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[Review]
Leukotriene receptor antagonist (LTRA)
-historical aspect and recent topics-
Hiroichi NAGAI, PhDV
<Abstract>

Leukotriene receptor antagonists (LTRAs) have a long history and are now available for
prescription use in the management of allergic airway diseases including bronchial asthma and
allergic rhinitis. Recent wide usage of LTRAs led to new insights of drug application.

The first is the usage of LTRA in the treatment of virus infection—induced wheezing in childhood.
The infection with respiratory viruses is an important cause of acute wheezing in infancy. The
efficacy of LTRAs on the wheezing is valuable to consider about effective treatment of bronchial
asthma in children.

The second is clinical application of pharmacogenomics of LTRAs to aim more effective and safety
usage of the agents in the management of bronchial asthma. The effect of polymorphism concerning
the drug metabolism enzymes, LT receptors and synthesis enzymes, on the drug efficacy is
investigated. The evident relationship between the efficacy and gene polymorphism encoded
5-lipoxygenase and LTC4 synthetase are reported by many researchers. This review will be

summarized the history of LTRAs and above two recent topics.

Keywords : Leukotriene receptor antagonist, Anti-allergic drug, Bronchial asthma, Wheezing,

Pharmacogenomics

<Introduction and background >
While much effort has been paid to developing a new anti-allergic drug for the treatment of allergic

diseases enough remission of disease has yet to be completely conquered. More extensive research will
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allow the development of new therapeutics to combat allergic diseases.

International guidelines using evidenced based medicine are continually being updated and published
regarding the diagnosis, treatment, and prevention of allergic diseases (1-3). In all guidelines preventive
anti-inflammatory treatment is essential in all patients with persistent allergic condition.
Corticosteroids are the mainstay of treatment in control of allergic diseases, but other treatments may
be used as a monotherapy of patients with mild symptom or as an add-on treatment in those with
moderate to severe disease conditions.

Recognition of the importance of leukotrienes (LT) in the pathogenesis of allergic inflammation led to
the development of LT inhibitors as an anti-inflammatory agent for allergic inflammatory diseases. In
our laboratory, we confirmed the import role of LTs in allergic inflammation by using 5-lipoxygenase
gene deficient mice as shown in Figure 1.

LTs are derived from the cell membrane phospholipid arachidonic acid and are member of a large
group of molecules known as eicosanoids. It is possible to inhibit the production of LTs by inhibitors of
their synthesis. But much clinical interest is focused on antagonizing agents against LT at their
receptors. Several drugs, especially receptor antagonists have been investigated and now available for
prescription use in the management of allergic airway diseases in many countries (4-14). Three noble
LTRAs, montelukast, zafirlikast and pranlukast, show clear clinical efficacy to alleviate the symptoms of
allergic asthma and rhinitis. Wide clinical usage of LTRAs introduced new insight of pharmacological

applications. One is a beneficial effect of LTRAs on other diseases not connected to allergic mechanism
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Figure 1 Effect of 5-lipoxygenase gene disruption on the allergic airway inflammation
and airway hyperreactivity (AHR) in mice. Mice were immunized by an intaperitoneal
Injection of 50 ug ovalbumin (OA) with 1 mg alum on day 0 and 12. Starting day 22,
they were exposed to OA (1% w/v diluted with saline) for 30 min, 3 times every fourth
day. Control animals were exposed to a saline in a similar manner. AHR was measured
by over flow method. The numbers of eosinophils in bronchoalveolar lavage fluid were
counted by microscopy after the staining with Diff-Quick solution The level of
interleukin 4 (IL-4) and serum IgE level were measured using ELISA (Endogen Inc, USA).
Statistical difference was estimated using two-tailed Student’s t-test or the Aspin-
Welch test. ** means P-value less than 0.01.
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and the other is the evidence concerning the effective usage of LTRAs following by pharmacogenetic
evidence. In our laboratory, we investigated the chemical structure of LTs and development of new
LTRAs for long time. We obtained many results concerning to new LTRAs, but did not obtain successful
result in clinic. In this manuscript, the history of LTRA research and recent advances on LTRA are

reviewed.

Slow reacting substance of anaphylaxis (SRS-A) and LTs
Early investigation of the bronchoconstricting substance in human asthma led to the discovery of SRS-A.
In 1960, Brocklehurst (15) found SRS-A in the supernatant of the lung segment of allergic asthma
patient after challenged with antigen. These findings stimulate an extensive research about the
biological activity and structure of SRS-A because the original nature was conjectured to be important
in causing constriction of airway smooth muscle and other symptoms in asthmatics. Since SRS-A is
present in very low concentration in the body fluid, it takes a time to define the chemical structure.
Many researchers including us tried to isolation of SRS-A and to determine their chemical structures,
however nobody did not reach the final goal before 1980. Finally SRS-A was identified as a mixture of
LTs by Samuelsson and his colleagues (16-18).

The chemical structure of SRS-A was determined as a cysteine containing derivative of
5-hydroxy-7,9,11,14 -eicosa tetra enoic acid. This structure is related to previously identified epoxy and
dehydroxy metabolites of arachidonic acid in leukocytes. A common feature is the presence of a
conjugated triene, and the name “leukotriene” has been introduced to designate these compounds.
Subsequent large scale investigation revealed that SRS-A comprised a family of peptidyl leukotrienes
which contain a hydroxyl substitutes at a position 5 and either glutathione (LTC4), cystenyl glycine
(LTD4) and cysteine (LTE4). (Figure 2)
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Figure 2 Chemical structure of leukotriene C4, D4 and E4
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They also identified a biological distinct non-cystenyl LT (LTB4) that has a weak bronchoconstricting
effect and a potent neutrophil chemotactic activity (19-21). After synthetic preparations of cys-LTs
became widely available, rational approaches on the pharmacological activity of LTs in allergic
inflammation were believed to be enhanced.

Table 1 is the summary of pharmacological activity of cys-LTs in allergic inflammation. After the
identification of chemical structures of LTs, extensive efforts have been paid for identifying the cystenyl
LT (cys-LT) receptors (22-30). Pharmacological studies have determined two classes of cys-LT receptors

based on selective sensitivity to angtagonists.

Table 1 Pharmacological activity of cys-LTs in allergic inflammation

Tissue Action

Airway smooth muscle Contraction, Proliferation

Blood vessel Plasma exudation, Edema
Secretary gland Mucus secretion

Mucous epithelial cell Suppression of ciliary movement
Eosinophil Acceleration of recruitment
Sensory nervous system Secretion of neuropeptides

After the identification of chemical structures of LTs, extensive efforts have been paid for identifying
the cystenyl LT (cys-LT) receptors (22-30). Pharmacological studies have determined two classes of
cys-LT receptors based on selective sensitivity to angtagonists. Molecular cloning of the human cys-LT1
and cys-LT2 receptors has confirmed both their structure as putative seven trans- membrane domain G
protein coupled receptors and most of previous reported pharmacological characterization. Following
molecular identification of human cys-LT receptors, mouse cys-LT receptor gene has been cloned. The
mouse cys-LT receptors show similar but not identical profiles to human receptors. The clarification of
mouse gene 1s beneficial because mouse is often used as a model animal of human diseases. The

identification of the structure and gene for cys-LT receptors improved the researches on LTRAs.

LTRA
Following the determination of structures of LTs and their receptors, the researches on LTRAs are

accelerated. Many researchers initiated to investigate the inhibitors of LTs. Before finding of final
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effective compounds, a number of LT antagonists have been investigated in many laboratories. Early
structure-activity relationship analyses of the prototype of SRS-A antagonist, FPL-55712, lead to the
identification of an hydroxyl —acetophenone containing lead compound that was more specific than
FPL-55712 (31-33).

In late 1980s, several LTRAs were improved potency over FPL-55712. In our laboratory, we also
investigated the pharmacological activity of many compounds as reported previously (34). Mydocarm,
KZ-101 and KC-404 showed a potent anti-SRS-A activity and anti-asthmatic action in experimental
animals.

In 1990s, these approaches to discover new LT inhibitors moved from concept to proof. Three novel
LTRAs demonstrated clear improvement of basic lung function in asthmatics. Three LTRAs are
ONO-1078 (Pranlukast), MK-0476 (Montelukast) and ICI-204219 (Zafirkast). The chemical structures of

three LTRAs are indicated in Figure 3.
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Figure 3 Chemical structure of leukotriene receptor antagonists (LTRA)

All three compounds are highly effective against LTD4 challenge models in volunteers and patients (35).
In addition to LTD4 challenge, these three antagonists showed clear prevention of the elevation of
airway resistance and airway inflammation caused by allergen, cold air and exercise (36-45). Now in all
asthma management international guidelines, LTRAs are validated preventive treatment in the control
of asthma for all age group (46-50). In addition to bronchial asthma, some of LTRAs are applied to

manage of allergic rhinitis, because pathophysiology of bronchial asthma and rhinitis is basically similar
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called as a one way disease. This concept will expand the use of LT-inhibitors in allergic airway
inflammatory diseases (51-54).

In addition to above advances, recent researches revealed some interesting findings including the
efficacy on viral infection- induced wheezing in children and effective usage of LTRAs based on

pharmcogenetic evidence.

Recent advances of LTRAs research
Some researchers recently reported the efficacy of LTRAs on viral-triggered wheezing episode in
young children (55-59). Viral respiratory infections are closely associated with wheezing illness and
exacerbation of asthma throughout childhood. Many researchers have examined multiple therapeutic
strategies to reduce the frequency and/or severity of viral-induced wheezing (60-65). Clinical trials
demonstrate various degrees of clinical benefit associated with daily use of inhaled corticoids or LTRAs
with respect to episode prevention and attenuation.

In addition to LTRASs, other researchers reported the reduction of viral respiratory wheezing episodes
by the treatment of inhaled corticosteroids (66-70). However, most of authors pointed out the limitation
of efficacy of inhaled corticosteroid on viral episodic wheeze in terms of the dose of corticosteroids, timing
of administration and other factors.

On the contrary to inconstant efficacy of inhaled corticosteroids, a constant beneficial effect of LTRAs on
the wheezing with viral respiratory infection was reported. In general, infection with respiratory viruses
is an important cause of acute wheezing in infancy, and viruses are detected in most of exacerbations of
asthma throughout childhood. There has been progress in understanding the pathogenesis of viral
respiratory diseases, and this has lead to new insights into how these processes might differ in asthma.
Several host factors, including respiratory allergy and virus-induced interferon responses, modify the
severity of virus-induced wheezing. In the absence of effective anti-viral therapies, treatment of virus
—induced wheezing and exacerbation of asthma can be challenging and studies on current treatment
strategies are focused on LTRA therapy. Whereas some clinical studies revealed the efficacy of LTRAs on
viral-induced wheezing in childhood, there are a number of remaining questions pertaining the
mechanism of the efficacy. One possible explanation is based on the inhibition of eosinophil migration
which is caused by LTs produced by virus infection on respiratory epithelial cells. Consequently, LTRAs
are often used for aiming to prevent the virus -induced exacerbation of asthma in childhood. Hamazaki

et al. (71) postulated the onset mechanism and the role of LTs in virus-induced exacerbation of wheezing
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as illustrated in Figure 4.
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Figure 4 The possible mechanism of wheezing onset by virus infection (Hamazaki et al. 2009) Virus
infection causes epithelial cell damage and results in airway inflammation. Airway inflammation
introduces airway flow limitation, allergic reaction and inflammatory cell activation. LTs which are

produced by inflammation and allergic reaction causes wheezing

They postulated that LTs are generated and released by allergic reaction or infection from
inflammatory cells. Then LTs causes wheezing. This hypothesis is supported by many clinical and basic
researches as mentioned above. So the role of LTs on the onset and exacerbation is evident, the effective
usage of LTRAs is important in the treatment of asthma.

The other topic is the pharmacogenetics of LTRAs. Since 1990s, LTRAs have been widely introduced
into asthma therapy. However, the patient response to LTRAs is characterized by a large degree of
heterogeneity, which is attributable in part of genetic variation (72-76).

The investigation about the contribution of polymorphism in the heterogeneity in response to LTRA
efficacy 1s important. Table 2 is the summary of the applicant molecules involving the genes affect the
efficacy of LTRAs.

The drug metabolism enzymes (CYP2C9 and CYP3A4), the receptors (CYSLT1R and CYSLT2R), and
LT synthesis enzyme related molecules (phospholipase A2, 5-lipoxygenase, 5-lipoxygenase activated

protein, LTA4 hydrase and LTC4 synthetase) are applicant molecules.



57 BRI R R 02 Vol 2, 2012

Among these molecules, recent studies indicated the possibility to utilize the information from gene
studies for more effective and safety usage of LTRAs. Lima et al (77-79) reported that LTRA but not
placebo was associated with a 73% reduced risk of an asthma exacerbation in carriers of the mutant
allele (5 repeated) as compared with homozygous wild type. They evaluated the clinical signs including
the exacerbation rate and FEV1 change. Association analyses were carried out in 28 SNPs in the
arachidonate 5-lipoxygenase (ALOX5), LTA4 hydrase, LTC4 synthetase, MRP1 and cys LT1R gene and
ALOX5 repeated polymorphism. Mutant ALOX5 repeat polymorphism is associated with decreased
exacerbation rates. In addition, they reported the association between genotypes of SNPs in ALOX5 (rs
2115819) and MRP1 (rs 119774) genes and FEV1 and between two SNPs in LTC4 synthetase (rs 70012)

and LTA4 hydrase (rs2660845) genes for exacerbation rates.

Table 2 The molecules including applicant genes related to the efficacy of LTRAs

Drug metabolism CYP3A4, CYP2C9

Leukotriene receptor cystenyl-leukotriene 1 receptor, cystenyl-leukotriene 2 receptor

Leukotriene synthesis Phospholipase A2, 5-lipoxygenase, 5-lipoxygenase activated

protein leukotriene A4 hydrase, leukotriene A4 synthetase, MRP1 transporter

Telleria et al. (80) reported that montelukast treatment decreased the exacerbation rate, improved
FEV1 and decreased the use of inhaled beta-agonists in patients with 5/5 or 4/5 repeated mutant allele
but not in patients with 4/4 homozygotes. But their study was carried out in a limited number of patients
and condition, therefore the study in larger and more diverse populations with asthma is desired. Asano
et al and Tantisira and Drazen reported the association between the efficacy of LTRA and C allele of
LTC4 synthetase gene promoter (A-444C) polymorphism (81-86).

Klotsman et al (87) also reported the association between the SNPs in ALOX5 and cys-LTR2 and
improvement in peak expiratory flow by montelukast therapy. But they described the requirement of
replicated study to establish the validity and clinical utility.

In addition, there is scarcely opportunity to see any reference concerning the polymorphism of the
pharmacokinetic factors and the response of LTRA. LTRAs are mainly metabolized by liver cytochrome

p450 enzymes including CYP2C9 and CYP3A4. However there is any reference to indicate the evident
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relationship between CYP polymorphism and pharmacological activity of LTRA. In spite of drug
metabolism, Mougrey et al.(88) pointed out clear individuality of the absorption of LTRA after oral
administration. They reported that polymorphism of OTP2B1, a transporter related to drug absorption,
is closely associated with pharmacological activity of montelukast and serum concentration.
Unfortunately this study is carried out in small number of patients, so new researches in the large scale

are necessary to obtain a clear conclusion.

Conclusion

LTRAs are now available for prescription use in the management of allergic airway diseases in many
countries. Three noble LTRAs, montelukast, zafirlikast and pranlukast, show clear clinical efficacy to
alleviate the symptoms of allergic asthma and rhinitis. During this decade, LTRAs are established their
position in the treatment of allergic asthma and rhinitis as a preventive anti-inflammatory agent. From
above background wide usage of LTRAs led to new insights of drug application.

Some researchers have examined multiple therapeutic strategies to reduce the frequency and/or
severity of viral-induced wheezing in children. Clinical trials demonstrate various degrees of clinical
benefit associated with daily use of inhaled corticoids or LTRA with respect to episode prevention and
attenuation. However, most of authors pointed out the limitation of efficacy of inhaled corticosteroid.
Therefore, LTRAs therapy is recommended as a first line treatment of viral-induced wheezing in
children.

In addition, some investigators reported an evident relationship between the efficacy of LTRAs and
gene polymorphism encoded 5-lipoxygenase and LTC4 synthetase. These studies suggest that genetic
information concerning polymorphism is effective for more effective and safety usage of LTRAs in the
treatment of bronchial asthma.

The above accumulated evidence will give us an opportunity to consider about an important role of

LTRAs in the treatment of bronchial asthma.
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[Review]

The most Effective Physiotherapy for Pain relief in Patients with

Complex Regional Pain Syndrome type I: a systematic review

Kazuhisa Matsui, MSc (Physiotherapy)?

<Abstract >

Background: Multidisciplinary therapy for complex regional pain syndrome type I is advocated as
main stream of the treatment because movement is effective while each intervention effect is
unclear. The purpose of this study was to clarify which the most effective individual treatment for
pain relief in this syndrome was.

Method: Twelve databases were used to obtain eligible articles according to search strategy. The
hierarchy level of articles obtained was evaluated with NH & MRC and PEDro. Pain scale was
extracted to compute sift the effect size of each treatment. Per cent recovery rate was also
calculated from pain scale in pre- and post-intervention.

Results: Thirteen articles filled inclusion and exclusion criteria. Graded motor imagery exercise
demonstrated the highest effect size with 3.38 in mid-term intervention. Pain exposure physical
therapy showed the largest effect size (10.34) and more than 20 % recovery rate in long-term
intervention. Neurofeedback and mirror feedback exercise showed high effect size (1.03, 0.90) and
similar recovery rate to graded motor imagery exercise. Conventional physiotherapy showed
moderate improvement of pain whilst there was no small size effect in articles collected.
Conclusion: Neurological and psychological approach demonstrated more effective treatment than
conventional physiotherapy. Motor imagery programme and pain exposure physical therapy are

recommended for pain relief in this syndrome.
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<Introduction >

Complex regional pain syndrome type I (CRPS I), used to be called reflex sympathetic dystrophy,

often occurs after trauma; its symptoms and signs are pain, swelling, joint stiffness, abnormal skin
temperature, abnormal sensation (hyperalgesia and allodynia) muscle and skin atrophy, muscle
weakness, discolouration of skin and no peripheral nerve injury (Brukner and Khan, 2007; Merskey
and Bogduk, 1994; Wasner et al, 2003). Quality of pain is severe, burning, constant and
spontaneous which is aggravated by stress and physical stimuli such as cold stimulation, movement,
pressure and touch, on either distal or distal to proximal extremity (Merskey and Bogduk, 1994).
Mechanical and thermal hyperalgesia or allodynia may be seen from early stage in distal extremity
without nerve distribution (Wasner et al, 2003). Abnormal skin temperature and sweating and
oedema are characteristic symptoms (Merskey and Bogduk, 1994; Wasner et al, 2003). Skin
temperature is warmer than unaffected extremity in acute stage because of an inflammation while
skin becomes atrophy, dry and cold in chronic stage (Marinus et al. 2011; Maihéfner, Seifert and
Markovic, 2010; Wasner et al, 2003). Red or pale skin colour is confirmed in acute stage (Marinus et
al. 2011; Maihéfner, Seifert and Markovic, 2010). In terms of abnormal sweating, there is either
hypo- or hyper-hidrosis in most of all patients with complex regional pain syndrome (CRPS)
(Maihofner, Seifert and Markovic, 2010; Wasner et al, 2003).

Weir Mitchell who i1s the first advocator named this syndrome as °‘causalgia’ in 1864
(Stanton-Hicks et al, 1995; Wasner et al, 2003). Leriche found the cause of causalgia is overactivity
of sympathetic nervous system by sympathectomy (Muir and Vernon, 2000). Sudeck introduced this
extra-ordinal painful condition with swelling and stiffness after injury without peripheral nerve
injury in 1900 (Hussein, Khanduja and Ordman, 2007). The word ‘reflex sympathetic dystrophy’
(RSD) was used for this disease by Evans on the basis of the fact that sympathetic nerve block
influenced to relieve pain with Sudeck’s syndrome in 1964 (Stanton-Hicks et al, 1995; Wasner et al,
2003). The history of physiotherapy research for this syndrome is a quite younger than the other
areas. The effect of transcutaneous electronic stimulation is one of the oldest physiotherapy
researches (Owens, Atkinson and Lees, 1979). The effect of transcutaneous electronic stimulation
and physiotherapy was investigated (Kesler et al, 1988), nevertheless, the contents of
physiotherapy were not provided. Although physiotherapy outcomes such as whirl pool, active and
passive range of motion exercise and ultrasound, were published, those treatments were combined

physiotherapy (Bolel, Hizmetli and Akyiiz, 2006; Margié and Pirc, 2003; Sherry et al, 1999) as case
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reports or retrospective study (Braverman, Kern and Nagler, 1998; Tountas and Noguchi, 1991).
This disease was called with several names, Sudeck’s atrophy, neuroalgodystrophy, reflex
neurovascular dystrophy, shoulder-hand syndrome and post traumatic dystrophy, for example
(Harden et al, 1999; Hussein, Khanduja and Ordman, 2007), until Internal Association for the
Study of Pain named as ‘complex regional pain syndrome type I’ and discriminates between this
syndrome (reflex sympathetic dystrophy) and complex regional pain syndrome type II (causalgia)
(Merskey and Bogduk, 1994). Over the last decade, many researchers started to investigate the one
treatment effect for this syndrome. There are some researches whose targets are CRPS I and II (Lee
et al, 1998; Muramatsu et al, 1998) whilst there are researches for CRPS I (Schwenkreis et al, 2003;
Moseley, 2005).

Multidisciplinary therapy such as physiotherapy, pharmacology, sympathetic nerve block, surgical
operation and psychotherapy is recommended for CRPS I (Dowd et al, 2007; Wasner et al, 2003). In
particular, movement is stressed as effective treatment. Therefore, intense and gentle exercise
therapy is suggested as main treatment for this disorder (Dowd et al, 2007; Seale, 1989; Wasner et
al, 2003).

The role of physiotherapy therapy is crucial for treatment of CRPS (Mak, Irwin and Tsui, 2003).
Pain, a feature of this syndrome (Harden et al, 1999; Perez et al, 2007), is one of target for
physiotherapy. However, as a consequence of combined physiotherapy, each treatment effect for
CRPS I is unclear from viewpoint of pain reduction. What is at issue for this study is which
treatment is useful and whether conventional physiotherapy is effective for pain relief. The purpose
of this study was to compare with conventional physiotherapy and solo treatment outcome and to

clarify which physiotherapy was the most effective in pain reduction for CRPS 1.

<Methods >

The literatures with respect to CRPS I were collected on the basis of following inclusion and
exclusion criteria after eligible articles for CRPS I for this study was searched using each database.
The articles included were divided into two groups, individual physiotherapy such as mirror
therapy and electromagnetic field, and conventional physiotherapy in order to compare the effect of

intervention.
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Inclusion and Exclusion Criteria

The inclusion and exclusion criteria for search strategy in this study were shown in table 1. The
articles were excluded if the subjects in the study were children or adolescents (ie, younger than 18
years old). This was because features (skin temperature, neurological and sympathetic symptoms),
treatment and prognosis for CRPS in children differ from adult CRPS patients (Sherry et al, 1999;
Tan et al, 2008; Wilder, 1996; Wilder, 2006). Also, the studies that there were CRPS I subjects after
stroke were excluded because subjects’ conditions become various more and because the treatment
strategy would differ on the basis of each patient’s severity of hemiplegia and their complication
such as cardiovascular disease. Articles searched were limited to “human” and “English” studies.
Study design was focussed on experimental study such as randomised controlled study, case series,
case control and prospective study which was designed to compare treatment outcome objectively.
Thus, the other studies, case report, comments, editorials, letters, for example, were excluded
because of no objective results and no statistical analysis. Retrospective study was also excluded
since it was less likely to be considered that same intervention between subjects was applied under
the same condition. Moreover, studies were excluded if intervention was combined with the other
treatment such as injection therapy and pharmacotherapy. Numerical pain scale, visual analogue
scale, pain intensity scale, pain score and neuropathic pain scale, for example, was adopted as pain
outcome measure because the validity was supported by several researches (DeLoach et al, 1998;
Dixon and Bird, 1981; Downie et al, 1978; Fishbain et al, 2008; Galer and Jensen, 1997; Kindler et
al, 2000; Maxwell, 1978). Publish year was limited from 1994 to 2013 which was after re-definition
of CRPS I by Internal Association for the Study of Pain (Merskey and Bogduk, 1994).

Table 1: Inclusion and Exclusion Criteria.

. L] Paediatric
Age L] Adult patients (218 years old) ° Children (<18 years old)
[ ] Hemiplegia (stroke)
Disease L} Complex regional pain syndrome type | L] Spinal cord injury
] Complex regional pain syndrome type Il
L}
L ]

Language [ ] English non-English

Experimental study (randomized controlled trial, clinical trial) Non-experimental study (case report, comments, editorials,

Type of study letters, review article, retrospective study,)

Visual analogue scae
Pain intensity scale [ ] Mo numerical pain scale
Neuropathic pain scale

Outcome measure

Published year 1994-2013 [ ] Before 1993
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Databases and Search Terms

In order to obtain the relevant articles for this study, tewlve databases: (i) Academic search
premier, (i) Cumulative Index of Nursing and Allied Health Literature (CINAHL), (ii)
Psychology and Behavioral Sciences Collection, (iv) SCOPUS and (v) SPORTDiscuss, were used up
to 25 June 2011 and (vi) Allied and Complementary Medicine (AMED), (vii) Cochrane Library, (viii)
Excerpta Media (EMBASE), (xi) OT seeker, (x) Ovid MEDLINE, (xi) PEDro and (xii) PsycINFO
were used up to 10 February 2013. The search terms were divided into eight groups to use for

databases (table 2).

Table 2: Classification of Search Terms.

Complex Regional Pain Syndrome type | (CRPS I/ CRPS type 1)

Reflex Sympathetic Dystrophy (RSD)

Physiotherapy

Physical Therapy

Exercise . Active movement
Exercise therapy . Active treatment
Therapeutic exercise

Motor imagery exercise

Mirror exercise

Modalities . Thermal therapy

Hydrotherapy . Ultrasound

Aquatic therapy . Transcutaneous Electric Nerve Stimulation
Heat (TENS)

Mobilisation . Manual therapy

Mobilization . Joint motion exercise

Manipulation . Passive movement

Manipulative therapy

Transcranial Magnetic Stimulation (TMS)
Relaxation

Autogenic training

Cognitive behavioural treatment

]
-]
]

The group (1) in table 2 was combined with (2), (3), (4), (5), (6), (7) or (8), respectively while
searching relevant articles. After limited to English articles, relevant articles were determined by
reading their titles and abstracts according to search strategy (figure 1). Whilst reading title and
abstract, some articles were chosen to compare with individual physiotherapy if the intervention of

control group was conventional physiotherapy.
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input search terms

Database
excluded following articles
’ ® Non-English study
® Published before 1993
Potential articles ® Non-experimental study

Reading articles

excluded following articles

® Subjects: <18 years old
- ® CRPS Il included
® After spinal cord injury/ stroke
N ® No pain scale as outcome
Relevant articles ® No information of pain scale in pre-
® Solo treatment or post-intervention
® Multiple ® Intervention was combined with the

physiotherapy other treatment

Figure 1: Search process to refine articles using a database.

Assessment of Hierarchy Level and Appraisal Criteria

NH & MRC hierarchy of evidence (table 3, National Health and Medical Research Council, 1999)
were used to evaluate hierarchy level. PEDro scale (table 4, Physiotherapy Evidence Database,

http://www.pedro.org.au/) was chosen as appraisal tool since its reliability was proven (Maher et al,

2003).

Table 3: NH & MRC hierarchy of evidence (National Health and Medical Research Council 1999, p. 56)

Evidence obtained from a systematic review of all relevant randomised controlled trials.

Evidence obtained from at least one properly designed randomised controlled trial.

Evidence obtained from well-designed pseudo-randomised controlled trials (alternate allocation or some other method).
Evidence obtained from comparative studies with concurrent controls and allocation not randomised (cohort studies), case
control studies, or interrupted time series with a control group.

Evidence obtained from comparative studies with historical control, two or more single-arm studies, or interrupted time series
without a parallel control group.

Evidence obtained from case series, either post-test or pre-test and post-test.
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Table 4: PEDro Scale (Physiotherapy Evidence Database 1999).

- Eligibility criteria were specified.

Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments
were received).

- Allocation was concealed.

- The groups were similar at baseline regarding the most important prognostic indicators.
- There was blinding of all subjects.

- There was blinding of all therapists who administered the therapy.

- There was blinding of all assessors who measured at least one key outcome.

- Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups.

All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was
not the case, data for at least one key outcome was analysed by "intention to treat”.

- The results of between-group statistical comparisons are reported for at least one key outcome.

- The study provides both point measures and measures of variability for at least one key outcome.

Pain Scale

Pain scales such as visual analogue scale (VAS), pain intensity scale (PIS), pain score (PS) and
neuropathic pain scale (NPS), were used for outcome measure because of valid comparable scale
(DeLoach et al, 1998; Dixon and Bird, 2008; Downie et al, 1978; Fishbain et al, 2008; Galer and
Jensen, 1997; Kindler et al, 2000; Maxwell, 1978).

On one hand, some results were represented by out of 100; on the other hand, some results were
represented by out of ten. In order to compare with them, the value was re-calculated to out of ten
after data was extracted. Moreover, treatment outcome was shown with percentage of pain recovery
((pain intensity in pre-treatment - pan intensity in post-treatment)/ maximum numerical
scalex100). This was because clinically, the meaning of improvement of pain is different on the basis
of how much pain intensity in pre-treatment was. For instance, treatment A showed two points of
pain recovery score, 2/ 10 to 0/ 10 whereas treatment B showed two points of pain recovery score, 8/
10 to 6/ 10. Both treatments showed the same 2 points recovery from viewpoint of improvement

score; however, the percentage of recovery between treatment A and treatment B was different.

Individual Treatment Effect

Specific and conventional physiotherapy effects were calculated with the pain scale data provided
as pre- and post-intervention value. Effect size was categorized into three groups: large (more than
0.8), medium (between 0.8 and 0.2) and small effect (less than 0.2) (Cohen 1992) and compared on
the basis of intervention period: short (less than one month), medium (between one month and six

months) and long term (longer than six months). Treatment effect if there were more than two
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literatures and same duration of intervention was shown with mean value with effect size,

confidence intervals and percentage of recovery.

Each treatment effect was compared with effect size and confidence limits by which the results

shown were computed. Effect size and 95 % confidence limits were given by,

P

-P
Effect size= P& Post

SD

pre

Ppre: Mean pain intensity of pre-intervention, Ppost: Mean pain intensity of post-intervention, SDy.: Standard

Deviation of P,

95 % Confidence Limits= P + 2SE

P: P, or P, SE: Standard Error
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< Results >

The Result of Search Literatures using Databases

Thirteen articles which consist of five randomized controlled trials, six case series, one case control
and one crossover study were obtained (table 5); a summary of those articles was in table 6. The
largest number of hits was MEDLINE, with seven: Academic search premier was followed by
EMBASE, with five. Three articles found in Cochrane Library and SCOPUS. There were two
articles detected in AMED and PEDRo. One article was searched from SPORTDiscuss, PsycINFO
and Psychology and Behavioral Sciences Collection. No eligible article on the basis of search
strategy in this study was obtained in CINAHL and OT seeker. Because of duplication hits between
the search term groups in each database (table 2), the total articles obtained seemed to be more
than the fact (eg the total initial number of hit in MEDLINE: 814, Academic search premier: 663
and EMBASE: 2034). The articles were excluded in final screening if combined CRPS I and II
subjects, combined treatment with the other treatment (eg injection therapy and pharmacological

therapy) and no information of either pre- or post-pain scale were confirmed in the studies.

The Treatment Effect of each Therapy

Treatment effects were classified according to effect size (Cohen 1992) (table 7). Most specific
intervention demonstrated higher effect size than conventional physiotherapy (PT). Pain exposure
physical therapy (PEPT) demonstrated the largest effect size in long term intervention, with 10.34.
Of middle term intervention, Graded motor imagery programme (GMIP), the high quality of study,
was indicated as the largest effect size (3.38) in middle term intervention. The effect size of PEPT
followed GMIP with 0.91 in middle term treatment. Autogenic training and vibration also showed
large effect with 1.65 and 1.11, respectively. Neurofeedback (NFB) and mirror feedback (MF) were
categorised lower hierarchy level (IV, 5 and IV, 6, respectively) (table 6), however, those showed
large effect size (1.03 and 0.90). Mirror therapy plus cognitive behaviour therapy (MT + CBT) was
medium effect with 0.57. Figure 2 shows 95 per cent of confidence intervals (95 CI) in each
treatment. All pain intensity scale was re-calculated as out of ten to compare. GMIP, PEPT and
autogenic training showed small range of 95 CI in both of pre- and post-intervention, whereas 95 CI
of MF, CBT+MT and rTMS revealed wide range of treatment effect.

All individual therapies showed more effective recovery rate than PT. MF showed the highest

recovery rate, with 25 per cent followed by GMIP and NFB, 23.68 and 23 per cents, respectively.
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Both vibration and PEPT demonstrated approximately 20 per cents, whereas PT was less than ten
per cents recovery rate. Moreover, PT in spinal cord stimulation study showed the increase of pain
with long term intervention (Kemlar, Barendse & van Kleef et al. 2000).

MF, GMIP, NFB, PEPT and vibration showed more than 2 point pain reduction. Autogenic training
and rTMS demonstrated less than two point pain reduction. Most of PT except PT in autogenic

training showed low improvement of pain (less than 1/10).

Table 5: The List of the Articles obtained

Complementary Therapies in

Fialka, v A ictraining for reflex sy icdystrophy: a pilot study Medicine 1936 4 2 103-105 AMED, MEDLINE
Pmpnooeptwefeedlﬂckenhamemeﬂt induced by vibratory stimulationin . .
. . . Academicsearch premier,
pilot g
Gay, A Y typel:Anop P studyin 11 JointBone Spine 2007 74 461-466 EMBASE, MEDLINE
patlents
Groeneweg, G No reo:)\:eryofoold complex reglonalpaln syndromeaftertransdermal Journal of Painand Symptom 2009 28 3 201-408 e e e e
asmall trial Management
GErarEn@ Effectofltadalafllon blood flow, paln,and function in chroniccold Complex BMC Musculoskeletal g i RN
Pain Sy ed trial Disorders
AcademicSearch Premior,
Jan-Willem, Ek Palnexpoéure physlcalthejrawmxtl\rbea safeand effectwetrea?mentfor Clinical Rehabilitation 2009 2 10551066 SCOPUS,SPORTDlscus_E,
longstanding complex regional pain syndrome type 1: a case series Psychology and Behavioral
Sciences Collection
for pail i with P gil | pain _ _
Jensen, MP N Neurotherapy 2007 11 1.20 45-53 AcademicSearch Premier
syndrome typel: Acase series
L3 £ Modified graded motorimagery for complex regional painsyndrometype 1 of InternationalJournalof 2012 35 2 138-145 MEDLINE
gueux, the upper extremity in the acute phase: a patient series RehabilitationResearch
New England J | of AMED, Coch , MEDLINI
Kemler, MA Spinal cord stimulation in patients with chronicreflex sympathetic dystrophy ew England Journal o 2000 343 9 618-624 LElia E.
Medicine PEDro
MecCabe, CS Ac\ontmllled pll_otstud\foftheJ utility of mirrorvisual feedback in the treatment Rheumatology 2003 Py 1 57-101 EMBASE
of plex regional pain sy (typel}
Graded motor imagery is effective for long- i p gional pain : Cochrane, EMBASE, MEDLINE,
Moseley, GL syndrome: arandomized controlled trial b L 1Feb ekl PEDro, PsycINFO, SCOPUS
Pleger, B Re_petltwe tr::msﬁ:_:ranlalmagnet!cstlmul_atnon of the motor cortex attenuates Neuroscience letters 2004 156 87-90 Cochrane, EMBASE
pain perception in complex regional pain syndrome typel
i Y Saf_etyof pain exposure’” physical therapy in patients with complexregional Pain 2011 152 1431-1438 AcademicSearch Premior,
painsyndrometypel SCOPUS
VladimirTichelaar,  Mirror box therapy added to cognitive behavioural therapy inthree chronic International Journalof
2007 30 2 181-188 MEDLINE
YIG complex regionalpain syndrome type | patients: a pilot study RehabilitationResearch

Table 6: A summary of the Literatures obtained. (ROM: Range of Motion, RCT: Randomized Controlled Trial, OT:

Occupational Therapy, SCS: Spinal Cord Stimulation, CL= 95% Confidence Limit (Upper CL- Lower CL))

P

1-2,5 Vibration (n=7): PT & OT+ 20 minutes 10 weeks Vibration: VAS (0-10) (Mann- Significant i |mpruve|'nent
nomrol [aftet acute vibration ‘Whitney U-test: p < 0.05)
stage) PT & OT (n=4): 5session/week 4.041.8 2.0+1.5

Control: (p=0.56)
3.0t2.4 2.5+1.3

Tadalfi+ PT (graded activity approach, 12 weeks Placebo + PT: VAS (0-100) L] No change of VAS in

(Plauebo home exercise) (n=12) 57.0+12.1 56.5 + 10.8 placebogroup
55.7+52.3 Pacebo+ PT(n=12) . significantimprovement
months) of muscle forceand 2
minute walking testin
both groups, but no

significant difference

between bothgroups
Jensen, MP (2007) Caseseries NFB (n=18): 30mil NFB PIS [D—l[)){palredt test: icant improvement
(1-11 years) p=0.001] D‘l pain
5.49& 24 3.1942.72
Laugueux, E (2012) Case Series 7 (lessthan = GMI: 10 minutes, 3 times/ GMI: VAS (0-100) L Significant decrease of

6 monthes) day, 6 days/ week 43.86+22.36 20.50+23.31 pain, especially, between
phase 2 and 3.
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Table 6: continued.

3

McCabe, CS (2003) Caseseries v, 6 . MF:10minutes/session 6 weeks MEF: WAS (0-10) {no statistical Acute CRPS: rapid
(3 weeks-3 analysis) improvement of pain
years) 5.5£2.78  3.04£3.51 ChronicCRPS (9weekss):
no change of VAS
Moseley, GL(2004) RCT n7 13 . GMIP (recognition of hand 12-24 weeks  GMIP: NPS(0-100) (2 way repeated GMIP: Significant
(57.31+19.3 laterality, imagined hand measures ANOVA: p<0.001) improvements of pain,
9 weeks) maovements, mirrortherapy, 4644.2 22 (no SD) fingergirth and response
2weeks/eachtreatment) (n=7) time to recognition of
. Mo treatment period picture of hand after

(12weeks) +GMIP (12weeks) bweeks.

(n=6) Control: no change during
ongoing treatment period;
after cross-overto GMIP,
significantimprovement
of 3 outcomes.

Pleger, B (2004) RCT n-3,7 10 [ ] Sham & verum rTMS (n=10) 90 minutes [TMS : VAS (0-10) (Student’s paired Sham rTMS: no significant
(Crossover) (24-72 t-tests: p=0.02) effect
months) 4.7242.58  3.73+2.88 Verum rTMS: significant
effectof pain perception
(Maximum effectwas 15
min later).
Pain in CRPS | can be
modified using rTMS
van de Meent, H Caseseries v, 5 20 [ ] PEPT (n=20): 5 treatment 3 months PEPT: VAS(0-100) PEPT for CRPS 1 is
(2011) (6.55+4.12 sessionand 1 control session, 58.2+3.2 38.216.6 harmless and relevant
months) 1 hour, maximum treatment

phase 3 months

Vladimir Tichelaar, YIG (2007) Case series v,5 3 (8months @ CBT + MT (n=3): 4-6weeks. CBT + MT: VAS (0-100) (No Mirror & cognitive
to9years) 1% week:analgesics were reduced/ statistical analysis) behaviourtherapy might

stopped

2" week: commenced mirror therapy

46.67+19.76 35.33+19.55

Table 7: The Effect Size for each Treatment and its Intervention Period.

Vibration 10 weeks

NFB
PEPT

3months & 12
months

1.11(0.21)
091 10.34
3

TMS 90 minutes

12 weeks
6 months

29

promote improvement of
pain
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Figure 2: confidence interval between pre (left side)- and post (right side)-interventions in each intervention. All values were

re-calculated to out of ten if it represented as out of 100 as outcome measure of pain scale in an article.
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Figure 3: % of Recovery.

<Discussion >

Thirteen eligible literatures (table 5) were used to compare with the treatment outcomes of pain.
The components of modern individual treatment researches obtained were neurological and
psychological physiotherapy approaches despite the fact that there were various types of
physiotherapy for CRPS I. Before the articles related to physiotherapy for this syndrome were
obtained, the hypothesis of this study was that articles for several type of individual treatment
would be able to be obtained, like search terms in table 2. However, current trends of solo treatment
for CRPS I study are supported by neurological and cognitive behavioural interventions on the
contrary to hypothesis. Neurological change of CRPS patients were supported by several studies. A

significant alternative circulatory in central nervous system were reported (Lebel et al. 2008). The
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other fMRI study demonstrated an increase of primary motor and supplementary motor cortices
activation and ipsilateral motor cortex in CRPS I patients (Maihéfner et al. 2007). A transcranial
magnetic stimulation study showed that marked decrease of intracortical inhibition in the
contralateral hemisphere of the affected side of extremities (Eisenberg et al. 2005).

Most individual treatment showed better effect than multidisciplinary physiotherapy effect. Five of
them with respect to hierarchy level according to PEDro were lower level, with IV as a consequence
of what those studies did not ensure control group. However, these studies compensated the
disadvantage by establishing their original baseline with no treatment period; for instance, in
particular, two studies, MT plus CBT and NFB (NH and MRC: IV, PEDro Scale: 5). The research in
MT plus CBT established one week in order to remove or decrease the effect of analgesia. In terms
of NFB, pain intensity was measured before and after 30 minute NFB treatment session (Jensen et
al, 2007). Therefore, those articles which did not set control group might be valid evidence
regardless of the results of hierarchy level and appraisal tool.

Four types of individual treatments were proven as effective intervention for pain relief. GMIP
(Moseley, 2004a) demonstrated more than twenty per cents of recovery rate (figure 3) and the
largest effect size (3.38) in middle term intervention (table 7). In addition to pain reduction, this
treatment showed improvement of finger circumstance and response time of affected hand (Moseley,
2004a). Clinically, the effect of GMIP is controversial since it treats pain, autonomic and motor
function, simultaneously. Moreover, successful of this treatment was reported for patients with
phantom limb pain (Moseley, 2006). On the other hand, functional improvement was not confirmed
despite significant pain reduction (Lagueux, Charest et al. 2012). So as to carry out GMIP, the
importance of sequence of cognition, imagery exercise and mirror therapy was stressed (Moseley,
2005b). The further research is expected with large number of intervention and control groups with
disciplinary physiotherapists.

NFB (Jensen et al, 2007) proved that it was effective for not only pain relief (effect size 1.03 and
23.00 % of recovery ratio) (table 7 and figure 3), but also significant improvement of muscle tension
and spasm and well-being (patients’ emotional level) with 30 minute intervention. In the viewpoint
of additional effect, NFB therapy is suitable treatment for this syndrome. Moreover, this treatment
succeeded for wide range of duration period (one to eleven years).

MF demonstrated 25.00 per cents of recovery rate and high improvement of pain intensity

(decreased 2.5 points) (McCabe, 2003). The author concluded that this treatment was useful for
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acute CRPS I (duration period was less than eight weeks in the study). If the results of mirror
feedback therapy had been divided into acute (duration period: less than 8weeks) and chronic CRPS
I (duration period: more than 9weeks) according to the author’s opinion and the pain scale value of
the study, those were 100 per cent recovery in acute CRPS I while zero percent of recovery in
chronic CRPS I (VAS in acute: improved 7.3+1.53, VAS in chronic: worse 0.4+1.95). It implies that
MF may be effective in acute stage while its effect may be unable to be expected in chronic stage of
this syndrome. Clinically, ten minute intervention per a day is practical. Although intervention time
is the same as rTMS, MF effect was approximately 1.5 times superior to it in short term
intervention (table 7). This treatment is useful for early intervention for this syndrome.
Proprioceptive feedback using mechanical vibratory stimulation (Gay et al, 2007) improved pain
dramatically, with twenty per cents of recovery rate and large effect size (1.11). Although similar
recovery rate to PEPT, the effect size was larger in middle term intervention. This treatment is also
one of neurological physiotherapy which is to stimulate sensory motor cortex via skin with
proprioceptive information (Gay et al, 2007). If patients’ main problem is pain and joint stiffness,
this treatment would be useful. However, the disadvantage of this treatment is to be unable to
apply for acute CRPS I since vibration is ineligible for allodynia (Gay et al, 2007).

PEPT (Jan-Willem et al, 2009; van de Meent et al, 2011) demonstrated the largest effect size in long
term intervention. PEPT studies prove approximately two point pain reduction with three month
intervention (Jan-Willem et al, 2009; van de Meent et al, 2011). In spite of similar pain
improvement ratio in two PEPT studies, the effect size was quite different, with 0.91 and 10.34.
This is due to the differences of standard deviation value. Grade exposure programme (de Jong,
2005) also showed high pain improvement (3.5) which was followed by the result of MF (2.5)
although it was excluded from the results of this study because there was only the value of pain
relief between pre- and post-intervention of each subject in the study. An education that persistent
pain is harmless and there is a vicious circle of immobilization and pain in CRPS patients, was
commenced at the early phase of intervention (de Jong, 2005; Jan-Willem et al, 2009). The other
PEPT study required patients with CRPS to set their goal to enhance their motivations (van de
Meent et al, 2011). The common point of them was to facilitate active treatment in order to
desensitize pain. These researches demonstrated the effectiveness of PEPT by which the
psychological strategy to learn coping skill and to confront fearful movements might be essential for

CRPS 1. On the other hand, AT which is similar concept to reduce anxiety and pain by relaxation
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technique did not bring the positive effect for pain relief in this syndrome (Fialka et al, 1996). In
terms of pain relief, coping skill and confrontation during fearful movement may be a clue in
psychological approach.

On the contrary to main physiotherapy stream, conventional physiotherapy such as active and
passive exercise, muscle strengthening and stretching exercise was less effective with respect to
pain relief. The exception was control group in AT study (Fialka et al, 1996). The pain improvement
in AT (Fialka et al, 1996) was less than physiotherapy as control group. On the other hand,
mechanical vibratory stimulation (Gay et al, 2007) demonstrated significant improvement of pain
in contrast to control group. In addition, the improvement of VAS, active range of motion, McGill
Pain Questionnaire, skin temperature and volume of hands was reported while no significant
improvement of pain intensity (Oerlemans et al, 2000). This conventional physiotherapy might
work for skin temperature and hand volume, mainly. However, AT demonstrated superior effect to
conventional physiotherapy in improvement of skin temperature and range of motion (Fialka et al,
1996).

In terms of methodology, there are two disadvantages can be thought. The most important factor for
this area may be the number of subjects which reflects statistical power. The onset proportion of
CRPS I for a decade was reported as only 5.46 per cent per 100000 (Sandroni et al, 2003). The other
reason is the necessity of multidisciplinary treatment because patients with this syndrome suffer
from several symptoms. Therefore, to aim at pain relief only was difficult to carry out without
treatment for the other symptom. Hence, intervention is likely to become combined treatment such
as pharmacological therapy, multidisciplinary physiotherapy and injection therapy in addition to
specific treatment; as a consequence, the interactive effect by combined intervention cannot be
denied.

For further research, two points would be expected. Firstly, several types of intervention study are
expected. In recent research, the effect of modality, for instance, hydrotherapy, heat and
electrotherapy as individual treatment has not been reported. The effect of modality was
controversial. Heat therapy, cryotherapy and whirl pool was recommended while cryotherapy was
pointed out that it may aggravate the symptom (Dowd et al, 2007; Tietjen, 1986). On the other hand,
hot or cold, excessive temperature was not recommended for this syndrome (Lindenfeld, Bach jr and
Wojtys, 1996; Schutzer and Gossling, 1984; Seale, 1989). Case report for the effect of

transcutaneous electric nerve stimulation was reported (Navani et al, 2003). In this study, the
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experimental study for CRPS I was not found. Moreover, the effect of hand on therapy treatment
was also diverged. Positive effect of manipulation for this syndrome was introduced as case reports
(Beck, 2009; Menck, Requejo and Kulig, 2000; Miur & Vernon 2000). It was reported that
immediate improvement of pain, skin temperature and colour and abnormal sensation after
manipulation. A case report of combined effect of neurodynamics and mobilisation mentioned
improvement of pain and abnormal sensation immediately and it enabled weight bearing (Cleland
and McRae, 2002). On the other hand, manipulation was reported as the possibility of aggravating
treatment (Seale, 1989) as well as passive range of motion exercise (Lindenfeld, Bach jr and Wojtys,
1996; Tietjen, 1986) while gentle mobilisation was recommended (Dowd et al, 2007). The effects of
modality and hand on treatment were expected to investigate as further research. The final factor is
the intervention period. For instance, the effect size of rTMS (Pleger et al, 2004) was medium effect
with 90 minute intervention. On the other hand, 10 day intervention of rTMS study (Picarelli et al,
2010) showed more than double of recovery rate compare to sham rTMS group although
pharmacological therapy and physiotherapy were underwent at the same time in both intervention
group (Picarelli et al, 2010). The appropriate intervention period for CRPS I seems unclear. It might
be better if short, middle and long term effect were compared and analysed in each treatment as

McCabe (2003) pointed out the possibility of treatment effect according to duration period.

< Conclusion >

Thirteen articles were obtained via twelve databases on the basis of search strategy for this study.
Solo treatment studies obtained consist of neurological and psychological physiotherapy approach.
PEPT showed the largest effect size in long term intervention. GMIP, higher quality of study
demonstrated the secondary highest pain recovery rate and the secondary largest effect size.
Mechanical vibration, NFB and MF were classified into poor quality research and showed large
effect size. Conventional physiotherapy resulted in small effect size and poor pain recovery ratio.
Traditional physiotherapy approach was less effective to relieve pain. Neurological and cognitive
behavioural physiotherapy would be key treatment for pain relief in this syndrome.

For further research, the effects of modality, hand on treatment research and treatment effect
according to intervention period were expected to be investigated. The effective pain reduction with

neurological and psychological approaches for CRPS I was shown throughout this study.
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Development of a communication support system based on process

recordings from clinical training

Sonoko Hirasawa Keiko Kimur Madoka Yamada

<abstract>

The purpose of this study was to develop a communication support system that instructors can use to
guide students in patient care. We examined communication with patients that were recounted in
writing by 21 students as process recording, revealing communication tendencies in reference to “the
developmental process of social skills proposed by Aikawa. The results showed that, when there were
multiple entries of “perception of interpersonal reactions”, it led to “interpretation of interpersonal
reactions” and “development of interpersonal feelings” that met the patient’s intent and needs. However,
when “perception of interpersonal reactions” consisted of dialogue information only, “interpretation of
interpersonal reactions” and “development of interpersonal feelings” resulted in a judgment that did not
match the patient’s intent and needs. These findings were consistent with the Aikawa’s model of social
skill development. In particular, students with poor communication skills tended to focus solely on
verbal messages and engage in an interpersonal reaction without objective reexamination. To improve
the communication skills of students in clinical training, it may be necessary to offer an individualized
support system which identifies the social skill levels of students, the factors preventing their use of

social skills, and each student’s propensity.

Key words(¥#5#) : Student nurse , Process record, Communication support, Social skills
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<Eg>

LVERPIR AR 4T AR L 72 B PERA ZEME iR A (Chronic obstructive pulmonary disease : COPD) % & -DJiE/]
(2t LRI SR Y AN Y T = a CEITo T, AEGITERIE LGB R el T HRe RS ORLE 2 7
LWENHEREA 7 U —= 7 i L, SEFFR A2 ORI TR L O MROBIETH 5 Z 28D | Atk
BETP OO O RENBIEE, BEREICHET D2 & CRIFRRBERLFNTE,

Box BAPRIE LT OMETHREAR 7 ) — = v I MR EE 7 A I (repetitive saliva swallowing
test : RSST). /Kfk7AT A k(water swallowing test : WST), 72 Effi BHU722 3 -l 24T 5 2 & A — KA E 5
WTWDR, AJEFNIHE FIEEFEOF AR T 25 M CRIE, FrREL L ITERL TV LM 5 TR
(simple swallowing provocation test : S-SPT)% Mz 7=, S-SPT (ZH\ T, AJERLHE TS DI T 272
2o FE T2 PPENBLEE TITEE ORI D7 2580 . WRPEEMA T Streptococcus mutans 23 S 415
R EAPENOAREEZRDTI, ZOZENGIFRI ALY T —3 g AZBWTHRET 1 7T MTHFRIRERL
I INRARAL B U — IS K D8RR, N 7 L RBBOE&ATV, RREEMERT % TR C & R ADL FiIf#
w175 2 & CREHOMEITR LA AT TE 72, COPD BEFIZB W CHHETHIER 7 )V —=0 F&1TH Z L DE
BRI ST,

<key words> COPD, iRmEtEftide, We FTHEA 7 J—=27

D ERFEEHIRE U )T—va %8 (T500-8281 ik BRI BT HES 2 T H 92)
Department of Rehabiritation, Gifu Junior college of Health Science
2-92 Higashi, Uzura, Gifu-city, Gifu, Japan 500-8281)
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BOWTRLIEROR 3 MIAE L, AHO@EmELIC > TS SR 28R TFRIS N5 HERRBETH D 2,
ROHPTHRAMEE R IX, A% O S TOEMMABREINTWD, RLOHE T HIRMEMERM 7% 1

g 2D 60%% G, Tk 59%. BNk 87% & Z OREME IIMD TRV 3, Fl-@mind

(ZZ W ER IR Tl 5 COPD A3 Rtz & BEd 2 @i T S Tuvieun s, COPD 2 e FiEE 4

ZEEFZLMESNTVD 9, DFE Y COPD ORAMEMEOFIN L L TAGEMEERYC L 2 kN H 578,

WE T IREIC L DML MRIET DR FTHDLZENBRADID D, DI EMLMRIZRD —FERKE LT,
COPD LHE TIEEDOEBRAE B DMNENH D EBEZHILD,

IR U~ Y 7= a3 (BT, FER U N E U IRV TSR E 133212 COPD OB MERER A4 % 5f 5 &
T 52 0% BERIERHED D EERIE, EEREE BT 57200 ) 778 — a0 IRk
i, AT INC & 2R B TH 72 ICKBI S0, COPD DIBMEIFIL 42 % 5k G — A T T U
% 0, IETIE, HFERIELOIEET 2505, BHEFERA RO TIER <, BYEERAR R Z S RITR > T
%o BFRIEIC Ko TALMERPIZRAT OMREZ T LGS ET2RERH Y . BN TR
AZEDOVEVEDNRR E LTS D8, Alal RHENCEFRE TR Y ~E Y 2175 ECREL & e T HEREIC
B LIRIRIRT 0 7T AOBITRAER C oo bl 2 Wi+ 5,

<JEHI >

JEGNE T3 IO BT D -7, 6550 5 COPD D@2l CIEEMFEFIE (02 20/min) ZHMifTL Tz, Y
ANEY ZSSRIEE LR Th o7z, FERARR2OBZMIEEEIZ B W T RER A2 TRENEZ L~ LTho T
DN RBIESAT O R SRR OFF 2 &2 78 7=, B D438 & LT Flectcher-Hugh—Jones? 43413 Stagelll T,
A # AETEEME DB IMEDNRE AU TI D R AR ) & OB &K T 2/ @R ORER & LT T
77

BURIEIX, BETERDR A O HETERF A2 A T e, 4 AR, B XV BUI)sss < REk R EEH HEL L 72,
FRAOKBNT M A LT BRL FERIREEE T 2 7 OB 2 2EE Lk Sz, MPkssNE 2 %2
TRMEMRAEOZWIC X IR B CTHEFIBRE~RGABEE oo, APE1 BEH, MERIHEARNL U
BT =g URIAIER U NE Y ORI B U [F BB RE A B AG LT,

1. HEEREE~—BFKET (ABE1 B~7 H)(X 1)

I g NRHEE A IZ KX 0 ABERE O ERR T oM 7 — & (38) 1 © FEIR BRI 5/ 25 (noninvasive positive
pressure ventilation : NPPVIZ X HMFREBL T & 722572, #%EIL S/T mode FiO20.5 EPAP 5cmH20 IPAP
13cmH20 FEEEL 18 [Fl/min T o7z, WEMH L7oIT B CRiE L7z B EXTRIK 23807, WERIE R
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## BTl a - Streptococcus 10 @ 7 3. oral Streptococcus 10 @ 5 3 & Streptococcus mutans 25 D&M
PR ST, B L2 7 In B A ARG RIZE OFT RARRD T, M CT Tk, A FHEICRBWVTR
FEFT R OHER S 7= (X 2), ABE2 H B, FERERNFHER O R THARNZ B 2 L BRA STz, 4
(6] D FRAEFRIEFEAM L. Bk L~ VVIRIE TR E SR 2B H o7, ¥y v VT w THENL 30 ED
LEERIENL DAL C RGO R B A 38D | IR 4 — S 2, C PR AR B 5 C & 2 MO SHFLZE S O
IWHEDS B CTEIMERER 2 388072, 7SIV AL F v A — & & VTR F A Eh R ifn i & fafn & (LT, SpO2)iX
98% T~ 7=75, FEEEL 31 [[l/min, LA%K03 110 [Fl/min & FFUE SR AE 2 Z0 7=, WP O BIZ2 T ERTE
2R, A ERE I KT 2RI LA T HE TR & 2358 L Cue, E RS & Of 4 i
D I2 OFERIEZ 21T o To S BB OBEBUIERO R Dy o 7o, AFEFNL, PR IKEE & KT O35 T B g H A
EFRIATATHSRELIC LD HFRRER B 2B U BHERIBAMZ T B RIS L DB 21T 72, £
AL R L= K D HRRIECREERS b LETH T,

CENBLERCIIEI RS, 6 035, o RIS U7 A ERTRE OFF 35 L 3 2 Hiv/z, pH RBRiR
(TEST PAPER. BTB® : HEEHEHD 2 HV 72 OFEN pH OJE T, pH6.7 & 59 m 2580 72, HFEN
(CAHAE 2R R ATREMEIC BT 2 MM 2 MW 2 72D A 7 AT #2 S IRAT IR O T e T RE
A7 V== T & ToTc, WETHEREA 7 V) —=227"TRSST0 1 |% 30 #fHIC 2 [A], WST2 [ZI7' 27 1 —)L
1, S-SPT®® % 2.0ml DZE /KT 3 HLL EOWHE IR ER SR WEF L)L Tl T FEE O FIRetkE 23 g
i, ABLRIO B & ATEEIEDOSR/IME & A Bl ABEIZ K 2 N R OIER BRBGEHR ., ZEEVRIZE T
2 PFERAH B T 72 & ONT T O BEIME R ZEAE O HEIT THERINEE & 702 Z L A TR STz, 1> TAIERF] DR
B, OAEOMKIKTT 28K, @ARENGY, QW FRREREE . @ ARt OZZFENRIZ & 2 FERAH
Bl KOT A OBEM . 72 E03% D COPD & W FHEREREE DBER AR o I e ZE L7 Ve —F
BB TH D LW LT,

ABE1 AEEVIBET 07T 58 U CEBRIEMEZ b LSRRG D72, REOF v v U7 v THENL
DOEBZRIE LT, HHIZEEBMLO AL OMRAL R U — U THERE 2 2 REFEICSEME L, 2 BERE L A
ML B RIS LA B 21T o 7o, /DT T 77 b HEE, MOE, HFREEICER LaEsr 7
EHEMTH & THE, MRY L UIZHEE L COBENEEEZ RO L 91T o7z, I CTRERAHBIAHIZ 3 LT
RErmEfERs . T B e » 777 v RS, T 1 I 2 AklE L T1T - 72,

2. R~ thBskE £ < (ABE 8 H~38 H)(X 3)

ABE 6 B HIZ, ABERHIRO T ERRA T — % ORI FEL & RIEFTROSGE, RN, MFRCIRREDZEEIC L
D ABE 8 A BIZ—MRIFIR~HRIR & 72 o 7o, B RRIEREAM C 2§ AL O TRAIFVORFI N EEK & 72 < PRk
B — M NEEOE TR 20 [Bl/min, (04AEL 83 [Bl/min & ZE5E L TN e, FE S OBLES TIE N2
BWTH NEOML S ORI FTRE & 72 o 72, ARENBIEE Tl 23807228 DRI ORBIFHT I B
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I CRFE O 2RO 7o 7o, BFEN pH 1T 7.1 CTHIEI OB ERERTEARRE O 55 2> & i~ & 28
{bxBOT-, WETHRER 7 V—=271%, RSST T 30 iz 38 B, WST |7 r~7 ¢ —/ 2, S-SPT TiZ
2.0ml DZKFEKTHE TR OFERNTRBD HAL DA, B L~/ THE T IEEDO ATREME 2380 57205 e &

LR DMROBMEEEICEREZE L, IRRT 17 T NIk T, (R - TR DI 5] X i 4T
VN BSEA TR B R U CERALAID & BEPRFIIR A B AR L 7=,

ABE9 B H. FERERL A FIE s = 2 —F (02 20/min), KHEIZRY NPPV IZ X B MR EREEL & e o7,
HRATEA IR 7y & AR50 - TR M L—= T EOIRIET 0 7T L3 FEY) L, BERAIRR I B RE R T £ C
HRE L 72 0Tz,

ABE 10 B B HE ORI 01T S 1viz, RIERETAIIIRTZIV TS A 7 IR HICAT - TV,
RHFIIARE 15 B BICBBS T, APt 34 HH E TR TH -7z, BIRBIIaE & F R RBEL 72 < SRR
WARE A I T D IMEITRD R0 o T,

ABz 38 H B, ABgalOAddpeis OEBNGE S & [7] L~V CEEFE B & L CRBINAAT 247\ B oE Y B
TEDSEAL L~V THEER LUV &2 2 SFIEO I/ OB TPEisle & 22 o 7, i, ABtAliZE& S h
Tz B AR EOR MUTRR Do Tz,

<EB£E>

SMEMR AR 2% 2 L7 COPD BE THDHANEFT, B PRIEFMIZ B W TR DRI O & Tid/e < |
WETHEREAR 7 ) —= 7 L QENBIE 2T o7z, FrICHETHRER 7 ) — = 7 ZFRIEIC 2 BRSO U 2
7% T 5 HME LTITo72(X 3), COPD OEMIEREIZH L, FER U DT 1 7T MTHWES 7 % N2 2%

17925 2 & CRRENE DN ORI L, MiRkOBHEE T TET,

COPD OEMEI 9 A B, k27—, NPPV X —RINOMREENETHD L SN TWnD
118, AJEFH ABERFIZ NPPV (2 X 2 FEE BERS S —RIRE L TYThbiz, AEFE NPPV (12 X 5K
BHEE PR T, RHEIRER U e Y & U TR ERCHNL R L — VI K 2 KIE A T o T2t HIFRIRE
STB TR U X LD R EICEE Lz, MR e U TR G R LR [E B DOFiHE 41T 5 2 & 23T & R
B U NE Y DI ADBER T 72, NPPV BlfaZIL. MR EVIINE ST 5 2 & e  BRKBRART LICH 0
TRFMOBENBIE TR b, BRICB W THHROBENH VR & /eo7-, LirL, NPPV T
—IFHYIC i L7z COPD R EHIERI DK 20% 723 48 FFEILL 7z > T BRI RAMEE L TPHAE L <E R
L EDOWEND D 19, MRMEEORKIT Y B X DD, FAMEIZ XV RIET 2 iRk TERE D IEER C
DARRTHDLD, WETHEERA Y ) —= 7I1ZF B UCEEMER O TRIEAT 5 2 EWNRR 7T v 77 Lkt
W5HETHEBETHD EEZ LIV, SYEFFR A TARE L72 COPD % & DAJER]IX, NPPV B % & me T
HEAZ U —= 7 24T\ FREEZ L D Ml ORMERE O rIREMEICHE R L7222 b REGRES A 7 2 ik Y
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AT o 72,

1. COPD & wk FH¥RE

COPD 3 OH T H ) 3 FIHHE FHREREE 4§ L Wi STV 5 19, 1l FHEREIZINEN LV SOE B
WTh DO, WETLFOER T2 Z 0 BHEE TGS T 5 & STV 5 10, AGER] & e T O &
BHAEI S DOJEEFIZIN 2 TRl T D Z L LRAMEIZ K 0 iR A BT AR H L B2 bz, EHIT
APERNN A Th o e AERNIL, WETEREAR 7V —=0 7 21T ) BN H D LB 2, ERMKEO & &3
ERIEAHmICHE TRSREA 7 U —=227"L LT WST, RSST, S-SPT %17-7=, WST, RSST | Lffi{ 72uie
RERHii e LCTAMTH D, Eomind ITBSE SN OB « BEFFEE T, A FECHHER BB e fEE O T 5
FOBIEZ P& LIZMENER SNTWD 18, 207, U T /VE A MIFHICTEMETHEIERA 7 ) —="
7L LTHEMITH D S-SPT #17- 72, S-SPT (%, W FFEHE 270 54618 & L CHE TS OFE S 5506
RERIIC > CHE FREF ORENME CTE | MROK T & 72 0 FREE 2RI 2 8ICB W CRE, FRRE L
HIZEN TS EHE I TS 19, AJEFTIX O BENIGYTINZ ., W TR O T & COPD O afkigHEc
KO Y X LR R THET & REW D FaRPED By CRAMEIC X 5 iRk 2 F85E Lo ATRetE N B 2 bivle, —F
CHE T RHHZ 3T 2HFFETIX ADL OFmWAZ %G & LTz 20 55% 02 5 80 ik - £ TOBFEROKKEGT & T
B AT fE R, BRSNS I K D5 23ER D B\ & SAUME T ST & 2 D 72 P E SO O T 1 n
I K DR TIT RV E R THE b d D 20, REFOYEIOHE FHEER 7 ) —= 7 Of§RI%, RSST 131k
THEEOFRMEZFE D, S-SPT ITHWTERF L~V A R T RS OBIED & - 7o 72 O ABERT L U W T HERE
e A3 JE K] CRABEME At 2% A FEIE L T2 v REMED & 5 L E THERER 7 V) —= 0 ) Bl T & 72, COPD % BETE
(b OASEBNZBI L CHlE THERE & HE TR OBIEZWETHEEA 7 ) — = IR VR TETL L EZ b D,
F 70 FRAHME T ORT-0 15 LT, PaO: DIMEICL 2L B X HILd, W FUIE PaCOz TlXEE
IRV PaOe DX FIX Z O Al S 4120 & OMEDNH 5 20, AGEF] 6 AFEREORHN C PaO2 DK T
ZRDH TR VTR NG S D 2 & TRl 8 & | OPENTHR7R 81T K 2 KOERRG D VR R 42 D 38
JEERolobDEEZLND,

ZOMTIE, B~V OIKTIC L VBET N 28D ZE KN O TAE Z 0 | FamEd 2 rTREMEN
BV EWDbILTWA, LanL, AJERNT 65 5% T COPD 22l S TR0 IR AN H 572, ARk
O PaCOz 1A ME Tldd o 7oAy B HFEIERNL L TE Y | Bl LUK T ORI X 5 TR O T IXiRo
RNEBZ BT, FEUCIRTE L WETRERER 7 U — = U VAR A AVICEME L Ol FREEICRT LT, Mk L7
ERELANET T ZATVIREEZ L DR ORIEZ T TETIER THD & HEZ T,
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2. ZREREEOMEST

AIEFNZFVNT, HIENBIEE CTIIABERFI IS0, B8 125, ol 2 ol RIS LR AR & i ol 2 388D HIZENIEAS
fETH T, NENOFEIERE, FrICHMERE ORI XV %08 - FifafEsi @A L CURGWELRIET 5 &
EBEZ BTN D 2229 IR R C Streptococcus mutans 23R H S0 A ENAIE 2 7845 Z L itk -
THIR A FIE Lo R’ B X BTz, 207, WETHEREA 7 ) —=0 70 HRAMERS I O RBGRE & LT
KHDOX v v V7 v TN ORI DAL OERNAL K U — I K2 PEKE, NS 7 2 F/iED T T
7T TR L TIT o7z,

REREIL, BEORBLZEHT D OICEERBER TH D, N LRGSR EHIZEW TV TE I
ToRED 34% TR ZFRO T AL TE PR ST RETIL 8% TR DFRIEZFROTZDIH T, KEREIZH
BRENHONIZEVWIMENRH D 20, ZOZENOMRETIT LR & L TREREDEENEZ LN
AIEF & BEFE A 2 R EEICHUE L CIT o 7o E 72 BIERMIIC X DIRNLHRRIEIR, AREAMERRME & T T
FOTPHIE LT, WS, FREOEAZERL, WEHOMBKIZL Y FEOMK ZIE LT 2, HFRY el T
HERERI BB E 21T 72 2 & CTHRBRAERT I8V T PaO: OUWEEZBD, 72 FEOHBKDME I, M
W EIECONRA 72 & DARBED L TENC DR R T2 L EZ BTz,

AWEr T 24795 2 & b BEETHAKES 7 HifTH# T FER R B R IE E LR o 72, AKEA pH Ol
ENZBWTHEENED B &b A B, OFEN pH OZE(L) S O 712 K- THFENEAERIZ I,
FEN DOHER % D70 < D Z & TRAMEIC X DR FFFE D ATREMEMEK L 70D Z &R ST, AIENHTAE % IR
ORR L LT, DT T 2 B%IT O 2 & THRFIEDK 40%D Lic Wi b o 5 20, - 1Er 7 %)
K& LTHERITITY 2 & T, WETRHOBEERHR LD & O DR OUEER A LT &V )]s
bbb 29, WEoT, H8WHDHETHEER 7 UV —=2 7 b b NENEEAEZSE LT Tl <, TS
DBEDRIREMEN -T2 LB X b,

3. BEMEMRRE

BERVEGEHIFER I SRMEOBRWEFERETH Y | 5 0OREIC & 2 F RO ATEERIBIZER T 2 &k
HI7RfEE & STWD 29, fE-> TRIY ANE USRS TIRPEETH D, it OEHHEIC L 2 EEhER
PEENZE UM L LT T TIINHIEE 28 LI BERNEGIE R R & LT b5, PR
REZ I U & U TR BREIR T 23080 2 AJER] b IBROT= O KD AR - 158 T 5 BARBIRIC K 0 2
T EERONI AR 0 7T NTFERARBIG & TR OB T 21T 5 2 &L TABERD ADL 215 T &
FEHZ T ENTE,

FEE LR T do D ilig Ik U CEAERE D @ I E EEMRIIFANEIE S 5 2 & TR FAN OBEMRM 72
52 ETHLRTNTR B0, R 8T, DIMHEOKTICK D2MERIEREDIK T2 b72b L,
HIRBRREIR T 28 <, IR ORIEIIZ 2SR AT T 2N EE 525 LHERIS LD 30, §E-
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T, BRI RIS 5 2 & THBKM OB ZM S £ 720 . ZO#R, ADL HETFT5LESnTnD
3032038, HZENRARIUET 5 2 & TIRARBICEV BIRGUEL 5 2L B X b D, ANEFITRBIBURIC
B oWEL LT, NPPVIZ K DM O EHENAR O 7o OIRERFEREIR T & BEPER ZEii 25 & . ADL ©
BTEREIDZERBEALNT, £EESIE T 58D b L —=2 7130 RN AT RE 2 b D
BT BEDHINZ SRR D WG N H Y DFENEE L B THREICODRBE A5 L BEA0N5 3, ZOHR
7 B BEGECMER « TG A IRNBRIS e THENL - EESZRIRR 21T W TS5 )7 2 & T AR 0O 1)
RE) DFFIERS &\ D RAFZ2ikl & AERNfEA 2 kD, MRFIEN ILIC BB TE LB R D,

<A HORE>

BMERER AR A% B U7- COPD SBFIZx L TR L D IER Y A~ U B AT 5D Z & T, BRRAT — & DOk
B, BHWREOLEIZORP oz, Fio, BPREFHRIZHV T COPD ZBEFEIC & OAEFNZ BV T HHET
BERER 7 U — = I Bk THSRERREE 2 380, FRIEIC X 2 2O FREME 2 K EIMICEHMI T &, MR U N
EVICEBRESC AN 7 2 MAIRR T 0 7T L% BT LTI Z E DR OB\ IEICHEH THh -7, 1> T,
TMERER A4 5 L72 COPD B3 LT, B RIERANICHE THRER 27 U — = 7 &7\, FAEIC L2 &
PEIEAED FTREME 2 B BINICFHE T 2 Z L NEETH D, 4%, COPD BHE KT DM THIEA 7 ) —=2 7
DEEMZ S LITRHT LTV BERSH DL EE XD,
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FRY &)
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131
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! e e
WBC 20190 4e0 13880

%1 S/Tmode FiO2 0.5 EPAP 5cmH20 IPAP 13cmH20 RR 18[E]/min
¥ 2 S/Tmode Fi02 0.4 EPAP 5cmH20 IPAP 13cmH20 RR 18[]/min
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