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Abstract

Study design

cized, single-blind, controlled trial.

Objective

To investigate the efficacy of the Arthrokinematic approach (AKA)-Hakata (H) method for

chronic low back pain.

Summary of Background Data

The AKA-H method is used to manually treat abnormalities of intra-articular movement.

Methods

One hundred eighty-six patients with chronic nonspecific low back pain randomly received

either the AKA-H method (AKA-H group) or the sham technique (S group) monthly for 6

months. Data were collected at baseline and once a month. Outcome measures were pain

intensity (visual analogue scale [VAS]) and quality of life (the Roland-Morris Disability Ques-

tionnaire [RDQ] and Short Form SF-36 questionnaire [SF-36]).
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Results

At baseline, the VAS, RDQ, and SF-36 scores showed similar levels between the groups.

After 6 months, the AKA-H group had more improvement in the VAS (42.8% improvement)

and RDQ score (31.1% improvement) than the sham group (VAS: 10.4% improvement;

RDQ: 9.8% improvement; both, P < 0.001). The respective scores for the SF-36 subscales

(physical functioning, role physical, bodily pain, social functioning, general health percep-

tion, role emotional, and mental health) were also significantly more improved in the AKA-H

group than in the sham group (all, P < 0.001). The scores for the physical, psychological,

and social aspects of the SF-36 subscales showed similar improvement in the AKA-H

group.

Conclusion

The AKA-H method can be effective in managing chronic low back pain.

Trial Registration

UMIN Clinical Trials Registry (UMIN-CTR) UMIN000006250.

Introduction
Chronic low back pain is one of the major causes of health problems. Of all people, 60–85%
have low back pain at some time in their lives [1–4]. One study showed that 12–33% of partici-
pants reported some back symptoms on the day of the survey, whereas 19–43% reported back
pain in the last month, 27–65% in the last year, and 59–84% at some time in their lives [3]. Low
back pain can be worse in the long-term, or there may be repeated recurrences [5]. Some
reports showed that 75% of patients with low back pain who were seen in general practice still
experienced pain 1 year later [6,7]. In Japan, according to the National Livelihood Survey con-
ducted by the Ministry of Health, Labor and Welfare of Japan in 2010, the most common
symptom in men was low back pain, and the prevalence was 89.1 per 1,000 people. In women,
low back pain was the second most common symptom after shoulder stiffness, and the preva-
lence was 117.6 per 1,000 people [8].

Various conservative treatments for low back pain have been developed worldwide, and
there are several guidelines for treating low back pain in different countries and regions. The
use of diagnostic triage for low back pain has been recommended to assess whether there is a
specific spinal pathology or nerve root pain and to assess the prognostic factors in combination
with the pathophysiology and psychosocial variables [9, 10]. In patients with low back pain but
without any features suggesting serious underlying conditions, lumbar imaging may not pre-
dict their clinical outcomes [11]. Psychosocial factors are indeed associated with certain clinical
forms of low back pain [12–18]. Therefore, it is difficult to determine the best treatment.

The Arthrokinematic Approach-Hakata (AKA-H) method is a manual procedure for treat-
ing abnormalities of intra-articular movement of the synovial joint (e.g., joint play, sliding, roll-
ing, and spinning), and it guides movement on the joint surface [19]. The AKA-H method was
developed by Setsuo Hakata in 1979 and is based on arthrokinematics [20], articular neurology
[21], and the joint mobilization technique [22]. The AKA-H method is being improved to
obtain better clinical outcomes, and there are two aspects to this method (i.e., manual medicine
and physical therapy) [23,24].
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The present study was performed to verify the effects of manual medicine for low back pain.
The AKA-H method is not indicated for a specific disease but is indicated for joint dysfunction,
arthrogenic pain, joint contractures, and neuromuscular retraining. Hakata et al. demonstrated
the efficacy of the AKA-H method in the treatment of acute low back pain [23]. However, the
effects of the AKA-H method on low back pain have not yet been studied. Therefore, we con-
ducted a trial to determine the effectiveness of the AKA-H method in adults with chronic low
back pain.

Materials and Methods

Ethics statement
This clinical trial is registered in UMIN-CTR as R000007397, ID: UMIN000006250, and writ-
ten informed consent (S1 and S2 Consent Forms) was obtained from the patients. This study
was conducted in accordance with the Helsinki Declaration [25] and was approved by Saitama
Prefectural Rehabilitation Center’s (SPRC) ethics committee.

Study patients
Patients with low back pain willing to receive treatment by the AKA-H method called the
SPRC first and provided his/her name, address, phone number, and age to the center’s staff.
The first author contacted patients by phone within 3 days to provide a full explanation of the
randomized controlled trial (RCT). Patients were informed that they may receive the sham
technique. Thus, it was promised that those who were randomized to the sham technique
would subsequently receive the AKA-H method after completing the 6-month study. Patients
who understood the aforementioned explanation, met the inclusion criteria, and agreed to par-
ticipate in this randomized, controlled trial were consecutively enrolled. We recruited partici-
pants from August 30, 2011 and followed them until July 31, 2012.

Low back pain was defined as pain localized from the twelfth rib to the inferior gluteal fold
[26]. Nonspecific meant that no specific cause was detectable, such as infection, neoplasm,
metastasis, osteoporosis, rheumatoid arthritis, fracture, or radicular syndrome. All patients had
a letter of referral and received a definitive diagnosis of chronic nonspecific low back pain from
a medical institution (94.2% of the referring physicians were orthopedic specialists who were
certified by the Japanese Orthopaedic Association).

The inclusion criteria were as follows: 1) nonspecific low back pain lasting for at least the
previous 6 months; 2) the patient received conservative orthopedic treatment from an orthope-
dic physician or another physician but had no improvement; and 3) the patient’s age was
between 18 and 79 years. Patients who underwent surgery of the lumbar spine within the previ-
ous 6 months were excluded. In addition, it was assumed that oral medications were continued
during the study.

Study design
The protocol and CONSORT checklist for this trial are available as supporting information (S1
CONSORT Checklist and S1 Protocol). Using a random number table created by free-software
R (http://www.r-project.org), patients were randomly assigned to the AKA-H method
(AKA-H group) or the sham technique (S group). The eligible patients were relatively uniform,
and special consideration was not made for age, sex, or severity. Tasks were performed and
confirmed by outpatient nurses who were independent of those who performed the treatment.
Authors were not involved in the patient randomization. In addition, treatments were sched-
uled by appointment only to prevent information from being exchanged among patients. Also,

Efficacy of Arthrokinematic Approach-Hakata Method

PLOS ONE | DOI:10.1371/journal.pone.0144325 December 8, 2015 3 / 16

http://www.r-project.org


all treatment was performed at the Saitama Prefectural Rehabilitation Center’s outpatient
office.

The sham technique was chosen as the control to prove that the effectiveness of the AKA-H
method was not just a placebo effect. Similarly, a comparison between acupuncture and the
sham technique was conducted to prove its efficacy by Vickers et al. [27].

This study was a parallel group comparison in which the AKA-H group and S group were
compared for 6 months. The study was randomized at the level of the individual patient, and it
was a single-blind test in which only patients were blinded to the details. The advantage of this
single-blind study is that by blinding participants, researchers are more likely to avoid poten-
tially biased responses. The disadvantage of this single-blind study is that an experimenter
risks consciously or subconsciously affecting subjects’ responses. The study flow chart is
depicted in Fig 1.

Interventions
Interventions were only conducted by the first author, a physician certified as a qualified pre-
ceptor by the Japan Medical Society of the Arthrokinematic Approach. Patients were random-
ized to receive the AKA-H method or sham technique. The AKA-H method was applied once
a month for 6 months to the sacroiliac joint for treatment of low back pain using the following

Fig 1. Study flow diagram.

doi:10.1371/journal.pone.0144325.g001
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techniques: 1) upward gliding, 2) downward gliding, 3) superior distraction, and 4) inferior dis-
traction (Fig 2).

Patients were asked to lie on his/her side with the upside being treated, and the therapist
stood in front of the patient. In upward gliding, the left index finger was placed on the S1 spi-
nous tubercle, and the proximal phalanx of the right thumb was placed on the highest position
of the iliac crest with palmar abduction of the right thumb. The right ring finger glided from
the caudal side with the radial side of the ring finger pressed hard on the posterior superior
iliac spine, pushing into the cranial direction, and when movement of the sacroiliac joint was
felt, the S1 spinous tubercle was pushed in the cranial ventral direction using the left index fin-
ger. In downward gliding, the same procedure for upward gliding was performed until move-
ment of the sacroiliac joint was felt. Then the S3 spinous tubercle was pushed in the caudal
direction using the left index finger. In superior distraction, the left thumb was lightly placed
on the S1 spinous tubercle, and the proximal phalanx of the right thumb was placed on the
highest position of the iliac crest with palmar abduction of the right thumb. Next, the distal
phalanx of the right ring finger was placed on the posterior superior iliac spine, the position
was shifted about 1 cm to the cranial side, and from there, the hand slid in the caudal direction.
When the proximal phalanx of the thumb hit the iliac crest and the ulnar side of the ring finger
hit the posterior superior iliac spine, the fingertips were pressed down hard to stop the sliding.
Then the force was applied to either the right ring finger or the thumb to pull the ilium in the
longitudinal direction of the therapist’s right forearm. In inferior distraction, the right thumb
was lightly placed on the S3 spinous tubercle, the left thumb was placed on the anterior supe-
rior iliac spine with palmar abduction, and the left ring finger was placed on the posterior supe-
rior iliac spine. The position of the left hand was shifted about 1 cm to the caudal side, and
from there, the left hand slid in the cranial direction. When the radial side of the distal phalanx
of the left thumb hit the anterior superior iliac spine and the ulnar side of the distal phalanx of
the left ring finger hit the posterior superior iliac spine, the fingertips were pressed down hard
to stop the sliding. Then the force was applied to either the left thumb or the ring finger to pull
the ilium in the longitudinal direction of the therapist’s left forearm.

During the sham technique, the patient was in the side-lying position with both hips and
knees extended (each joint was close-packed), and the therapist stood on the ventral side of the
patient. The therapist’s thumb, on the cephalic side of the patient, was placed on the S1 spinous
tubercle, giving a light downward force while the index finger of the therapist’s other hand was
placed underneath the S1 spinous tubercle to counteract the downward force; thus, the sacroil-
iac joint did not actually move. The same procedure was performed in which the therapist’s

Fig 2. The four techniques of the Arthrokinematic approach-Hakata method. (A) Upward gliding (B)
downward gliding (C) superior distraction (D) inferior distraction.

doi:10.1371/journal.pone.0144325.g002
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thumb, on the caudal side of the patient, was placed on the S3 spinous tubercle with the index
finger of the therapist’s other hand underneath it. This procedure was slowly repeated twice
with the procedure on S1 first, followed by S3, alternately. Because AKA-H is manual therapy
for gently and slightly moving the sacroiliac joint, a warm-up is not necessary. Both techniques
took about 15–20 minutes to complete.

Outcomes
Outcomes were assessed using the visual analogue scale (VAS) [28], Japanese version of the
Roland-Morris Disability Questionnaire (RDQ) [29–31], and Japanese version of the 36-Item
Short-Form Health Survey (SF-36) [32–36]. The main outcome measure was the average level
of low back pain on the VAS during the last 30 days of the 6-month treatment (0 represents no
pain and 100 represents the maximum pain imaginable). Although there are studies that doubt
its validity [37,38], the VAS is the most frequently used indicator for evaluating pain, and it
was adopted as a main outcome measure because its validation has been evaluated [39,40].
Patients were asked to record the VAS scores using a specialized scale (S1 and S2 Figs) three
times a day at approximately the same time each day: in the morning, at noon, and in the even-
ing. A dedicated calendar, designed for recording the VAS scores three times per day (S3 Fig),
was mailed to patients at least 1 month prior to the date of the first visit. The average value of
the VAS scores for 30 days before the start of treatment was considered the pre-treatment VAS
score. The VAS score at each month was calculated as the average value of the VAS scores on
the previous 30 days. The average value during 1 month was used, because the study subjects
were patients who had chronic low back pain over a long period, and changes in the VAS score
were not very large. Therefore, the average value during 1 month was evaluated as a representa-
tive value.

Patients were also asked to complete the RDQ and SF-36 in the waiting room prior to each
treatment. The nurse checked for any omissions, and if descriptions were missing, patients
were required to complete their answers.

The RDQ is a scale that allows patients to assess their degree of disability experienced during
daily activities due to low back pain. Since it is generally difficult to compare the RDQ by using
raw scores, a comparison was made using the deviation score method with reference to the
mean values by age and sex in Japanese individuals [41–44]. The deviation score was deter-
mined from the following formula: Deviation score = Mean score of the RDQ in patients with
low back pain for that month—The obtained RDQ score in patients for that month� Standard
deviation of the RDQ’s normative value × 10 + 50.

In the deviation score method, the mean score was set at 50 points, and the standard devia-
tion was set at 10. Therefore, it was easy to determine where the RDQ score of a patient was in
the distribution of the RDQ scores for the entire patient population. This was the advantage of
this method [29–31].

The SF-36 questionnaire is frequently used to evaluate one’s general quality of life (QOL)
[32–36]. This questionnaire measures health-related functioning in eight subscales: physical
functioning (PF), role limitations due to physical problems (RP), bodily pain (BP), vitality
(VT), general health perceptions (GH), social functioning (SF), role limitations due to emo-
tional problems (RE), and mental health (MH).

Sample size determination
Considering changes in the VAS score (as a main outcome) in the AKA-H (the experimental
arm) and S groups (the independent control arm), differences in the VAS score between groups
was 10 (mean level) with a standard deviation of 23 (based on our preliminary experience).
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Therefore, we needed to recruit 84 participants in each group with an α of 5% and power of
80%. Assuming a dropout of<10%, we set the total sample size to 186 participants.

Statistical analysis
Data are presented as mean ± standard deviation. Differences between data at baseline between
groups were analyzed using the unpaired t and chi-square tests. Since rare dropout cases (3 in
AKA-H group and 4 in Sham group) existed and most cases did not dropout easily, missing
data were analyzed by applying the list-wise case deletion method. Additionally, last observa-
tion carried forward was performed (S1 Table). A two-way (time period and treatment group)
repeated measures analysis of variance was used to observe differences in data between groups
during the intervention period. Regarding multicomparison between groups at each time
point, we used the Bonferroni method. SPSS, version 20.0 (SPSS, Inc., Chicago, IL, USA) was
used for all the statistical analyses. A P-value<0.05 was considered statistically significant.

Results
Among 246 eligible patients with low back pain, 210 attended the admission interview between
August 30, 2011 and July 31, 2012. Of 210 patients, 24 did not consent to randomization and
declined to participate in the study after the first visit to our outpatient office. Therefore, 186
patients agreed to participate in this study.

There were 3 dropouts in the AKA-H group (disappearance of symptoms: n = 1, dissatisfac-
tion with treatment: n = 1, and transfer to another hospital: n = 1). In the sham group, there
were 4 dropouts (lost contact: n = 2, transferred to another hospital: n = 1, and dissatisfaction
with treatment: n = 1). Therefore, the analysis was done with 90 research participants from the
AKA-H group and 89 from the sham group, totaling 179 patients.

Mean age of 179 subjects was 59.8 ± 13.1 years. The majority were women (62.0%), and we
used Asian BMI classification to represent patients’ degree of obesity [45]. Mean duration of
chronic low back pain before visiting our center was 59.9 ± 63.8 months, and mean level of low
back pain at baseline was 52.9 ± 18.8 on the VAS. All patients had already consulted a physi-
cian, mostly an orthopedic surgeon (93.2%), for their low back pain. This study did not have
any criteria for VAS scores at baseline for study entry. There was no statistical impact regarding
the baseline characteristics and outcomes (i.e., the VAS, RDQ, and SF-36) (Table 1).

Regarding outcomes every month after starting treatment, there were no significant differ-
ences in the VAS score between groups for the first 2 months. However, from the third month,
the VAS score was significantly reduced in the AKA-H group compared to the sham group
(Table 2, Fig 3).

Two questionnaires also provided evidence for the efficiency of the AKA-H method in the
treatment of low back pain. The RDQ (deviation score) scores were significantly higher in the
AKA-H group than in the sham group from the fourth month (Table 2). The SF-36 revealed
significant benefits after 2 months for bodily pain and mental health. After 3 months for physi-
cal functioning, social functioning, general health perception, vitality, and role emotional and
after 4 months, all scores were significantly higher in the AKA-H group than in the sham
group (Table 2). These data show that the AKA-H method successfully addressed all aspects of
low back pain.

Side effects
Side effects such as low back pain and muscle weakness were reported by 8 patients in the
AKA-H group and by 10 in the S group. However, symptoms were mild in all patients. These
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side effects improved within 2–3 days post-treatment, and patients continued participation
(Table 3).

Discussion
The present study found that the AKA-H method improved pain intensity and the QOL in
patients with chronic nonspecific low back pain to a greater degree than the sham technique
during a 6-month period. Until recently, there has been little evidence on the efficacy of this
treatment, although the AKA-H method has been used for treating low back pain in Japan and
the Japanese Medical Society of Arthrokinematic Approach is acknowledged as a member of
the International Federation for Manual/Musculoskeletal Medicine [46]. Since many suffer
from low back pain and the treatments are often difficult to manage [1–8], these findings are
relevant to the field of pain control medicine. In addition, although the AKA-H method is still

Table 1. Baseline demographics and clinical characteristics of the study participants.

Total AKA-H group Sham group P-value

(n = 179) (n = 90) (n = 89)

Demographics

Age (years) 59.8 ± 13.1 60.0 ± 12.7 59.6 ± 13.3 0.857*

Sex (female/male, %) 62.0/38.0 60.0/40.0 64.0/36.0 0.527+

Body mass index (kg/m2) 23.2 ± 5.1 23.7 ± 5.4 22.6 ± 4.7 0.260*

Education duration (years) 13.4 ± 3.2 13.6 ± 3.4 13.2 ± 2.9 0.414*

Living with someone/alone (%) 86.6/13.4 86.7/13.3 86.5/13.5 0.926+

Physical demands of employment (%)

No employment 17.9 16.7 19.1 0.871+

Sedentary work 9.5 10.0 9.0 0.806+

Non-sedentary 35.2 35.6 34.8 0.949+

Clinical factors

Medication use (%) 100 100 100 1.0+

Duration of low back pain (months) 36.0 [12.8–87.0] 36.0 [12.0–120.0] 42.0 [15.0–72. 5] 0.681c

Surgery recommendation (%) 22.3 22.2 22.4 0.948+

Clinic visits for low back pain (times) 5.4 ± 3.2 5.2 ± 3.5 (1–14) 5.6 ± 2.7 (1–13) 0.376*

Pain intensity (visual analogue scale) 52.7 ± 18.8 54.5 ± 18.2 (11.9–95.3) 50.8 ± 19.3 (8.8–97.8) 0.169*

Disability (RDQ: deviation score) 38.2 ± 9.5 37.6 ± 10.2 (4.7–56.2) 38.8 ± 8.8 (12.0–59.0) 0.488*

SF-36 (points) Total AKA-H group Sham group P-value

Physical functioning 30.1 ± 14.0 30.1 ± 14.9 (-8.2–55.1) 30.0 ± 13.0 (-8.2–55.1) 0.943*

Role physical 28.9 ± 13.3 28.2 ± 13.2 (1.7–56.2) 29.6 ± 13.3 (1.7–56.2) 0.566*

Bodily pain 31.8 ± 6.7 31.5 ± 6.7 (17.2–49.0) 32.0 ± 6.6 (17.2–49.0) 0.569*

Social functioning 33.4 ± 12.8 34.5 ± 13.1 (4.5–57.1) 32.3 ± 12.5 (11.1–57.1) 0.468*

General health perception 38.0 ± 8.1 38.2 ± 9.6 (11.4–64.2) 37.8 ± 6.6 (20.8–57.0) 0.967*

Vitality 39.6 ± 8.7 39.2 ± 8.1 (22.6–56.4) 40.0 ± 9.2 (19.5–59.5) 0.662*

Role emotional 35.0 ± 12.5 35.1 ± 13.6 (5.6–56.6) 34.9 ± 11.4 (5.6–56.6) 0.814*

Mental health 41.2 ± 8.9 41.8 ± 9.0 (19.9–62.4) 40.6 ± 8.8 (19.9–62.4) 0.374*

Data are shown as mean ± standard deviation, median [IQR], or percentages. RDQ, Roland-Morris Disability Questionnaire; SF-36, 36-Item Short-Form

Health Survey; AKA-H, Arthrokinematic approach Hakata method. BMI is defined as the weight in kilograms divided by the square of the height in meters

(kg/m2). The AKA-H group was treated using the AKA-H method, whereas the sham group (control) was treated using the sham method.

* Unpaired t-test;
+ chi-square test;
c Mann-Whitney U test.

doi:10.1371/journal.pone.0144325.t001
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not always a prevalent treatment, the number of physicians who want to learn the AKA-H
method has recently increased steadily. Thus, the results may stimulate interest from these
physicians and raise awareness about the treatment.

There are many conservative treatments for chronic nonspecific low back pain such as phar-
macological treatments [47–49], cognitive behavioral therapy [50,51], attendance at back
schools [52,53], exercise therapy [54,55], physical therapy [56], manipulation [57–59], and
massage [60–62]. However, conflicting claims exist for nearly every form of conservative ther-
apy used to manage low back pain [63,64]. For instance, a comparative study on the efficacy
among physical therapy, chiropractic manipulation, and the provision of educational booklets
for treating patients with low back pain concluded that any of these treatments showed only a
small effect on low back pain [65]. There is a lack of evidence that manual therapy is superior
to other treatments, yet there is evidence on the efficacy of physical therapy for low back pain
[66]. van Middelkoop et al. [67] discussed the efficacy of various physical and rehabilitation
interventions with respect to low back pain in a systematic review and found a low overall evi-
dence level and low evidence levels in efficacy comparisons between exercise therapy and usual
care, and between behavioral therapy and no treatment. Only in the case of multidisciplinary
treatment were acts such as no treatment and active treatment shown to exhibit moderate evi-
dence of effective pain reduction, despite being short-term. Additionally, they were unable to
gain complete data from treatments such as back schools, low-level laser therapy, patient edu-
cation, massage, traction, superficial heat/cold, and lumbar supports because of issues such as
heterogeneity of the populations.

Fig 3. Comparison of the average level of low back pain between the AKA-H and sham groups.
* Statistical significance between the AKA-H and sham groups after treatment (P < 0.05: two-way [group
and month] analysis of variance). Data are expressed as means and standard error of the mean. AKA-H,
Arthrokinematic Approach-Hakata.

doi:10.1371/journal.pone.0144325.g003

Table 3. Side effects experienced by study subjects.

Signs/symptoms AKA-H group (n = 90) Sham group (n = 89)

Low back pain 4 (2.2 days) 5 (1.5 days)

Muscle weakness 2 (2.5 hours) 3 (2 day)

Lower leg numbness 2 (1.5 day) 2 (2 days)

AKA-H, Arthrokinematic approach Hakata method. Data shown are the number of participants who

experienced side effects followed by the average duration of the side effect in parentheses.

doi:10.1371/journal.pone.0144325.t003
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Alternatively, an additional study reported that a significant improvement was seen in the
group of patients who practiced an exercise program such as increasing muscle strength and
stretching as instructed by medical staff at an outpatient clinic, compared to the group treated
with non-steroidal anti-inflammatory drugs (NSAIDs) [68]. This study also indicated that the
reason why therapeutic interventions for low back pain did not show clear outcomes may be
the fact that pain expression is different in various countries and that patients’ cultural diversity
may also have some influence. For example, the economic situations of patients have a partial
influence on whether patients with low back pain seek treatment [69]. In addition, efforts have
been made recently to improve patients’ outcomes further by classifying chronic low back pain.
However, a method of classification that can be adopted for all purposes does not yet exist [70].

According to the European guidelines for the management of chronic nonspecific low back
pain, cognitive-behavioral treatment, multidisciplinary interventions, noradrenergic or norad-
renergic-serotonergic antidepressants, muscle relaxants, NSAIDs, and weak opioids are recom-
mended as treatments [71]. Guidelines for the evaluation and management of low back pain
have been established by the American Pain Society [72,73].

There are at least 11 international guidelines for low back pain, and most have similar state-
ments regarding the recommended treatments, although there are some differences regarding
exercise therapy, spinal manipulation, and the use of muscle relaxants [72,73]. This difference
may be due to different interpretations of the evidence and different levels of importance
placed on the benefits to patients, side effects, and costs in different countries. There is an opin-
ion that most of these guidelines focus on the treatment of acute low back pain but do not pro-
vide specific guidelines for managing chronic low back pain [74]. Accordingly, effective
conservative treatments remain largely inconclusive [71–74].

From the results of the present study, the AKA-H method can be a useful tool for treating
chronic low back pain. In addition, there were no specific side effects associated with the
AKA-H method. The occurrence rates of the side effects were at least similar to that of the
sham technique. Our findings further indicate the usefulness of administration of the AKA-H
method in the clinical setting.

The underlying mechanism of the efficacy of the AKA-H method for low back pain remains
unclear in our study. We know that the possibility of impairment to the intra-articular move-
ments, which is referred to as joint dysfunction [75], has some influence on the occurrence of
low back pain; however, the reason why this impairment causes pain has not been clarified. It
is thought that joint dysfunction may stimulate type four articular receptors by increasing ten-
sion of the articular capsule ligaments [21]. Future studies on the biological mechanisms
responsible for the present findings are required.

As for the effectiveness of a labor-intensive (1:1) approach such as the AKA-H method for
chronic low back pain, an asymmetrical relationship can occur, in which the doctor is the pro-
vider and the patient is the dependent, and this may result in a sick-role dependency. This
seems to be similar to the condition of acute low back pain. Even when using the RCT method-
ology, it is necessary to be aware of drawbacks such as this. However, although there is a lack of
detailed description in the methods, the effectiveness of AKA-H for patients with acute low
back pain is suggested in this same way as in the present research. The same type of treatment
may be effective for patients with acute and chronic pain, and this can be considered an advan-
tage of this approach.

Our study has limitations. First, the doctor was not blinded to the treatment, which was
impossible to accomplish in this study. Second, this study was performed at only one hospital
in Japan, and we did not invite the public to participate. Generalization of the results is limited;
therefore, collaborative research at multiple centers should be conducted in the future. With
regard to the statistical analyses, there is a possibility that better results could have been
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obtained if a third group (i.e., a waiting list only or normal treatment group) was added for
comparison between groups. However, participants of this study were patients who had already
suffered from chronic low back pain for a long period with no effect from common treatment
methods. Additionally, randomizing individuals to a group that would receive no treatment or
only the common treatment would discourage participation. Third, most patients (62%) were
women, but in this study, the results were not assessed according to sex differences. Women
have been reported to note pain more emphatically than men [76], and a previous report indi-
cated that the placebo effect is larger in women than in men in terms of medical treatments
[77]. Thus, whether the physician’s sex would have a bearing on the results is a topic worthy of
further study. Fourth, there may be a type I error due to the multiple comparisons; however, all
measurements showed the same trend between groups after 6 months, so it appeared that there
was validity in our findings. Fifth, the sham group had been promised to receive AKA-H 6
months later. No patients knew which treatment they were receiving because they had not
experienced the AKA-H method before they were recruited into the study. The Hawthorne
effect [78] is the process in which human subjects of an experiment change their behavior and
response because of some expectation. We acknowledge that this bias may have influenced the
results of this study. Finally, although the AKA-H approach has been shown to significantly
improve the functional outcomes of chronic low back pain, further research should consider
the incorporation of exercise therapy [67] and behavioral interventions [51] to comprehen-
sively address long-term improvement of this chronic condition.

Conclusions
Although there are many limitations, the present study found that the AKA-H method signifi-
cantly improved pain intensity and the QOL in patients with chronic nonspecific low back
pain during a 6-month period. This suggests that the AKA-H method can be effective in man-
aging chronic low back pain.

Supporting Information
S1 CONSORT Checklist. CONSORT Checklist for randomized trials.
(PDF)

S1 Consent Form. Informed consent from patient 1.
(PDF)

S2 Consent Form. Informed consent from patient 2.
(PDF)

S1 Fig. Specialized scale for the visual analogue scale scores.
(TIF)

S2 Fig. Specialized scale for the visual analogue scale scores (Japanese).
(TIF)

S3 Fig. Dedicated calendar for patients to record visual analogue scale scores three times
per day.
(TIF)

S1 Protocol. Trial Protocol.
(DOCX)

S2 Protocol. Trial Protocol in Japanese.
(DOCX)

Efficacy of Arthrokinematic Approach-Hakata Method

PLOS ONE | DOI:10.1371/journal.pone.0144325 December 8, 2015 12 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s008


S1 Table. Levels of pain, disability, and quality of life at 1 month to 6 months after treat-
ment (LOCF). Data are shown as mean ± standard deviation. VAS, visual analogue scale;
RDQ, Roland-Morris Disability Questionnaire; SF-36, 36-Item Short-Form Health Survey;
AKA-H, Arthrokinematic approach Hakata method. Significant difference (two-way [time
period and group] repeated measures analysis of variance): � P< 0.05, �� P< 0.01. The
AKA-H vs. sham group using Bonferroni multicomparison tests, † P< 0.008, †† P< 0.0016.
(DOCX)

Acknowledgments
The authors wish to thank Sasaki Orthopedic and Rehabilitation Clinic’s Director Dr. Ken
Sasaki and Ashio Souai Hospital’s Director Dr. Ikuo Akamatsu and Ohtani Rehabilitation Hos-
pital’s Chairman Dr. Hiroaki Ohtani, who previously served as Secretary General. We would
also like to express our gratitude to the current Secretary General and RakuRakudo Orthopedic
Clinic’s Director Dr. Masahiro Omata.

Additionally, we would like to express our appreciation to all nurses of the Saitama Prefec-
tural Rehabilitation Center’s outpatient nursing department.

Lastly, we would like to acknowledge and thank Dr. Shinji Maeda, KazenoAnn for providing
statistical support.

Author Contributions
Conceived and designed the experiments: AK KK TI SH. Performed the experiments: AK SH.
Analyzed the data: AK KK. Contributed reagents/materials/analysis tools: HT MK SK. Wrote
the paper: AK SK TI. Worked as a supervisor on the cases from the perspective of an experi-
enced orthopedic specialist: HT. Worked as a supervisor on the cases from the perspective of
an experienced spinal surgery specialist: MK.

References
1. Friedly J, Standaert C, Chan L. Epidemiology of spine care: the back pain dilemma. Phys Med Rehabil

Clin N Am. 2010; 21: 659–677. doi: 10.1016/j.pmr.2010.08.002 PMID: 20977955

2. Andersson GB. Epidemiological features of chronic low-back pain. Lancet. 1999; 354: 581–585. PMID:
10470716

3. Waddell G. The back pain revolution. 2nd ed. New York: Churchill Livingstone; 2004

4. Garg A, Moore JS. Epidemiology of low-back pain in industry. Occup Med. 1992; 7: 593–608. PMID:
1411850

5. Von Korff M, Ormel J, Keefe FJ, Dworkin SF. Grading the severity of chronic pain. Pain. 1992; 50: 133–
149. PMID: 1408309

6. Hestbaek L, Leboeuf-Yde C, Manniche C. Low back pain: what is the long-term course? A review of
studies of general patient populations. Eur Spine J. 2003; 12: 149–165. PMID: 12709853

7. Croft PR, Macfarlane GJ, Papageorgiou AC, Thomas E, Silman AJ. Outcome of low back pain in gen-
eral practice: a prospective study. BMJ. 1998; 316: 1356–1359. PMID: 9563990

8. Statistics and Information Department, Minister’s Secretariat, Ministry of Health andWelfare. Statistical
Abstracts on Health andWelfare in Japan. Tokyo: Health andWelfare Statistics Association. 2010.
Available: http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa10/3-1.html.

9. Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs F, et al. Chapter 4. Euro-
pean guidelines for the management of chronic nonspecific low back pain. Eur Spine J. 2006; 15:
S192–S300. PMID: 16550448

10. Nicholas MK, Linton SJ, Watson PJ, Main CJ. Early identification and management of psychological
risk factors (“yellow flags”) in patients with low back pain: a reappraisal. Phys Ther. 2011; 91: 737–753.
doi: 10.2522/ptj.20100224 PMID: 21451099

11. Chou R, Fu R, Carrino JA, Deyo RA. Imaging strategies for low-back pain: systematic review and meta-
analysis. Lancet. 2009; 373: 463–472. doi: 10.1016/S0140-6736(09)60172-0 PMID: 19200918

Efficacy of Arthrokinematic Approach-Hakata Method

PLOS ONE | DOI:10.1371/journal.pone.0144325 December 8, 2015 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0144325.s009
http://dx.doi.org/10.1016/j.pmr.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/20977955
http://www.ncbi.nlm.nih.gov/pubmed/10470716
http://www.ncbi.nlm.nih.gov/pubmed/1411850
http://www.ncbi.nlm.nih.gov/pubmed/1408309
http://www.ncbi.nlm.nih.gov/pubmed/12709853
http://www.ncbi.nlm.nih.gov/pubmed/9563990
http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa10/3-1.html
http://www.ncbi.nlm.nih.gov/pubmed/16550448
http://dx.doi.org/10.2522/ptj.20100224
http://www.ncbi.nlm.nih.gov/pubmed/21451099
http://dx.doi.org/10.1016/S0140-6736(09)60172-0
http://www.ncbi.nlm.nih.gov/pubmed/19200918


12. Ransford AO, Cairns D, Mooney V. The pain drawing as an aid to the psychologic evaluation of patients
with low-back pain. Spine. 1976; 1: 127–134.

13. Leavitt F, Garron DC. Psychological disturbance and pain report differences in both organic and non-
organic low back pain patients. Pain. 1979; 7: 187–195. PMID: 160521

14. Coste J, Schiano PJ, Leparc JM, Paolaggi JB. Clinical and psychological classification of non-specific
low-back pain. A new study in primary care practice. Rev Epidemiol Sante Publique. 1995; 43: 127–
138. PMID: 7732199

15. Waddell G, McCulloch JA, Kummel ED, Venner RM. Nonorganic physical signs in low-back pain.
Spine. 1980; 5: 117–125. PMID: 6446157

16. Lampe A, Sollner W, Krismer M, Rumpold G, Kantner-Rumplmair W, Ogon M, et al. The impact of
stressful life events on exacerbation of chronic low-back pain. J Psychosom Res. 1998; 44: 555–563.
PMID: 9623876

17. Rosomoff HL, Fishbain DA, Goldberg M, Santana R, Rosomoff RS. Physical findings in patients with
chronic intractable benign pain of the neck and/or back. Pain. 1989; 37: 279–287. PMID: 2526943

18. Polatin PB, Kinney RK, Gatchel RJ, Lillo E, Mayer TG. Psychiatric illness and chronic low-back pain.
The mind and the spine-Which goes first? Spine (Phila Pa 1976). 1993; 18: 66–71.

19. Williams PL, Warwick R, Dyson M, Bannister LH. Gray’s anatomy. 37th ed. Edinburgh: Churchill Liv-
ingstone; 1989. pp. 482–485.

20. MacConaill MA, Basmajian JV. Muscles and movements: a basis for human kinesiology. 2nd ed. New
York: R.E. Krieger Publishing Co.; 1977. pp. 31–93.

21. Wyke B. The neurology of joints: A review of general principles. Clin Rheum Dis. 1981; 7: 223–239.

22. Kaltenborn FM. Manual therapy for the extremity joints, specialized techniques: tests and joint mobiliza-
tion. Oslo: Olaf Norlis Bokhandel; 1976.

23. Hakata S, Sumita K, Katada S. Efficacy of AKA-Hakata method in the treatment of acute lumbago.
Manuelle Medizin. 2005; 43: 19–24.

24. Rose SJ, Rothstein JM. Muscle biology and physical therapy. A historical perspective. Phys Ther.
1982; 62: 1754–1756. PMID: 7146101

25. WMAMedical Ethics Committee (March 2001) Declaration of Helsinki, version Edinburgh. Bulletin of
the World Health Organization. 2001; 71: 373–374. Available: http://www.who.int/bulletin/archives/79
(4)373.pdf.

26. Krismer M, van Tulder M; Low Back Pain Group of the Bone and Joint Health Strategies for Europe
Project. Strategies for prevention and management of musculoskeletal conditions. Low back pain (non-
specific). Best Pract Res Clin Rheumatol. 2007; 21: 77–91. PMID: 17350545

27. Vickers AJ, Cronin AM, Maschino AC, Lewith G, MacPherson H, Foster NE, et al. Acupuncture for
chronic pain: individual patient data meta-analysis. Arch Intern Med. 2012; 172: 1444–1453. doi: 10.
1001/archinternmed.2012.3654 PMID: 22965186

28. Huskisson EC. Measurement of pain. Lancet. 1974; 2: 1127–1131. PMID: 4139420

29. Roland M, Fairbank J. The Roland-Morris Disability Questionnaire and the Oswestry Disability Ques-
tionnaire. Spine (Phila Pa 1976). 2000; 25: 3115–3124.

30. Roland M, Morris R. A study of the natural history of back pain. Part l: development of a reliable and
sensitive measure of disability in low-back pain. Spine (Phila Pa 1976). 1983; 8: 141–144.

31. Fritz JM, Irrgang JJ. A comparison of a modified Oswestry Low Back Pain Disability Questionnaire and
the Quebec Back Pain Disability Scale. Phys Ther. 2001; 81: 776–788. PMID: 11175676

32. Aaronson NK, Acquadro C, Alonso J, Apolone G, Bucquet D, Bullinger M, et al. International Quality of
Life Assessment (IQOLA) Project. Qual Life Res. 1992; 1: 349–351. PMID: 1299467

33. Fukuhara S, Ikegami N, Torrance GW, Nishimura S, Drummon M, Schubert F. The development and
use of quality-of-life measures to evaluate health outcomes in Japan. Pharmacoeconomics. 2002; 20:
17–23. PMID: 12238945

34. Takeyachi Y, Konno S, Otani K, Yamauchi K, Takahashi I, Suzukamo Y, et al. Correlation of low back
pain with functional status, general health perception, social participation, subjective happiness, and
patient satisfaction. Spine (Phila Pa 1976). 2003; 28: 1461–1467.

35. Fukuhara S, Bito S, Green J, Hsiao A, Kurokawa K. Translation, adaptation, and validation of the SF-36
Health Survey for use in Japan. J Clin Epidemiol. 1998; 51: 1037–1044. PMID: 9817121

36. Fukuhara S, Ware JE Jr, Kosinski M, Wada S, Gandek B. Psychometric and clinical tests of validity of
the Japanese SF-36 Health Survey. J Clin Epidemiol. 1998; 51: 1045–1053. PMID: 9817122

Efficacy of Arthrokinematic Approach-Hakata Method

PLOS ONE | DOI:10.1371/journal.pone.0144325 December 8, 2015 14 / 16

http://www.ncbi.nlm.nih.gov/pubmed/160521
http://www.ncbi.nlm.nih.gov/pubmed/7732199
http://www.ncbi.nlm.nih.gov/pubmed/6446157
http://www.ncbi.nlm.nih.gov/pubmed/9623876
http://www.ncbi.nlm.nih.gov/pubmed/2526943
http://www.ncbi.nlm.nih.gov/pubmed/7146101
http://www.who.int/bulletin/archives/79(4)373.pdf
http://www.who.int/bulletin/archives/79(4)373.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17350545
http://dx.doi.org/10.1001/archinternmed.2012.3654
http://dx.doi.org/10.1001/archinternmed.2012.3654
http://www.ncbi.nlm.nih.gov/pubmed/22965186
http://www.ncbi.nlm.nih.gov/pubmed/4139420
http://www.ncbi.nlm.nih.gov/pubmed/11175676
http://www.ncbi.nlm.nih.gov/pubmed/1299467
http://www.ncbi.nlm.nih.gov/pubmed/12238945
http://www.ncbi.nlm.nih.gov/pubmed/9817121
http://www.ncbi.nlm.nih.gov/pubmed/9817122


37. Boonstra AM, Schiphorst Preuper HR, RenemanMF, Posthumus JB, Stewart RE. Reliability and valid-
ity of the visual analogue scale for disability in patients with chronic musculoskeletal pain. Int J Rehabil
Res. 2008; 31: 165–169. doi: 10.1097/MRR.0b013e3282fc0f93 PMID: 18467932

38. Langley GB, Sheppeard H. The visual analogue scale: Its use in pain management. Rheumatology
International. 1985; 5; 145–148. PMID: 4048757

39. Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual analogue scales as ratio scale
measures for chronic and experimental pain. Pain. 1983; 17:45–56. PMID: 6226917

40. Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Validity of four pain intensity rating scales. Pain.
2011; 152: 2399–2404. doi: 10.1016/j.pain.2011.07.005 PMID: 21856077

41. Takahashi N, Kikuchi S, Fukuhara S, Suzukamo Y, Konno S, Morita T, et al. Estimation of Japanese
Normative Value in Age and Gender Categories of RDQ. Rinsho Seikei Geka. 2004; 39: 315–320.

42. Suzukamo Y, Fukuhara S, Kikuchi S, Konno S, Roland M, Iwamoto Y, et al. Validation of the Japanese
version of the Roland-Morris Disability Questionnaire. J Orthop Sci. 2003; 8: 543–548. PMID:
12898308

43. Fujiwara A, Kobayashi N, Saiki K, Kitagawa T, Tamai K, Saotome K. Association of the Japanese
Orthopaedic Association score with the Oswestry Disability Index, Roland-Morris Disability Question-
naire, and short-form 36. Spine (Phila Pa 1976). 2003; 28: 1601–1607.

44. Nakamura M, Miyamoto K, Shimizu K. Validation of the Japanese version of the Roland-Morris Disabil-
ity Questionnaire for Japanese patients with lumbar spinal diseases. Spine (Phila Pa 1976). 2003; 28:
2414–2418.

45. Garrow JS, Webster J. Quetelet’s index (W/H2) as a measure of fatness. Int J Obes. 1985; 9: 147–153.

46. International Academy of Manual/Musculoskeletal Medicine. FIMM-Online.com. Available: http://www.
fimm-online.com/index.cfm.

47. van Tulder MW, Koes BW, Metsemakers JF, Bouter LM. Chronic low back pain in primary care: a pro-
spective study on the management and course. Fam Pract. 1998; 15: 126–132. PMID: 9613479

48. Roelofs PD, Deyo RA, Koes BW, Scholten RJ, van Tulder MW. Nonsteroidal anti-inflammatory drugs
for low back pain: an updated Cochrane review. Spine (Phila Pa 1976). 2008; 33: 1766–1774.

49. Dworkin RH, O’Connor AB, Backonja M, Farrar JT, Finnerup NB, Jensen TS, et al. Pharmacologic
management of neuropathic pain: evidence-based recommendations. Pain. 2007; 132: 237–251.
PMID: 17920770

50. Lamb SE, Hansen Z, Lall R, Casteinuovo E, Withers EJ, Nichols V, et al. Group cognitive behavioural
treatment for low-back pain in primary care: a randomised controlled trial and cost-effectiveness analy-
sis. Lancet. 2010; 375: 916–923. doi: 10.1016/S0140-6736(09)62164-4 PMID: 20189241

51. Henschke N, Ostelo RW, van Tulder MW, Vlaeyen JW, Morley S, Assendelft WJ, et al. Behavioural
treatment for chronic low‐back pain. Cochrane Database Syst Rev. 2010;(7: ): CD002014. doi: 10.
1002/14651858.CD002014.pub3 PMID: 20614428

52. Tavafian SS, Jamshidi A, Mohammad K, Montazeri A. Low back pain education and short term quality
of life: a randomized trial. BMCMusculoskelet Disord. 2007; 8: 21. PMID: 17328809

53. Hay EM, Mullis R, Lewis M, Vohora K, Main CJ, Watson P, et al. Comparison of physical treatments
versus a brief pain-management programme for back pain in primary care: a randomised clinical trial in
physiotherapy practice. Lancet. 2005; 365: 2024–2030. PMID: 15950716

54. Hayden JA, van Tulder MW, Tomlinson G. Systematic review: strategies for using exercise therapy to
improve outcomes in chronic low back pain. Ann Intern Med. 2005; 142: 776–785. PMID: 15867410

55. Hayden J, van Tulder MW, Malmivaara A, Koes BW. Exercise therapy for treatment of non-specific low
back pain. Cochrane Database Syst Rev. 2005;(3: ): CD000335. PMID: 16034851

56. Goldby LJ, Moore AP, Doust J, Trew ME. A randomized controlled trial investigating the efficiency of
musculoskeletal physiotherapy on chronic low back disorder. Spine (Phila Pa 1976). 2006; 31: 1083–
1093.

57. Aure OF, Nilsen JH, Vasseljen O. Manual therapy and exercise therapy in patients with chronic low
back pain: a randomized, controlled trial with 1-year follow-up. Spine (Phila Pa 1976). 2003; 28: 525–
231.

58. Shekelle PG, Adams AH, Chassin MR, Hurwitz EL, Brook RH. Spinal manipulation for low-back pain.
Ann Intern Med. 1992; 117: 590–598. PMID: 1388006

59. Rubinstein SM, van Middelkoop M, Assendelft WJ, de Boer MR, van Tulder MW. Spinal manipulative
therapy for chronic low-back pain: an update of a Cochrane review. Spine. 2011; 36: E825–E846. doi:
10.1097/BRS.0b013e3182197fe1 PMID: 21593658

60. Ernst E. Massage therapy for low back pain: a systematic review. J Pain SymptomManage. 1999; 17:
65–69. PMID: 9919867

Efficacy of Arthrokinematic Approach-Hakata Method

PLOS ONE | DOI:10.1371/journal.pone.0144325 December 8, 2015 15 / 16

http://dx.doi.org/10.1097/MRR.0b013e3282fc0f93
http://www.ncbi.nlm.nih.gov/pubmed/18467932
http://www.ncbi.nlm.nih.gov/pubmed/4048757
http://www.ncbi.nlm.nih.gov/pubmed/6226917
http://dx.doi.org/10.1016/j.pain.2011.07.005
http://www.ncbi.nlm.nih.gov/pubmed/21856077
http://www.ncbi.nlm.nih.gov/pubmed/12898308
http://www.fimm-online.com/index.cfm
http://www.fimm-online.com/index.cfm
http://www.ncbi.nlm.nih.gov/pubmed/9613479
http://www.ncbi.nlm.nih.gov/pubmed/17920770
http://dx.doi.org/10.1016/S0140-6736(09)62164-4
http://www.ncbi.nlm.nih.gov/pubmed/20189241
http://dx.doi.org/10.1002/14651858.CD002014.pub3
http://dx.doi.org/10.1002/14651858.CD002014.pub3
http://www.ncbi.nlm.nih.gov/pubmed/20614428
http://www.ncbi.nlm.nih.gov/pubmed/17328809
http://www.ncbi.nlm.nih.gov/pubmed/15950716
http://www.ncbi.nlm.nih.gov/pubmed/15867410
http://www.ncbi.nlm.nih.gov/pubmed/16034851
http://www.ncbi.nlm.nih.gov/pubmed/1388006
http://dx.doi.org/10.1097/BRS.0b013e3182197fe1
http://www.ncbi.nlm.nih.gov/pubmed/21593658
http://www.ncbi.nlm.nih.gov/pubmed/9919867


61. Furlan AD, Brosseau L, Imamura M, Irvin E. Massage for low-back pain: a systematic review within the
framework of the Cochrane Collaboration Back Review Group. Spine (Phila Pa 1976). 2002; 27: 1896–
1910.

62. Cherkin DC, Sherman KJ, Kahn J, Wellman R, Cook AJ, Johnson E, et al. A comparison of the effects
of 2 types of massage and usual care on chronic low back pain: a randomized, controlled trial. Ann
Intern Med. 2011; 155: 1–9. doi: 10.7326/0003-4819-155-1-201107050-00002 PMID: 21727288

63. Gilbert JR. Management of low-back pain in family practice: a critical review. Can Fam Physician. 1986;
32: 1855–1861. PMID: 21267291

64. van Tulder MW, Koes BW, Bouter LM. Conservative treatment of acute and chronic nonspecific low
back pain. A systematic review of randomized controlled trials of the most common interventions. Spine
(Phila Pa 1976). 1997; 22: 2128–2156.

65. Cherkin DC, Deyo RA, Battié M, Street J, BarlowW. A comparison of physical therapy, chiropractic
manipulation, and provision of an educational booklet for the treatment of patients with low back pain. N
Engl J Med. 1998; 339: 1021–1029. PMID: 9761803

66. Hendriks H. KNGF-Guidelines for non-specific low back pain. 2006. Available: http://www.physio-
europe.org/download.php?document=110&downloadarea=20.

67. van Middelkoop M, Rubinstein SM, Kuijpers T, Verhagen AP, Ostelo R, Koes BW, et al. A systematic
review on the effectiveness of physical and rehabilitation interventions for chronic non-specific low
back pain. Eur Spine J. 2011; 20: 19–39. doi: 10.1007/s00586-010-1518-3 PMID: 20640863

68. Shirado O, Doi T, Akai M, Hoshino Y, Fujino K, Hayashi K, et al. Multicenter randomized controlled trial
to evaluate the effect of home-based exercise on patients with chronic low back pain: the Japan low
back pain exercise therapy study. Spine (Phila Pa 1976). 2010; 35: E811–E819.

69. Leboeuf-Yde C, Hennius B, Rudberg E, Leufvenmark P, Thunman M. Chiropractic in Sweden: a short
description of patients and treatment. J Manipulative Physiol Ther. 1997; 20: 507–510. PMID: 9345678

70. Fairbank J, Gwilym SE, France JC, Daffner SD, Dettori J, Hermsmeyer J, et al. The role of classification
of chronic low back pain. Spine (Phila Pa 1976). 2011; 36: 19–42.

71. Arnau JM, Vallano A, Lopez A, Pellisé F, Delgado MJ, Prat N. A critical review of guidelines for low
back pain treatment. Eur Spine J. 2006; 15: 543–553. PMID: 16217664

72. Chou R, Huffman L. Guideline for the evaluation and management of low back pain: evidence review.
Glenview: American Pain Society; 2009.

73. Chou R, Qaseem A, Snow V, Casey D, Cross JT Jr, Shekelle P, et al. Diagnosis and treatment of low
back pain: a joint clinical practice guideline from the American College of Physicians and the American
Pain Society. Ann Intern Med. 2007; 147: 478–491. PMID: 17909209

74. Clancy CM, Cronin K. Evidence-based decision making: global evidence, local decisions. Health Aff
(Millwood). 2005; 24: 151–162.

75. Mennell J MCM. Joint pain: Diagnosis and treatment using manipulative techniques. Boston: Little
Brown & Co.; 1964.

76. McMahon S, Koltzenburg M, Tracey I, Turk DC. Wall and Melzack's Textbook of Pain. 5th ed. Edin-
burgh: Elsevier; 2005.

77. Kelley JM, Lembo AJ, Ablon JS, Villanueva JJ, Conboy LA, Levy R, et al. Patient and practitioner influ-
ences on the placebo effect in irritable bowel syndrome. PsychosomMed. 2009; 71: 789–797. doi: 10.
1097/PSY.0b013e3181acee12 PMID: 19661195

78. McCarney R, Warner J, Iliffe S, van Haselen R, Griffin M, Fisher P. The Hawthorne Effect: a rando-
mised, controlled trial. BMCMed Res Methodol. 2007; 7: 30. PMID: 17608932

Efficacy of Arthrokinematic Approach-Hakata Method

PLOS ONE | DOI:10.1371/journal.pone.0144325 December 8, 2015 16 / 16

http://dx.doi.org/10.7326/0003-4819-155-1-201107050-00002
http://www.ncbi.nlm.nih.gov/pubmed/21727288
http://www.ncbi.nlm.nih.gov/pubmed/21267291
http://www.ncbi.nlm.nih.gov/pubmed/9761803
http://www.physio-europe.org/download.php?document=110&downloadarea=20
http://www.physio-europe.org/download.php?document=110&downloadarea=20
http://dx.doi.org/10.1007/s00586-010-1518-3
http://www.ncbi.nlm.nih.gov/pubmed/20640863
http://www.ncbi.nlm.nih.gov/pubmed/9345678
http://www.ncbi.nlm.nih.gov/pubmed/16217664
http://www.ncbi.nlm.nih.gov/pubmed/17909209
http://dx.doi.org/10.1097/PSY.0b013e3181acee12
http://dx.doi.org/10.1097/PSY.0b013e3181acee12
http://www.ncbi.nlm.nih.gov/pubmed/19661195
http://www.ncbi.nlm.nih.gov/pubmed/17608932

