test was initiated after the SpO2 and pulmo-

nary gas values stabilized. 

The participants exercised using an electrically 

braked cycle ergometer (Excalibur Sport, Lode, Gro-

ningen, The Netherlands). The bike setup (saddle 

height and reach) for each participant was recorded and 

reproduced for each subsequent test. The test load for 

each participant was set at the maximal load that could 

be maintained for 65–70 s based on preliminary tests. 

As a rule, the test load of the first preliminary test trial 

was set at body mass (kg) × 8 W for the national team 

cyclists and at body mass (kg) × 7.5 W for the college 

student cyclists. This exercise intensity was set based 

on the exercise protocols practiced by Japanese sprint 

track cyclists for training. As appropriate, we arranged 

the test load for each participant based on preliminary 

test trials so that the participant reached exhaustion be-

tween 65 and 70 s. The absolute test load was the same 

under normoxic and hypoxic conditions. Prior to the 

experiment, we conducted trials to confirm the maxi-

mal intensity at which the participants could exercise 

for 65–70 s; the performance did not differ under either 

condition. The exercise load for this test was 558 ± 23 

W. The participants performed the exercise until ex-

haustion under both conditions. They were instructed to 

maintain a pedal cadence of 100 rpm. Exhaustion was 

determined when the cadence fell below 95 rpm. The 

cadence was recorded throughout the exercise tests. All 

participants reached exhaustion between 65 and 70 s 

under both conditions. 

Pulmonary gas exchange variables were measured 

during the pre-exercise rest period and throughout the 

exercise period using a breath-by-breath gas analysis 

system equipped with open-circuit auto O2 and CO2 an-

alyzers and a hot-wire flow meter (AE300S; Minato 

Medical Science, Japan). The data were used to calcu-

late V
．

O2, carbon dioxide output, and minute ventilation 

(V
．

E). Before the experiments, the flow sensor was cal-

ibrated with a known volume of room air at several 
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mean flow rates, and the gas analyzers were calibrated 

using commercially available gases with known O2 and 

CO2concentrations (Sumitomo Seika Chemicals Co., 

Ltd., Japan). The gas analyzer was calibrated before 

each test using two standard gases (20.73% O2 and 

0.00% CO2; 10.10% O2 and 5.02% CO2). 

The breath-by-breath data were converted to second-

by-second data using linear interpolation and time 

aligned to the start of the test. The first 15 s of data were 

removed to account for the cardio-dynamic phase16). 

The V
．

O2 response of the exercise was modeled using a 

monoexponential formula with a time delay12): 

V
．

O2 (t) = V
．

O2baseline + amplitude (1-e-(t-TD)/) 

where V
．

O2 (t) is the V
．

O2 at any time t, V
．

O2 baseline is 

the V
．

O2 before the onset of the exercise, amplitude is 

the final value to which V
．

O2 projects, TD is the time 

delay, and  is the time constant describing the rate at 

which V
．

O2 rises towards the final value. 

After the exercise, blood was withdrawn from the par-

ticipant’s fingertip to measure the BLa concentration. 

The blood was sampled 3, 5, 7, and 10 min after exer-

cise. The volume of each blood sampling was 20 l. 

BLa concentration was determined using an automated 

lactate analyzer (Biosen S_Line, EKF Diagnostic, Ger-

many). 

SpO2 was measured through pulse oximetry (OLV-

3100; Nihon Kohden, Japan) at the second or third fin-

ger. SpO2 was monitored continuously from the pre-ex-

ercise resting phase until the end of exercise. 

Statistical analysis was performed using SPSS Statis-

tics (Version 23, IBM Corporation, New York, USA). 

Data are presented as means ± standard deviations. 

Breath-by-breath gas exchange variables and SpO2 

were averaged for 60 s during the pre-exercise rest pe-

riod, and these parameters were averaged every 5 s dur-

ing exercise. Pulmonary gas exchange variables during 

exercise were used for up to 65 s, at which time all par-

ticipants could perform the exercise. Time-course 

changes in each parameter were tested using repeated-

measures analysis of variance and Tukey’s post-hoc test. 

The values for each condition (normoxia and hypoxia) 

at the same time points were compared using paired t-

tests. In addition, the accumulated oxygen uptake and 

peak BLa concentration after exercise under both con-

ditions were compared using paired t-tests. Statistical 

significance was set at p < 0.05. 

 

Ⅲ．Result 

After the start of the exercise, the V
．

O2 during the two 

conditions showed similar changes for up to 20 s. 

Thereafter, the V
．

O2 under hypoxia was significantly 

lower than that under normoxia (p < 0.05, Fig. 1).   

After the first 40 s of exercise, there was no statistical 

difference in the V
．

O2 recorded from that time until the 

end of exercise under both conditions. Thereafter, there 

was no change in V
．

O2 between the two conditions with 

the exercise duration. The V
．

O2 of the 2 conditions 

were not different (normoxia: 22.2 ± 0.7 s, hypoxia: 

22.1 ± 0.8 s). The accumulated oxygen uptake during 

exercise under hypoxia was lower than that under 

normoxia (normoxia: 2.98 ± 0.07 L, hypoxia: 2.60 ± 

0.08 L, p < 0.01, Fig. 2). 
 

Figure 1. Kinetics of pulmonary oxygen uptake (V
．

O
2
) during the 

65–70-s exhaustive identical constant-load exercise under 

normoxia (●) and hypoxia (○). 
*p < 0.05, **p < 0.01, significant difference between normoxia and 

hypoxia 
##p< 0.01, significant difference from the last 5 s of exercise under 

normoxia 
+p < 0.05, ++p < 0.01, significant difference from the last 5 s of 

exercise under hypoxia 
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Under both conditions, V
．

E increased with the exercise 

duration until the end of the exercise. During exercise, 

the V
．

E from 0 to 25 s of exercise under both conditions 

was similar. Thereafter, V
．

E under hypoxia was signifi-

cantly higher than that under normoxia (p < 0.01, Fig. 

3). 

The peak BLa concentration after the exercise was 

significantly higher under hypoxia than under 

normoxia (normoxia: 13.4 ± 0.5 mM, hypoxia: 15.6 ± 

0.4 mM, p < 0.01, Fig. 4). 

The SpO2 from the pre-exercise resting period to the 

end of exercise was significantly lower under hypoxia 

than under normoxia (pre-exercise resting period: 

normoxia, 98.0 ± 0.3%; hypoxia, 89.0 ± 0.9%; end of 

exercise: normoxia, 93.0 ± 1.5%; hypoxia, 79.6 ± 1.7%, 

p < 0.01). 

Ⅳ．Discussion 

The major finding of this study was that V
．

O2 during 

intense, identical constant-load exercise was lower af-

ter the first 20 s of exercise when the participants exer-

cised under hypoxia than under normoxia. The V
．

O2 

and the time at which the V
．

O2 attained a plateau were 

the same in both conditions. After the first 40 s of ex-

ercise, there was no further increase in V
．

O2 until ex-

haustion under either condition, although V
．

E continu-

ously increased until exhaustion. Moreover, V
．

E was 

higher under hypoxic conditions than under normoxic 

conditions. In addition, the peak BLa concentration af-

ter exercise was higher under hypoxic conditions than 

under normoxic conditions. These results suggest that 

to compensate for the decrease in aerobic energy re-

lease, there is an increase in anaerobic energy release 

under hypoxic conditions after the first 20 s of identi-

cal-load exercise. Furthermore, differences in aerobic 

energy release did not occur because of differences in 

the speed of V
．

O2 response. 

As the V
．

O2 of submaximal identical-load exercise is 

constant regardless of normoxia and hypoxia5, 6, 7), the 

oxygen cost of identical-load exercise is believed to be 

constant, regardless of the oxygen concentration of the 

Figure 2. Accumulated oxygen uptake during the 65–70-s exhaus-

tive identical constant-load exercise under normoxia and hy-

poxia. 

**p < 0.01, significant differences between normoxia and hypoxia 

Figure 3. Kinetics of minute ventilation (V
．

E
) during the 65–70-s 

exhaustive identical constant-load exercise under normoxia (●) 

and hypoxia (○). 
**p < 0.01, significant differences between normoxia and hy-

poxia 

Figure 4. Peak blood lactate concentration after the 65–70-s ex-

haustive identical constant-load exercise under normoxia and 

hypoxia. 

**p < 0.01, significant differences between normoxia and hypoxia 



Journal of International Exercise Sciences Vol.3 No.2 2024 

- 53 - 

 

inspired air. However, Wolfel et al.7) found that leg ox-

ygen consumption during submaximal identical-load 

bicycle exercise was lower under hypoxia than during 

exercise at sea level (barometric pressure 751 Torr), de-

spite identical pulmonary V
．

O2. This reduced leg oxy-

gen consumption may reflect increased pulmonary V
．

O2 

by either non-exercising muscle beds or, more likely, 

the respiratory muscles, as the work of breathing during 

hypoxia is greater than that at sea level7, 17). 

Previously, a reduction in arterial O2 concentration in-

duced by a lower inspired gas concentration slowed the 

adaptation of V
．

O2 at the onset of submaximal exercise4, 

11, 12). However, in the present study, The V
．

O2 and the 

timing of the no further increase in V
．

O2 after the start 

of exercise was the same under both normoxia and hy-

poxia (40 s after the start of exercise). Therefore, we 

found that the difference in aerobic energy release dur-

ing short-duration, intense, identical constant-load ex-

ercise between the two conditions was not due to the 

speed of the response in oxidative metabolism at the 

onset of the exercise. This seems to be a specific re-

sponse to short-duration intense exercises. 

In the present study, V
．

E was higher under hypoxia 

than under normoxia after the first 25 s of exercise. 

Moreover, the difference in V
．

E continuously increased 

until the end of exercise, whereas V
．

O2 at the same time 

was significantly lower under hypoxia than under 

normoxia. Pulmonary V
．

O2 includes not only the oxy-

gen consumption of exercising leg muscles, but also 

that of non-exercising muscles and the respiratory mus-

cles18). Respiratory muscle oxygen consumption in-

creased with V
．

E
18, 19). Therefore, respiratory muscle ox-

ygen consumption during exercise appears to be higher 

under hypoxic conditions than under normoxic condi-

tions. Considering the difference in the respiratory 

muscle oxygen consumption, it seems that the differ-

ence in the leg muscle oxygen consumption during ex-

ercise between the 2 conditions used in this study was 

larger than the difference of V
．

O2. 

The V
．

O2 response has been reported to show signifi-

cant reduction in the slope of V
．

O2 and work rate 

(ml·min–1·W–1) during incremental exercise under hy-

poxia14, 20). Murphy et al.14) interpreted this as a pro-

gressive inability to adjust the oxygen supply to meet 

the metabolic demand with increasing exercise inten-

sity. In the present study, a greater degree of inability to 

adjust the oxygen supply to meet metabolic demands 

occurred because of the considerably high exercise in-

tensity, resulting in an increase in anaerobic energy re-

lease during exercise under hypoxia. 

In this study, the peak BLa concentration after exer-

cise was higher under hypoxia than under normoxia. 

Hypoxia stimulates muscle glycogenolysis, glycolysis, 

and lactate production21). Lactate accumulation is asso-

ciated with glycolysis22). The most significant source of 

anaerobic ATP production during intense activities last-

ing longer than 10–20 s is glycolysis22). In the present 

study, a lower V
．

O2 under hypoxia than under normoxia 

was observed after the first 20 s until the end of exercise. 

Therefore, the results of the BLa concentration and 

V
．

O2 kinetics in the present study suggest that the en-

ergy source of the increased anaerobic energy release 

compensating for the decreased aerobic energy release 

under hypoxia was mainly from glycolysis. 

Weyand et al.6) examined the effects of hypoxia on 

aerobic and anaerobic metabolism during all-out sprint 

running at various velocities (exhausting at 15–180 s). 

They reported that the running speed was largely unaf-

fected by hypoxic reduction in aerobic power during 

all-out runs of ≤ 60 s, suggesting that rates of anaerobic 

energy release sufficiently increased to fully compen-

sate for the aerobic energy lost during hypoxic sprints 

of up to 60 s. Ogura et al.8) reported lower aerobic en-

ergy release and higher anaerobic energy release under 

hypoxia than under normoxia during the late 20-s phase 

of the 40-s Wingate test, whereas there were no differ-

ences in the mean power output of the Wingate test 

among different FIO2 conditions. Although exercise 
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intensity decreased with exercise duration in these pre-

vious studies (all-out sprint running at various veloci-

ties (exhausting at 15–180 s) 6), 40-s Wingate test (max-

imal effort pedaling from the onset of the exercise)8), 

whereas it was constant throughout the exercise in the 

present study, their findings are consistent with our 

findings that hypoxia causes a decrease in aerobic en-

ergy release without affecting the mechanical perfor-

mance during short-duration exercise. It is considered 

that the metabolic rates are determined by the rates of 

ATP hydrolysis at the cross-bridge level6). Previously, 

it has been assumed that the rates of ATP hydrolysis are 

the same during exercise at the same mechanical work 

regardless of FIO2, because V
．

O2 during exercise at sub-

maximal intensity is not different under normoxia and 

hypoxia5, 7). In contrast, in the present study, V
．

O2 was 

lower under hypoxia than under normoxia, despite the 

same mechanical work exercise in both conditions. 

This suggests that in the intense exercise performed in 

this study, the same mechanical work exercises were 

performed under hypoxia as under normoxia with in-

creased anaerobic energy release. If the metabolic rates 

under normoxic and hypoxic conditions are determined 

by the rates of ATP hydrolysis at the cross-bridge level, 

the matching ATP resynthesis rates are provided by the 

flexible rates of aerobic and anaerobic energy release. 

Studies on sprint training in hypoxic environments 

have reported the effects of repetitive sprint training on 

exercise performance15, 23). Sprint repetition is expected 

to improve performance in several ball game sports 

(e.g., soccer, rugby, and basketball). However, the 

knowledge of short-duration, high-intensity exercise 

training in hypoxic environments is insufficient to im-

prove performance during timed events (e.g., athletics, 

swimming, track cycling, and speed skating) that last 

from a few tens of seconds to 1–2 min. 

The exercise protocol used in this study was used by 

Japanese sprint track cyclists for training, with the aim 

of improving their performance, especially in the 1-km 

time trial of track cycling for approximately 1 min. 

During altitude training, the absolute training intensity 

(mechanical stimulus) often falls below that of exer-

cises performed at sea level. However, mechanical per-

formance does not change during high-intensity, short-

duration exercises performed under hypoxia6, 8, 24). The 

results of our study suggest that anaerobic energy re-

lease is greater under hypoxic conditions than under 

normoxic conditions during 65–70 s of exhaustive con-

stant-load exercise at identical loads. Therefore, short-

duration high-intensity training under hypoxia is effec-

tive for improving anaerobic performance in terms of 

maintaining mechanical stimuli similar to those under 

normoxia and increasing anaerobic energy release. In 

future, we aim to examine the effects of long-term 

training in normoxic and hypoxic environments for 

high-intensity constant-load exercise, which requires 

approximately 1 min to complete, on skeletal muscle 

energy metabolism. 

A limitation of this study is that the actual energy me-

tabolism of leg muscle during exercise could not be 

measured. Therefore, it is not possible to accurately de-

termine leg muscle oxygen consumption or anaerobic 

energy release. The next study is to examine muscle en-

ergy metabolism under normoxic and hypoxic condi-

tions with high time resolution (e.g., 31phosphorus 

magnetic resonance spectroscopy and near-infrared 

spectroscopy) during approximately 1 minute exhaust-

ing intense constant-load exercise. 

 

Ⅴ．Conclusion 

Aerobic energy release after the initial 20 s during the 

65–70-s exhaustive identical constant load exercise is 

lower under hypoxia than under normoxia. Further-

more, the V
．

O2 at the onset of exercise and the time at 

which the V
．

O2 attained a plateau were the same in both 

conditions. Therefore, this difference in aerobic energy 

release does not occur because of differences in the 

speed of V
．

O2 response. The reduction in aerobic energy 
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release during identical-load exercises under hypoxia 

suggests an alternative compensatory increase in anaer-

obic energy release. 
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Abstract 

 

[Purpose] 

The purpose of this study was to investigate the effects of Manual Shift Correction (MSC) and MDT exercises 

on the management of acute low back pain with lateral shift using Mechanical Diagnosis and Therapy (MDT). 

 

[Methods] 

A woman in her 30s developed acute lower back pain 4 days before presenting with a left lateral shift. After 

performing three sets of MSC, an MDT technique, the subject performed self-exercises such as side gliding in 

standing (SGIG) and extension in lying (EIL) using a wall once every three hours for five–six times. After one set 

of MSC, the distal symptoms converged in the lumbar region, and lumbar pain was reduced. After three sets of 

MSC, the patient was able to apply equal weight to both legs, and both the walking speed and gait improved. 

 

[Results] 

Although MDT can cause short-term pain, the patient's symptoms improved with repetitive movements. 

 

[Conclusion] 

Utilization of these management techniques may help break the cycle of pain caused by excessive avoidance of 

pain. 

 

Keywords: Mechanical Diagnosis and Therapy, acute low back pain, lateral shift 

Contact address: Alpha College of Medical Welfare, Department of Judo Therapy. 1-7-8 Morino, Machida-shi, Tokyo 194-0022  
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Ⅰ．Introduction 

Lower back pain is the most common complaint in 

both men and women in Japan1). Until recently, 85% of 

low back pain patients with LBP were considered to 

have nonspecific low back pain, meaning that the cause 

of the pain was unclear2,3). In a recent report conducted 

on low back pain patients in Yamaguchi Prefecture, it 

was found that 78% of cases can be accurately 

diagnosed using a combination of neurological, 

physical, and imaging findings4). However, even if 

imaging abnormalities are found, they are often 

insufficient in explaining clinical symptoms5). Even in 

cases where the cause can be identified, there is no 

uniform classification or intervention for lower back 

pain, except for diseases that are amenable to surgery, 

where there are various approaches to lower back pain. 

The Mechanical Diagnosis and Therapy (MDT) is a 

method of analyzing low back pain by classifying it 

into categories. MDT evaluates and classifies pain 

based on the mechanical stimulation. The MDT is 

characterized by the evaluation of how baseline (BL) 

symptoms are changed by mechanical stimuli. This 

classification includes Derangement syndrome, 

Dysfunction syndrome, Postural syndrome, and others. 

Derangement syndrome is a condition in which 

symptoms and findings change in a short time and 

within a short period of time due to mechanical stimuli 

such as posture and movement, and most nonspecific 

low back pain fall under this classification6,7).  

In this case, the symptoms of acute lower back pain 

with lateral shift improved in a short time using the 

MDT approach. 

 

Ⅱ．Method 

1．Patient Information 

A woman in her thirties who worked at home on a 

personal computer spending her working hours in a sit-

ting position in chair. She goes to the gym twice a week 

and exercises for approximately one hour using a 

training machine. Four days prior to her visit, while 

bending down to get out of her car, she felt severe pain 

from her lower back to the back of her right thigh and 

was unable to move. After the initial occurrence of pain 

she was slowly able to move, but gradually a left shift 

occurred. She visited our hospital when her symptoms 

had not improved after four days. When she visited our 

treatment center, she experienced persistent pain from 

the lumbar region to the posterior aspect of the right 

thigh. She could only slightly flex her trunk over time 

but could not extend it. She was unable to return her left 

shift to the midline position by herself and could not 

place any weight on her right leg. The patient's posture 

was tilted slightly forward. Pain in the lumbar region 

and posterior aspect of the right thigh increased, partic-

ularly with trunk extension and loading of the right leg. 

While chair sitting posture was a contributing factor in 

reducing pain, the pain increased when the patient 

stood up from the chair, and it took some time to per-

form any movement thereafter. As previously men-

tioned, achieving a normal gait was difficult because of 

her inability to apply weight to the right leg. However, 

the patient was able to walk at a slower pace. The pa-

tient also had a history of herniation between the 4th 

and 5th lumbar vertebrae. 

 

2．Findings 

Shifting in MDT is considered as follows: The direc-

tion in which both shoulders are shifted relative to the 

pelvis is described as right shift, and left shift respec-

tively. Furthermore, a posture in which the upper trunk 

shifts to the opposite side of a symptom, such as leg 

pain, is described as contralateral shift, while a posture 

in which the upper trunk shifts to the same side as the 

symptom is described as ipsilateral shift. Empirically, 

contralateral shift is more common than ipsilateral shift 

(Figure 1). 
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Criteria suggesting that a lateral shift is associated 

with symptoms include the following: (1) the upper 

trunk is clearly shifted to one side, (2) the shift is ap-

proximately concurrent with the onset of symptoms, (3) 

the patient is unable to correct the shift on his/her own, 

or (4) the patient is unable to maintain the corrected 

state even if he/she can correct it on his/her own (5) in-

tensity of symptoms change after correction, and (6) 

distribution of symptoms change after correction. If the 

patient is able to correct themself but is unable to main-

tain the corrected state, he/she is a likely candidate for 

manual shift correction (MCS) in MDT8). 

The patient has a posterior pelvic tilt, lumbar kypho-

sis, a slightly anterior trunk tilt, and a left shift and con-

tralateral shift. Neurological findings such as sensory 

examination and tendon reflexes were normal. Alt-

hough acute back pain recurred several times, it has 

never been prolonged, as in the present case, and the 

previous acute back pain had healed gradually within a 

few days. This was the first time that a lateral shift oc-

curred to the extent that it was externally noticeable. 

The patient wakes up frequently at night because of 

pain and has difficulty sleeping. We interviewed the pa-

tient to rule out red flags; however, no information was 

obtained to suggest any serious pathology. 

Dysfunction syndrome, in which pain is induced only 

in the final range of motion, and postural syndrome, in 

which pain is induced by continuously maintaining the 

same posture, were excluded. Baseline (BL) was de-

fined as pain during right-foot loading and walking. 

 

3．MSC Method 

The therapist pushed the patient’s upper torso, includ-

ing rib cage, toward the opposite side with their shoul-

der just above the patient's elbow (above the clavicle), 

and pulled the entire pelvis toward the therapist with 

both hands on the opposite pelvic region. By simulta-

neously pushing and pulling while correcting the shift 

so that the movement becomes that of a side glide, the 

therapist also aimed to ensure that the patient's weight 

was evenly distributed on both feet. Side glide is an 

MDT exercise in which both shoulders are kept hori-

zontal, and the pelvis is moved to the left and right8). 

The side glide was preformed gradually with a small 

amplitude, where during this maneuver it was held for 

a moment before slightly relaxing. The exercises were 

then performed with a small amplitude, and when the 

side glide was performed, the exercises were held a lit-

tle and relaxed a little. This process was repeated rhyth-

mically as the correction progresses. If symptoms did 

not improve, the holding time was extended. The cor-

rection was performed by side gliding to the contrala-

teral side up to the end range, which is a point of em-

phasis in the exercise stress test in MDT because the 

significance of the exercise becomes clear when the pa-

tient moves to the end range, the final range of motion8). 

When the patient reaches the end range of the side glide 

to the opposite side, the patient is slightly relaxed. This 

allows the patient to extend while maintaining slight 

overcorrection. The patient performed the extension 

while the therapist maintained an overcorrected 

Figure 1. Shift concept in MDT 



 

 

- 60 - 

 

position. The patient and therapist worked together to 

allow the patient to extend the end range. The therapist 

may change the position of both feet as needed to allow 

the patient to extend the end range. When the patient 

was fully extended, the therapist held the patient for a 

moment and then returned to the original positioning. 

The procedure of MSC is to gradually aim for end range 

while rhythmically repeating the procedure as many 

times as necessary8).  

The subject was pushed to the end range, and in that 

position, the maximum possible extension for the sub-

ject was performed three times. The therapist was care-

ful not to inhibit extension movement while maintain-

ing lateral overcorrection (Figure 2). 

  

 

The home exercises included right-side gliding in 

standing (SGIS) and extension in lying (EIL) using a 

wall. 

The method of SGIS 

The patient stood with the non-symptomatic side 

against the wall and leaned against the wall with the 

elbow flexed on the wall side. Both feet were placed at 

an appropriate distance from each other, and the hand 

on the opposite side of the wall was used to push the 

pelvis toward the wall. Push in as far as possible with 

end range(Figure 3). 

 

 

The method of EIL 

In the supine position, hands are placed under shoul-

ders and the spine is extended by extending the elbows 

while keeping the lower back and limbs relaxed. The 

lumbar region can be further extend through deep ex-

halation (overpressure). After waking up the next day, 

the lateral shift and lumbar pain were more severe than 

those immediately after the treatment, but improvement 

was observed by performing a set of 5-6 right SGIGs 

using the wall once every 3 hours. The patient was in-

structed to perform one set of EIL 5-6 times once every 

3 hours from the point when the lateral shift completely 

disappeared and the pain from the posterior right thigh 

to the right lumbar region became median. 

Three days after the MSC, both the lateral shift and 

lumbar pain disappeared, and the patient had no diffi-

culties in daily activities (Figure 4). 

Figure 2. MSC Method 

a: The therapist's left clavicle is placed on the pa-

tient's left upper arm and the trunk is pushed 

contralaterally while the therapist's hands pull in 

the contralateral pelvis. 

b: Side glide contralaterally to the end range and 

relax slightly after reaching the end range. 

c: Extend the patient while maintaining a slight 

overcorrection (posterior) 

d: Extend the patient while maintaining a slight 

overcorrection (lateral) 

Figure 3. How to perform SGIS using a wall: The 

pelvis is pulled toward the wall by pushing 

in with the hand opposite to the wall side. 

a: upright position b: side glide position 

c: upright position  d: side glide position 

a: upright position  b: side glide position 
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4．Ethical Considerations 

In accordance with the Declaration of Helsinki, the 

subject of this case report was informed orally and in 

writing about the protection of his/her personal infor-

mation and publication, and their consent was obtained. 

 

III. Results 

During MSC, the patient's lumbar pain increased up 

to the mid-position during pushing, but the pain de-

creased significantly beyond the mid-position, and at 

the same time, the resistance sensation also decreased. 

After three extensions, the patient experienced anxiety 

and pain in the lumbar region when the practitioner 

gradually relaxed the lateral force from the pushed-in 

posture. 

After the first set of MSC, the patient was able to ap-

ply a load to the right leg, and the lateral shift slightly 

returned to the midline. As for pain, a phenomenon 

called centralization, in which pain in the posterior as-

pect of the right thigh moved to the central region, was 

observed. Centralization has been reported as a good 

prognostic sign9). 

Since the MSC showed a reduction in right foot load 

and symptoms during walking in a short time, we 

judged that Directional Preference (DP) was detected 

and classified it as a Derangement of the MDT classifi-

cation. After the third set of MSC, the patient was able 

to apply equal weight to both legs, and both gait and 

walking speed improved. 

Photographs before and after the third MSC are 

shown in Figure 5. 

 

 

IV. Discussion 

The ultimate goal of MDT is to enable patients to 

manage their pain independently. Classification and 

evaluation are performed for this purpose, and MSC is 

one of the methods to achieve this goal. We believe that 

MDT is an effective method for patients to inde-

pendently manage their pain on a daily basis. In the pre-

sent case, the symptoms of acute lower back pain with 

lateral shift of the trunk were significantly reduced in a 

short time by the use of MSC, an MDT technique. The 

symptoms were also remitted by home exercises, such 

as SGIS, wall use, and EIL. 

The phenomenon of movement paradox, in which 

pain is reduced with repetition of exercise, was ob-

served10), although it caused some pain during MSC 

Figure 4. Method of EIL: Lying on the stomach 

with hands under the shoulders, the lumbar re-

gion and lower extremities are kept relaxed, 

and the elbows are extended to extend the 

spine. a: supine position b: extended position 

Figure 5. Standing posture before and after MSC 
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and home exercise SGIS. Some reports suggest that 

pain management is useful in the short term11). It is 

thought that the use of such management will help 

break the vicious cycle of pain, in which excessive 

avoidance of pain leads to the transition to chronic pain. 

 

Conflict of Interest 

The authors declare that they have no conflicts of in-

terest. 

 

Acknowledgments 

This case report is based on the Special Lecture 2 "A 

Case Study Using Mechanical Diagnosis and Therapy 

(MDT): Manual Shift Correction (MSC) for Acute Low 

Back Pain with Lateral Shift," presented at the 21st An-

nual Meeting of the International Society for Exercise 

Science, held on January 20, 2024. We would like to 

thank the participants of this study. 

 

References 

1) Ministry of Health, Labour and Welfare: Sum-

mary of the National Survey of Living Conditions. 

2022 https://www.mhlw.go.jp/toukei/sai-

kin/hw/k-tyosa/k-tyosa22/dl/14.pdf (accessed on 

March 3, 2024) 

2) Deyo RA, Weinstein JN. Low back pain. N Engl J 

Med,2001,344:363-370. 

3) Krismer M, van Tulder M: Low back pain (non-

specific). Best Practice & Research Clinical 

Rheumatology,2007,21:77-91. 

4) Hidenori Suzuki, Tsukasa Kanchiku, Yasuaki 

Imajo, et al: Diagnosis and Characters of Non-

Specific Low Back Pain in Japan: The Yamaguchi 

Low Back Pain Study. PLoS One ,2016,22:11 

5) W. Brinjikji, P.H. Luetmer, B Comstock, et al.: 

Systematic Literature Review of Imaging Fea-

tures of Spinal Degeneration in Asymptomatic 

Populations. Journal of Neuroradiol-

ogy,2015,36(4):811-816. 

6) May S, Rosedale R. An international survey of the 

comprehensiveness of the McKenzie classifica-

tion system and the proportions of classifications 

and directional preferences in patients with spinal 

pain. Musculoskeletal Science and Practice, 2019, 

39:10-15. 

7) Jacky Otéro, Flavio Bonnet:Lombalgie : préva-

lence des syndromes McKenzie et des préférences 

directionnelles Low back pain:Prevalence of 

McKenzie' s syndromes and directional prefer-

ences Kinésithérapie, la Revue. 2014, 14(145):36-

44. 

8) The McKenzie Institute International:PART A 

THE LUMBAR SPINE. New Zealand. 

2020,p44,p140 ,p120,pp143-144. 

9) Stephen May, Alessandro Aina. Centralization 

and directional preference: A systematic review. 

Man Ther, 2012,17(6):497-506. 

10) Takenori Maekawa: A case of low back pain with 

acute lumbar kyphosis treated with MDT. Manual 

Physical Therapy, 2021, 21 (2), 57-62. 

11) Benjamin E Smith, Paul Hendrick, Toby O Smith, 

et al: Should exercises be painful in the manage-

ment of chronic musculoskeletal pain? A system-

atic review and meta- analysis. br J Sports 

Med,2017,51(23):1679-1687. 



Instructions for Authors 

April 1st, 2024 

Original papers submitted to the journal should deal with significant topics of interest in exercise 

science. Original papers written in English will be accepted for publication with the understanding 

that they have not been published previously, nor are under consideration for publication, in any other 

journal. All manuscripts will be reviewed by peers and judged on the basis of: a) value of the technical 

content; b) effectiveness and clarity of presentation; c) professional standard. 

 

Affirmation of Originality and Assignment of Copyright Form 

A completed Affirmation of Originality and Assignment of Copyright Form should be signed by all 

authors and submitted with the manuscript data in PDF form. Please attach the document at the end of 

the submitted manuscript. The Affirmation of Originality and Assignment of Copyright Form can be 

downloaded from the website of the International Association of Exercise Science 

(http://int-exercisescience.kenkyuukai.jp/special/?id=30159&l=2). 

 

Authorship 

Authors must understand and confirm that they meet the following criteria of contribution described 

by ICMJE in the Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly 

Work in Medical Journals. 

1. Substantial contributions to the conception or design of the work or the acquisition, analysis, or 

interpretation of data for the work. 

2. Drafting the work or revising it critically for important intellectual content. 

3. Final approval of the version to be published. 

4. Agreement to be accountable for all aspects of the work in ensuring that questions related to the 

accuracy or integrity of any part of the work are appropriately investigated and resolved. 

 

The corresponding author will take primary responsibility for communication with the journal during 

the manuscript submission, peer review, and publication process, and ensures that all the journal’s 

administrative requirements, such as providing details of authorship, ethics committee approval, 

clinical trial registration documentation, and gathering conflict of interest forms and statements, are 

properly completed. These duties may be delegated to one or more co-authors. 

Contributors who meet fewer than all 4 of the aforementioned criteria should not be listed as authors, 

but they may be mentioned in the Acknowledgement. 

 

Informed Consent and Ethics 

Studies on human participants should comply with the ethical standards of the Declaration of 

http://int-exercisescience.kenkyuukai.jp/special/?id=30159&l=2
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html


Helsinki 1964 and per subsequent revisions (https://www.wma.net/). 

Authors must specify that the ethical committee in the respective institution or hospital has approved 

the studies and that written informed consent has been obtained from each participant or patient. All 

experiments using animals should be done under the approval of the appropriate animal 

experimentation committee and this should be specified in the text. Write the name of the ethics 

committee and the given approval number. If not approved by an ethics committee, describe the ethical 

consideration. 

 

Conflict of Interest and Funding Statement 

Authors should refer to and comply with the policies described by ICMJE in the Recommendations 

for the Conduct, Reporting, Editing, and Publication of Scholarly Work in Medical Journals. Authors 

must disclose any financial and personal relationships with other people or organizations that could 

inappropriately influence or bias consideration or publication of a submitted manuscript. Authors must 

state the sources of funding that have supported their work. Authors must include the full, correct 

details of their funders and any relevant grant numbers. 

 

TIDieR Checklist 

We encourage submitting authors to complete the TIDieR (Template for Intervention Description and 

Replication) checklist at the time of submission of a manuscript that describes any study that involves 

the delivery of an intervention. Authors can download a copy of the TIDieR checklist here: 

http://www.equator-network.org/wp-content/uploads/2014/03/TIDieR-Checklist-PDF.pdf 

 

Peer review 

All articles published in Journal of International Exercise Science has been single-blind reviewed. 

Independent experts within the same field of research are responsible for critically reading, evaluating 

and providing authors with feedbacks to improve their work. 

 

Preprints 

To widely disseminate research, JIES permits authors to register their manuscripts on preprint servers 

officially approved by relevant research communities before or at the time of submitting these 

manuscripts to JIES. This applies only to original-version manuscripts describing primary studies. 

Manuscripts revised based on reviewers’ comments, accepted for publication, or already published in 

JIES cannot be registered on preprint servers. However, there is no restriction on the registration of 

links to published papers on preprint servers. 

 

 

https://www.wma.net/
http://www.equator-network.org/wp-content/uploads/2014/03/TIDieR-Checklist-PDF.pdf


Copyright and Licensing 

The copyright for any article appearing in the Journal of International Exercise Science is held by the 

International Association of Exercise Science, and the publishing rights by International Association 

of Exercise Science. 

Journal of International Exercise Science is an Open Access Journal publishes articles distributed 

under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) 

License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/). 

 

Publication Fee 

The publication fee is a flat rate of 40,000 yen for up to four pages, and 10,000 yen for each page 

after five pages. We do not offer waivers nor discounts for article processing charges to corresponding 

authors based in developing countries. 

 

〇お振込み先 

銀行口座名 国際エクササイズサイエンス学会 

表示名 コクサイエクササイズサイエンスガッカイ  

山梨中央銀行 上野原支店（店番号 553） 

口座番号 831861 

 

Manuscript Categories 

Manuscripts submitted to the Journal of International Exercise Science must present original and 

unpublished materials and should not be under editorial consideration elsewhere. The Journal of 

International Exercise Science publishes four types of articles: Original Article, Review Article, Case 

Study, Technical Note and Others. 

Original Articles are reports of original unpublished new findings, over which the author has 

proprietary rights. 

Review articles are systematic summarizations of previously published articles in specific fields or 

research themes, which comment on the field or theme, or present research trends and prospects. 

Case Studies summarize the results of single or multiple cases observed in clinical practice, 

discussing correlation and connection between causes and effects in depth, presenting new facts and 

events, or the occurrence of problems. Case Studies should present specific cases; they should not be 

a simple report. 

Technical Notes are short reports introducing evaluation equipment and treatment devices, developed 

from new technology, or the development of measurement techniques. 

 

 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Manuscript Preparation 

1. Download submission format (Word file), follow all instructions and prepare manuscript. 

2. Manuscripts must be typed with 20-mm margins on both sides using 10.5-point type in Times 

New Roman font with 39 lines per page on A4-size (210 x 297 mm) paper. All lines of the text 

should be numbered serially in the left margin, and the entire manuscript should be paginated. The 

text should be divided into captioned sections, such as INTRODUCTION, METHODS, 

RESULTS, DISCUSSION. 

3. The first page of the manuscript should include the cover letter for the article, author’s full name, 

affiliation, the complete mailing address, phone number and e-mail address of the corresponding 

author. 

4. The second page should include type of article, title, and an abstract that not exceeding 200 words 

and key words (up to three). Abstract should be structured according to the following format: 

Purpose, Participant(s) and Methods, Results, Conclusion, and begin each section with new lines. 

Abbreviations and special symbols should not be used in the abstract. Use the active voice, when 

expressing ideas, opinions, or hypothesizing, etc., with a grammatical subject, such as: “we”, “the 

author(s)”, or the name of the citing author, or “he”, or “they”. Do not use Subject(s), instead, use 

Participant(s). Do not report p-values or describe the statistical methods in the Abstract. Do not 

write “men” or “women”; instead, write “males” or “females”. 

5. The third page should start from INTRODUCTION. In the INTRODUCTION describe the 

background and purpose of the research. Write simply and describe the purpose accurately. Do 

not insert spaces at the beginning of new paragraphs. Do not insert lines between paragraphs. In 

METHODS do not use subheadings. Do not write “sex”; write “gender”. Write the participants 

average age (years), weight (kg, not Kg), height (cm). Report SD to the first decimal place. 

Regarding ethics, if approved by an ethics committee, write the name of the ethics committee and 

the given approval number. If not approved by an ethics committee, describe the ethical 

considerations. Specify whether or not written informed consent was obtained from each 

participant. Describe the experimental plan and outcome measures. Give the product name and 

manufacturer of measuring devices. Describe the measurement procedures. Describe statistical 

methods and software used. p<0.05 must be written in lower case. In RESULTS do not use 

subheadings. Report results with leading zeroes and decimal points: e.g 0.05, not .05; and 2.34, 

not 2,34. Report results using the past tense, and specify the units of measure. Report numbers 

with no more than three significant figures, and use no more decimal places than necessary. In 

DISCUSSION, discuss the interpretation, correctness of the measurements, limitations of the 

study, proof of hypothesis, further prospects, suggestions and challenges. Avoid dramatic 

interpretation. In CONCLUSION summarize description of the findings, lessons learned, future 

perspectives. 



 

6. If you have registered your manuscript on a preprint server prior to submission or presented part 

of your research at a conference, this must be acknowledged upon submission. In the case of 

preprints, the following information must be provided so that reviewers and editors can evaluate 

this and compare it with the submitted manuscript. The author name(s), title, preprint server name, 

posted date and doi, should be shown as in the example given below. Write this information after 

DISCUSSION under ‘Preprint publication’. 

Miyazaki T, Kawada M, Kiyama R, et al.: Validity of two-dimensional analyses for the assessment 

of dynamic foot alignment during walking. Research Square, Preprint posted online May 8, 2020. 

Doi:10.21203/rs.3.rs-27020/v1 

In the case of research presented at a conference, write the name of the conference, volume, and 

issue number of the abstract or the URL of the abstract page in Previous Acknowledgment. 

7. Authors must state all conflict of interest after Discussion. If the authors have no conflict of 

interest, please state that there are none. 

8. References should be listed in the order in which they appear in the article. Journal references 

should give author’s surname followed by forename initials, title of article, name of periodical, 

publication year, volume number, and the first and last page numbers. In the reference list, include 

all authors’ names for works with up to three authors, if there are four or more authors, list first 

three names followed by “et al.”. Book citations should give authors, book title, edition, city, 

publisher, year, and page numbers, if necessary. 

Journal 

1) Dunn JE, Rudberg MA, Furner SE, et al.: Mortality, disability, and falls in older persons: the 

role of underlying disease and disability. Am J Public Health, 1992, 82: 284–400. 

Book 

2) Gibson MJ: Falls in later life. In: Improving the health of older people: a world view. New 

York: Oxford University Press, 1990, pp 296–315. 

3) Schumway-Cook A, Woollacott M: Motor control: theory and practical applications. 

Baltimore: Williams & Wilkins, 1995. 

URL 

4) American Physical Therapy Association. Coalition for Patients’ Rights. 

http://www.apta.org/AM/Template.cfm?Section=News_and_Info&TEMPLATE=/CM/Content

Display.cfm&CONTENTID=31549 (Accessed Apr. 10, 2007) 

9. Each table should be typed on a separate sheet of paper, and should include a brief explanatory 

title above the table. Specify all units. Measurement results should be reported as the mean and 

standard deviation (SD), written as mean ± SD. Use no more decimal places than necessary. Lines 

in Tables must be kept to a minimum. Use lines only at the top and bottom of the Table. Do not 

http://www.apta.org/AM/Template.cfm?Section=News_and_Info&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=31549
http://www.apta.org/AM/Template.cfm?Section=News_and_Info&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=31549


include p values, t values, F values, or ANOVA etc. of statistical results in Tables. Use asterisks 

to denote significant results only (*p<0.05, **p<0.01, ***0.001); do not write ‘ns’ for not 

significant. 

10. Tables should be created by Microsoft Excel® or Microsoft Word® and saved with extention “.xls” 

or “.doc” before submission. (Tables created by Microsoft PowerPoint® will not be accepted.) 

11. Special attention to clarity should be paid to figures. A separate sheet of paper should be used for 

each figure legend. Do not include figures unless it is absolutely necessary. Do not include bar 

graphs, pie charts, line charts, correlation charts, etc. When including pictures of patients, make 

sure to blindfold their eyes. If permission has been obtained, note it in the Acknowledgment. Write 

as Fig. 1, Fig. 2 except at the beginning of the sentence. 

12. The approximate location of each table or figure in the text should be indicated in the margin. 

13. Supplementary files will be published online only. Supplementary files will not be edited by the 

publisher. Supplementary files should have a brief title. 

14. All manuscripts should go through English proofreading before submission and the manuscript 

should be submitted with a certificate upon request. 

 

Important reminder regarding citation of papers 

Due to the ubiquity of plagiarism detecting software, the number of accusations of plagiarism from 

authors with published papers is increasing. 

When citing other papers, do not copy verbatim. Paraphrase, adapting the wording to your own 

manuscript. Even when citations are referenced and original authors’ names are given, the original text 

should not be copied. 

Especially, when describing already published “Methods,” note only the essential details or 

differences: Do not write detailed methods replicating the original text. 

Similar attention must be given to citations of your own papers. 

 

Editorial Office of the Journal of International Exercise Science (JIES) 

Editorial office E-mail: o-watanabe@ntu.ac.jp 

Journal of International Exercise Science  

Online ISSN: 2436-5394 



 

 

 

 

Editorial Committee 

 

 

 

・The Editor in Chief Osamu WATANABE 

・The Academic Advisor Hirokazu TSUBONE     Yoriko ATOMI 

・The Editorial Committee 

Japan Keita SHIMURA Shigeharu TANAKA Tomoaki ATOMI 

        Mariko YAMAMOTO Takayuki MIYAMORI Norio SANO 

       Atsushi HIRAGA Tatsuya AOYAGI 

China Qui Chen Huang 

Nepal Amrita TUMBAPO 

Thailand Jiraporn CHOMPIKUL Prapapun CHUCHAROEN 

Indonesia Bigwanto MOHAMAD 

Myanmar Su way phyo 

United States Adrienne HRUBY 

 

 

 

Issuer 

International Society of Exercise Science 

Department of Physical Therapy, Teikyo 

University of Sciences: 2525 Yatsusawa, 

Uenohara, Yamanashi 409-0193 Japan 

 

Printing 

IPEC, Inc. 

1-24-12 Sugamo, Toshimaku, Tokyo  

170-0002 

 

 

Journal of International Exercise Science 

Vol.3（No.2）2024 

 

Published: Sep.1st 2024 

 

 

Related URL 

http://rehaac.org/exrcise.html 




	空白ページ
	空白ページ

