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Clinical prediction rules (CPRs) are tools used to classify the characteristics of 

patients who improved following specific treatments. The specific direction exercise was 

useful for low back pain (LBP) patients, but the determination of CPRs was still limited. This 

study aimed to develop CPRs for specific direction exercises. The methodology involved a 

prospective cohort study was conducted with one hundred and twenty-three participants 

who received treatment in the department of physical therapy. The improve outcomes of the 

NPS and Thai Modified Oswestry LBP Disability score (Thai 000) were compared by a 

specific direction exercise and standard treatment for four weeks. The univariate and 

multivariate statistical tests were assessed by binary logistic regression to detect the clinical 

predictor of improved of NPS by at least two points and improvement in the Thai 000 score 

at 20% and 30% from baseline. The results of the univariate test showed that the onset of 

LBP in less than 6 weeks was a predictor for improvement in Thai 000 score at 20% and 

30% from baseline, while a physical ability score in Fear Avoidance Believe Ouestionnaire 

(FABO) of less than 14 points was a predictor for improvement in Thai 000 score at 20% 

from baseline. The results of the multivariate test demonstrated that participants who 

received specific direction exercises with onset less than 6 weeks showed increased 

probability of improvement in the Thai 000 score at 20% and 30% from the baseline at 

44.6% to 75.2% and 45.2% to 71.9%, respectively. Participants who had onset of LBP less 

than 6 weeks with a physical ability score in FABO of less than 14 points and received 

specific direction exercise showed increased probability of improvement in Thai 000 score 

at 20% from baseline at 44.6% to 89.6%. In conclusion, onset of LBP at less than six weeks 

and a physical ability score of FABO at less than 14 pOints were clinical prediction rules for 

improved the outcome at 20% from baseline after receiving specific direction exercise for 

four weeks. 
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CHAPTER I 

INTRODUCTION 

Low back pain (LBP) is one of the musculoskeletal problems reported in children, 

adolescents, adult and elderly that have relatively high incidence and prevalence. 

It continues to be a common problem globally.(1) In Thailand, Chaiaumnuay et al (1998) 

reported one week prevalence of LBP at 11.7% in subjects aged 15-99 years in a rural 

population?) Recently, Yiengprugsawan et al (2017)(3) reported on the associations between 

LBP and functional limitations in a prospective cohort of 42,785 participants comprised of 

Thai adults aged 30 to 65 years in both 2009 and 2013. The results showed that 37% of 

participants never had LBP, 20% reverted from LBP, 13% were comprised of new cases 

and 30% still exhibited chronic LBP. The functional limitations included activities such as 

getting dress, walking, climbing stairs and bending or kneeling. The most common causes 

of LBP in Thailand were lifting heavy loads, incorrect positioning and everyday activities.(4) 

LBP can impact individuals in their functionality, resulting in disability and inability to 

participate as defined by the International Classification of Functioning Disability and Health 

(ICF) framework.(5.6) Therefore, LBP problems were impacting on the individual's level and 

broad.(7.8) In most cases, patient presented with non-specific lower back pain (NSLBP).(9) 

NSLBP is back pain in which a specific cause, anatomy or pathology can't be defined.(5.1o) 

There are several physical therapy interventions for managing NSLBP, such as 

manual therapy, specific exercises, trunk coordination, strengthening, endurance exercises, 

functional training and education.(11) Physical therapists select an intervention for their 

patients based on their decision-making 'preferences. Four decision-making factors were 

identifying the cause, eclectic approach, experience-based management and evidence­

based management.(12) 

Today, the evidence-based concept of classification for LBP patients is the most 

interest to physical therapist. Such classification can help therapist in the intervention 

decision-making process. Classification can decrease the variability of symptoms, severity 

and functional disability in each person by putting them in a similar subgroup.(13)Therefore, 
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matching between a subgroup of patients and specific interventions could improve patient 

outcomes. (14-17) 

Classification subgrouping can be based on a causal mechanism or patho­

anatomical source of symptoms, risk factors, characteristics of signs and symptom and 

treatment responsiveness.(18) The advantages and limitations of each classification are 

different.(19) Because classification in physical therapy is based on the consequences of 

disease, disorder or injury, the principle of classification focuses on impairment, functionality 

limitation and disability. Several classifications for NSLBP are found in physical therapy. (19) 

Treatment-Based Classification (TBC) is one of the classification systems that subgroup 

patients by using the mechanical response and psychosocial factor to provide the specific 

treatment for acute NSLBP.(13) 

TBC was first developed by Oelitto in 1995(20) The aim of the first development of 

TBC was for use in the acute phase of LBP. Therefore, pain modulation was a goal of 

treatment. The TBC could classify patients into four groups of treatment based on signs 

and symptoms obtained from the patient's history, physical examination and self-reporting 

measures of behaviour and symptoms(21) Self-reporting includes pain as judged by pain 

scale and pain diagram, while disability is reported using a Modified Oswestry 

Questionnaire. Four groups of treatment include manipulation, traction, specific exercise 

and stabilization. 

Originally, the characteristics of patients were used to classify the specific treatment 

based on expert opinion. Nowadays, the characteristics of patients in the most groups of 

treatment are supported by clinical prediction rules (CPRs)(22-24) and put into algorithms to 

assist clinical decision-making.(25) 

CPRs are tools that combine specific clinical findings to assist the clinician to make 

a decision for diagnosis, treatment prescription, or prognosis.(26-28) Because TBC aims to 

subgroup patients to match with treatment, prescriptive types of CPRs are needed to 

support all groups of treatment.(29. 30) CPRs can be developed from 3 steps, including 

derivation, validation and impact analysis.(27.31) Each step can be applied to clinical 

practice in a different way(31) 
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Evidence-based support level of CPRs in TBC showed that the level of CPRs in each 

treatment was different. The derivation phase of CPRs supported the traction(32) and 

stabilization group,(23) while the validation phase supported the manipulation group.(22. 27. 33) 

The characteristics of patients in the specific-exercise group were still not supported by 

research-related prescriptive CPRs. Only centralization (CEN) and directional preference 

(DP) were characteristic of patients in the specific-exercise algorithm of TBC.(25) 

Even if some studies supported the effectiveness of TBC to improve patient 

outcomes,(21. 34. 35) other studies have shown the limitations of this classification. Some 

patients have characteristics that cannot put them in only one specific subgroup of 

treatment when using a comprehensive algorithm, especially between specific-exercise and 

manipulation subgroups.(25. 36) One study showed that patients who were positive to CPRs of 

manipulation improved with specific-exercise treatment.(37) Therefore, the study aimed to 

investigate the characteristic to discriminate patient in 4 groups of treatment will be 

continually, especially the specific exercise group that still not clearly characteristic to 

identify at the first step of CPRs. 

Originally, the specific-exercise subgroup classified the characteristics of patients 

by expert opinion, which differed from other groups. Based on McKenzie's theory, data from 

physical examinations can be used to divide the symptoms of LBP into 3 groups, including 

postural, dysfunction, and derangement syndrome. Most LBP patients have derangement 

syndrome.(38) Centralization was characteristic for the detection of patients in the 

derangement group. Therefore, specific exercise in the TBC may provide for derangement 

subgroup. 

The characteristics of patients who fit the specific-exercise group are still not 

supported by CPRs. Therefore, most studies use the characteristics of CEN and DP to 

classify patients who should do specific direction exercise. However, the definitions of CEN 

and DP are different.(39) CEN is defined as spinal pain or refers to pain in response to 

position or movement tested by abolishing or changing the pain location from distal to 

proximal. DP is defined as movement in a direction which can decrease pain or increase 

range of motion without a change of pain location. Classifying LBP patients by the combined 
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or separate characteristics of CEN and DP follow the definition affecting the different ability 

to predict the improvement outcomes of specific direction exercise(17,40-42) 

In addition, several factors related to derangement syndrome, beyond CEN and DP, have 

not yet been studied or have not shown the potential to predict treatment for specific 

exercise from previous studies(43, 44). Therefore, the objective of the study was to investigate 

the clinical characteristics for classification of patients with LBP who would benefit from 

specific exercises based on TBC. 

Objective of the study 

The objective of the study was to develop clinical prediction rules to predict the 

improved outcome of specific direction exercise in patients with low back pain. 

Hypothesis of the study 

The improve outcome of specific direction exercise in patients with low back can 

predicted by current episode duration, pain area and characteristics of pain. 

Significance of the study 

The results of the study will provide clinical characteristics that can be used to 

classify patients with low back pain in order to improve the outcomes of specific direction 

exercise. 



1. Low back pain 

CHAPTER II 

LITERATURE REVIEW 

1.1 Definition and epidemiology 

Low back pain (LBP) is generally defined as "pain localised between the 1ih rib and 

the inferior gluteal fold, with or without leg pain".(5) LBP can be divided into two subgroups, 

including specific and non-specific low back pain (NSLBP). Characteristics of back pain 

that are known to cause or have signs and symptoms is specific LBP, while NSLBP cannot 

be defined to a specific cause, anatomy or pathology. Red flags in a specific pathology 

include infection, fracture, tumour, osteoporosis, structural deformity, inflammatory disorder, 

radicular syndrome or cauda equina syndrome, metabolic bone disease and congenital 

disorder. In addition, the classification of LBP can be made in 4 groups, including simple 

mechanical LBP, LBP with radiculopathy, serious pathological LBP and LBP with 

psychological response.(45) 

LBP can be divided into three phases, comprising acute, sub-acute and chronic. 

A minimum of 6 months without LBP before pain occurs is acute, while sub-acute phase is 

duration begin at LBP occurring less than 6 weeks and between 6 weeks to 3 months, 

respectively. Chronic phase is duration more than 3 months to 6 months.(5,9, 10) 

LBP is a musculoskeletal problem that has relatively high incidence and prevalence. 

It continues to be a common problem globally. Systematic review of global prevalence for 

LBP in 54 countries between 1998 and 2009 showed an estimated mean± SEM point 

prevalence and 1 month prevalence at 11.9 ± 2.0% and 23.2 ± 2.9%. LBP can occur in all 

age groups. Most prevalence was found in middle-aged or working-age adults. Females 

were more affected than males in countries with high-income economiesY) 

In Thailand, many studies have illustrated the LBP problem in Thai people. Most 

studies showed the prevalence of LBP related to occupations such as farmer,(46) nurse,(47) 

commercial airline pilot(48) and industrial worker.(49) Chaiaumnuay et al (1998) studied the 

prevalence rates of musculoskeletal disorders in a rural population of Thailand. One week 
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prevalence of LBP was reported at 11.7% in subjects aged 15-99 years.(2) In 2005, data 

from the physical therapy department showed that 37.5 of case loads involved LBP patients 

aged between 46 to 55 years.(50) Because 90% of patient cases were NSLBP, the literature 

review in this study will be specific for NSLBP. 

1.2 The impact of low back pain 

LBP is a common musculoskeletal problem that can occur at any point in life,(8) 

though prevalence is shown in children, adolescents, adults and the elderly.(1) Impact and 

treatment goals of NSLBP were considered within the framework of the International 

Classification of Functioning, Disability and Health (ICF).(5) ICF is a framework developed for 

classifying and measuring function and health. The ICF has bidirectionality in five 

components, including body function, body structure, activity and participation, personal 

factors and environment.{ 6) These five components can be grouped into biological, 

individual and social factors. 

Following the NSLBP definition, the structural problem cannot be specified, but the 

disability cause of pain and behavioural problems can limit activity and participation in the 

ICF framework. Therefore, LBP problems impact the individual's level and broad. Pain and 

disability limited daily activity and participation with family, the community and work 

environment. In addition, LBP can impact on caregiver burdens, health services and 

financial burden.(7.8) 

Problems from LBP may be temporary or permanent. Most patients who have acute 

LBP recover quickly. Only 10-15% developed chronic problems.(10) Use of the ICF 

framework for assessing contributing factors will help clinicians to improve individual 

patients with LBP by determining matching intervention and suitable evaluating 

outcomes.(51-53) 

1.3 Risk factors of low back pain 

Understanding the risk factors of LBP can be useful for clinicians in preventing LBP 

and identifying the factors that may impact the positive outcome of treatment.(11) Risk factors 

of NSLBP are multifactorial, which can be classified as individual, psychosocial or 

occupational factors related to biomechanics.(9. 11.38) Individual factors include age, sex, 
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weight, muscle strength, history of back pain, smoking, and psychosocial factors. 

Psychosocial factors can include depression, anxiety, beliefs and aptitudes, job stress, 

satisfaction and fear-avoidance. All psychosocial factors may call attention to yellow flags 

that can disturb the outcome of treatment. The occupational factors or mechanical causes 

include heavy lifting, posture, twisting and manual material handling. However, existing 

evidence does not support a definitive cause of LBP.(11) 

2. Physical Therapy and low back pain management 

2.1 Physical therapy treatment in low back pain patient 

The aim of LBP treatment is to decrease pain and improve activity or participation, 

as well as to prevent disability and chronic recurrences. (5) There are several physical therapy 

interventions for managing LBP, but no standardised treatment. Intervention covers 

modality, manual therapy, specific exercise, trunk coordination, strengthening, endurance 

exercises, functional training and education.(11) 

In Thailand (2005), 96.4% of physical therapists (PT) have a goal of treatment for 

pain reduction. Treatments frequently reported by PT who work at hospitals are based on 

hot pack (64%), ultrasound (61 %) and mechanical traction (61 %), whereas manual therapy 

is reported by therapists who work at private clinics and university-based hospitals. Factors 

affecting the selection of treatment mentioned above are related to caseload, time 

constraints, lack of opportunity for training in specific techniques, lack of access to research 

evidence and lack of confidence.(50) 

Physical therapists select an intervention for patients based on their decision-making 

preferences. Four decisions include identifying the cause, eclectic approach, experience­

based management and evidence-based management.( 12) Nowadays, existing evidence 

shows no consensus on the best treatment for LBP. Evidence includes the existing 

knowledge or concept framework related to patient problems, which is used to guide 

therapists in making decisions. There are clinical practice guidelines (CPG) and 

International classifications for functioning disability and health (ICF). 
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ICF provides all the factors that impact the problem or disease. At present, ICF 

corset of LBP has been developed with a validation stage to apply for clinical reasoning in 

the management of LBP patients.(11.52) CPG was evidence developed by systematic review 

and consensus from a specific group of experts to provide existing knowledge about the 

specific problem. CPG for LBP management has been reported in several countries.(54) 

Current CPG for LBP linked to the ICF is provided by the orthopaedic section of the 

American Physical Therapy Association (APTA), as reported in 2012.(11) The aim of the CPG 

was to recommend three topics for management of LBP based on peer-reviewed literature. 

There is matching between treatment and patient subgroup, treatment to prevent recurrence 

of back pain and influence of treatment which can advance the acute phase to the chronic 

phase of LBP. In terms of matching between treatment and patient subgroup, CPG showed 

strong evidence supporting the advantage of Treatment-Based Classification system.(11) 

2.2 Classification system of low back pain 

LBP has a variety of symptoms, severities and functional disabilities in each person, 

with the symptoms being dynamic relative to time.(13) The classification system is another 

way to subgroup the similar characteristics of patients for specific treatment. 

Nowadays, the concept of classification for LBP patients is a topic of interest in 

physical therapy. Classification can help the PT in the process of decision making because 

it can decrease the variability of patient characteristics by putting them in a similar 

subgroup. Several classification systems have been provided for LBP management.(19) 

A classification system should be able to identify the cause of the problem and guide 

treatment, which can predict and improve clinical outcomes.(14.55) Each classification has a 

specific aim and principle. Advantages and limitations in each classification are different. 

The principle to select the classification will be based on the information to be used.(19) 

A classification system can be divided into diagnosis, prognosis and treatment. 

Several diagnostic classification systems have been developed to guide clinicians for the 

management of LBP. A diagnostiCS system can be divided into two classification systems, 

including unidirectional system and multidimensional system. The characteristics and 

subgroup of these systems are shown in Table 1.(56) 



TABLE 1 DIAGNOSTIC CLASSIFICATION OF LOW BACK PAIN 

Classification system 

Unidirectional system 

Pathoanatomical 

Signs and symptoms 

Characteristic of system 

Identify nociceptive source based on diagnostic imaging or 

injection 

Identify treatment based approach based on history and 

physical examination 

Prognosis Identify patient based on potential future outcome 

Mechanism-based Identify impairment that cause pain and dysfunction 

Multidimensional system Classify patients by the composition of stage of disorder, 

pathoanatomical diagnosis, sign and symptoms and 

psychosocial factors 

9 

Classification subgrouping can be based on the causal mechanism or patho­

anatomical source of symptoms, risk factors, characteristics of signs and symptom, and 

treatment responsiveness.(18) Previous studies have shown that identifying LBP subgroups 

based on the characterisation of history and physical examination leads to more effective 

treatment.(57) Therefore, matching between a subgroup of patients and specific interventions 

will improve the patient outcome.(13-15, 17) 

In physical therapy, the researcher doesn't support classification based on a causal 

mechanism because the pathology in a patient is difficult to identify,(24) Some researchers 

have shown that signs and symptoms of patients may be different, even if they have the 

same causal mechanism. Therefore, patient characteristics or clinical presentations are 

more important for subgrouping of LBP than tissue-related diagnosis. The selection of 

intervention to improve them will be different.(18) 

None specific low back pain (NSLBP) is a good example to support this idea 

because the definition of NSLPB is back pain with unknown underlying pathology. Most LBP 

patients can be classified in this group,(5, 10) NSLBP is mostly illustrated by the classification 
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system. The classification system will improve communication between therapists to 

consider the most appropriate treatment and improve the outcome of treatment. (14.58) The 

classification systems use clinical presentation for subgrouping patients from 

heterogeneous to homogenous groups. Classification or subgrouping of NSLBP has shown 

(14 15 22.59) 
better treatment outcomes than other approaches. . . 

Several classifications for NSLBP are found in physical therapy. Because 

classification in physical therapy is based on the consequences of disease, disorder or 

injury, the principle of classification focuses on impairment, functional limitation and 

disability.(19) A classification system illustrates the principle of consistency within the 

framework of the ICF. 

In physical therapy, the focus is on mechanical stress, which provokes patient 

symptoms related to spinal disorder from the patient's history and physical examination will 

concern more than identify the related tissue. A physical therapist can diagnose an LBP 

patient based on the reproduction of pain when applying various mechanical forces or 

stress during active and passive examination, in both weight-bearing and non-weight 

bearing positions.(58) The systematic review includes 39 pieces of evidence between 1985 

and 2011, which used specific trunk movement to discriminate a patient group showing five 

movements based on classifications of NSLBP derived by physiotherapy. There were 

Mechanical Diagnosis and Treatment (MDT) (7 papers), O'Sullivan Classification System 

(OCS) (7 papers), Pathoanatomic-Based Classification (PBC) (2 papers), Movement System 

Impairment Classification (MSI) (7 papers), and Treatment-Based Classification (TBC) 

(16 papers).(13) In this study, the characteristics of each system, convergence or divergence 

between classification systems were discussed by experts. 

Mechanical Diagnosis and Treatment (MDT) 

MDT has the objective of determining LBP symptoms, which can be abolished or 

centralised when assessed with direction specific, repeated lumbar spine movement or 

sustained posture, or maybe call-loading strategies. MDT can classify patients into 3 groups 

including derangement, dysfunction and postural syndrome. 
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O'Sullivan Classification System (OCS) 

Identifying the mechanism that can drive pain is the objective of OCS, which is used 

for the goal of treatment. Pain can be provoked by spinal posture, movement pattern and 

motor control behaviour. This classification is primarily used for chronic LBP. 

Pathoanatomic Based Classification (PBC) 

PBC attempts to find the relation between pathologic structure and patient 

symptoms from assessment, but does not provide the selection of treatment. 

Movement System Impairment Classification (MSI) 

MSI has the objective of identifying the direction of alignment, stress and spinal 

movement that produces symptoms. These factors will be used for modification to decrease 

spinal symptoms and redistribute movement to other joints. This classification is used 

primarily for chronic LBP. 

Treatment-Based Classification (TBC) 

The objective of this classification is to identify the characteristics of patients that 

predict response to 4 groups of treatment, including specific direction exercise, 

manipulation, stabilization and traction. This classification is used primarily in acute LBP. 

All classifications share the objective of investigating the direction of movement or 

pattern that increase or decreases pain for treatment. Expert divided philosophies of five 

systems into two groups. First, the systems that evaluate response to loading of spine in 

different directions to guide classification are MDT, PBC and TBC. However, the load, 

assessment strategies and treatment are different. Other groups are MSI and OCS, which 

are used to identify strategies for modified movement, alignment in the process of 

diagnosis. 

Because psychosocial factors and neurophysiology factors can moderate pain 

presentation from biomechanical assessment and influence treatment selection, the 

classification system should be concerned and put these factors into the assessment 

strategy. Five classification systems concern the influence of psychological factors, but the 

instruments used for detection are different. MDT and PBC use Waddell's abnormal illness 
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behaviour to detect abnormal or chronic stages. MSI and TBC use fear-avoidance to detect 

psychological features, while OCS assesses cognitive and behavioural change. 

PBC is a system that identifies the patho-mechanical source of pain, but fails to 

provide the selection of treatment, like other systems. Other systems provide a preferred 

treatment strategy for each subgroup, especially TBC, which provides 4 specific treatments 

based on data from history and physical examination support by clinical prediction rules 

(CPRs). 

Data from all classification systems above support the physical therapy model for 

the treatment of LBP. DeRosa and Porterfield proposed a category for patients and 

objective of treatment which comprised the classification of activity-related spinal disorders. 

Three categories of patients were classified as acute injury, reinjury/ exacerbation of 

previous injury and chronic pain syndrome. Treatments were proposed in four independent 

objectives, which cover all interventions used in physical therapy. These include pain 

modulation or promotion of analgesia, generating controlled forces to promote 

non-destructive movement, enhance neuromuscular performance and biomechanical 

counseling.(58) 

From the data above, the aims of LBP are to decrease pain and prevent disability 

and chronic problems. Therefore, specific treatment related to all the factors that can cause 

LBP will solve the problem from the beginning. 

TBC is a system that uses mechanical and psychosocial factors to assess the 

patient, especially in the acute phase. It also provides a specific treatment based on the 

characteristics or symptoms of the patient when compared with other systems. Therefore, 

this system will provide a positive outcome for treatment in the early phase of LBP. 

3. Treatment-based classification system and clinical prediction rules 

3.1 Characteristic of Treatment-Based Classification system 

Treatment-Based Classification (TBC) was first developed by Delitto in 1995.(20) 

There are three stages of TBC. The first stage concerns the characteristics of the patient, 

which can be managed by physical therapy only, multidisciplinary or referral to another 

health care practitioner. The second stage determines the severity of symptoms and 
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disability of the patient to fit the goal of treatment. There are acute phases where the goal is 

pain release, sub-acute phase when the pain decrease and normal function are promoted. 

The last stage is chronic when returned to high physical activity with poor physical 

conditioning. The aim of the first development of TBC was used for the acute phase of LBP. 

Therefore, pain modulation was the goal of treatment. The third stage of TBC classifies the 

patients into four groups of treatment based on the signs and symptoms obtained from the 

patient's history, physical examination and self-reporting measure of behaviour 

symptoms?l) Self-reporting includes pain as reported by a pain scale and pain diagram. 

A disability is report by Modified Oswestry questionnaire. Four groups of treatment 

proposed by the researcher for pain modulation in TBC include manipulation, traction, 

specific exercise (flexion, extension and lateral pattern) and stabilization. 

TBC was developed based on McKenzie's theory, which only involves specific­

exercise treatment. Data from expert experience has shown that some patients do not 

improve with movement testing and exercise in the first treatment of specific exercise (20). 

Therefore, additional treatments were added in TBC. 

Originally, TBC was developed based on expert experience from PT, chiropractors 

and physicians. Comprehensive history and physical examination of expert opinions has not 

been tested. The evolution of TBC is based on existing evidence in each period. TBC 

provides an algorithm to assist in clinical decision-making.(25) 

The characteristics of patients in most treatment groups in the algorithm were 

obtained from studies that support the characteristics driven from difference step of CPRs 

(22-24). Clinical prediction rules (CPRs) are tools that combine specific clinical findings to 

assist the clinician in making a decision for diagnosis, prognosis, or to select a matching 

treatment for each patient.(26-28) In physical therapy practice, CPRs can improve treatment 

outcomes, patient satisfaction and decrease cost management.(27) 

CPRs can be classified into 3 types, including diagnostic, prognoses and 

prescriptive CPRS.(26) Treatment-based classification of low back pain needs prescriptive 

CPRs to support the four subgroups of treatment.(29. 30) CPRs are developed from 3 steps, 

including derivation, validation and impact analysis.(27· 31) The utilisation of CPRs in clinical 

practice have to concern several factors that can affect the strength of CPRs, such as the 



14 

levels of CPRs development, study design, and statistical model used to study the design 

hypothesis setting.(3UO. 61) 

Nowadays, TBC has research to support all three steps of CPRs development. The 

most research development is in the stage of derivation, whereas the validation phase and 

impact analysis are Iimited.(62. 63) Evidence-based support of CPRs in treatment will be shown 

in the next section. In terms of the advantages and limitations, TBC has good reliability in the 

classification algorithm for subgrouping patients with LBP. Overall agreement on 

classification decisions was 76%, with no significant differences based on physical 

therapists' experiences.(64) In terms of the efficacy of TBC, several studies have reported on 

improvement in patients who receive treatment based on TBC (15.21.34.35). One study showed 

that improvement in patients who received treatment based on treatment-based 

classification was better than patients who received treatment following the CPG.(15) 

Even if some studies supported the effectiveness of TBC to improve the patient 

outcome,(21. 34. 35) other studies showed the limitation of this classification. Stanton 

investigated the prevalence of LBP patients who met the criteria into subgroups of the 

comprehensive algorithm of TBC. The results showed that 25% of 250 participants met the 

criteria for more than one group. Combination between manipulation and specific-exercise 

subgroups was mostly found. This study may support previous study, which illustrated that 

patients who have the characteristics of CPRs for manipulation improved by treatment with 

flexion exercise.(37) 

Stanton et al ( 2013)(36) found that people with unclear classifications of the 

comprehensive algorithm for TBC had characteristics supported by univariate statistics, 

different from people with clear classifications. Unclear characteristics were older age, 

longer duration of LBP, previous episode of LBP, less fear-avoidance beliefs related to both 

work and physical activity and less LBP-related disability than a person with clear 

classifications. Therefore, all characteristics above should be studied in order to modify the 

algorithm in further study. 

Werneke et al (2010)(65)reported on related characteristics between patients 

classified by McKenzie and TBC classification in 628 adults. The results showed that the 

prevalence rates of McKenzie were derangement (67% ), dysfunction (5%), postural (0%), 
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other (28%) and CEN (43%), not CEN (39%), not classified (18%). The prevalence rate of 

positive manipulation and stabilization CPRs was 13% and 7% , respectively. Derangement 

(89%) and CEN (68%) were found in patients with positive manipulation CPRs (N=79), while 

derangement (83%) and CEN (80% ) were found in patients who had positive stabilization 

CPRs (N=41). The researcher suggested that manipulative and stabilization CPR may 

include patients who can be treated using a different classification method before 

manipulative and stabilization treatment. 

Data to confirm the advantage of TBC in the stage of impact analysis is limited. One 

study reported that TBC did not show an outcome which affects the cost of treatment when 

compared with general treatment. However, the researcher comments about several 

limitations in this study.(62. 63) Therefore, study to investigate the characteristics to 

discriminate patients in each group and impact the analysis of TBC will be continual. 

3.2 Clinical Prediction rules 

Precision in clinical decision-making is a principle of patient care. Clinical 

prediction rules (CPRs) are evidence-based and can assist the clinician to make better 

decisions for diagnosis, prognosis or selected treatment beyond opinion or experience 

alone.(26.27) 

3.2.1 Definition of CPRs 

CPRs are a tool design to promote clinical decision-making for managing patients 

in clinical practice. The clinician will make a decision by using the CPRs that have a minimal 

set of variables from patient history, physical examination, simple diagnostic test and basic 

laboratory. Combinations of meaningful clinical findings passed the step of statistical testing 

before being recommended for diagnosis, prognosis, or the selection of matching treatment 

. (26-28) 
for each patient. 

3.2.2 Classification of CPRs 

CPRs can be classified into three groups including diagnosis, prognosis and 

prescriptive. Diagnosis CPRs are focused on finding the predictive variables that can be 

used for specific diagnosis. Prognosis CPRs look for variables to predict the success or 
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failure of an outcome. CPRs designed to support the effectiveness of intervention are 

prescriptive CPRs.(26) 

3.2.3 Development of CPRs 

CPRs must pass a process to investigate the effect of the rule's on performance, 

generalisation and clinical outcome or resource consumption before use in clinical 

Practice.(29) CPRs are developed in 3 steps. The first is derivation, while the second is 

validation and the last is impact analysis.(27· 31) 

Step 1 Derivation 

The first step of CPR is derivation, which aims to investigate the clinical predictors 

related to classification. of CPR.(27. 66) The prediction variables use prognosis and prescriptive 

were called prognostic factors and treatment effect modifier, respectively. 

Prognosis factors and treatment effect modifier were symptomatic, sign or 

characteristics that showed in a different way. Prognosis factors are not related to the 

outcome of treatment, but treatment effect modifiers are associated with specific treatment 

outcomes.(61) 

The clinical predictor in the step of derivation can be obtained from three sources. 

The first source is expert opinions, which use data from clinical observation. The second is 

physiological or psychosocial models from experimental observation. The last source of 

predictive variables come from statistical analysis.(61) In addition, some researchers showed 

that clinical predictors sometimes came from literature review or data from focus groups of 

patients with similar conditions.(26) At the end of the derivation step, the meaning of predictor 

variables will be used to test the validity in the next step. 

Step 2 Validation 

ePRs from the derivation step are still not appropriate for clinical use before the 

validity test. (31) The aim of the validation step is to evaluate the predictors. Similar results are 

expected, like the derivation phase when replicated in a variety of situations, such as a 
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different group of patients, clinicians and clinical setting, before being recommended for 

CPR ' I" I t' (27.66) use as s In c Inlca prac Ice. 

Validation testing is divided into two levels, including narrow and broad.(61) Some 

researchers divide it into internal and external validity.(26) Narrow validation investigates the 

performance of CPRs in a similar population and clinical setting in the derivation phase, 

whereas broad validation replicates the CPR in a different situation of the derivation phase. 

A different situation includes the characteristics of the patient, the experience of the clinician 

and the clinical setting, such as academic or general hospitals.(61. 67) Some researcher 

divides validation into three types including temporal, geographical and domain. Temporal 

validation has an operational definition like narrow validation during the operation, while 

geographical and domain validation are like broad validation.(67) 

Step 3 Impact analysis 

The last step of CPR development is to verify the impact of CPRs when 

implemented in a real situation such as time to diagnosis, duration of treatment, patient 

outcome, and cost effectiveness. It may also cover the satisfaction of patients and 

behaviour of clinicians. Changing clinician behaviour to improve the outcome of treatment is 

the ultimate goal of CPRs.(27· 66. 67) 

3.2.4 Factors should be concerned before using a clinical prediction rule 

Several factors should be considered before using CPRs. The researchers discuss 

the potential pitfalls of CPRs. Many factors can affect the performance of CPRs when 

applied to patient care. Methodology is used to study each step of CPRs development, the 

accuracy of its design to use and appropriate use in clinical practice.(26.68-70) 

Like using evidence base, congruous between the steps of development and 

application will be considered before use of CPR for assessment and treatment. The 

performance levels of CPRs recommendation used in clinical practice depend on data 

originating from each step of CPR development, especially the level of the validation test. 

The levels of validation depend on the study design and generalisation. Therefore, clinicians 
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have to consider the strength of the study design used to test the performance of CPRs in 

each step as well as knowledge about the steps of CPR development. 

Level of evidence for clinical prediction rules 

Beattie and Nelson (26) showed the levels of validation for CPRs suggested by 

Mcginn et al.(31) From the levels of validation for clinical prediction, it can be concluded that 

the derivation phase can be grouped into level 4, while narrow and broad validation can be 

grouped into level 3 and level 2, respectively. The last phase of CPR development that 

needs impact analysis is grouped into level 1 for validation.(31) 

Research design and statistical model for clinical prediction rule development 

All levels of clinical prediction value need the results from strong study design. 

Several researchers have suggested the study design or method framework to support the 

results of all steps of clinical prediction rule development.(26. 61) Some researchers have 

shown a statistical model, which can be used in the derivation step.(66) 

Kent et al (61) proposed a method framework for developing clinical prediction for 

subgroups of LBP patients in 6 phases of research. This framework expanded on the phase 

of clinical prediction rule development originated by McGinn et al.(31) All 6 phases were 

studies for assessment methods, hypothesis-setting studies, hypothesis-testing studies, 

narrow validation studies, broad validation studies and impact analysis study. The first three 

phases were derivation phases. 

From the conceptual phase of research study, it was shown that the aim of each 

phase and research design varied between classifications of CPRs. Research methodology 

used for construction and validation was different between the prognosis and prescriptive 

clinical prediction rule.(61) 

In the phase of hypothesis testing studies, methods for performing hypothesis­

setting of subgrouping were based on sources of predictive variables. Subgroupings were 

based on clinical observation, physiological/ psychosocial models that were obtained from 

experimental observation and data-driven subgroups by statistical analysis. 



19 

Data-driven subgroups can be divided into 2 further subgroups depending on the 

relationship between variables and outcomes. Statisticians call the statistical approaches 

"supervised" techniques for the subgroup, which show the relationships between variables 

and outcome and call "unsupervised" technique for relationships between variables that are 

dissociated with the outcome. The characterisations of supervised and unsupervised 

statistics are the same with the description of treatment effect modifier and prognosis factor. 

Supervised statistic techniques included regression analysis, discriminate function 

analysis, recursive partitioning analysis and classification and regression trees during 

cluster analysis, data-mining and neural network, which were examples of unsupervised 

statistical techniques. 

Grobman and Stamilio(60) illustrated five methods to develop the clinical prediction 

model. These were scoring systems derived from univariate analysis, prediction models 

based on multivariate analysis, nomograms, artificial neural networks, and decision trees 

(CART analysis) model. Some model concordance with a statistic technique, as reported in 

hypothesis setting for the characteristics of predictive model, are described below.(61) 

Scoring systems derived from univariate analysis 

All factors potentially related to outcomes were allocated a score. For statistical 

analysis, independent factors that showed a relation to the outcome were used in the final 

predictive model. This model is easy to use, but the accuracy may be decreased if some 

factors are related mutually. 

Prediction models based on multivariate analysis 

The principle of this model is similar to univariate analysis, but the associations 

between factors which affect the outcome are concerned. The logistical model regression 

analysis will provide the results in the format of odds ratios and are shown in the form of 

nomograms. Predictive models based on multivariate analysis can solve the problem of the 

univariate model. However, this model is still limited by bias from interaction between 

independent factors. 
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Nomograms 

A nomogram is a device that shows the mathematical relation of interactive effects 

for multiple independent factors in the form of a graph. The advantage of a nomogram is its 

ease and rapid use. However, the mathematical and statistical use to construct monograms 

is complicated. 

Prediction using artificial neural networks 

The human brain or neurons are used to describe the concept of artificial neural 

network model. The brain or neurons are like a processing layer which receives stimuli from 

the input layer and acts to respond like a neural network in the output layer. The brain 

represents the software program that receives the set of predictive factors, then processes 

and creates association between factors. However, the model cannot identify the causal 

relation between factors. 

Decision trees (CART analysis) model. 

Classification and regression tree (CART) analysis using nonparametric tests to 

assess and divide the data into subgroups is based on the predictive independent 

variables. A mathematical algorithm is used in the selection of variables, with discriminatory 

value of variables and the order in which the splitting occurs and showed the results in the 

form of a decision tree. This model is easy to use because a decision tree is in concordance 

with the pattern of decision making. The advantages and limitations of the entire model are 

shown in Table 2.(60) 

3.2.5 Quality assessment of evidence supports the clinical prediction rule 

From the data above, it is obvious that several factors should be considered before 

use in clinical practice. Therefore, a standard checklist of the factors that affect the 

performance of CPRs is needed. Currently, quality assessment of evidence supports the 

CPRs were developed specific to prognosis and prescriptive diagnosis.(30) 

The characteristics of each assessment and details are shown in Table 3. The 

details are advantageous for researchers as reported in study related to CPRs development 

and useful for readers in data application. 



TABLE 2 TECHNIQOES FOR DEVELOPING A CLINICAL PREDICTION MODEL OR RULE 

Technique 

Univariate analysis 

Multivariable analysis 

(e.g., logistic 

regression) 

Neural network 

Predictive nomogram 

CART analysis 

Advantages! Strengths 

Simple statistic methods 

Easy clinical application 

Improved accuracy 

Relatively ease of clinical 

application 

Improved accuracy 

Incorporation of complex 

variable 

relationships 

Improved accuracy 

Ease of clinical application 

Improved accuracy 

Ease of clinical application 

Intuitive partitioning 

Disadvantages! limitation 

Reduced accuracy 

More involved statistical 

methods 

May miss complex variable 

relationships 

Difficult clinical application 

and dissemination 

Less intuitive 

Unknown effect of any 

single variable 

Advanced statistics 

Advanced statistics 
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TABLE 3 QUALITY ASSESSMENT TOOL OF PROGNOSIS, PRESCRIPTIVE AND DIAGNOSIS CLINICAL PREDICTION RULESuaiity assessment 

Type I Stage of ePR Assessment tool 

Prognosis/ - Tool developed by Kuijpers et al (71) 

Derivation - 18 criteria in 7 categories 

Prescriptive/ 

Derivation 

(study population, response information, 

follow-up, treatment, outcome, prognosis 

factors, data presentation) 

- Tool developed by Kuijpers et al and 

modify by Beneciuk et al (72) 

- 18 criteria in 8 categories (study 

population, outcome assessors, treating 

clinicians, follow-up, treatment, outcome, 

prognosis factors, data presentation) 

- Inter-rater reliability 

(ICC 0.73 (95% CI .27-.91) 

Tool and scoring Quality of ePRs 

- score as positive, negative and unclear ~ 60 % high-quality 

in each item negative and unclear ratings < 60 % low -quality 

were collapsed when study quality was 

rated. 

- positive = 1 point, negative = 0 point 

- sum of positive score divided by 18 

(total possible point) 

- multiply by 100 to yield a percentage 

- score as positive, negative and unclear ~ 60 % high-quality 

in each item negative and unclear ratings < 60 % low -quality 

were collapsed when study quality was 

rated. 

- positive = 1 point, negative = 0 point 

- sum of positive score divided by 18 

(total possible point) 

- multiply by 100 to yield a percentage 

N 
N 



TABLE 3 (continued) 

Typel Stage of CPR Assessment tool 

Diagnosis/ Analytical tool currently does not exist but 

Derivation Glynn and Cody Weisbach(73) guide the 19 

criteria of the element need for well study 

Prognosis and 

Intervention 

(Prescriptive) 

Diagnosis/ 

Validation 

design for diagnostic derivation but the 

construction were not pass the rigor of peer 

review or Delphi process 

- Tool developed by May and Rosedel(30) 

- 10 criteria evaluate the methodological 

standard of the study 

Tool and scoring 

- score as positive, 

negative in each item 

- score as positive, negative in 

each item 

- positive = 1 point, negative = 0 point 

- sum of positive score divided by 10 

(total possible paint) 

- multiply by 100 to yield a percentage 

Quality of CPRs 

Base on of clinician's 

consideration that may be 

based on knowledge of 

evidence based practice or 

specific patient 

~ 60 % high-quality 

< 60 % low -quality 



4. Evidence supported level of clinical prediction rules in Treatment- Based 

Classification system 
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Data from research has shown that the levels of CPRs in each subgroup of treatment 

were different.(30,74) Manipulation subgroup was mostly studied in the validation phase, but 

treatment effect modifiers can identify only three studies(22, 27, 33) during the derivation phase, 

which were found in stabilization(23) and the traction group(32) Research support from the 

traction group was less compared to another group because mechanical traction was not 

supported by clinical practice guidelines.(11) 

Evidence has the aim and study design related to prescriptive CPRs and the results 

illustrated the characteristics of patient response to the subgroup of treatment in TBC, which 

are shown in Table 4. 

Table 4 shows that the characteristics of patients who fit with the specific exercise 

group in TBC are still not supported by research related to prescriptive CPRs, 

The principle of specific-exercise treatment is based on McKenzie's theory or 

mechanical diagnosis and treatment classification. Therefore, the characteristics of patients 

in the specific-exercise subgroup are based on expert opinions and existing evidence in 

early development. Today, only CEN and DP are characteristic of patients who will improve 

with specific exercise in the TBC algorithm,(25) 



TABLE 4 EVIDENCE SUPPORTED LEVEL OF CLINICAL PREDICTION RULES IN SUBGROUP TREATMENT BASED ON TREATMENT BASED 

CLASSIFICATION 

Treatment Stage & level Research Clinical prediction rules Results Quality of CPRs 

subgroup of CPR study (year) 

Manipulation Derivation Frizt et al - Decrease average total hip rotation ROM Odds Ratio (95% CI) 61 % (high-quality) 

(Failure) Level IV 2004(75) - Longer duration of symptoms 0.95 (0.90-1.00) 

- Not having low back pain only 1.03 (1.01-1.06) 

- Negative Gaenslen's test 0.14 (0.01-1.46) 

- Absent of lumbar hypomobility (spring test) 0.11 (0.02-0.68) 

- Decrease hip medial rotation ROM 0.09 (0.01-0.84) 

discrepancy between sides 0.68 (0.51-0.90) 

Manipulation Validation Childs et al - Pain does not travel below the knee Four or more 50% (low-quality) 

(success) Level II 2004(22) - Onset s 16 days ago predictive variables 

- Lumbar hypomobility present 

- Either hip has >35 degrees of internal + LR 24.4 

rotation (95% CI 4.6-139.4) 

- Fear Avoidance Belief Questionnaire -

Work subscale < 19 

I\.) 
(J1 



TABLE 4 (continued) 

Treatment Stage & Research study Clinical prediction rules Results Quality of CPRs 

subgroup level (year) 

of CPR 

Stabilization Derivation Hicks et al - SLR > 91 degrees Three or more 72% (high-quality) 

(success) Level IV 2005(76) - < 40 years old predictive variables 

- Aberrant motion present with forward present 

bending + LR 4.0 

- Positive prone instability test (95% CI 1.6-10.0) 

Stabilization Derivation Hicks et al - Fear Avoidance Belief Questionnaire - Three or more 67% (high-quality) 

(failure) Level IV 2005(76) Physical activity < 8 predictive variables 

- Aberrant motion absent present 

- No hypermobility during posterior to anterior + LR 0.2 

spring testing (95% CI 0.2-0.4) 

- Negative prone instability test 



TABLE 4 (continued) 

Treatment Stage & Research study Clinical prediction rules Results Quality of CPRs 

subgroup level (year) 

of CPR 

Traction Derivation Cai et al - Fear Avoidance Belief Questionnaire - Work All four predictive 72% (high-quality) 

(supine) Level IV 2009(32) subscale < 21 variables present 

- No neurological deficits + LR 9.4 

- > 30 years old (95% CI 3.1-28.0) 

- Non manual work job status 

Traction (prone) Derivation Frizt et al - Peripheralization with repeated lumbar Either predictor 61 % (high-quality) 

(patient with Level IV 2007(77) extension variable present 84% 

sign of nerve - Positive crossed SLR recovery from 

root traction, only 45% 

compression) recovery without 

traction 
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Based on McKenzie's theory, data from physical examination can divide the patient 

symptoms into 3 groups including postural, dysfunction, and derangement syndrome(38) 

Most LBP patients have derangement characteristics.(38. 78) Centralization is characteristically 

used for detecting patients in the derangement group. Therefore, specific exercise in TBC 

may provide the clinical characteristics of only the derangement subgroup. 

From the data mentioned above, some studies show a problem with the TBC 

algorithm when used to classify LBP patients. Some patients have characteristics that 

cannot put them in only one specific treatment, especially between specific exercise and 

. I t' b (25 36) manlpu a Ion su groups. . 

Stanton et al (2001) (25) investigated the prevalence of patients with LBP who meet 

criteria following the comprehensive algorithm of TBC. The results showed that 25% of 250 

patients met the criteria of more than one group. A combination between manipulation and 

specific exercise was mostly found. This study may support previous study illustrating that 

patients who have the characteristics of CPRs for manipulation were improved by treatment 

with flexion exercise.(37) 

Stanton et al (2013)(36) found that people with unclear classifications had 

characteristics supported by univariate statistics different from people with clear 

classifications. Unclear characteristics included older age, longer duration of LBP, previous 

episode of LBP, less fear-avoidance beliefs related to both work and physical activity, and 

less LBP-related disability than people with clear classifications. 

The research suggested that factors from the results should be tested for the ability 

to discriminate characteristics of patients between treatment groups and modify the 

algorithm for further study. In addition, data from Table 4 shows that each treatment group 

has a different level of clinical prediction to support the characteristics of patients, except 

the specific-exercise group. Therefore, the development of a clinical prediction rule for the 

specific-exercise subgroup would be an interesting study topic. 
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5. Specific direction exercise 

5.1 Specific direction exercise and Mechanical diagnosis and treatment 

Treatment of LBP with specific exercise is based on Mechanical Diagnosis and 

Treatment (MDT) or McKenzies' theory. Understanding of the theory is useful for selection of 

the potential characteristics for patients who respond to specific direction exercise in the 

hypothesis-setting phase. All clinical characteristics found in patients were reviewed from 2 

aspects, firstly from expert experience (Mckenzie and May 2003)(38) and secondly from 

existing evidence. 

Treatment with specific direction exercise is based on history and symptom 

response to loading strategy for mechanical evaluation. Load strategy assessed from 

postural correction, sustained posture or repeated movement test. Characteristics of load 

strategy response from physical examination were indicated the potential of patient to 

response to mechcanical treatment. Load strategy response to mechanical problem divided 

the patient symptoms into 3 groups including postural, dysfunction, and derangement 

synd rome (38) 

Postural syndrome 

Abnormal mechanic from prolonged static loading of normal soft tissues until the 

mechanical stress triggers discomfort can cause pain in postural syndrome. The treatment 

principle in this syndrome were education for good posture and change the poor postural 

habit. 

Dysfunction syndrome 

The clinical characteristic of dysfunction syndrome included of limitation of mobility 

or function of soft tissues from structural impairment. Mechanical loading or stretching tissue 

in normal mechanical end range loading on structurally impaired tissue resulted from 

trauma, poor postural habit, degenerative processes or derangement will cause the pain. 

Therefore, position or movement in the direction to remodel of tissue was a treatment 

principle in dysfunction syndrome. 
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Derangement syndrome 

Derangement syndrome is the most patterns found in LBP patients. Pain and 

limitation of movement can occur by abnormal mechanical which disturbed in the normal 

resting position of structure such as intervertebral disc and joint surface. Movement 

direction which can reposition of abnormal structure will solve the problem in this syndrome. 

McKenzie and May (2003)(38) concluded that symptomatic and mechanical 

presentations identify mechanical syndromes, as shown in Table 5. 

5.2 The efficacy of specific direction exercise 

There were several studies reported the efficacy of mechanical diagnosis and 

treatment or MeKenzie' theory. 

A systematic review of randomised clinical trials (RCT) for investigated the efficacy 

of McKenzie therapy in the treatment of spinal pain from 1991 to September 2003 reported 

by Clare el at in 2004.(79) The resules from sixs studies related nonspecific low back pain or 

neck pain with or without radiation to extremities were included. The results of five studies 

related back pain showed that pain (VAS) and disabilityscore from Roland Morris Disability 

Questionnaire (RMOQ) and Oswestry Disability Questionnaire (ODQ) in group treated by 

McKenzie therapy were significant decrease more than other comparison treatment in short 

duration of treatment (less than 3 months). The comparison of treatment include medicine, 

chiropractic, education booklet, general back massage, back care advice, hip and trunk 

strengthening exercise and passive mobilization. 

In 2006, data from meta-analysis by Machado et al (80) reported the efficacy of 

McKenzie method in acute, sub acute and chronic low back pain with or without radiation. 

The results of meta-analysis from 11 RCT studies published in 1990 to August 2003, two 

studies(81.82) showed that McKenzie method can significantly improved mean of disability 

score (RMDQ) after 1 week of treatment, especially in acute group when compared with 

passive treatment with included chiropractice, educationa booklet, ice packs, massage. 

The results supported the efficacy of 1 week of McKenzie treatment in acute low back pain. 
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TABLE 5 CHARACTERISTIC SYMPTOMATIC AND MECHANICAL PRESENTATIONS OF 

THE MECHANICAL SYNDROMES 

Symtomatic Postural Dysfunction Adherent Derangement 

and mechanical features syndrome syndrome nerve root syndrome 

Symptoms (+) + and / or + 

Back + + (+) (+) 

Pain to knee N (+) + and (+) 

Pain to calf N N / or + (+ ) 

Pain to calf and neuro N N (+) (+ ) 

Constant N N N (+ ) 

Intermittent + + + (+ ) 

Centralization/ Peripheralisation N N N (+) 

Pain during movement N N N (+) 

End-range pain N + + (+) 

Sustain loading produce pain + (+) + (+) 

Inconsistent pain response to N N N (+) 

loading 

Painful are, no movement loss N N N (+) 

Mechanical features 

Movement loss N + + + 

Acute deformity N N N (+) 

Postural deviations N N N (+ ) 

Deviation on movement N N (+) (+) 

Problems with curve reversal N N N (+ ) 

Key: + = must be present, (+) = may be present, N = never present 

From: McKenzie R. (2003). The lumbar spine mechanical diagnosis and therapy. P.?? 
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Recently, systematic review recruited the 6 RCT studies reported from 2004 to 

March 2014(83) for comparison the McKenzie treatment with other treatments. Six 

comparisons of treatments can divide into 2 groups. There were match and unmatch 

treatments. Five studies in match treatment selected the strengthening, back school, keep 

active, manual therapy and manipulation to compare the outcome with the McKenzie 

treatment. One study used exercise in the direction with unmatches the directional 

preference. 

The outcome of match treatment showed the improve of pain and disability (aDO 

score) in 1 week when compared with strengthening, improve only RMDO score when 

compared with back school and manipulation, improve only pain when compared with keep 

active and take the medicine. Only one study in match treatment not found the significantly 

difference between McKenzie treatment and manual therapy in 3, 6 and 12 months 

followed-up. 

The outcome from unmatch treatment showed that after 2 week of treatment, 

participants in unmatch group had abandoned treatment from worsening or not 

improvement of outcome but the improve outcome detected by RMDO score and VAS were 

significantly improve in participants group who received exercise in the direction with 

matches the directional preference. Most studies supported the improve outcome of 

McKenzie treatment when compared with the other treatments. In addition, match direction 

of treatment based on McKenzie treatment was supported the improve outcome from 

specifc direction selected for individual. 

However, the researcher recommended that the results may limit the enough 

information in step to guide the decision-making to selected treatment of LBP management 

because of the results of the study obtained from the heterogeneous of sample in each 

study. Each study included the difference characteristic of participants such as onset of 

LBP, characteristic response to MDT (CEN or DP) and pain area. Therefore, further study 

aims to validate the McKenzie treatment in specific participants were need. 



5.3 Evidence supported characteristic of patient who improved with specific 

exercise based on mechanical diagnosis and treatment 
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Development of the derivation phase for CPR is started with a hypothesis setting 

phase and continues with a hypothesis testing phase. Therefore, all potential clinical 

characteristics of LBP patients, which can be treated by specific direction exercise, will be 

explored from existing evidence and selected for testing in the hypothesis testing phase. 

Clinical characteristic of low back pain patients who can treat by direction specific 

exercise based on mechanical diagnosis and treatment (MDT) framework or McKenzie's 

theory were explored from previous studies. All evidence that identify all relevant clinical 

predictors or determine a specific clinical characteristic which can predict response to 

direction specific exercise were included. Classification the stage of CPR were reported 

based on study design followed the recommend for CPR development.(61. 69) (Table 6) 

Most studies used the characteristics of CEN and DP for matching with specific 

exercise treatment and evaluating the patient response. CEN is a phenomenon response to 

movement assessment, which can be used for the classification of patients who should do 

specific direction exercise and the prognosiS of LBP management.(41. 84) 

CEN is defined as spinal pain or pain that responds to position or movement testing 

by eliminating or changing the pain location from distal to proximal.(84.85) 

DP can be defined by two characteristics. First, DP can be a posture or movement 

direction during physical examination with production of CEN or decreased pain intensity, 

but no change of pain location.(39.40) Secondly, DP can be an aggravating or mitigating 

factor from the patient's history, which can decrease pain without location change or 

increased range of motion.(24. 57.86) 



TABLE 6 EVIDENCE SUPPORTED CLINICAL CHARACTERISTIC OF LOW BACK PAIN PATIENTS ASSOCIATED WITH SPECIFIC 

DIRECTION EXERCISE 

Stage of CPR! Research Study design! Aim Characteristics of patient! Results 

Level of evidence study (year) Treatment 

Derivation/ Level IV Dellito et al RCT/ classified sign CEN + sacroiliac joint The average of Oswestry questionnaire score 

(treatment effect 1993 (87) & symptom indicate problem/ (mobilization + showed that experimental group 

modifier) treatment of extension exercise) was 11.2% corresponding to a minimal disability 

extension rating (0-20 = minimal disability). The average 

mobilization score of the comparison group was 30%, 

(21-40 = moderate disability) 

Derivation/ Level IV Long et al RCT/ Matching DP/ specific exercise Improvement all outcome showed significant 

(treatment effect 2004 (17) between DP and difference statistic between match group and 

modifier) specific exercise opposite or evidence based care group 

(P values < 0.001) 

Derivation/ Level IV Long et al cross over design/ DP/ specific exercise Improvement all outcome showed significant 

(potential variables) 2004 (40) Unmatched to match difference statistic between unmatched group and 

between DP and match group 

specific exercise (P value < 0.001) 

w 
+:>. 



TABLE 6 (continued) 

Stage of CPR! Research Study design! Aim 

Level of evidence study (year) 

Derivation/ Level IV Long et al Secondary analysis 

(treatment effect 2008(39) from RCT/ 

modifier) Prognosis factor 

Derivation! Werneke Prospective, 

Level IV et al 2011 (42) Longitudinal, 

(potential variables) observational 

cohort! Prevalence 

Characteristics of patient! 

Treatment 

Leg bothersomeness/ 

(McKenzie exercise + 

advice) 

DP/ (McKenzie exercise + 

advice) 

DP and Non-CEN 

No DP and Non -CEN 

Results 

Odds Ratio (95% CI) from multivariate regression 

analysis 

0.543 (0.42-0.71) 

7.794 (2.61-23.28) 

(Reference group) = DP + evidence based advice 

+ generic exercise 

Odds Ratio (95% CI) from multivariate regression 

analysis 

-7.72 (-11.43, -4.01) 

-11.65 (-15.41,-7.89) 

(Reference group) = Directional preference (DP) 

with centralization (CEN) 

(.U 
()l 



TABLE 6 (continued) 

Stage of CPR! 

Level of evidence 

Derivation/ 

Level IV 

(treatment effect 

modifier) 

Derivation/ 

Level IV 

(treatment effect 

modifier) failure 

Research 

study (year) 

Donelson 

et al 201 i 43
) 

Sheet et al 

2012(44) 

Study design! Aim 

Secondary analysis 

from RCT/ differential 

treatment outcome 

Secondary analysis 

RCT/ predict 

response to 

McKenzie method 

Characteristics of patient! 

Treatment 

DP and (pain duration, pain 

location and neurological 

status) 

baseline pain 

pain changes with position 

or movement 

present of leg pain 

constant pain 

pain with worse with flexion 

preference expectation for 

McKenzie method 

Results 

Improvement outcome of patient who treat with DP 

not related pain duration, pain location and 

neurological status 

(acute, sub-acute, chronic: P value < 0.011) 

(radicular pain, axial pain: P value < 0.924) 

6 potential effect modifiers can't predict response 

in acute LBP patient who treat with McKenzie 

method 



From data in Table 6, several studies support CEN and DP to predict improved 

outcome from specific exercise. Because the definitions of CEN and DP are different.(39) 

selection of one or both characteristics in the study will show differences in the 

results. (17,40-42) 
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In addition, other factors besides CEN and DP are still limited. Several symptoms 

and mechanical features in Table 6 have not been studied. Previous studies have shown 

that little research exists concerning pain location, leg pain, constant leg pain, pain duration, 

pain change in position and movement. In addition, some characteristics are still not strong 

enough to predict improvement with specific exercise because the study design can't 

predict the treatment effect modifier. 

5.4 Potential predictor for specific direction exercise 

The objective of this study was to test the potential characteristics of LBP that can 

be treatment effect modifiers for specific exercise based on MDT principles. The results will 

provide the validation phase of CPRs for specific exercise. 

Clinical characteristic of LBP which interested in this study were three characters. 

There were duration onset, area of pain and characteristic of pain (intermittent or constant 

pain). 

Firstly, duration onset of back pain was a characteristic selected because acute 

and sub-acute pain are most probably due to derangement, while other syndromes could 

be the cause of chronic problem.(38) In this study, the definition of acute, sub-acute and 

chronic were defined as LBP occurring in less than 6 weeks, between 6 weeks to 3 months 

and more that 3 months, respectively.(5, 9,10) Therefore, the duration for onset of back pain 

will include all characteristics of participants who can be treated by specific direction 

exercise. 

Secondly, area of pain was a characteristic selected because pain can find only in 

back area with or without associated leg pain. This characteristic can include all type of 

patient who has a problem from postural, dysfunction and derangement syndrome. In 

addition, when the patient report their pain change area varied during the day and activity 

This situation is good predictor for response to mechanical treatment.(38) 
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Thirdly, intermittent or constant pain were selected because they can include 

characteristics of all groups of syndromes that can be treated by specific exercise.(38) 

Intermittent pain is good predictor for response to mechanical treatment like pain area. 

Pain that show during trigger by abnormal mechanics were supported the characteristics of 

mechanical problems 

Because different definitions between CEN and DP were showed a variation in the 

results from previous studies,(17.40-42) therefore, the definition of CEN in this study was a pain 

pattern that changes area from a spread area to a local area on the back or a change in the 

area of pain in a direction from leg to back. The definition of DP was a movement direction 

that can decrease pain, but not similar to CEN. Separating the definitions between CEN and 

DP aims to include patients who have dysfunction syndrome and derangement syndrome.(38) 

A characteristic of CEN was a predictor mostly used for prognosis the outcome improve 

from specific direction exercise and related the characteristics of derangement syndrome. 

Characteristics of CEN related to the diagnosis from MRI, patient who had the characteristic 

of CEN had an intact annulus more than participants who had characteristics of 

peripheralization.(88) However, CEN and DP were characteristics only used for include of 

participants who response to mechanical diagnosis in this study. Therfore, both of them 

were not used in step of define specific predictor for specific direction exercise. 

6. Outcome measurement in low back pain management 

Outcome measurement is a process to evaluate the effectiveness and efficiency of 

treatment in clinical practice. The definitions of outcome success have different meanings 

for stakeholders. The outcomes include pain relief, time to return to work, and cost-efficiency 

as well as patient satisfaction. In PT, change of physical impairment can be described as 

abnormalities of the structure or function used to detect the progress and success of the 

treatment outcome following the ICF framework.(6. 89) 

There are many instruments for detecting the outcome of treatment for LBP. 

Clinicians have to know the factors related to the accuracy of each instrument before use.(90) 
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6.1 Psychometric properties of outcome measurement 

Psychometric properties are factors that represent the quality of each instrument 

outcome. Psychometric properties include reliability, validity and responsiveness.(89,91) 

Reliability is the consistency of measurement when repeating the test in the same 

condition on more than one occasion. Reliability can be divided into characteristics, 

including intra-reliability and inter-reliability. Intra-rater reliability is the repeatability of testing 

when used by 1 rater, while inter-rater reliability is the repeatability of testing when used by 

more than 1 rater. Statistics supporting the reliability of instrument outcome measurement is 

intraclass correlation coefficients (ICCs). ICCs illustrate the range of quality for reliability 

from -1 to 1. 

ICCs of more than O. 75 represent high reliability, while a range of O. 50-0. 75 

represents moderate reliability. Less than 0.5 is representative of low reliability, Validity is 

an indication of support for the concept of measurement.(92) 

Responsiveness is the ability of measurement to detect meaningful change, 

supported statistically or clinically. Minimally important difference (MID) and minimally 

clinically important difference (MCID) are used statistically and clinically to detect 

meaningful change, respectively. MCID is a threshold value or the smallest value used to 

detect a meaningful change, such as satisfaction and improved treatment as reported by 

the patient. Patients will respond to treatment when the amount of change reaches MCID. (93) 

There are four methods for determining responsiveness, including anchor-based method, 

distribution-based method, previous clinical trial experience and determination of MID.(94) 

Anchor-based method has the principle to compare the change in patient-reported 

outcome (PROs) with another measure, called external criterion or anchor. The assessment 

of PROs is the most important outcome for evaluated treatment response, which is 

evaluated by the patient. The advantages of PROs can be viewed in three aspects. First, all 

information such as symptoms and disability are obtained directly from the patient. Second, 

PROs can solve a mismatch between the outcome from clinical measurements and a 

patient's evaluation. Last, bias from interpretation of the outcome between testers is 

eliminated because the information comes from the patient.(93) 
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The anchors can be clinically-based or patient-based. The global assessment rating 

is patient based, whereby each patient can describe themselves as better, unchanged or 

worse, which is a subjective assessment mostly used in studies. The selection of anchor­

based criteria is related to disease indication, clinical acceptance and validity in that the 

anchored have a relationship with the PRO score.(93-95) 

The anchor-based method can define MCID in 4 methods. These include within 

patient change, between-patient change, sensitivity and specificity-based approach, and 

social comparison approach. The advantage of the anchor-based method is the provision of 

clinical importance, but 3 main limitations are also apparent. MCID value is different from 

another method as the definition does not take into account the cost of treatment. Further, 

changes in PRO score depend on the initial baseline status of the patient.(93) 

The distribution-based method expresses the observed change in a standardised 

metric, which can be obtained from the standard error of measurement (SEM), the standard 

deviation ( SO) , the effect size or minimum detectable change ( MDC). The major 

disadvantage of distribution-based methods is that they are purely statistical measures of 

the magnitude of change. Statistical significance doesn't show anything about clinical 

. (91 93) 
Importance. . 

In conclusion, MCID provides an ideal specific threshold to detect the goal of 

treatment. MCID is useful for serving as a benchmark to detect improvement in individual 

patients. The proportion of patients that reach MCID, as opposed to average change in a 

group of patients, can show the success rate of treatment.(93) 

6.2 Domain outcome measurement of low back pain 

The corset of outcome measure in LBP includes five domains including pain, back specific 

function, generic functional status, work disability, and patient satisfaction with care or 

treatment outcome.(96) 

The corset of outcome measure related to the outcome determined in the study has 

the objective to develop the CPRs. The development of a prescriptive clinical prediction rule 

needs the outcome assessment to support the quality of the methodology in the studies. At 

least one of the following outcomes from standardised questionnaires or quantitative 



measurement will be used in the study, including pain, general improvement, functional 

status, general health status or loss of work day.(72) 
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From previous studies, pain and functional status were the most used for outcome 

measurement in LBP.(17. 22. 32.77) 

Pain 

Patients typically seek care due to pain. Therefore careful assessment of pain at 

baseline and during treatment is needed. Pain can be evaluated in two dimensions, 

including pain intensity and pain effect. Pain intensity assesses the amount of pain, while 

pain effect assesses the influence of pain.(97) The two tools most commonly used to assess 

pain intensity are the visual analogue scale (VAS) and numerical rating scale (NRs).(91. 97) 

Visual analogue scale (VAS) 

The visual analogue scale consists of a line, usually 100-mm long, with ends labelled 

as the extremes of pain. Specific points along this line might be labelled with the level of 

intensity or numbers. Patients are asked to point along the line to the place that best 

represents their pain intensity. Distance from the no-pain end to the marked point will 

provide the patient's pain intensity score. 

Numerical rating scales (NRS) 

The numerical rating scale consists of numeric pain on a scale from 0 to 10 (11-point 

scale), 0 or 0 to 100 (1 01-point scale), with 0 representing no pain at one end of the pain 

intensity continuum and 10 or 100 representing extreme pain intensity. The 11-point scale is 

most frequently used in LBP studies. Patients are asked to select a score to represent their 

pain intensity. NRS is easy to use and can also be administered over the phone. 

Generic and specific functional status 

Today, the term 'health-related quality of life' (HROL) is often used in clinical practice 

and literature (98). HRQL comprises instrument measures including the physical, 

psychological, emotional and social domain. A questionnaire assesses the typical 

characteristics of HROL, in which each patient can report on the activity that they can do. 
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Even if a limitation of HRQL is the subjectivity of data from patients, the research is extensive 

enough to study the validity and reliability of this instrument. 

The HRQL instrument can classify generic and specific data depending on the 

population condition. The generic instrument can be used for a variety of patient conditions, 

while the specific instrument can only be used for specific conditions. Even if the generic 

instrument can be used to compare between studies, the specific instrument will include the 

specific component related to the condition, which is better than the generic instrument. 

Examples of generic HRQL instruments used in LBP are SF-36 and SF-12, which 

have eight domains, including general health, physical function, role function, bodily pain, 

mental health, emotional functioning, vitality and social functioning. 

The specific HRQL questionnaires typically used for LBP patients are the Roland-

Morris Questionnaire (RMQ) and Oswestry LBP Disability Questionnaire. Such 

questionnaires show the validity, reliability and sensitivity to detect change (98). 

A clinical guideline practice recommended by The American Physical Therapy 

Association (APTA) supported that both questionnaires can be used to evaluate patient 

status related to pain, function and disability, throughout the process of LBP treatment.(11) 

Roland-Morris Questionnaire (RMQ) 

The RDQ measures 24 activity limitations due to back pain. The items in the RMDQ 

consist of a yes-no response format and a score ranging from 0 (no disability) to 24 

(maximum disability). 

The Thai version of RMQ was developed by Jirarattanaphochai et al in 2005.(99) One 

hundred and twenty patients with a variety of characteristics for LBP, with or without 

radiculopathy, were included in the study. The characteristics of LBP included acute back 

pain, muscle sprain, herniated nucleus pulposus, spondylitis, chronic back pain, spinal 

stenosis, spondylosis, and spondylolisthesis. 

The Thai version of RMQ shows the reliability for evaluating the functional disability 

of LBP patients. In this study, the Cronbach's alpha coefficient for all 24 items was 0.83. 

Each question has a Cronbach's alpha coefficient ranging between O. 71-0. 93. Various 
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conditions of LBP described above illustrate the differences in Cronbach's alpha 

coefficients for each condition.(99) 

Oswestry Low Back Pain Disability Questionnaire (ODQ) 

Oswestry Lower Back Pain Disability Ouestionnaire (OOQ) is a disease specific self­

reporting instrument of outcome measures that show reliability, validity and responsiveness 

in low back pain patients.(100) 000 evaluates functional ability by providing ten items of pain 

intensity related to activity in daily living. The ten items include pain, personal care, and 

lifting, as well as walking, sitting, standing, sleeping, social life, travelling and sex life. 

Because the item of sex life was a problem in Eastern society, removing the item of sex life 

and replacing it with an item concerning employment and housework was developed in the 

latest modified 000. 

Each item has six conditions, by which patients can describe their disability from 0-5 

points. Therefore, the maximum score of 000 is 50 points. The total score is shown as a 

percentage, with 0% representing no disability and 100% representing total disability.(89) 

The range of the 000 score represents the level of disability, with 0-20 being 

minimal disability, 21-40 being moderate disability, 41-60 being severe disability, 61-80 

being crippled disability and 81-100 being bed bound or symptom magnifier.(101) 

The Thai version of Modified 000 was developed by Sakulsriprasert et al in 

2006.(102) Reliability was tested in twenty acute LBP patients aged 40. 3±11. 6 years and 

twenty chronic LBP patients aged 39.9 ± 9.9 years. The test - retest reliability of the total 

score and each item separated by 20-30 minute intervals showed high reliability in both 

groups of patients. Intra-class correlation coefficient of the total score was 0 .98; values of 

test-retest reliability for each item ranged from 0.80-1.00. 

RMO and 000 are easy to use, reliable and valid. ROO is mostly used to measure 

function, while 000 measures pain accompanied with physical function, which can interpret 

the effects of pain in daily activities. There is no consistent evidence supporting one 

measure over the other. Selection between two instruments will be based on setting and 

population.(96) 

The responsiveness of pain and specific functional status are shown in Table 7. 



TABLE 7 RESPONSIVENESS OF PAIN AND SPECIFIC FUNCTIONAL STATUS 

Outcome domain/Measure 

1. Pain 

Visual analogue scale 

(VAS) 0-100(91) 

Visual analogue scale 

(VAS) 0_100<103) 

Visual analogue scale 

(VAS) 0_100(103) 

Numerical rating scales 

(NRS) 0_10<91) 

Numerical rating scales 

(NRS) 0-10 (104) 

Type of improvement 

Mimimally clinically 

important change (MCIC) 

Minimally important 

change (MIC) 

Method 

Distribution-based methods 

Previous clinical trial experience 

and determining the MID by expert 

Percent improvement from Literature review, expert panel 

baseline 

Mimimally clinically Anchor-based methods 

important change (MCIC) (sensitivity and specificity-based 

approach) 

Minimum clinically 

important difference 

(MCID) 

Anchor-based methods 

(sensitivity and specificity-based 

approach) 

Responsiveness 

> 20 mm for chronic LBP 

> 35 mm for acute LBP 

15.0- 20.0 points 

30% improvement from baseline 

> 2.5 points for chronic LBP 

> 3.5 points for acute LBP 

2.2 points for 1 week follow up in acute 

and sub-acute phase 

1.5 points for 4 week follow up in acute 

and sub-acute phase 



TABLE 7 (continued) 

Outcome domain/Measure Type of improvement Method Responsiveness 

Numerical rating scales Minimally important Previous clinical trial experience 1.0 -2.0 points 

(NRS)0_10(103) change (MIC) and determining the MID by expert 

Numerical rating scales Percent improvement from Literature review, expert panel 30% improvement from baseline 

(NRS)0-10'103) baseline 

2. Specific functional 

status 

Oswestry disability index Minimally clinically Anchor-based methods >10 points for all type LBP 
(001)(91) 

important change (MCIC) (sensitivity and specificity-based 

approach) 

Oswestry disability index Percent improvement from Literature review, expert panel 30% improvement from baseline 

(001)(103) baseline 

Modified Oswestry Low Percent improvement from Anchor-based methods 50% improvement from baseline 

Back Pain Disability baseline (sensitivity and specificity-based 

Q f . (105) ues lonnalre approach) 



TABLE 7 (continued) 

Outcome domain/Measure Type of improvement Method Responsiveness 

Modified Oswestry Low Minimal important Distribution-based method (Effect size) 16.20% improvement for acute 

Back Pain Disability difference (MID) nonspecific LBP (~6 weeks) who has 

Questionnaire (Thai pain at back only and treat by physical 

version 001)(106) therapy for 6 weeks 

Oswestry disability index Minimally important Previous clinical trial experience 10.0-12.0 points 

(001)(103) change (MIC) and determining the MID by expert 

Roland-Morris disability Minimally Clinically Anchor-based methods > 3.5 points for all type LBP 

questionnaire (RDQ)(91) important change (MCIC) (sensitivity and specificity-based 

approach) 

Roland-Morris disability Minimally important Previous clinical trial experience 3.0-6.0 points 

questionnaire (RDQ) (103) change (MIC) and determining the MID by expert 

Roland-Morris disability Percent improvement from Literature review, expert panel 30% improvement from baseline 

questionnaire (RDQ) (103) baseline 
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6.3 Factors effect on pain and disability outcome in low back pain 

Moderate-quality evidence supports self-management as effective for improving 

pain and disability in NSLBP.(107) A therapeutic exercise is one intervention recommended 

for all phases of LBP, which patients can manage by themselves.(108) Many factors can affect 

individual pain and disability outcomes, such as biobehavioural factors, psychosocial 

factorsand adherence with treatment. 

Biobehavioural factors include psychophysical, environment and psychophysiology 

process, which can decrease or increase pathology, functional impairment, pain and 

disability. Concerning the above factors, they will help the physical therapist to identify 

patients who are at risk for delayed functional recovery.(109) 

Fear-avoidance belief is one of the psychosocial factors that can affect pain and 

disability in both acute and chronic phases of LBP.(110, 111) Fear-Avoidance Beliefs 

Questionnaire (FABQ) has 16 items that are divided into 2 subscales, namely physical 

activity subscale and work subscale. Each item has a score from 0 to 6. The score range for 

the physical activity subscale and work subscale are 0-24 and 0-42, respectively. A higher 

score indicates increased levels of fear-avoidance beliefs in each subscale. High fear­

avoidance beliefs are a maladaptive emotional response that can influence a patient to 

avoid certain behaviours because of excessive fear of pain.(112) 

The Thai version of FABQ was developed by Praneet et al.(109, 113) Reliability was 

tested in twenty LBP. The test - retest reliability of each subscale separated by 24 hours 

intervals showed high reliability in both subscale. Intra-class correlation coefficient of the 

physical activity subscale was 0 .85; value of test-retest reliability for work subscale was 

0.96. 

One factor related to the success of an outcome is the adherence of the patient to 

treatment. The definition of adherence is active and voluntary involvement in the planning 

and implementation of treatment.(114, 115) Adherence can be evaluated by several methods 

and reports the average of multidimensional index (MAl). Adherence can be measured from 

clinical-based and home-based perspectives. Clinical-based adherence can be reported by 

the percentage of attendance at treatment sessions, with the therapist documenting their 
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impression of the patient's adherence in each treatment session. Home-based adherence is 

illustrated by percentage of adherence to daily home exercise.(115) 

Many factors can affect individual adherence to treatment, including th,e patient's 

characteristics, disease or injury variables, treatment variables and patient- therapist 

interaction. These factors are useful for therapists in identifying the reasons for poor 

adherence and providing appropriate strategies to solve the problems.(116) 

From the data above, integrating the assessment of these factors into the process 

of treatment will help the PT in clinical decision making to improve the target treatment for 

individual patients.(112) 



CHAPTER III 

Material and method 

The purpose of this study is to develop a clinical prediction rule (CPR) for classifying 

the clinical characteristics of low back pain (LBP), which improve with specific direction 

exercise. Research methodology was divided into 2 phases following the objectives. 

Phase 1 Validation phase for the development of CPR for specific direction exercise 

1.1 Define potential predictor from previous study (Table 6) 

1.2 Comparison of treatment outcome between specific direction exercise and 

standard treatment in 4 weeks. Participants who has the the characteristic of potential 

predictor were included. 

1.3 Define the specific clinical predictor for specific direction exercise by related 

between potential predictor and improve outcome treatment. 

Phase 2 Narrow validation phase for the development of CPR for 

specific direction exercise 

Validation of the specific clinical predictors from phase 1 was approved by 

repeatability of application specific direction exercise in the same methodology. 

Phase 1 Validation phase for the development of CPR for specific direction 

exercise 

1.1 Define the potential predictor from previous study. Three potential predictors 

were selected for validation phase for the development of CPR for specific direction 

exercise. There were current episode duration, pain area and characteristics of pain. 

1.2 Comparison of treatment outcome between specific direction exercise and 

standard treatment in 4 weeks. Participants who has the characteristic of potential predictor 

were included. 



Research design: Parallel randomized controlled trial (2 arms) with evaluated at 

baseline and 4 weeks after treatment. 

Variables 
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Potential predictors: current episode duration, pain area and characteristic of 

pain 

Intervention 

Dependent variable: 

Research setting 

experiment group: specific direction exercise 

control group: standard physical therapy treatment 

pain intensity: Numeric pain scale (NPS: score 0-10), 

disability of low back pain (Thai modified oswestry 

disability questionnaire (Thai 000: score 0-100) 

This study was conducted in multiple centres of outpatient physical therapy 

department of government hospitals in Thailand between June 2015 and May 2017. Two 

settings were a physical therapy department in Lerdsin General Hospital and Nakhonnayok 

Hospital, Another setting was a physical therapy clinic in the Faculty of Health Science of 

Srinakharinwirot University. 

Ethical approve 

The study was approved by the Human Research Ethics committees of Lerdsin 

General Hospital, Nakhon Nayok Hospital, and the Faculty of Health Science at 

Srinakharinwirot University, and was prospectively registered with the Thai Clinical Trials 

Registry (TCTR201506001). (Appendix A) 

Participants 

Inclusion criteria 

- Thai male or female, age between 18 to 65 years. 

- Has LBP with or without associated leg pain. 

- The pain characteristics can be intermittent or constant. 



- Has a characteristic of centralization (CEN) or directional preference (DP) 

to confirm the clinical characteristic response to mechanical diagnosis and 

treatment (MDT). Definitions of CEN and DP are shown in Table 8 

Exclusion criteria 
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- Has the characteristics of specific LBP (red flag): spinal fracture, cancer, infection, 

inflammatory disorder, and cauda equine syndrome.(117) 

- Has osteoporosis confirmed by a doctor or has a moderate risk of osteoporosis 

. ., (118 119) 
detected by questionnaire. . 

- Has a history of operative treatment related to the lumbar spine and buttock. 

- Has a secondary back pain problem such as kidney disease or pregnancy. 

- Has structural scoliosis. 

- Has a cardio-respiratory illness or uncontrolled hypertension, which can limit the 

steps of physical examination or treatment through dizziness or dyspnea. 

- Has severe pain which can limit movement during physical examination. 

Research tools 

- A data collection form was used for collecting data of clinical characteristics 

and details of treatment in the experimental and control groups. 

(Appendix B and C) 

- A body diagram was used to identify the pain area.(120) 

- A numeric rating scale 0-10 (NRS) was used to evaluate the pain intensity. 

- A Thai version of the Fear- Avoidance Beliefs Questionnaire (Thai FABQ) was 

used to detect the level of fear of pain and beliefs about the need to change 

behaviour to avoid pain.(113) (Appendix B and C) 

- A Thai version of the Modified Oswestry Low Back Pain Disability Questionnaire 

(Thai ODQ) (Appendix B and C) allowed by the Journal of the Medical 

Association of Thailand was used to detect the disability of LBP.(102) 

(Appendix D) 
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- A log book was used to detect the participants' compliance with treatment in 

the specific direction exercise group. 

Therapist 

Nine licensed physical therapists who have clinical experience of at least 3 years 

participated in this study. The principal investigator who had experience of 7 years was the 

only one of the physical therapists who managed treatment in the specific direction exercise 

group. Eight physical therapists with experience from 7-25 years (Mean 13.25, SD 7.34) 

instructed the treatment in the standard treatment group. All therapists were trained to use 

the outcome measurement and understand the process of the study before data collection. 

Sample size for Phase 1 

Validation phase for the development of CPR for specific direction exercise 

This phase determined the outcome of treatment in continuous data. 

The change of disability score compared between the two treatment groups at 4th weeks 

was used to calculate the sample size using the following equation.(121) 

( 
Z1 - a + Z1 - f3 J2 2 

n=2x xS 
6

0 

Previbus studies reported the standard deviation of disability scores at the baseline 

in matched treatment was 11. 2 (80) . The pooled standard deviations of matched and 

unmatched treatment when detected the outcome improved at 20-33% from baseline was 

16.0 (S2) .(14) At 95% confidence and power 80% sample size was calculated. Twenty-five 

participants per group were needed when setting the hypothesis for non inferiority design. 

In total, 50 participants were used in this study. 
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Procedure 

Eligible participants were enrolled by persons who were involved in the investigation 

of the two treatment groups. The principal investigator (OK) informed all eligible participants 

about the study procedure and evaluated the inclusion criteria by considering patient history 

and physical examination. 

History assessment ruled out the red flags and collected data on age, sex, 

comorbidity disease, work status, and characteristics of LBP. LBP characteristics covered 

duration of the current episode, location of symptoms, and characteristics of pain. Then, 

participants underwent a standardized examination which followed the original method 

reported by McKenzie and May in 2003 by the principal investigator (OK.(38) Repeated 

movement tests and sustained posture tests evaluated the characteristics of the pain 

patterns in each participant. To confirm the clinical characteristics of MDT response, 

participants must have either a characteristic of CEN or DP.(120) Any participant without 

characteristics of CEN or DP was excluded. Details of LBP characteristics and the 

standardized examination were shown in Table 8 and Table 9 



TABLE 8 CLINICAL CHARACTERISTIC OF LOW BACK PAIN IN THE STEP OF HISTORY 

TAKING AND PHYSICAL EXAMINATION 

History taking 

ACurrent episode duration 

Physical examination 

Bpain area 

1 area (back or leg) 

2 areas (back and leg) 

cPain characteristic 

Variables 

Intermittent pain only 

Intermittent and constant 

Pain pattern response to MDT 

1.1 Centralization (CEN) 

CEN defines as the spinal pain or refers pains which 

response to position or movement test by abolishing or change 

the pain location from distal to proximal 

1.2 Directional preference (DP) 

DP defines as movement direction which can decrease 

pain or increase range of motion without the location change 

ABC = Potential predictor 

Characteristics 

< 6 weeks 

~ 6 weeks 

yes or no 

yes or no 

yes or no 

yes or no 

yes or no 

yes or no 
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TABLE 9 CLINICAL CHARACTERISTIC OF LOW BACK PAIN EVALUATES FOLLOWED 

A STANDARDIZED EXAMINATION 

Test 

1. Active single movement test 

2. Active repeated movement test 

(10-15 times) 

3. Static or sustained posture test 

(5 minutes) 

Random Allocation 

Trunk flexion 

Extension 

Movement/position 

Lateral flexion to the left and the right 

Trunk flexion in standing and lying 

Trunk extension in standing and lying 

Side glide to left and right in standing 

Sitting slouch, Long sitting, Sitting erect, 

Standing slouch, Standing erect, 

Lying prone in extension 

All patients who met the inclusion criteria were randomized to receive treatment. 
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To ensure equal-sized groups in both treatments, systematic randomization was applied 

using a sequentially numbered randomized list before the start of the study. Participants 

who had an odd number 10 were allocated to the specific exercise group while participants 

who had an even number 10 received the standard physical therapy treatment. 

To blind participants to the treatment allocation, none of them knew their group 

identities. All participants were informed that all treatments which were used in the study 

were standard physical therapy treatments and safe for them. 

Baseline outcome assessment 

The participants signed an informed consent form (Appendix E and F) and then 

eligible participants completed all self-reporting instruments: 1) diagram of pain area in the 

body; 2) pain intensity by NPS (0-10); 3) disability of LBP by Thai version of the Modified 

Oswestry Low Back Pain Disability Ouestionnaire (Thai 000), and 4) level of fear of pain 

and beliefs about the need to change behaviour to avoid pain in individuals with LBP by 
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physical activity subscale (FABQPA) and work subscale (FABQW) of the Thai version of the 

Fear-Avoidance Believe Questionnaire (Thai FABQ) at the baseline.(113} Participants were 

referred to their different groups to begin treatment after the baseline examination. 

Intervention 

Specific direction exercise group 

Instruction for exercise and supervision of all participants was provided by the 

principal investigator ( OK). The specific direction exercise was based on individual 

response to repeated trunk movement or sustained position at the baseline examination. 

Direction of movement or trunk posture which showed characteristics of CEN or DP was 

used as the specific direction exercise in each participant. Each participant received 

instruction of specific direction exercise and postural education. The intensity of exercise 

was set at repeating 10 times/ set and 5 sets/ day following the MDT principle. A trunk 

movement test was used for reassessment and progress of the treatment twice per week for 

4 weeks. Progression was based on the MDT principle and individual symptom response to 

exercise. A participant who improved their symptoms progressed in exercise by forced 

progression or forced alternative. Specific direction exercise and steps of exercise 

progression are illustrated in Table 10.(38} 

A participant who improved their symptoms, but with limited progress of treatment 

were received the same exercises. Examples for the detail of the specific direction exercise 

methods (extension principle) are shown in Appendix G. 

The log book was used to record the number of exercise sessions per day for each 

participant to detect compliance with treatment. Compliance was calculated by the 

percentage of exercise intensity which each participant followed throughout the duration of 

treatment. 



TABLE 10 SPECIFIC DIRECTION EXERCISE AND STEP OF EXERCISE PROGRESSION 

Mechanical diagnosis and treatment 

Specific direction of treatment 

Force progression 

Force alternatives 

Principle 

Extension principle forces 

Extension principle with lateral component 

Lateral principle forces 

Flexion principle forces 

Flexion principle with lateral component 

Static patient-generate forces 

- positioning in mid-range 

- positioning at end-range 

Dynamic patient-generate forces 

- patient motion in mid-range 

- patient motion to end-range 

- patient motion to end-range 

with patient over pressure 

- load or unload starting position 

- direction of load strategy 

(one plane of movement or combination) 

- sustain positioning or repeat movement 

From: McKenzie R. (2003). The lumbar spine mechanical diagnosis and therapy. P.448 

Standard physical therapy treatment group 
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After randomization, each participant passed the step of history evaluation and 

physical examination by one of the eight therapists who gave instruction though 4 weeks of 

treatment. The therapist could select the standard physical therapy treatment (Appendix G) 

and determine the exercise dosage for individual patients. Reassessment and progress of 

treatment was repeated twice per week for 4 weeks. Progress of treatment was based on 

symptom response and the physical therapist's judgment. 
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Treatment was based on the randomized group assignment until 4 weeks. The 

duration for each session in both groups ranged between 45 minutes - 1 hour. Both groups 

of participants followed the home exercise program, under the instruction of a 

physiotherapist responsible for each group. The principle of self-treatment was 

recommended in both groups. Only participants in the specific direction exercise group 

were recorded in a logbook to confirm the compliance with treatment. 

The log book was used to record the number of exercise sessions per day to detect 

compliance and motivated a participant to participate in their self-treatment which a heart of 

MDT principle. Compliance was calculated by percentage of exercise intensity which each 

participant can do though the treatment duration. 

Outcome measurement 

Outcomes included NPS (0-10) and Thai modified 000 (0-100). All participants 

reported outcomes at the baseline and after 4 weeks of treatment by themselves. Self­

reported outcome was the method selected to decrease bias from participants whose 

expected outcome may distort the outcome. Method of self-reported was defined from 

principle researcher for all participants before data collection. 

The improve of outcome at 4th week determined by decrease of NPS at least 2 

points(103)and decreased of Thai 000 at least 20% from baseline followed the previous 

study which selected in step of sample size calculation in phase 1 

1.3 Define the specific clinical predictor for specific direction exercise by related 

between potential predictor and improve outcome treatment. 

The specific clinical predictor was define by the results of statistic analysis 



Statistical analysis of phase 1 

1. Comparison of treatment outcome between specific direction exercise 

and standard treatment in 4 weeks in the participants who has the characteristic of 

potential predictor. 
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All baseline variables were compared between groups using independent t tests, 

Wilcoxon sign rank test, Mann-Whitney test or Chi-square tests of independence based on 

the type of data before analysis of the impact of treatment. Comparison of pain (NPS) and 

disability (Thai OOQ score) outcomes between specific direction exercise and standard 

treatment at 4th weeks were analyzed by using the Wilcoxon sign rank test and independent 

t tests. 

The impact of treatment was analyzed by the proportion of the participants who had 

improved outcomes between specific direction exercise and standard treatment at 4th 

weeks. Improvement of outcome was determined by a reduction of numeric pain scores of 

at least 2 points and 20, 30 and 40 percent improvement of Thai 000 scores from the 

baseline followed to the previouse study who detect the improve outcome at 20%-33% from 

baseline.(14) Increasing the percentage improvement represented a higher sensitivity of 

outcome improvement. The results were reported by Chi-square test, relative risk and 95% 

confidence interval. 

2. Define the specific clinical predictor for specific direction exercise by 

related between potential predictor and improve outcome treatment. 

Define the specific clinical predictor for improve outcome from specific direction 

exercise were analyse after step of comparison of treatment between specific direction 

exercise and standard treatment in 4 weeks. 

The univariate statistical tests was conducted by Biomial logistic regression 

analysis was used to detect the specific clinical predictor of improved of NPS by at least 2 

points and improved their Thai 000 score at 20% ,30% and 40% from the baseline 

between participants who improve and not improve outcome in 4 weeks 



2. Phase 2 Narrow validation phase for the development of CPR for 

specific direction exercise 

Validation of the specific clinical predictors from phase 1 was approved by 

repeatability of application specific direction exercise in the same methodology of phase 1 
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Step of comparison of treatment outcome between specific direction exercise and 

standard treatment in 4 weeks and define specific clinical predictor for specific direction 

exercise by related between potential predictor and improve outcome treatment were repeat 

again. 

Sample size for phase 2 

In the narrow validation phase, the improved outcome was detected in categorical 

data. Participants who improved or did not improve in their disability outcome of specific 

direction exercise and standard treatment at 4 weeks were determined. The sample size 

was calculated using the following equation.(122) 

Because the improvement rate between specific direction exercise and standard 

treatment was not reported from previous studies, the researcher expected an improved 

disability outcome rate from specific direction exercise of at least 1.5 times when compared 

with standard treatment for which an improved outcome rate in 50% of participants was 

expected. The improved disability outcome rates in the specific direction exercise group 

and standard treatment group were 80% (1t1 = 0.8), and 50% (1t2 = 0.50) respectively. 

Sample size calculation when setting the hypothesis two-tailed test, with ratio of sample size 

1.5: 1, confidence 95% , power 80% and RR 1.6, resulted in 56 participants for specific 

direction exercise and 37 participants for standard treatment. In total, 93 participants were 

used in this step. The change of proportion between participants in specific direction 
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exercise and standard treatment from ratio 1: 1 to 1.5: 1 was supported from the efficacy of 

the specific direction exercise in the phase 1. Increasing the participants in specific 

direction exercise increases the opportunity to improve disability outcomes that benefit LBP 

participants following ethical principles for medical research involving human subjects 

Statistical analysis of phase 2 

Statistical analysis used for comparison of treatment outcome between specific 

direction exercise and standard treatment in 4 weeks were same as Phase 1. 

The univariate and multivariate statistical tests were conducted by Biomial logistic 

regression analysis was repeated to define the specific clinical predictor for specific 

direction exercise. 

The dropout rate was assessed in phase 1 and phase 2. Analysis was performed 

using the per protocol (PP) and intention to treat (ITT) principle with the last available value 

of the NPS and score of Thai ODQ carried forward for any missing data. An alpha level of 

0.05 was used for all comparisons. The flow chart for summarizing the process of the study 

is shown in Figure 1 



Recruit target sample subjects base on the inclusion/exclusion criteria, sign consent form 

Baseline characteristics assessment 

(current episode duration, pain pattern (CEN or DP),Thai FABQ score) 

• Baseline outcome assessment of NPS and Thai ODa 

Random allocation 

Specific direction exercise Standard treatment 

Assessment of NPS and 

Thai ODa at 4th week 

Assessment of NPS and 

Thai ODQ at 4th week 

Same/ worse Improve Same/ worse Improve 

score score score score 

Data analysis 

Define and validate the specific clinical predictors for specific direction exercise by 

the univariate and multivariate: Biomial logistic regression analysis 

FIGURE 1 PROCESS SUMMARY OF THE STUDY 
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CHAPTER IV 

RESULTS 

1. Phase 1 Validation phase for the development of CPR for specific direction 

exercise 

1.1 Comparison of treatment outcome between specific direction exercise and 

standard treatment in 4 weeks. 

A total of 179 participants with LBP were screened based on inclusion criteria. Fifty­

three were excluded because they did not meet the inclusion criteria, while 28 declined to 

participate. Ninety-eight were eligible for participation, with 49 receiving specific direction 

exercise and the other 49 receiving standard treatment. (Figure 2) 

Sixty-two percent of the 98 participants (n=61) had current onset less than 6 weeks. 

Seventy-eight percent of all participants (n=78) showed the characteristics of OP and (22%) 

showed the characteristics of CEN. The mean score of Thai aDO showed moderate 

disability from LBP .(101) Baseline characteristics and outcome variables between the groups 

did not show significant differences between groups. (Table 11) 

After 4 weeks of treatment, 25 (51.0%) participants in the specific direction exercise 

group and 21 (42.9 %) from the standard treatment group completed follow-up. The cause 

of loss to follow-up before the 4th week of treatment in each group and participants who 

continued to receive treatment at the next week was showed in Table 12. 
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Recruit target sample subjects base on the inclusion/exclusion criteria, n=179 

--'" 81 exclude , 

53 not meeting inclusion criteria 

'" 28 declined to participate 

randomized (n=98) 

! ! 
Specific direction exercise (n=49) Allocation Standard treatment (n=49) 

J, J, 
n=40 Follow-up 1 weeks n=37 

Loss to follow-up (n=9) Loss to follow-up (n=12) 

not able to visit PT (n=9) not able to visit PT (n=12) 

~ J, 
n=39 Follow-up 2 weeks n=35 

Loss to follow-up (n=2) Loss to follow-up (n=2) 

symptom improve (n=1) not able to visit PT (n=2) 

not able to visit PT (n=1) 

Back to receive treatment (n=1) 

J, J 
n=29 Follow-up 3 weeks n=28 

Loss to follow-up (n=1 0) Loss to follow-up (n=9) 

not able to visit PT (n=7) not able to visit PT (n=9) 

need different treatment (n=3) Back to receive treatment (n=2) 

J, J, 
n=25 Follow-up 4 weeks n=21 

Loss to follow-up (n=4) Loss to follow-up (n=7) 

not able to visit PT (n=2) not able to visit PT (n=7) 

need different treatment (n=2) 

FIGURE 2 FLOW OF PARTICIPANTS IN PHASE 1 



TABLE 11 BASELINE CHARACTERISTICS OF PARTICIPANTS IN PHASE 1 

Characteristics 

General 

Sex n(% Male) 

Age (yrs) Mean (95% CI) 

Currently working n (% yes) 

Comorbid n (% yes) 

Subjective data 

Current episode onset 

< 6 wks n (%) 

~ 6 wks n (%) 

FABQ (physical activity) 

(Total score = 24) 

Mean (95% CI) 

score::; 14 n (%) 

score> 14 

FABQ (work activity) 

(Total score = 42) 

n (%) 

Mean (95% CI) 

score ::; 29 n (%) 

score> 29 

Medication use 

use 

n (%) 

n (%) 

Specific direction exercise 

(n=49) 

24 (49.0 ) 

38.7 (35.3,42.0) 

42 (85.7) 

14 (28.6) 

33 (67.3) 

16 (32.7) 

15.8 (14.0,17.7) 

16 (32.7) 

33 (67.3) 

23.2 (19.8,26.6) 

29 (69.0) 

13(31.0) 

37 (75.5) 

Standard treatment 

(n=49) 

22 (44.9) 

38.3 (35.1, 41.5) 

45 (91.8) 

18 (36.7) 

28 (57.1) 

21 (42.9) 

17.6 (16.3,18.9) 

10 (20.4) 

39 (79.6) 

23.6 (20.9,26.3) 

33 (73.3) 

12 (26.7) 

41 (83.7) 

65 

P value 

0.686 

0.860 

0.337 

0.389 

0.133 

0.774 

0.117 

0.170 

0.841 

0.659 

0.316 
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TABLE 11 (continued) 

Characteristics Specific direction Standard treatment P value 

Exercise (n=49) (n=49) 

Physical examination 

Area of pain 

1 area (back or leg) n (%) 13 (26.5) 10 (20.4) 
0.475 

2 areas (back & leg) n (%) 36 (73.5) 39 (79.6) 

Characteristic of pain 

Intermittent only n (%) 42 (85.7) 44 (89.8) 
0.538 

Intermittent and constant n (%) 7 (14.3) 5 (10.2) 

MDT response 

CEN n (%) 11 (22.4) 10 (20.4) 
0.806 

OP n (%) 38 (77.6) 39 (79.6) 

Baseline outcome 

Pain: NPS (0-10) 

NPS (0-5) Median (95% CI) 4 (3, 5) 4.5 (4, 5) 0.244 

NPS (6-10) Median (95% CI) 8 (7, 9) 8 (7, 9) 0.431 

Disability score 

Thai OOQ Mean (95% CI) 36.2 (31.9,40.5) 37.1 (33.3,40.9) 0.743 



TABLE 12 CHARACTERISTICS OF DROPOUT COMPARE BETWEEN TREATMENT GROUPS IN PHASE 1 

Participant loss follow up (n) Trend of Thai OOQ compare Participant 

with latest score continued to receive treatment 

Characteristics in each Latest Thai OOQ score worse same improve Latest Thai ODQ score 

group of treatment before loss follow up 

(n) Mean (SO) Min, Max (n) (n) (n) (n) Mean (SO) Min, Max 

Loss after 1st visit 

Specific direction exercise 8 29.5 (7.8) 14,38 41 37.5 (15.8) 8, 72 

Standard treatment 9 34.2 (13.4) 14,48 40 37.8 (13.3) 12,70 

Loss follow up at 1st week 

Specific direction Exercise 2 2.0 (2.8) 0,4 0 0 2 39 29.0 (15.8) 0,66 

Standard Treatment 2 32.0(14.1) 22,42 0 38 32.1 (16.6) 2,58 

Loss follow up at 2nd week 

Specific direction Exercise 9 29.1 (13.3) 10,42 3 0 6 30 26.1 (17.0) 0, 66 

Standard Treatment 10 20.0 (18.2) 0,62 4 5 28 32 (18.6) 2,74 

Loss follow up at 3
rd 

week 

Specific direction Exercise 5 28.4 (16.8) 8,44 2 0 3 25 17.0(14.4) 0,60 

Standard Treatment 7 22.6 (19.2) 0,50 2 1 4 21 29.1 (18.6) 0, 72 

(J) 

--...J 
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Loss to follow-up after the 1
st 

week was 50% (n=8) and 47% (n=9) for all participants 

to dropout in specific direction exercise and standard treatment groups, respectively. 

For specific direction exercise, 69% of participants (n= 11) who did not complete the 

treatment showed an improved score for Thai ODQ, while 31 % of participants (n=5) showed 

a score lower than the score at the latest week before loss to follow- up. 

For standard treatment, 47% of participants (n= 9) who did not complete the 

treatment showed an improved score for Thai ODQ, while 16% of participaants (n=3) and 

37% of participants (n= 7) showed a same and lower score than the score at the latest week 

before loss to follow- up, respectively. 

For participants who continued to receive treatment after 1 st visit, mean scores for 

latest Thai ODQ before receive treatment in next week showed score lower from 1 st to 4th 

week in both groups. Data may suggest that participants who improved the score for Thai 

ODQ needed continuing treatment in both groups of treatment. 

After 4 weeks of treatment, a comparison of pain and disability between treatments 

was analyzed by per protocol (PP) and intention to treat (ITT) principle with the last available 

NPS and score of Thai ODQ carried forward for any missing data. 

In terms of pain outcome, the results from PP and ITT analysis showed a significant 

difference for NPS between treatment groups at the 4th week. The results from PP analysis 

showed that, NPS in the specific direction exercise group was lower than the standard 

treatment especially in participants who had mild pain (NPS=0-5) (P=0.014) while the results 

from ITT analysis showed especially in participants who had moderate to severe pain at 

baseline (NPS = 6_10)(123) (P=0.015). (Table 13, 14) 

In terms of disability outcome, the results from PP and ITT analysis showed a 

significant difference for Thai ODQ score between treatments. Thai ODQ score in the 

specific direction exercise group was significantly lower than for the standard treatment 

group at the 4th week at P-value =0.0001 and 0.013, respectively. The decreased score of 

Thai ODQ represented sensitivity to improved disability outcome. 
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TABLE 13 PER PROTOCOL ANALYSIS OF COMPARISON OF OUTCOME BETWEEN 

TREATMENTS AT 4TH WEEK OF TREATMENT IN PHASE 1 

Outcome measurement Specific direction Standard P value 

exercise treatment 

(n=25) (n=21 ) 

Treatment duration (day) 20.5 (16.7, 24.3) 21.1 (16.7,25.4) 0.839 

Baseline pain: (NPS 0-10) 

NPS (0-5) Median (95% CI) 4 (2, 5) 5 0.248 

NPS (6-10) Median (95% CI) 8 (7, 10) 8 (7, 9) 0.289 

Pain at 4th week 

NPS (0-5) Median (95% CI) 2 (0,3) 3.5 (1,5) 0.014* 

NPS (6-10) Median (95% CI) 6 (6,9) 6 (6,7) 0.626 

Baseline disability: Thai ooa (0-100) 

Mean (95% CI) 36.0 (29.7,42.3) 41.7 (35.5,48.0) 0.188 

Thai ooa score at 4th week 

Mean (95% CI) 12.4 (6.7,18.1) 30.4 (22.6, 38.2) 0.0001 ** 

* Mann-Whitney U test, **Independent t test 
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TABLE 13 PER PROTOCOL ANALYSIS OF COMPARISON OF OUTCOME BETWEEN 

TREATMENTS AT 4TH WEEK OF TREATMENT IN PHASE 1 

Outcome measurement Specific direction Standard P value 

exercise treatment 

(n=25) (n=21 ) 

Treatment duration (day) 20.5 (16.7, 24.3) 21.1 (16.7,25.4) 0.839 

Baseline pain: (NPS 0-10) 

NPS (0-5) Median (95% CI) 4 (2, 5) 5 0.248 

NPS (6-10) Median (95% CI) 8 (7,10) 8 (7, 9) 0.289 

Pain at 4th week 

NPS (0-5) Median (95% CI) 2 (0,3) 3.5 (1,5) 0.014* 

NPS (6-10) Median (95% CI) 6 (6,9) 6 (6,7) 0.626 

Baseline disability: Thai aDa (0-100) 

Mean (95% CI) 36.0 (29.7,42.3) 41.7 (35.5,48.0) 0.188 

Thai ODa score at 4th week 

Mean (95% CI) 12.4 (6.7,18.1) 30.4 (22.6, 38.2) 0.0001 ** 

* Mann-Whitney U test, **Independent t test 
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TABLE 14 INTENTION TO TREAT ANALYSIS OF COMPARISON OF OUTCOME BETWEEN 

TEATMENTS AT 4 THWEEK OF TREATMENT IN PHASE 1 

Outcome measurement Specific direction Standard P value 

exercise treatment 

(n=49) (n=49) 

Treatment duration (day) 19.4 (16.2, 22.5) 20.6 (17.5, 23.7) 0.567 

Baseline pain: (NPS 0-10) 

NPS (0-5) Median (95% CI) 4 (3, 5) 4.5 (4, 5) 0.244 

NPS (6-10) Median (95% CI) 8 (7, 9) 8 (7, 9) 0.431 

Pain at 4th week Median (95% CI) 

NPS (0-5) Median (95% CI) 3 (2,4) 3.5 (0,5) 0.757 

NPS (6-10) Median (95% CI) 3 (2,6) 6 (5,7) 0.015* 

Baseline disability: Thai ooa (0-100) 

Mean (95% CI) 36.2 (31.9,40.5) 37.1 (33.3,40.9) 0.574 

Thai ooa score at 4th week 

Mean (95% CI) 19.5 (15.1, 23.8) 27.9 (23.0, 32.8) 0.013** 

* Mann-Whitney test, **Independent t test 

The impact of treatment was analyzed by the proportion of the participants who had 

improved outcomes between specific direction exercise and standard treatment at 4th 

weeks for test the efficacy of treatment. Improvement of outcome was determined by a 

reduction of numeric pain scores of at least 2 pOints and 20, 30, 40 percent improvement of 

Thai ODO scores from the baseline. 

The results of PP and ITT analysis not showed the significant difference of NPS 

improve rate between treatment groups while significant difference of Thai 000 improve 

rate at 20%, 30% and 40% from baseline were shown. The rate of improvement of Thai ODO 
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score in specific direction group showed 1.4 (1.0, 1.9), 1.5 (1.0, 2.2) and (1.7 (1.1, 2.6) 

times when comaped with standard treatment at 20%, 30% and 40% from baseline, 

respectively when analyse by ITT principle. (Table 15) 

The results confirmed the efficacy of specific direction exercise for 4 weeks in that it 

can improve disability from LBP when compared with standard treatment. The next step 

aimed to test the ability of clinical characteristics of LBP, which can predict the improved 

outcome of specific direction exercise. 

1.2 Define the specific clinical predictor for specific direction exercise by related 

between potential predictor and improve outcome treatment. 

The results of univariate statistical tests conducted by biomial logistic regression 

analysis from ITT analysis showed that the predictor for improve of Thai aDo score were 

difference in each percent improve from baseline. Physical activity score of FABOP was a 

predictor at 20% and 30% improve of Thai aDO from baseline while onset and pain area 

were predictor at 30% and 40% from baseline. Treatment group was a predictor which can 

found at 20%, 30% and 40% improve of Thai aDO from baseline. (Table 16-18) 

The results from phase 1 showed that current onset of LBP, pain area and physical 

activity score of FABO were predictors for improve disability outcome in validation phase for 

the development of CPR for specific direction exercise. 
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TABLE 15 IMPROVE RATE OF PAIN AND THAI 001 SCORE BETWEEN TREATMENT 

GROUPS AT 4 TH WEEK OF TREATEMENT IN PHASE 1 

Outcome variables Analysis Specific Standard RR (95% CI) P value 

method direction treatmnt 

exercise 

n (%) n (%) 

NPS 

Improve ~ 2 scale n (%) 

NPS (0-5) PP 18 (90.0) 13 (92.9) 1.0 (0.8, 1.3) 1.000 

ITT 28 (73.7) 22 (84.6) 1.2 (0.9,1.5) 0.299 

NPS (6-10) PP 2 (28.6) 5 (71.4) 1.8 (0.6, 5.8) 0.558 

ITT 3 (27.3) 8 (34.8) 1.3 (0.4, 3.9) 1.000 

Thai ODI score 

Improve ~ 20% 

from baseline PP 25 (100.0) 14 (66.7) 1.5 (1.1, 2.0) 0.009* 

ITT 35 (71.4) 25 (51.0) 1.4 (1.0, 1.9) 0.040* 

Improve ~ 30% 

from baseline PP 22 (88.0) 10 (47.6) 1.9 (1.2, 3.0) 0.011 * 

ITT 32 (65.3) 21 (42.9) 1.5 (1.0, 2.2) 0.030* 

Improve ~ 40% 

from baseline PP 21 (84.0) 6 (28.6) 2.9 (1.5, 5.9) 0.002* 

ITT 28 (57.1) 17 (34.7) 1.7 (1.1, 2.6) 0.030* 

*Chi-square test, PP = per protocol: specific direction exercise (n=25), standard treatment 

(n=21), ITT = intention to treat: specific direction exercise (n=49), standard treatment (n=49) 
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TABLE 16 THE UNIVARIATE TEST OF SPECIFIC PREDICTOR FOR IMPROVE OF THAI 001 

SCORE AT 20% FROM BASELINE IN PHASE 1 

Potential predictor Improve Not improve RR (95% CI) P value 

n (%) n (%) 

Pain NPS 0-5 16(61.5) 10(38.5) 
1.0 (0.7, 1.4) 0.969 

NPS 6-10 44 (61.1) 28 (38.9) 

Treatment Specific direction 

exercise 35 (71.4) 14 (28.6) 
1.4(1.0,1.9) 0.043* 

Standard 

treatment 25 (51.0) 24 (49.0) 

Onset < 6 weeks 42 (68.9) 19(31.1) 
1.4 (0.9, 2.1) 0.067 

~ 6 weeks 18 (48.6) 19(51.4) 

Pain area 1 area 

(back or leg) 17 (73.9) 6 (26.1) 
1.3 (0.9, 1.7) 0.110 

2 areas 

(back& leg) 43 (57.3) 32 (42.7) 

Pain Intermittent only 51 (59.3) 35 (40.7) 

characteristics Intermittent & 0.8 (0.5, 1.1) 0.214 

constance 9 (75.0) 3 (25.0) 

MDT response CEN 12 (57.1) 9 (42.9) 
0.9 (0.6, 1.4) 0.677 

DP 48 (62.3) 29 (37.7) 

FABQ (physical) FABQ:S; 14 20 (76.9) 6 (23.1) 
1.4 (1.0,1.8) 0.031* 

(n total = 98) FABO> 14 40 (55.6) 32 (44.4) 

FABQ (work) FABO:S; 29 38 (61.3) 24 (38.7) 
1,1 (0,7,1.6) 0.658 

(n total = 87) FABO> 29 14 (56.0) 11 (44.0) 

Intention to treat analysis (n=98) *Chi-square test, RR = Relative risk 
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TABLE 17 THE UNIVARIATE TEST OF SPECIFIC PREDICTOR FOR IMPROVE OF THAI 001 

SCORE AT 30% FROM BASELINE IN PHASE 1 

Potential predictor improve Not improve RR (95% CI) P value 

n (%) n (%) 

Pain NPS 0-5 16 (61.5) 10 (38.5) 
1.2 (0.8, 1.7) 0.349 

NPS 6-10 37 (51.4) 35 (48.6) 

Treatment Specific direction 
32 (65.3) 17(34.7) 

exercise 
1.5 (1.0, 2.2) 0.031* 

Standard 

treatment 21 (42.9) 28 (57.1) 

Onset < 6 weeks 39 (63.9) 22 (36.1) 
1.7(1.1,2.7) 0.024* 

2! 6 weeks 14(37.8) 23 (62.2) 

Pain area 1 area 

(back or leg) 17 (73.9) 6( 26.1) 
1.5 (1.1, 2.2) 0.012* 

2 areas 

(back & leg) 36 (48.0) 39 (52.0) 

Pain Intermittent only 44 (51.2) 42 (48.8) 

characteristics Intermittent & 0.7 (0.5, 1.0) 0.052 

constance 9 (75.0) 3 (25.0) 

MDT response CEN 11 (52.4) 10 (47.6) 
1.0 (0.6, 1.5) 0.862 

DP 42 (54.5) 35 (45.5) 

FABQ (physical) FABQ :514 18 (69.2) 8 (30.8) 
1.4 (1.0, 2.1) 0.047* 

(n total = 98) FABQ> 14 35 (48.6) 37 (51.4) 

FABQ (work) FABQ:5 29 34 (54.8) 28 (45.2) 
1.1 (0.7,1.8) 0.576 

(n total = 87) FABQ> 29 12 (48.0) 13 (52.0) 

Intention to treat analysis (n=98) *Chi-square test, RR = Relative risk 
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TABLE 18 THE UNIVARIATE TEST OF SPECIFIC PREDICTOR FOR IMPROVE OF THAI 001 

SCORE AT 40% FROM BASELINE IN PHASE 1 

Potential predictor improve Not improve RR (95% CI) P value 

n (%) n (%) 

Pain NPS 0-5 14 (53.8) 12 (46.2) 1.3 (0.8, 1.9) 0.324 

NPS 6-10 31 (43.1) 41 (56.9) 

Treatment Specific direction 

exercise 28 (57.1) 21 (42.9) 
1.7(1.1,2.6) 0.031* 

Standard 

treatment 17 (34.7) 32 (65.3) 

Onset < 6 weeks 34( 55.7) 27 (44.3) 
1.9 (1.1,3.2) 0.023* 

~6weeks 11 (29.7) 26 (70.3) 

Pain area 1 area 

(back or leg) 16 (69.6) 7 (30.4) 
1.8 (1.2, 2.7) 0.003* 

2 areas 

(back& leg) 29 (38.7) 46 (61.3) 

Pain Intermittent only 37 (43.0) 49 (57.0) 

characteristics Intermittent & 0.6 (0.4, 1.0) 0.067 

constance 8 (66.7) 4 (33.3) 

MDT response CEN 10 (47.6) 11 (52.4) 
1.0 (0.6,1.7) 0.858 

DP 35 (45.5) 42 (54.5) 

FABQ (physical) FABQ =5 14 14 (53.8) 12 (46.2) 
1.3 (0.8, 1.9) 0.324 

(n total = 98) FABQ> 14 31 (43.1) 41 (56.9) 

FASQ (work) FABQ =5 29 27 (43.5) 35 (56.5) 
0.9 (0.6, 1.7) 0.969 

(n total = 87) FABQ> 29 11 (44.0) 14 (56.0) 

Intention to treat analysis (n=98) *Chi-square test, RR = Relative risk 



2. Phase 2 Narrow validation phase for the development of CPR for specific direction 

exercise 

2.1 Comparison of treatment outcome between specific direction exercise and 

standard treatment in 4 weeks. 
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Twenty-five participants continued receiving specific direction exercise for 4 weeks, 

following the same details as phase 1. Therefore, 74 participants from specific direction 

exercise and 49 participants from standard treatment were used for analysis in phase 2 

(Figure 3). Baseline characteristics and outcome variables between the groups did not 

show significant differences between groups same as phase 1. (Table 19) 
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Phase 1 
Specific direction exercise (n=49) Standard treatment (n=49) 

J, .J, 
Complete follow-up 

f-7 Analysis of phase 1 Eo-
Complete follow-up 

(n=2S) (n=21 ) 

.J, 
Phase 2 Continuing recruite participants 

(n=2S) 

J, 
n=24 Follow-up 1 week 

Loss to follow-up (n= 1) 

not able to visit PT (n=1) 

.J, 
n=22 Follow-up 2 weeks 

Loss to follow-up (n=2) 

not able to visit PT (n=1) 

need different treatment (n=1) 

J, 
n=21 Follow-up 3 weeks 

Loss to follow-up (n=1) 

not able to visit PT (n=1) 

.J, 
(n=21 ) Follow-up 4 weeks 

Complete follow-up 

J, II 

Complete follow-up Complete follow-up 

From phase 1 and phase 2 .. "'-
From phase 1 

(n=46) 
Analysis of phase 2 .... 

(n=21 ) 

FIGURE 3 RECRUITMENT OF PARTICIPANTS IN PHASE 2 
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TABLE 19 BASELINE CHARACTERISTICS OF PARTICIPANT IN PHASE 2 

Characteristics Specific direction exercise Standard treatment P value 

(n=74) . (n=49) 

General 

Sex n(% Male) 39 (52.7) 22 (44.9) 0.397 

Age (yrs) Mean (95% CI) 37.3 (34.7, 40.0) 38.3 (35.1, 41.5) 0.655 

Currently working n (% yes) 67 (90.5) 45 (91.8) 1.000 

Comorbid n (% yes) 20 (27.0) 18 (36.7) 0.254 

Subjective data 

Current episode onset 

Mean (95% CI) 9.2 (6.1, 12.3) 10.1 (5.3,15.0) 0.737 

< 6wks n (%) 47 (63.5) 28(57.1) 0.287 

;,:: 6 wks n (%) 27 (36.5) 21 (42.9) 0.971 

FABQ (physical activity) 

(Total score = 24) 

Mean (95% CI) 15.9 (14.4,17.3) 17.6 (16.3,18.9) 0.077 

score S; 14 n (%) 24 (32.4) 10 (20.4) 0.142 

score> 14 n (%) 50 (67.6) 39 (79.6) 0.919 

FABQ (work activity) 

(Total score = 42) 

Mean (95% CI) 23.1 (20.7, 25.6) 23.6 (20.9,26.3) 0.794 

score s 29 n (%) 46(69.7) 33 (73.3) 0.306 

score > 29 n (%) 20 (30.3) 12 (26.7) 0.750 

Medication use 

use n (%) 41 (83.7) 53 (71.6) 0.123 
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TABLE 19 (continued) 

Characteristics Specific direction Standard treatment P value 

Exercise (n=74) (n=49) 

Physical examination 

Area of pain 

1 area (back or leg) n (%) 17 (23.0) 10 (20.4) 
0.737 

2 areas (back & leg) n (%) 57 (77.0) 39 (79.6) 

Characteristic of pain 

Intermittent only n (%) 65 (87.8) 44 (89.8) 
0.738 

Intermittent and constant n (%) 9 (12.2) 5 (10.2) 

MDT response 

CEN n (%) 19 (25.7) 10(20.4) 
0.500 

DP n (%) 55 (74.3) 39 (79.6) 

Baseline outcome 

Pain: NPS (0-10) 

NPS (0-5) Median (95% CI) 4 (4, 5) 4.5 (4, 5) 0.537 

NPS (6-10) Median (95% CI) 8 (7, 8) 8 (7, 9) 0.349 

Disability score 

Thai ODQ Mean (95% CI) 34.8 (31.5, 38.1) 37.1 (33.3,40.9) 0.363 



TABLE 20 CHARACTERISTICS OF DROPOUT COMPARED BETWEEN TREATMENT GROUPS IN PHASE 2 

Participant loss follow up (n) Trend of Thai aDa compare Participant 

with latest score continued to receive treatment 

Characteristics in each Latest Thai aDa score worse same improve Latest Thai aDa score 

group of treatment before loss follow up 

(n) Mean (SO) Min, Max (n) (n) (n) (n) Mean (SO) Min, Max 

Loss after 1 st visit 

Specific direction exercise 8 29.5 (7.8) 14,38 66 35.5 (14.7) 8,72 

Standard treatment 9 34.2 (13.4) 14,48 40 37.8 (13.3) 12,70 

Loss follow up at 1st week 

Specific direction Exercise 3 12.7 (18.6) 0,34 0 2 63 29.1 (14.7) 0,66 

Standard Treatment 2 32.0 (14.1) 22,42 1 1 0 38 32.1 (16.6) 2,58 

Loss follow up at 2nd week 

Specific direction Exercise 11 29.5 (13.4) 10,42 4 0 7 52 24.0 (15.2) 0,66 

Standard Treatment 10 20.0 (18.2) 0,62 4 5 28 32 (18.6) 2,74 

Loss follow up at 3rd week 

Specific direction Exercise 6 28.7 (15.0) 8,44 3 0 3 46 16.5 (12.6) 0,60 

Standard Treatment 7 22.6 (19.2) 0, 50 2 4 21 29.1 (18.6) 0, 72 

co 
0 
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After 4 weeks of treatment, 46 (62.0%) participants in the specific direction exercise 

group and 21 (42.9 %) from the standard treatment group completed follow-up. The cause 

of loss to follow-up before the 4th week of treatment in each group and participants who 

continued to receive treatment at the next week was showed in Table 20. 

Loss to follow-up after the 1
5t 

week was 50% (n=8) and 47% (n=9) for all participants 

to dropout in specific direction exercise and standard treatment groups, respectively. 

For specific direction exercise, 60% of participants (n= 12) who did not complete the 

treatment showed an improved score for Thai 000, while 40% of participants (n=8) showed 

a score lower than the score at the latest week before loss to follow- up. 

For standard treatment, 47% of participants (n= 9) who did not complete the 

treatment showed an improved score for Thai 000, while 16% of participaants (n=3) and 

37% of participants (n= 7) showed a same and lower score than the score at the latest week 

before loss to follow- up, respectively. 

For participants who continued to receive treatment after 15t visit, mean scores for 

latest Thai 000 before receive treatment in next week showed score lower from 15t to 4th 

week in both groups. Data may suggest that participants who improved the score for Thai 

000 needed continuing treatment in both groups of treatment. Data in specific direction 

group showed the pattern same as phase 1. 

The results confirmed the superior treatment effect of the specific direction exercise 

group compared with the standard treatment group at 20% and 30% improved of Thai 000 

score from baseline. (Table 21) 

Data used for analysis of the proportion of participants who improved their pain and 

disability score at the 4th week between two treatment groups again in phase 2. 

Same as phase 1 the results of PP and ITT analysis not showed the significant 

difference of NPS improve rate between treatment groups while significant difference of Thai 

000 improve rate at 20% and 30% from baseline were shown when analyzed by ITT 

principles. The rate of improvement of Thai 000 score in specific direction group showed 

1.4 (1.0, 1.9) and 1.5 (1.0, 2.1) times when compared with standard treatment at 20% and 

30% from baseline, respectively when analysed by ITT principle. (Table 21) 



TABLE 21 IMPROVE RATE OF PAIN AND THAI ODI SCORE BETWEEN TREATMENT 

GROUPS AT 4TH WEEK OF TREATMENT IN PHASE 2 
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Outcome variables Analysis Specific Standard RR (95% CI) P value 

method direction treatment 

exercise 

n (%) n (%) 

NPS 

Improve ~ 2 scale n (%) 

NPS (0-5) PP 8 (80.0) 1 (100.0) 0.8 (0.6,1.1) 0.158 

ITT 11 (42.3) 3 (50.0) 0.8 (0.3, 2.1) 0.721 

NPS (6-10) PP 12 (80.0) 17 (85.0) 0.9 (0.7, 1.3) 0.704 

ITT 38 (79.2) 27 (62.8) 1.3 (0.9, 1.7) 0.095 

Thai ODI score 

Improve ~ 20% PP 40 (87.0) 14 (66.7) 1.3 (0.9, 1.8) 0.106 

from baseline ITT 52 (70.3) 25 (51.0) 1.4 (1.0,1.9) 0.044* 

Improve ~ 30% PP 34 (73.9) 10 (47.6) 1.6 (1.0, 2.5) 0.073 

from baseline ITT 46 (62.2) 21 (42.9) 1.5 (1.0, 2.1) 0.048* 

Improve ~ 40% PP 31 (67.4) 6 (28.6) 2.4 (1.2, 4.8) 0.017 

from baseline ITT 39 (52.7) 17 (34.7) 1.5 (1.0, 2.4) 0.063 

*Chi-square test, PP = per protocol: specific direction exercise (n=46), standard treatment 

(n=21), ITT = intention to treat: specific direction exercise (n=74), standard treatment (n=49) 



2.2 Define the specific clinical predictor for specific direction exercise by related 

between potential predictor and improve outcome treatment. 

Intention to treat analysis showed that the predictor for improve of Thai aDO score 

were difference from phase 1. Pain area was not a predictor in phase 2. Physical activity 

score of FABO was still a predictor at 20% improve of Thai aDO score from baseline. 

Treatment group and onset were predictors which can found at 20% and 30% improve of 

Thai aDO score from baseline. (Table 22-23) 
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The results from the univariate statistics test showed that treatment, current onset 

and physical ability score of FABO can predict the improved outcomes of Thai aDO score 

after 4 weeks of treatment. 

Participants who received specific direction exercise showed increased rate of Thai 

aDO improvement for 1.4 (1.0, 1.9) and 1.5 (1.0, 2. 1) times when compared with the 

standard treatment group at 20% and 30% improve of Thai aDO score from baseline, 

respectively. 

Participants who had current onset of back pain less than 6 weeks showed a rate of 

Thai aDO improved more than participants who had current onset more than 6 weeks for 

1.6 (1.1, 2.2) and 1.7 (1.2, 2.6) times when detected improved Thai aDO score at 20%, and 

30% from baseline. 

Participants who had a physical ability score of FABO equal to or less than 14 

scores showed a rate of Thai aDO improved more than participants who had score more 

than 14 scores for 1.3 (1.0, 1.7) times when detected improved disability score at 20%, from 

baseline. 
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TABLE 22 THE UNIVARIATE TEST OF SPECIFIC PREDICTOR FOR IMPROVE OF THAI 001 

SCORE AT 20% FROM BASELINE IN PHASE 2 

Potential predictor Improve Not improve RR (95% CI) P value 

n (%) n (%) 

Pain NPS 0-5 18 (56.3) 14 (43.8) 
0.9 (0.6, 1.2) 0.414 

NPS 6-10 59 (64.8) 32 (35.2) 

Treatment Specific direction 

exercise 52 (70.3) 22 (29.7) 
1.4 (1.0, 1.9) 0.044* 

Standard 

treatment 25 (51.0) 24 (49.0) 

Onset < 6 weeks 55 (73.3) 20 (26.7) 
1.6 (1.1, 2.2) 0.006* 

~ 6 weeks 22 (45.8) 26 (54.2) 

Pain area 1 area 

(back or leg) 18 (66.7) 9 (33.3) 
1.1 (0.8,1.5) 0.607 

2 areas 

(back& leg) 59 (61.5) 37 (38.5) 

Pain Intermittent only 66 (60.6) 43 (39.4) 

characteristics Intermittent & 0.8 (0.6, 1.1) 0.103 

constance 11 (78.6) 3 (21.4) 

MDT response CEN 17 (58.6) 12(41.4) 
0.9 (0.7, 1.3) 0.625 

DP 60 (63.8) 34 (36.2) 

FABQ (Physical) FABQ:5 14 26 (76.5) 8 (23.5) 
1.3 (1.0,1.7) 0.029* 

(n total = 123) FABQ > 14 51 (57.3) 38 (42.7) 

FABQ (Work) FABQ:5 29 49 (62.0) 30 (38.0) 
1.0 (0.7,1.4) 0.963 

(n total = 111) FABQ> 29 20 (62.5) 12 (37.5) 

Intention to treat analysis (n=123) *Chi-square test 
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TABLE 23 THE UNIVARIATE TEST OF SPECIFIC PREDICTOR FOR IMPROVE OF THAI 001 

SCORE AT 30% FROM BASELINE IN PHASE 2 

Potential predictor Improve Not improve RR (95% CI) P value 

n (%) n (%) 

Pain NPS 0-5 18 (56.3) 14 (43.8) 
1.0 (0.7, 1.5) 0.812 

NPS 6-10 49 (53.8) 42 (46.2) 

Treatment Specific direction 

exercise 46 (62.2) 28 (37.8) 
1.5(1.0,2.1) 0.048* 

Standard 

treatment 21 (42.9) 28(57.1) 

Onset < 6 weeks 49 (65.3) 26 (34.7) 
1.7 (1.2, 2.6) 0.007* 

~ 6 weeks 18(37.5) 30 (62.5) 

Pain area 1 area 

(back or leg) 18 (66.7) 9 (33.3) 
1.3 (0.9, 1.8) 0.114 

2 areas 

(back& leg) 49 (51.0) 47 (49.0) 

Pain Intermittent only 57 (52.3) 52 (47.7) 

characteristics Intermittent & 0.7 (0.5,1.1) 0.105 

constance 10 (71.4) 4 (28.6) 

MDT response CEN 16 (55.2) 13 (44.8) 
1.0 (0.7, 1.5) 0.931 

DP 51 (54.3) 43 (45.7) 

FABQ (Physical) FABQ:S; 14 23 (67.6) 11 (32.4) 
1.3 (0.9, 1.8) 0.070 

(n total = 123) FABQ > 14 44 (49.4) 45 (50.6) 

FABQ (Work) FABQ :s; 29 43 (54.4) 36 (45.6) 
1.0 (0.7, 1.5) 0.901 

(n total = 111) FABQ> 29 17 (53.1) 15 (45.9) 

Intention to treat analysis (n=123) *Chi-square test 
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The multivariate statistics was use to define the predictors which can increase the 

probability to predicted the improved outcome of Thai 001 score at 4 th week of treatment. 

The predictors used in this step were treatment group, current onset and a physical ability 

score of FABQ. The results of the statistic were showed in Table 24. 

Independent from predictor, the probability of improve Thai 001 score in specific 

direction exercise group were 44.6% and 45.2% when evaluated the improve outcome at 

20% and 30% from baseline, respectively. The improvement of Thai 001 score in specific 

direction exercise was showed the probability 1.5 times higher than standard treatment.The 

the probability of improve Thai 001 score in standard treatment were 28.4% and 27.6% 

when evaluated the improve outcome at 20% and 30% from baseline, respectively. 

The predictors was showed the increase of probability of improve Thai 001 score at 

20 % and 30% from baseline in both treatment groups. 

Probability of improve Thai 001 score was increased in participants who had onset 

of LBP less than 6 week and receive specific direction exercise. The probability increased 

from 44.6% to 75.2% and from 45.2% to 71.9% when evaluated the improvement at 20% 

and 30% from baseline, respectively. 

Probability of improve Thai 001 score was increased in participants who had 

physical ability score of FABQ less than 14 and receive specific direction exercise. The 

probability increased from 44.6% to 69.6% and when evaluated the improvement at 20% 

from baseline. 

Onset of LBP less than 6 weeks and physical ability score of FABQ less than 14 

were a predictor for improve outcome of Thai 001 when treat LBP with specific direction 

exercise. The probability of improve outcome showed increased 44.6% to 89.6 % probablity 

to improve outcome at 20% from baseline when compared with treatment only. 

The patterns of the results in standard treatment were same as specific direction 

exercise but the probability of improve outcome of Thai 001 were lower. 



TABLE 24 PROBABILITY OF IMPROVEMENT IN THAI 000 SCORE AT 20% AND 30% FROM BASELINE BY PREDICTORS 

Model Dummy Probability Dummy 

predictor variables Specific direction predictor variables 

Xl X2 X3 exercise Xl X2 

20% improve Thai 000 score from baseline 

Model 1 e(-·924+.709)/ 1 + e(-·924+.709) 0 0 0.446 0 0 

Model 2 e(-·924+.709+1.322)/ 1 + e(-·924+.709+1.322) 1 0 0.752 0 1 

Model 3 e(-·924+.709+1.045)/ 1 + e(-·924+.709+1.045) 1 0 1 0.696 0 0 

Model 4 e(-·924+.709+1.322+1.045)/ 1 + e(-·924+.709+1.322+1.045) 1 1 0.896 0 1 

30% improve Thai 000 score from baseline 

Model 1 e(-·963+.769)/ 1 + e(-·963+.769) 1 0 0.452 0 0 

Model 2 e(-·963+.769+1.134)/ 1 + e(-·963+.769+1.134) 1 1 0.719 0 1 

Probability (y=1Ix) = exponential (a+bx)1 [1 +exponential (a+bx)]: Where exponential = 2.71828 ... ) 

Probability is that event y occurs given x, and can range between 0 and 1; Y = outcome of Thai 000: 1 = improve, 

X1= Treatment: 1 = specific direction exercise, 0= standard treatment, 

X2 = Onset: 1 = < 6 weeks, 0 ~ 6 weeks, 

X3 = FABO (physical activity score): 1 = score::; 14, 0 = score >14 

X3 

0 

0 

1 

Probability 

Standard 

treatment 

0.284 

0.598 

0.530 

0.809 

0.276 

0.543 



CHAPTER V 

CONCLUSION AND DISCUSSION 

1. Comparison of treatment outcome between specific direction exercise and 

standard treatment in 4 weeks. 

From the results of the phase 1 and 2, specific direction exercise was found to be 

effective to decrease disability from baseline in persons who respond to mechanical 

diagnosis by showing the characteristic of CEN or DP. The results from ITT analysis showed 

that specific direction exercise can improve the disability score (Thai 000) when compared 

to standard physical therapy treatment over 4 weeks. These results support previous studies 

that showed the efficacy of specific direction exercise with short treatment duration.(17. 39.124) 

Duration of treatment, total visit and exercise compliance were support the efficacy 

of specific direction exercise. At the 4th week of treatment in phase 2, the average and 95% 

CI of treatment duration in perticipants who come to receive treatment after baseline 

evaluation (n=115) was 25.3 (23.7, 26.9) days in the specific direction exercise group 

(n=40) and 23.5 (21.2, 25.8) days in the standard treatment group (n=66). Total visits were 

showed 5 (5, 6) and 6 (4, 7) times in specific direction exercise and standard treatment, 

respectively. There were no significant difference of treatment duration (P = 0.197) and total 

visit (P=0.242) between groups. 

Compliance of exercise was reported, especially in the specific direction exercise 

group (n=66). Mean and 95% CI of percent of exercise intensity that participant can follow 

the exercise programe showed 75.3 (70.8, 79.7) percent and range from 50-100 percent of 

exercise intensity. Therefore, the efficacy of specific direction exercises in this study was 

based on compliance with exercise prescription of at least 50% for individual exercise 

intensity. 

The percent compliance supported that exercise and education from a therapist 

could motivate self-treatment for participants in the specific-exercise group. The efficacy of 

specific direction exercise found in this study had supervision by physical therapist who 

followed the details of a physical examination and treatment principle from a senior physical 
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therapist who had experience and a credentialed MDT therapist, previous research and the 

book.(40) 

Treatment in the standard treatment group can be selected by physical therapy in 

each centre. Treatment can be combined between passive and active treatment 

(APPENDIX G). From the data collection of treatments in participants (n=40) showed that 

each participants received treatment from two to seven methods. Forty percent of 

participants mostly receive three treatments (40.0%) and most of them received the 

combind treatment between passive and active treatment (95%). 

Passive treatments were hot pack, ultrasound, interference current, shortwave 

diathermy, lumbar traction and mobilization from therapist and positioning. The top three of 

passive treatment mostly found were hot pack (95.00%), lumbar traction (82.5%) and 

ultrasound (42.5%). Pattern of passive treatment same as Pensri et al (2005),(50) who found 

that three treatments above frequently used by physical therapist who work at hospital. The 

one cause of frequently use the passive treatment related to case load and time constraints. 

Active treatment were exercise for muscle strengthening, exercise for muscle 

release, core stabilization exercise and specific direction exercise. The top three of active 

treatment mostly found were specific direction exercise (57.5%), exercise for muscle release 

(40.0%) and core stabilization exercise (32.5%). 

Even if specific direction exercise can be used in the standard treatment group, the 

protocol and progression of exercise did not have the same a pattern as the specific 

direction group. All of participants who receive the specific direction treatment in standard 

treatment group were received other treatments from one to five treatments in group of 

passive and active exercise which described before.Therefore, Pure exercise was dominant 

in the specific direction exercise group. Education related to LBP treatment such as posture 

or ergonomics was used in both treatment groups. The results showed that specific 

direction exercise only can solve the LBP based on dominant of self treatment during other 

treatments were not need.(72) 
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2. A clinical predictor for specific direction exercise 

When classifying the change in score for Thai aDO from baseline to improvement or 

unchanged outcome, specific direction exercise was found to be effective for decreasing 

disability from back pain by at least 20% from baseline. The rate of participants who 

improved their disability score from specific direction exercise was 1.4 (1.0,1.9),1.5 (1.0, 

2.1) compared to standard treatment when the Thai aDO score improved 20% , 30% from 

baseline, respectively. 

The results of multivariate testing showed that current onset of back pain less than 6 

weeks was the clinical predictor that could predict improvement in disability outcome when 

treated with specific direction exercise for 4 weeks. Probability of the improvement in 

disability outcome increased from 44.6% to 75.2% and from 45.2% to 71.9% when detected 

for improvement disability score at 20 and 30 % from baseline, respectively 

In addition, the results of multivariate testing showed that physical ability score of 

FABO less 14 was the clinical predictor that could predict 20% improvement in disability 

outcome from baseline when treated with specific direction exercise for 4 weeks. Probability 

of the improvement in disability outcome increased from 44.6% to 69.6 %. 

Combined of onset of and physical ability score of FABO were predictor for 20% 

improvement of disability outcome from specific direction exercise. Probability of the 

improvement in disability outcome increased from 44.6% to 89.6%. Both of predictors can 

increase the probability of 20% improve disability outcome from baseline for 45% when 

compared with non predictor. 

The results support previous study(20) in the step of developing Treatment-Based 

Classification (TBC) for decrease of pain, which was the aim of the first developmental TBC 

design for the acute phase of LBP. Therefore, participants who had current onset in the 

acute phase improved from specific direction exercise better than the chronic phase at 

levels of percent improvement from 20% to 30% from baseline, as shown in Table 24. 

The benefit of specific direction exercise in acute phase can support by mechanical 

diagnosis and treatment principle. Abnormal mechanic can cause pain and functional 

limitation in postural, dysfunction and derangement syndrome. Therefore, treatment which 

can provide the normal mechanic will solve the problem from pain and functional limit.(38) 
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The specific direction exercise use diagnosis and treatment base on mechanical 

diagnosis, abnormal mechanic can find in step of physical examination. Abnormal posture 

or pain that occure during movement test will provide the cause of mechanical problems. 

Specific direction for treatment will determine from physical examination and specific use for 

treat in each patient. If the mechachanical problem can solve at the beginner, problem from 

pain and functional limitation will revert in short time. However, LBP patients who had 

abnormal mechanic but not receive the suitable treatment at the beginner, abnormal 

function in other part of body will change from compensation of movement such as change 

the gait pattern for decrese of pain.(125. 126) The complicate problems of LBP or chronic pain 

will occur. This is the reason supported the outcome of the study, the specific exercise can 

improve the disability from LBP in 4 weeks especially in patient who had current onset less 

than 6 weeks. 

The results showed that, a physical ability score of FABQ less than 14 was only a 

predictor for 20% improve of disability outcome frome baseline in specific direction exercise 

group. This predictor was not showed the ability to predicted the improve outcome at 30% 

from baseline. The increase of percent improvement represents a higher sensitivity of 

outcome improvement. Therefore, participants who showed a lower percent improvement 

may had a low sensitivity to improve outcome from several factors. Physical activity score of 

FABQ may predictors for supported this result. High score of physical ability score of FABQ 

indicated the increase levels of fear -aviodance belive that maladaptive emotion response 

in participants. Maladaptive emotional response can affect the participant's behavior, to 

avoid the physical activity from excessive fear of pain.(112) Excessive fear of pain may be limit 

all physical ability including treatment activity. The results was supported the previous study 

(127) who reported that biobehavioural factors includes psychophysical and environment can 

affect the pathology, pain and disability. 

In the same pattern, a physical ability score of FABQ less than 14 was predictors 

for 20% improve of disability outcome frome baseline in standard treatment. Combined of 

onset of and physical ability score of FABQ were showed the probability of the improvement 

in disability outcome increased from 28.4% to 80.9%. Both of predictors can increase the 

probability of 20% improve disability outcome from baseline for 52 % when compared with 
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non predictor. Therefor, the physical ability score of FABQ was a predictor shoud be 

concern together with onset of low back pain in both group of treatment. 

3. Strength and limitation 

There were four strengths in the study. 

First, the results of the study obtained from RCT. The RCT design was 

recommended for developing prescriptive CPRs in the derivative and validation phases. 

Most prescriptive CPRs in back pain were developed in the derivative phase and used a 

single-arm design.(30) In phase 1, calculated sample size from the results of the previous 

study showed that 25 participants per treatment group were use. At 4th week of treatment 

participants complete follow up in specific direction exercise and standard treatment were 

25 and 21 participants, respectively. Drop out rate in this phase was only eight percent of 

total sample size. The results were supported the methodological quality of interventional 

studies, the recommended dropput rate in RCT phase in RCT study for prescriptive CPR 

should be less than 20% of the sample size.(72) Therfore, the results of the study can support 

the clinical predictor for specific direction exercise. 

Secondly, increasing of participants group in specific direction exercise who has the 

same characteristics of LBP in the same method and clinical setting were still provided the 

same clinical predictor for specific direction exercise. The results of the study were 

supported data in narrow validation of the development of clinical prediction rule for specific 

direction exercise.(31) 

Thirdly, previous studies included some phases of LBP such as the acute phase.(44) 

However, the characteristics of participants in this study included all phases of LBP from 

acute to chronic. Further, the efficacy of specific-exercise was separated between acute 

« 6 weeks) and chronic phases (;:: 6 weeks). Therefore, the results were generalisation for 

all phases of NSLBP in response to MDT. 

Fourthly, separated definition of CEN and DP was one point recommended from 

previous studies.(43. 128) The Physical therapist and patient will receive benefit from the 

different definitions between CEN and DP. For physical therapist, the definition of CEN and 

DP can classify patients into derangement and dysfunction syndrome. It can be used in the 
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evaluation and prognosis steps for the outcomes of treatment. A patient with LBP can use 

the definition of CEN and DP to detect their symptoms and decide to continue exercise or 

stop before evaluating any improvement of outcome. In addition, the definition of CEN 

showed that the change in pain area from distal to proximal during DP did not change 

significantly and can support specific direction exercise in a person who had back pain, 

with or without leg pain. 

Limitation of the study 

The outcome instrument may be a limitation of this study. NPS and Thai ODa score 

were self report outcomes. Under or over estimates of report may distort the study outcome. 

However, the researcher limit this problem by defined the method to report the outcome for 

all participants before data collection. However, independent from pattern of treatment, the 

statistic analysis was supported the association between improve of pain outcome and 

improve of Thai ODa score at 20, and 30 from baseline. The results showed that a 

participants who had improve of pain score at least 2 points showed the increased rate of 

Thai ODa improve 2.5 (1.6, 3.9), and 2.6 (1.5, 4.2) times when compared with a partiCipants 

who not improve of pain at 20, and 30 % from baseline, respectively. (Table 25) Therefore, 

the results can be confirmed pain and disability outcome from self report. 



TABLE 25 ASSOCIATION BETWEEN NPS AND THAI 000 SCORE 

Characteristics of NPS 

At 20% improve of Thai ooa 
from baseline 

NPS improve ~ 2 points 

NPS improve < 2 points 

At 30% improve of Thai ooa 
from baseline 

NPS improve ~ 2 points 

NPS improve < 2 points 

*Chi-square test 

4. Conclusion and implication 

Thai 000 

Improve 

n (%) 

63 (79.7) 

14 (31.8) 

55 (59.6) 

12 (27.3) 

Not improve 

n (%) 

16 (20.3) 

30 (68.2). 

24 (30.4) 

32 (72.7) 

P value 

0.0001* 

0.0003* 

94 

RR (95% CI) 

2.5 (1.6, 3.9) 

2.6 (1.5, 4.2) 

Current onset and physical ability score of FABO were clinical predictors of 

improved disability score of specific direction exercise. 

Current onset of LBP less than 6 weeks was a predictor that can project improved 

score for Thai OOQ at 20 and 30% from baseline when using specific direction exercise 

over 4 weeks of treatment. Physical ability score of FABO and onset of LBP were predictors 

for improved score of Thai 000 at 20% from baseline. 

Data from the study can generalise treatment for a person with NSLBP who 

responds to mechanical diagnosis in the pattern of CEN or OP and has current onset less 

than 6 weeks. People with LBP who have compiled specific direction exercise with at least 

50% exercise intensity and receive co-treatment with medicine will improve disability from 

back pain at 20%-30% from baseline after 4 weeks. 
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However, improved disability score of less than 20% from baseline after 4 weeks will 

need to be rechecked before stopping, continuing treatment or selecting another treatment 

form such as manipulation, stabilization or traction. 

5. Further study 

The concept of low back pain classification is now of interest in physical therapy. 

Classification can decrease the variability of symptoms, as well as the severity and 

functional disability from LBP. Specific direction exercise is one treatments in Treatment­

Based Classification which dominant in self-treatment when compared with manipulation, 

stabilization and traction.(129) Developing a clinical prediction rules in broad validity phase to 

impact analysis phase for specific direction exercises remains interesting for future study. 
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'f)1n1~Ur;) ~~hjtl~tl\l b~'f) 

Vlu~vrn Vl1'f)'f)1n1~ur;)~~vh • , 
'1 """" .c!/ '1 .c!/ bVi ~'f)\I ~'W b'Wbr;) tl1 n tl1\1 rl'W, 

'f)1n1~ur;)~~hil:wvr'Wfinu 

vi 1'Vl1\1 Vl1'f) n 1 nrl ~ 'f) 'W 1 Vir;) 

1~~1:W1~nt'ulrlr;)1:wl~n 
I " 

1'Wu1br;)bUVh~u\I~r;)u 

~1m_h~~1'Vl sacral 
I 

<V .,. 

~~~U'Vl 2-5, 

U1br;)bU~'f)U'Vlr;)1~VI,rn 

(cauda equina syndrome) 
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,do ft I "" do CV ft I CV do CV !:ZI ' 
~'l'U'VI 3 n1'.1u'.1::::UJ'Ubv.'fllOllPln'.1'fl'l'fl1n1'.1u'lIPlVl~'1'V1"'1lPlbu'U specific low back pain (iPl'fl) 

(Red flag) 

1 O. n~~b'Y'l1~ 

U~~1'J~vh'l1'W 

~(?1un~ 

11. ~!P1'J1~~(?1Un~ 

".lJ'e)'1~~UUU~~~TVl 

u~~1'J~hj'e)'e)nvf~''e)~ 

U~~1'J~011'11'Wn~~b'Y'l1~ 

U~~1'J~, 
0-

'e)1~ti'l~ii[]1'J~~ (?1 b~'e)Vl1'e)~u '1JVl1 

".lJ'e)'1~1nU~~~TV1~~~U b'fl'J bb~ ~ 

U~~1'J~ti'e)t.J, n~'WU~~1'J~ (cauda equina syndrome) 

1~1~,u~~1'J~~1U1n, 

U~~1'J~~ b~'e) (?1U'W'e)'e)n~1 

!P1'J1~ ~ (?1un ~".lJ'e)'1~~UU 

U~~~1Vl~ !P1'JU !P1~U1b'Jru".lJ1 , 
I I ., 

~c:i c:::.. .::9. 

Vl~ !P1'J1~~'WbbN b'Y'l~".lJ'W , 

., 
'e)1~ti'l~U'1JVl1".lJ'e)'1~1nU~~~1Vl 

(cauda equina syndrome) 
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1~~u~~rWi~~~1.JbU'W specific low back pain D 'Y'IUU~~rWi~~~1.JbU'W specific low back pain D 

I ., I 

fPl1'W'Jrub(?1t.JH~~~~'e) !P1'J1~b~t.J'I OSTA = 0.2 X (U1V1'Wn-'e)1t.J) e,j~~'Y'I€Yl1~1~~(?1~(?1Vl""Ut.J~'e)'e)n 
~ " 

I 
i.I I .t::!i c:i 

OSTA index 'W'e)t.Jn'J1 -4 VI~1t.JbI'I !P1'J1~b~t.J'I~'1 
I 

..t::!i .c9; c:i "" I 
~~VI'J1'1 -4 b1'1 -1 VI~1t.JbI'I !P1'J1~b~t.J'Iu1'Wn~1'1 

~1nn~1 -1 VI~1t.J~'1 !P1'J1~b~t.J'I~1 
0-

'fl1~1~~!P1~nt.Jt1~!P1~bb'W'W OSTA = 0.2 X (. ...... - ....... ) = ............ . 

bbU~~1~ !P1'J1~ b~t.J'I ............. '" 

I 

~ i.I~ U ~ 
~'1"ll'e) ................................................ ~~u~'e)'1e,j~n1~ ~~b~'W 

I 

<V "'" 'J'WVl ............................................................................ . 



n'iN'lI?l'el'IJ f'1'Hl13J'VIn-n'el b!PI~.Jn'l'i:n!PI -/ ~'l'l..lVlU'l-n'el F1'J'l3J b V4tJ.:I-n'el b~tJ'J • • 
~~~'IJ'eln~n'l~~'el.:l~Nb'l..l~'l..Iifi~~~~!PI 

q • 

" , 
b~1Vl~1U~~TVhW'f)1~9~'f~nrhii 2 ~'el~'d1:wlW~'elU'WVl'f:I1"'l"'l~I?lNnU~JlTV'l"lJ'el-:!~ru 

~ q 

bbl?in~ru 1~ ~ b~ i'el-:!~:Wl tJ 1 'W~~I-:! ~1'W~ib~'el ~'d1:w~1n~ b~tJ-:! nU~Jll~ 1 'WU"'l'1u'W"lJ'el-:! '1 ru 

1. 'i~ ~ 'IJ FI 'J'l3J b ~ 'lJ'U 'J!PI 

D ~1:W1~ClVl'WU'd~1~ b~tJhi~'el.:l1.jjtJ1bdlU'd~ 

D ii'el1nl~U'd~:Wln bbl?i~~n1~1~b~tJhl~'el-:!1.jjtJlbbnU'd(?) 

D tJl bbnU'd (?).yh1~~1tJU'd ~ b~tJi'Wb~-:! 
D tJ1 bbnU'd (?)'Vl11 ~~ltJU'd (?) 1~1'W~~rKuU1'Wn~1-:! 

D tJl bbnU'd (?)'Vll1~~1tJU'd (?) 1~ b~nil'eltJ 

D tJlbbnU'd(?)hiii~~l?i'el'el1n1~U'd~ 

2. nl'i!PIbb'ClCPl'Jb'el.:J ('elT~h"li'l..l nl'ivJ1F1'JI3J~~'ell!P1, n'l'ibblPl.:lCPl'J) ... 
D (?) bb~ I?l'd b'el'l1~ I?lI:WUn ~ b~tJhlv'h 1~'elln1~U'd ~ b~:W~'W 

~ , ., 
D (?)bb~I?l'd b'el~1~!?11:wun~ bbl?i~'Wv'h1~'el1n1~U'd(?)b~:W~'W 

~ 

D ulJUii1Mh1 b(?)tJii'el1n1~U'd(?)bb~~~'el-:!~~~(?)~~i-:! 

D ~'el-:!nl~W;n:W-D'dm~~'el bbl?in~1:W1~Cl~(?)n1~j]~~~'d'W~'d~'d'W1~ru1~ 
q ~ 

D ~'el-:!nl~~'dl:W-D'dm~~'el'Vlni'W ~1'VifU~~~~'d'W~'d bfl'elU'Vln ~'el-:! 
" , 

D bb[?]-:! I?l'd hl1~ b~tJ 'ellUUl ~'dtJ ~'d1:W~1U1n bb~~'elti bbl?iVl b~tJ-:!'W'el'W 
~ 

, , " 
D tJn"lJ'el-:!~Un1~b~tJVl'el1n1~U'd~hib~:w~'W 

D tJn"lJ'el-:!'Viun1~ bbl?i~'Wvh1~'el1n1~U'd~b~:W~'W 
2..- 11 I II 

D 'el1n1~U'd I?l bU'W'QU~~~~ 1'Wn1~tJn"lJ'el-:!~Un~'W"'l1n~'Wbbl?intJn 1~,h"lJ'el-:!Vliiu1'ViUn:W1n 
" 

Cl n~ (?)'d1-:!~~I?l'dn 1 'Wn1~tJn (b-D'W"lJ'el'l ~~U'Wb~~) 
~ 

, " 
D 'elln1~U'd I?l bU'W'QU~~~~ 1 'Wn1~tJn"lJ'el-:!~un bbl?intJ n1~111"lJ'el'lVliiu1~Un hi:W1nun 

Cln~ (?)'d1~1 ~~~(?)'dn 1'Wn1~tJn 
~ 

D tJn1~ul?i"lJ'f)~~bu1:W1n 

D hl~13J1~b1tJn~1'eln'el'el~1~1~b~tJ 
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4. n1'3b~'U 

D Itl1n11tlf"J(?l1~dJ'W'epJ~11rl1'Wn1n~'W1n~1 

D 'f:nn11tlf"J(?lv'h1ih~'W1~1~bn'W 1 m:~b:I-J1?l1 

D 'f)1n11tlf"J(?lvl11ih~'W1~1~bn'W 500 b:I-J1?l1 

D 'fl1n11tlf"J(?lvl11ih~'W1~1~bn'W 250 b:I-J1?l1 
~ ~ 

D b~'W1~bl?l\'J1.jj1i1 ~1J'Wvi'~''fl HhVi1 b'Yhu'W 
I ~ 

D 'fltJVl b~tJ-l bn'flU I?l~'fl (?l bf"J~1 bb~~~'fl-l rl~1'W1tl b~1'1~'fl-l.w1 
'" 

I ~ I 

D U-lU'Wbfl11) bbUU1~'Wfi1~ 'W1'Wb'YilVl ~'fl-ln11 
I 9,.t. f,.I I 

D U-lu'Wbn11) bbUUVl"ll'flU b'Yhu'W 'W1'Wb'YilVl ~'fl-ln11 

D 'fl1n11tlf"J(?lvl11~J-l1~'W1'W1~bn'W 1 .rf"Jb:I-J-l 

D 'fl1n11tlf"J(?lvl11~J-l1~'W1'W1~bn'W rl~-l.rf"Jb:I-J-l 

D 'fl1n11tlf"J(?lvl11~J-l1~'W1'W1~bn'W 10 'W1Vl 

D 'fl1n11tlf"J(?lvl11~J-l1~1~b~\'J 
6. n1'3ti'U 

I I I g" 

D ~'W1~'W1'Wb'YhVl ~'fl-l n1~ bl?l\'JVl'fl1n1~tlf"J I?l hib~:I-J~'W 
I I ~ 

D ~'W1~'W1'Wb'YilVl~'fl-ln11 bb!?l~'Wvl11~'fl1n1~tl'"Jl?lb~:I-J~'W 

D 'fl1n11tlf"J(?lvl11~~'W1~'W1'W1~bn'W 1 .rf"Jb:I-J-l 

D 'fl1n11tlf"J(?lvl11~~'W1~'W1'W1~bn'W rl~-l.r'"Jb:I-J-l 

D 'fl1n11tlf"J(?lvl11~~'W1~'W1'W1~bn'W 10 'W1Vl 

D 'fl1n11tlf"J(?lvl11~~'W1~1~b~\'J 

7. n1'3'U'fl'U 

D 'fl1n11tlf"J (?l1~ dJ'W'fltl~1~rl!?l'fln1~'W'fl'Wb~:I-J~:I-J 
q 

D 'W'fl'W1~ b~:I-J~:I-J bb!?l ~'fl-l'Vl1'W\'J1 bbntlf"J I?l 

D bbi1~11~'Vl1'W\'J1 fi'W'fl'W1~u'fl\'Jn~1 6.r'"Jb:I-J-l 

D bbi1~11~'Vl1'W\'J1 fi'W'fl'W1~u'fl\'Jn~1 4.r'"Jb:I-J-l 

D bbi1~11~'Vl1'W\'J1 fi'W'fl'W1~u'fl\'Jn~1 2.r'"Jb:I-J-l 

D 'fl1n11tlf"J(?lvl11~'W'fl'W1~~~Ub~tJ 
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.., ..., 
8. n1'ab~1'£1f..:!f'l3.J 

, " 
D n1J'1.Ji~~~1'W~"rlJ..nu'Wun~ bb~~hJvh1~renn1J'U'J(?lb~3.J-n'W 

D n1J'1.Ji~~ ~1 'W~"rl3.J bU'WUn ~ bb~~'Wb~:lJJ'~!?l1J rl'J1:IJ b~1JU'J (?l 

D renn1J'U'J (?l bu'Wrel1J~J'J'rl1'Wn1J'vl1nlOlnJ'J':IJ~ ~'el'l'el'f.ln bbN3.J1n (b"ll'W n'l41, n1J'b~'Wh) • 

D 'el1n1J'U'J (?l bU'W~u~J'J'rl1 'Wn1J''el'eln 1U-n1'l'W'elm.im.J1 

D 'el1 n 1 J'U 'J (?l91 n (?l n 1 J' 1.Ji~f;i ~ 1 'W~'l rl:IJ 1 ~'el~ bb~1 'Wth'W 

D bb'Vl1J1:!J~n1J'b-n1~'lrl:IJ bn'el'llOlln'el1n1nh(?l 

9. n1'ab~'W'VI1..:! 
, " 

D b~'W'Vl1'lhJUi'Vln bbvi'l b(?ltJ'el1n1J'U'J (?l hi b~:IJ-n'W • 
, " 

D b~'W'Vl1'lh.J1~'Vl nbbvi'l bb~~'Wvl11~'el1n1J'U'J (?l bVl:IJ-n'W • 
D 'el1n1J'U'J(?l91n(?ln1J'b~'W'Vl1'l~bn'W 2 -I'Jb:IJ..:! 

D 'el1n1J'U'd(?l91n(?ln1J'b~'W'Vl1'l~bn'W 1 -I'Jb:IJ'l 
i.- I I I 

D 'el1n1J'U'd (?l91n (?ln1J'b~'W'Vl1'l b(?lm~'W'Vl1'l1~1'WJ'~tJ~~'WVl1:!Jbn'Wrl~'l-n'J b:IJ'l 

" 
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D 'el1n1J'U'd (?l dJ'W~u~J'J'rl ~'eln1J'b~'W'Vl1'lvr"Vl3.J (?l tJnb~'Wn1J'1u'V'l1J bb'V'l'Vl6 / n1wl1'V'lthU (?l 

Vl1'el1Uh'l'V'ltJ11J1~ 

10. n1'a'vh"1'W/ "1UUl'LJ 

D 'l1'W1J1'W / nlOlnJ'J'3.J'Vl1'ln1N1'W 1:!Jvh1~bn(?l'el1n1J'U'J(?l 
, ,..-

D 'll'Wlh'W / nlOlnJ'J'3.J'Vl1'ln1N1'W bVl:IJ'el1n1J''l...l'J(9l bb~~1:IJ1J'~vl1'l1'WVl~'el'ln1J'vllvr'lVl:IJ(9l1~ 

D vll'll'Wth'W / JllJ'~"1'W~b'W1mu1~ bb~'ellnlJ'U'J(?lbU'W'elU~J'J'rll?i'elnlJ'vllnlOlnJ'J':IJ 
~ . 

, , " 
Vl~rl'Jl:IJbrl1tJ(?l'Vl1'lnlm~:IJ-n'W (b"ll'W n1J'~.m"lJ'el'lJ nlJ'~(?l~'W) 

D 'el1n1J'U'J (9l bU'W~u~J'J'rl1'Wn1J'vl1~'l1(?l1tJ n b~'WJllJ'~'ll'W~ b1J1 

D 'el1nlJ'U'J(?lbU'W~U~J'J'rl bb~bbI?iJllJ'~'l1'W~b1J1 

D 'el1n1J'U'J(?lbU'W~U~J'J'(Pl1'WnlJ'vll'l1'W1(?l1 Vl1'el'l1'Wth'W 'l1'WUJ'~91 

.c:::. ~I .. I tJ C;; tJ 
J''J:IJ ................... '" .............. rl~bb'W'W rl (9l bu'W ............................. bu'elJ'b6Jl'W~ 



~'J'IJ~ 5 n1'itJ'a~ bil 'IJ 1DI'J13J b 11'm1'el..:J 1DI'J13J n~'J-n1'a'VI~ m~ tI..:J n1'i'VhnlQj n 'i'i3J 

1. 'IJ~~ij'el1n1'itJ'J rPl'VI~..:J ... 

'7 
- qQ;J 

'7 
r 

-Q;J IT 
GJ ~ 
Q;J -~ 
C" 

.i\(5: -~ 

~ ,....-Q 

"~ 
-~ 

,....-Q 

0 1 2 3 

1.~1n1~U~~~~~~Ubn~91nn1~~1n9n~~~ 0 1 2 3 

2. n1~~1n9n~~~~1l~~1n1~U~~~~~iUbbt.i~N 0 1 2 3 

3. n1~~1n9n~~~~19~1 1, ~ bn ~rerU~~1t1 r?i~~~~~~~~u 0 1 2 3 

4. iu14J~'J~~1n9n~J'~~iJ (~19iJ) t:J~~11~ 0 1 2 3 

~1n1~U'J ~bbt.i~~ 
I 

5. iu14J~1~1~n~1n9n~~~VliJ (~19iJ) t:J~~11~ 0 1 2 3 

~1n1~u~~bbt.i~~ 

4 

4 

4 

4 

4 

4 

~'J~~:::bbUU~'JU Physical activity = .................................... '"':::bbUU 
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'7 
- qQ;J 

'7 
r 

-Q;J 

GJ 
o;J 
C" 

.i\(5: 

~ 
"~ 

5 6 

5 6 

5 6 

5 6 

5 6 

5 6 



.... t1.... 9 .& ..., .....d 0 .... 

~'J'i.I'VI 5 n1'a 'a:::b3.J'i.I~'J13.J b·.o'£lb'a'£l-!l~'J13.Jn~'J-n1'aVl~m~UJ .. m1'a'VI1n"'l n'a'a3.J 

'1 'i.I ej.y1 ij'£l1 n1'atl'J r?lVl';-!l (~'£l) ... 
... , 

~'flfl'"J'l~t?i'flhJi1bntJ(Hl1J-!l1'i.1"lJ'fl'lvi1'wiJ ('fl'l"liJ) e-Jfln~~Vl1Jt?i'fl'fl'ln'l~1.h~Vli-:J"lJ'fl-:Jvi'l'i.l'fl~'l'lh 

6. 'fl'ln'lnh~"lJ'fl-:J~'WiJ~'lbVl~~'l"'l'ln'l'l'W~Vi'lVl1'fl 

~'l"'l'ln'fl1J~bVl~"'l'lnn'l~Vi'l-:J'l'W , , 
c:lo 0 !U ~ ~ 

7. 'l'l'WVlVl'lVl'lbVl'fl'ln'l nh ~ bV'l~~'ln"lJ'W 

8.~'WiJu~~n'W~'lfn~1~'lVlf1J'fl'ln'l~u'"J~Vli-:J"lJ'fl-:J~'W 

9. 'l'l'W"lJ'fl'l~'WVlumn'W1U~1V1f1J~'W 

10.'l'l'W"lJ'fl'l~'WVilV11'fl'fl'l"'lVi'lb~'fl'ln'l~u'"J~ 

"lJ'fl'l~'Wbb~fl'l 

11.'l'l'W"lJ'fl-:J~'W'fll"'lVil~'W~~ltJt?i'flVli'l"lJ'fl-:J~'W 

12.~'W1~fl'"J~Vi'l-:J'l'W"lJ'fl'l~'W1~~'l~un~ 

... 
b V'l~'l~tT'liJ'fl'l n'l aJ'"J ~'fl ~1'li1'fl~ 

14.~'W1~~'l~'l~nVil-:J'l'W"lJ'fl'l~'W1~'fl~'l'lun~ 

"'l'Wn~'l'fl'ln'lah(?)"'l~1~f1Jn'l~tn~'l 

15. ~'W1i3i~~'l~'W1~~'l3.J'l~nni1J1uVi'l'l'l'W~'l~un~1~ 

.fl'ltJb'W 3 b~'fl'W 
... 

16.~'W1~1i3i~~'l~'W"'l~~13.Jl~nni1J1uVi'l-:J'l'Wu'W1~~n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

~'"J~ fl~bb'W'W~'"J'W Work activity = .................................... ~~bb'W'W 
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6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 



Observation 

Observation 

Sitting 

Standing 

Lordosis 

Lateral Shift 

Correction of Posture: Sitting 

Correction of Posture: Standing 

Movement test 

Movement test Pre-test 

Pain Pain 

area level 

Standing 

Single Flexion 

Repeat Flexion 

Single Extension 

Repeat Extension 

Single Side glide 

to Rt. 

Repeat Side glide 

to Rt. 

Single Side glide 

to Lt. 

Repeat Side glide 

to Lt. 

Lying 

Single Flexion 

Repeat Flexion 

Single Extension 

Repeat Extension 

Good 

Good 

Hyperlordotic 

Right 

Better 

Better 

Post-test 

ROM Pain Pain 

area level 

Interpret 

Fair 

Fair 

Hypolordotic 

Left 

Worse 

Worse 

ROM CEN 

124 

Poor 

Poor 

Normal 

Not shift 

No effect 

No effect 

Interpret 

DP PER No 

effect 
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Static test 

Movement test Pre-test Post-test Interpret 

Pain Pain ROM Pain Pain ROM CEN DP PER No 

area level area level effect 

Static test 

Sitting slouched 

Sitting erect 

Standing slouched 

Standing erect 

Long sitting 

Lying prone in 

extension 

Provisional Derangement Dysfunction Postural Other: 

classification 

Principle of Flexion Extension Lateral Other: 

management 

Progression exercise 
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~'l'IJv1 7 bL tJtJu'IJ-Yin fill bb 'IJ~ul~ih!Jl, 'lJnl'iUDtJ~~'lJb ~'flnl'i~n'l:tl'fllnl'ith 1?l'VI~.:I 
... do ... 

I?l'l !J ~ 'IJ b 'fl.:l 'VI tJ 1 'IJ 

f'ilibb'"l.:l1~vil'W~lbr1i'el.:l'VI~lt1 ./ 1'WoJl'el.:ln"'ln~~~~vh'WUhJBU~"'l1.:11'Wbb~~~rJ'W 

I 
I .Q • CI..' Q,;" 0 Q,;'.dl <;' ~ IF" 

'VJl'IJ~l3Jl'iCl~1?l ~'flntJ 'WnnlWl1i"lU1Ui?1"Jl'el................................ bVl~V'Ii"lVl ....................... . 
'" I I 1V'..::9. Q..o" I CV .:::i .c9: IV' .c:l 

~~t1~b':J~lU'WVln ~..:j bb~':J'WVl .................................... rl.:!':J'WVl ............................................ . 

I 

n"'ln~~~ 
.... cI .... 

~~1J':J'WVl/ bi?1'el'W 

o 0 

r11bb'W~'Wl .............................................................................................................. . 



APPENDIX C 
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APPENDIX C 

DATA COLLECTION FORM FOR STANDARD TREATMENT GROUP 

., 
b'V'l,", "J!1tJ D Vlqj'l D 'f11~ ............ tl u1V1un ......... nn. 

t'Vl~~'V'lvl ........................... . 

h~1.h~r.htK'J l~iJ D iJ D ~~1i .......... ' ......................................................................... . 
... .., 

'fl1"J!'V'l/~n'jj'ru~'11'W ................................................................................................... . 

2.1 'fl1n1~~1~tlJ ...................................... ······ ......................................................... . 
., ., 

U '" '" , dI .., ...... tI ~U tr 2.2 'fl1n1~ 'J1?1V1~'1~'N~1~l?1iOl'WtN'J'W'W6J'fl1n1~6J1b 'W~~£J~b'J~1.................... ... 1?11V1 

2.3 i?l1bbVIkl'l"lJ'fl'li1'1n1tJ~'J'W~iJtftlJVl1 bb~~~~~im'J16Jb~UU'J1?1 (Numeric rating scale: 0-10) 



(Red flag) 

1. n1'j'1J1~lb'~1J 

2. 'f11~ 

.,j. I .-. 
3.3-.lu'j'::;'d1?l 

"lJ'f)'lb'j',",3-.I::;~~'l 

d 
~VI'l'f)'f)'f)n 

1 'W~'d~1n~1'l ~'W 

q '" .,y 
~~n'W'f)t1 VI'j''f)~'W~~N, 

'f)~bVll?l"'l1nn1'j'1-n 
q q 

d 
t11'W'V'l1V1'W::;, I?ln"'l1nVl~'l, 

t1n"lJ'f)'lmrn 

'f)1t1 ~ 50 tJ 
q 

, 
~'W1'W~'d~1n~1'l ~'W 

~~~::;iJ bVl1'f)'f)'f)n3-.l1n ~ I?lUn~, 

~ruVl~iji1'ln1t1 

~U~ t1'W~~U ~'l1 'W~'d~1n~ 1'l ~'W 

, , 
"" .,j '1 .?I q 

~ 'V'l3-.1 '"'''.1 13-.1 ~~ t1'l b'Wn1 'Jbu'W3-.I::; ~N, 

h,",VI~'f)1?l ~~'f) I?l ~~I?l'l ~'f)'f)'f)fI?l1 

1'W~'f)'l~'f)'lbU'l'V'l'f)'l, n'j'::;l?ln~n, 
" 

~ ~ ~ ~ 
n1 'j'3-.lU'j'::;'d 1?l"lJ'f)'l h,",3-.1::;~N"'l ::;~'V'l3-.1 

'"'''.113-.1 ~~t1'l"lJ'f)'l n1 'j'U'd I?lVl~'l ~'l'f)1"'l 
.,j , 

3-.1~1 ~ VlI?l"'l1 n n1 'Jb~'V'l'j'n 'j'::;"'l1 tI"J.I'f)'l 

3-.I::;~~'l~3-.l1"'l1 n 11?l 1 Vl'j''f)t1 (?) 

~'f)3-.I~nVl3-.l1n ~~1'W3-.I Vl1'f) U'f)1?l 

~U'W'f)1 n1'j'~ ~ ~3-.I '"'''.113-.1 ~~ t1'l 
... 

"lJ'f)'ln1'j'~1?l ~;j'f)Vl1'f) h,",3-.I::;~~'l 

... ... ... 
-W1V1Un~1?l3-.l1nn~1 4.5 nn. 'f)1"'lt1'l~n1'j'~I?l~;j'f)Vl1'f)b'j',",3-.I::;~~'l 

Jl1t11'W'j'::;t1::;~'d~1 3 ~~'f)'W 

bl?ltlhiVl'j'11J~1~VlI?l , 
._. - q 

hJ~3-.I~'Wfinun1'j' 

~U~ t1'W~~U~'l n"'l m'j'3-.I~vh 
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(Red flag) 

6. ~~l'W:l-J1hi'Wl'W 
ihh::;rWi"lJ'fl'lnl1 

8. iJtel1nl1U'J1?l 

b'W"lJru::;vin 

OJ 

nl1~!PI b~'flb 'W'Vll'1 b~'W 

U~~l"J::; 

1~fu~11n l?l1Jn ~:l-Jri'W~ dJ'W 

e.J~91nnl1U~mhtJ'fl1'tJ'J::;, 

nl1b.jjtJl~1 ~ ~l'W'Vll'1V1~'fl!PI 

b~'fl!PI~l, Vl1'flb.jj~b&lm''fltJ~ 

dJ'Wb'J~l'Wl'W 

'fllnl1U'J!PI~hj~!PI~'1b~'fl 

VI~!PIvin Vl1'fl'fllnlnJ'J!PI~vh 
, 

., " " oe!l., oe!l 
bVll?1'fl'll?1'W b 'Wb'J~ 1 n~l'1 f1'W, 

'fllnl1U'JI?l~1~i:I-Jvi'Wfiriu 

v11'Vll'1V11'flnl nf1~'fl'W1 VI'J 

9. 'fllnl1<JllU1b'Jru 1~~1:I-J1'1tlfUlf1'Jl:I-Jl~n 
ci -;;II a ., "'" .J d' " 

"lJ1V1'WU wbtJU bb~::; b'WU'1b"Jru'Vlb~tJ'Il?l'JtJ 

'Vl"Jl1V1'Wn 

(Saddle 

anesthesia) 

, 
.... ci 

'1::;f?lU'Vl 2-5, 

U1b"J ru'1'flU'Vl'J 1 '1 VI un 
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" OJ 

b~:I-J f1"Jl:I-J b~tJ'II?i'flnl'1~ I?l b~'fl 

oe!l .. 

b~'fl I?l bbl?l'l b'fl'fl'fl'1l?11 

b 'W"J!'fl 'I Yl'fl'l bU'l~'fl'l 

(cauda equina syndrome) 



(Red flag) 

1 O. fl'1~bV'l'l~ 

U~~'l'J~v'h,,'l'W 

~(?)Ufl~ 

U~~'l'J~hj'fl'flfl~1'fliJ 

U~~'l'J~~h" 1 'Wfl'1~b V'l'l~ 

U~~'l'J~, 

'" 

'fl'lfOlu"ill'l'J ~ ~l?l b ~'fl~1'fliJu ry~'l 
"lI'fl" nflU'1~~TV]'1~ 1K'lJ b'fl'J bb~ ~ 

m~b'lJ'WbWW'lJ (cauda equina 

U~~'l'J~u'flt..l, fli'Wu~~'l'J~ syndrome) 

1~1~,U~~'l'J~~'l'lJ'lfl, 

U~~'l'J~iJ b~'fl (?)U'W'fl'flfl~'l 

11. iJfPl'J'l~~(?)Ufl~ fPl'J'l~~l?lUfl~"lI'fl"'1~'lJ'lJ 

"lI'fl"'1~tJ'lJU'1~~TV] U'1~~'lVl 

1~iJU'1~rWi~'1~'libtJ'W specific low back pain 0 

pain D 

, 
I.:::S o::::S .c:::I .. 1 

'1~~'J'l" -4 bl" -1 ~~'ltlbl" fPl'J'l~b~t1"1J'l'Wfl~'l" 

~'lflfl~'l -1 ~~'ltlti" fPl'J'l~b~t1"~'l 
'" 

'" 'fl'lfOlu,,~U ry~'l "lI 'fl" '1'l fl U '1~ ~ TV] 

(cauda equina syndrome) 

.., cj <>I 

'fl'l~'l~~fPl'1'1'ltl'W~fPl~bb'W'W OSTA = 0.2 X (. ...... - ....... ) = ............ . 
bbU~~'liJ fPl'J'l~ b~t1"'''' .......... .. 

, 
.=:Y 2-'Q.' tJ C\ 

~""1!'fl ................................................ ~'1'lJ'1'fl"e-J~fl'l'1 '1~b~'W 
, 

.., cj 

'J'WVl ........................................................................... .. 
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~'J'Uvi 4 nl'iU 'i:::: dj 'Ut:J~ n 'i::::'VI'U ~'£l'£l1 nl'ilh IPlVl';.:Jvi 3j ~'£l:n~ I?IU'i::::~ltJ'U 

n'itk!ll?1'£l'U ~htll3J'VIn-n'£l LlPltJnl'i~ IPl ../ ~l'UViUl-n'£l flI'Jl3J b Wtl.:J-n'£l b~t1'J • • 
vi~::::'U'£ln~nl~~'£l.:JflItk!1'UtJ'UU\~~vi~1Pl • • " , 
bJ'1'Vl J'1U ~~1vh'W'fl1"'l"'l ~~~ n'Jlij 2 ~'fl fl,)13J 1 'W~'flU'WVl'fl19"'l ~(?lJ'~ flU ~M11'V'l"1l'fl~ flrtJ 

~ . 

..., ~ "I 
1. 'i::::IPl'UflI'Jl3Jb~Uu'JlPI 

D ~13J1J'!.lVl'W1.h!?11~ t!?1tJhJ~'fl~1-nmbbfhh!?1 

o ij'fl1n1nh!?13J1n bbCii~!?1n1J'1~t!?1tJhJ~'fl~1-ntJlbbn1.h!?1 
" D tJl bbnu') IPlvh 1 ~VlltJU,)!?1 t!?1tJ~'Wb~~ 

D tJl bbnu') IPlvh 1~~ltJU') !?11~1'WJ'~!?lUu1'Wmn~ 

D tJ1bbnu,)lPlvh1~~ltJU,)!?11~b~nU'fltJ 

D tJ1~nu,)1Pl1~ij~~Cii'fl'flln1J'u,)!?1 
2. nl'ilPlbb~rK'Jb'£l.:J ('e:n,yh"li'U nl'ivllfl1'Jl3J~::::'£lllPl, nl'ibb~.:JrK'J) 

OJ 

, " 
D !?1 bb~ I?l,) b'fl~1~ (?l13JUn ~ t!?1tJ1~vh 1~'fl1nlJ'tJ') !?1bYl3J~'W 

~ 

D UlJ'illl1~.jjl1 t!?1tJij'fl1n1J'U,)!?1 bb~~~'fl~J'~~ !?1J'~rJ~ 

D ~'fl~n1J'fl'J13J61l'Jm~~'fl bbCiin~13J1J'!.l~!?1n1J'DJ'~~')'W1Pl,)~'J'W1vmJ1~ . ~ 

D ~'fl~ n 1 J'fl'J13J61l'J m ~~'fl'Vl nrJ'W ii1~fuDJ'~~,)'W1Pl,) bn'flU'Vln ~'fl~ • • • 
" , 

D bbCii~I?l'J1~1~ b~tJ 'fllUU1 ~')tJ fl,)13J~1U1mb~~'fl~bbCiiVl b~tJ~'W'fl'W 

3. nl'itln~'£l.:J 

D tJn"1l'fl~wwn1~t!?1tJ~'fl1n1J'U,)!?11~b~3J~'W 
, " 

D tJ n"1l'fl~wwn1~ bbCii~'Wvh 1 ~'fl1nlJ'tJ,)!?1 bYl3J~'W 
'l,; 9.1 I 'J,.I 

D 'flln lJ'U 'J!?1 b1J'W'Eju ~J'J'fl1 'Wn1J'tJ n"ll'fl~Wwn~'W91 n~'Wbbl?in tJ n 1~1l1"11'fl~Vlijul~Un3J1 n 

" Q,n~ !?1'J1'l ~~!?1'Jn 1 'Wn1J'tJn (b"1i'W"1I'fl~ I?l~U'W t~~) 
, " 

D 'fl1n1J'U'J!?1 bU'W'EjU~J'J'fl1 'Wn1J'tJn"1l'fl~wwn bbCiintJ n1~1l1"11'fl~Vliju1~Un1~3Jlmrn 

Q,n~ 1Pl'J1'l1 ~~~!?1'Jn 1 'Wn1J'tJn 

D tJn1~bbl?i"lJ'fl~~bU13J1n 

D 1~~13J1~tltJn~1'fln'fl'fl~bJ'1~b~tJ 
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4. n1'ab~'IJ 

o 'f)1n1~U,)C?lhjdJ'kV~U~~~fl1'IJnln~'W1n~1 
o 'f)1n1~U,)C?lVi11ih~'W1~hjbn'W 1 fibm~l'w 

o 'f)1n1~U,)C?lVi11ih~'W1~hjbn'W 500 b~l?I~ 

o 'f)1n1~u,)C?lVil1ih~'Wl~hhn'W 250 b~l?I~ 
~ ~ 

o b~'W1~bl?ltJ1.jj1~ r11cl''W~1'fl HhVll bvhu'W 
, ~ 

o 'fltiVl b~tJ~ bn'fl1J 1?I~'f) I?l b,)~1 bb~~~'fl~ fl~1'W1u b~h~'fl~U1 
'iJ 

,~ , 
o U~1J'Wdh~bb1J1J1~'lJri1~ 'Wl'WbVhVl~'fl~n1~ 

I '" I g" t o U~1J'Wb;h~bb1J1JVl"1!'f)1JbVhu'W 'W1'WbVhVl~'fl~n1~ 
o 'fl1nl~U,) C?lVil1~J~1~'W1'Whi bn'W 1 -i') b~~ 
o 'f)1n1~U,)C?lVi11~J~1~'W1'Whhn'W fli~-i,)b~N 
o 'f)ln1~U,)C?lVi11~J~1~'W1'Wh1bn'W 10 'W1Vl 

o 'fl1n1~U,)C?lVil1~J~hJ1~b~tJ 
6. n1'ati'IJ 

I I I 11 

o tJ'W1~'W1'Wb VhVl ~'f)~ n1~ bl?ltJVl'fllnl~U,) I?l hi b~a.J~'W 
, , ~ 

o tJ'W1~'Wl'WbVhVl ~'f)~ nl~ bb~dJ'WVi11 ~'fl1n1~u,)l?lb~~~'W 
o 'f)lnl~U,)C?lVil1~tJ'W1~'Wl'Whhn'W 1 .r')b~~ 

o 'fllnl~U,)C?lVil1~tJ'W1~'W1'Whibn'W fli~.r')b~~ 
o 'f)1nl~U,)C?lVil1~tJ'W1~'W1'Whibn'W 10 'W1Vl 

o 'f)1nl~U,)C?lVil1~tJ'Whi1~b~tJ 
7. n1'a'IJ'fl'IJ 

o 'f)ln1~U,)C?lhjdJ'W~U~nfl~'flnl~'W'fl'Wb~~~~ 
o 'W'fl'W1~ b~:hJ~:hJ bb~ ~'fl~'Vl1'WtJ1 bU1U') I?l 

o bb~~11~'Vll'WtJl ii'W'fl'Wl~u'f)tJn~1 6 .r')b~~ 

o bb~~11~'Vll'WtJl ii'W'fl'W1~u'f)tJn~1 4 -i,)b~~ 

o bb~~11~'Vll'WtJ1 ri'W'fl'W1~U'f)tJn~1 2 -i,)b~~ 

o 'fllnl~U,)C?lVil1~'W'fl'Whimf1Jb~tJ 
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.., IV 

8. n1'iL"1I1~.:IFl3J 

o n1~1-n:n~1?l1'W~~fl3J bU'WtJn~ bb~~hJVh 1~'fnn1~tJ'J~b~3J.n'W 
o n1~1-n:n~ 1?l1'W~~ fl3-J bU'WtJ n ~ bb~6T'Wb~3-J~~(?)'U fl'J13-J b~'UtJ'J ~ 

o 'enn1~tJ'J!?1bU'W~tJ~~~fl1'Wn1~Vi1n"'ln~~3-J~~'fl~'fl'flmbN3-J1n (b"Jl'W (hi1, n1n~'Wt1) 

o 'fl1n1~tJ'J!?1 dJ'W~tJ~~~fl1 'Wn1~'fl'flnltJ~h~'W'fl mJmJ1 

o 'fl1n1~tJ'J!?1~1n~n'"1~1-n:n~1?l1'W~~fl3-J 1~'fl~bb~1'Wth'W 
o bb'Vl'Uhjiln1n~h~~fl3-J bd'fl~"'l1n'fl1n1~tJ'J~ 

9. n1'iL~'IJ'VI1.:1 
, ., 

o b~'W'Vl1~ltJl~'Vln bbvi~ b~t.I'fl1n1~tJ'J ~ hJ brl3-J~'W 
q 

, ... 

o b~'WVl1~ltJl~'Vlmbvi~ bb~6T'WVi11~'fnn1~tJ'J~brl3-J~'W 
o 'fl1n1~tJ'J!?1~1n~n1n~'WVl1~~bn'W 2 -i'Jb3-J~ 
o 'fl1n1~tJ'J!?1~1rl~n1~b~'W'Vl1~~bn'W 1 -i'Jb3-J~ 

o 'fl1n1~tJ'J !?1~1rl ~n1n~'W'Vl1~ b~m~'W'Vl1~1~1 'W~~t.I~i'W~h1bn'Wfli~-i'J b3-J~ 
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o 'fl1n1~tJ'J!?1bU'W~tJ~~~fl~'fln1~b~'WVl1~vf~'lA3-J~ t.lm~'Wn1~ltJ~'Ubb~'VltJ / n1W11~thu~ 
Vi1'flltJh~V'lt.l1'U1~ 

1 o. n1'3vil~1UI ~IU,j'lU 
o ~1'Wi:h'W / n"'ln~~3-J'Vl1-.:Jn1N1'W hJVi11~bn~'fl1n1~tJ'J~ 

, ' ... 
o -.:J1'Wth'W / n"'ln~~3-J'Vl1~n1N1'W brl3-J'fl1n1~tJ'J~ bb~~13-J1~blVi1~1'WVl~'fl~n1~Vi1vr-.:J'lA3-J~1~ 

o Vi1~1'Wth'W / Jl1~~~1'W~'J'W1'IAnn~ bb~'fl1n1~tJ'J~bU'W'fltJ~~~fl~'fln1~Vi1n"'ln~~3-J 
~ q 

, , ... 
Vlilfl'J13-Jb(PJ1t.1~'Vl1~n1mrl3-J~'W (b"Jl'W n1~t.ln"1J'fl-.:J, n1~~~e:J'W) 

'" q 

o 'fl1n1~tJ'J!?1 dJ'W~tJ~~~fl1 'Wn1~Vi1~-.:J1~1t.1 n b~'WJl1~~~1'W~ b'U1 

o 'fl1n1~tJ'J!?1bU'W~tJ~~~fl bb~bb~Jl1~~-.:J1'W~b'U1 
o 'fl1n1~tJ'J!?1 dJ'W~tJ~nfl1 'Wn1~Vi1~1'W1~1 'lA1'fl-.:J1'Wth'W -.:J1'WtJ~~~1 

"':::::':1 ... I~CZ~ 
~'J3-J .................................... fl~bb'W'W fl~bu'W ............................. bu'fln6Jl'W1?l 
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, 
q I ..:::.. dI 0 .:::::. I !l.I cv ..::::t. c:!l 

'Vl~1~1l'b1l'~1i'd1 nr.ml'l'~'Vl1-:Jn1t1111'V'1 ~l''fl n1l''Vl1nliilnl'l'~ b"ll'W n1l'n~~'d n1l'tln"lJ'fl-:J mn~'W ~l''fl 

n1l'"llUl'bl 1~~-:J!:.J ~ n l'::;'VlUVl1'fl'fl11iil~-:J !:.J~n l'~'VlU !?l'fl'fl1n1 nJ'd ~~~-:J"lJ'fl-:Jvi1'W~1 nU'fltl b v:ltl-:J1~ 

"7 -acw "7 
"7 -acw , 

"7 -cw 

i 
, 

GJ -cw 
cw GJ 
C" cw 

O\@;; -;I: C" 
~ ,...-" O\@;; 

lJ~ ~ 
-;I: lJ~ 
,...-" 

0 1 2 3 4 5 6 

1. 'fl1n1l'U'd~"lJ'fl-:J't!''Wbn~91nn1l'Vi1n9nl'l'~ 0 1 2 3 4 5 6 

2. n1l'Vi1 n9nl'l'~Vi11 ~'fl1n1l'U'd ~"lJ'fl-:J't!''Wbbti~-:J 0 1 2 3 4 5 6 

3. n1l'Vi1nliilnl'l'~'fl19Vi11~bn~'fl'W~ntl!?l'fl~~-:J"lJ'fl-:Jry)'W 0 1 2 3 4 5 6 

4.'t!''W1~~'dl'Vi1n9nl'l'~~~ ('fl19~)!:.J~Vi11~ 0 1 2 3 4 5 6 

'fl1n1l'U'd ~ bbti~-:J 

5. 't!''W1~~1~1l'b1Vi1n9nl'l'~~~ ('fl11iil~) !:.J~Vi11~ 0 1 2 3 4 5 6 

'fl1n1l'U'd ~ bbti~-:J 

l''d~~~bb'W'W~'d'W Physical activity = .................................... ~~bb'W'W 
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, .... 
~'J'I.!'V1 5 n1'itJ'i~b~'I.! A'J1:IJ b =A'fl b-:i'fl..:! A'J1:IJ n~'J-n1'i'Vi~ n b~ tI..:! n1'i'Vhn~ n'i'i:IJ 

1'l.!~~~'fl1n1'itJ'J~'Vi~..:!(~'fl) .... 

-n'fl fl'J'l:W ~'fl hJilb~ tJ'J rlU..:!1'1.! "lJ'fl'lv1'l'WiJ ('fl'l"'l~J) e.J ~ n ~~'VlU ~'fl'fl'l n '1 ~U'J ~~i~"lJ'fl~v1'l'W'flth~h 

"7 
-QQj.J "7 

"7 -QQj.J , "7 
-Qj.J 

i 
r 

~ -Qj.J 

Qj.J ~ 
C" Qj.J 

O\@;: -;& C" 
~ r-" O\@;: 

li~ ~ 
-;& li~ 
r-" 

0 1 2 3 4 5 6 

6. 'fl'ln'l~u'J ~"lJ'fl~'it'WiJ~'l b~ 1?l:W'l"'l'ln~'l'W~vl'l~1'fl 0 1 2 
q 3 4 5 6 

:W'l"'l'ln~~b~~"'l'lnn'l~vl'l~'l'W 
, , ... 

7. ~'l'WYlvl'lvl'll~'fl'ln'l~u'J ~ bVi:W:W'ln~'W 0 1 2 3 4 5 6 

8. 'it'WiJu~~rl'Wrht'm~n~h~t'u'fl'ln'l~u'J~~i~"lJ'fl~'it'W 0 1 2 3 4 5 6 

9. ~'l'W"lJ'fl~'it'Wmrmn'W1u~'l~t'u'it'W 0 1 2 3 4 5 6 

10.~'l'W"lJ'fl~'it'Wvl'l~1'fl'fl'l"'lvl'l1~'fl'ln'l~u'J~ 0 1 2 3 4 5 6 

"lJ'fl~'it'Wbbt1 ~~ 

11.~'l'W"lJ'fl~'it'W'fl'l"'lvl'l~'WI?l~'ltJ~'fl~i~"lJ'fl~'it'W 0 1 2 3 4 5 6 

12.'it'W1~fl'J~vl'l~'l'W"lJ'fl~~'W1~1?l'l:wun~ 0 1 2 3 4 5 6 

~'ln'it'W«~~'fl'ln'l~u'J~'flt1'l'lil'fl~ 
13.'it'W1~~'l:W'l~~vl'l'l'l'W"lJ'fl~'it'W1~1?l'l:wun~ 0 1 2 3 4 5 6 

... 
b '\Al~'l~«~iJ'fl'l n'l~u'J ~'fl t1'l'lil'fl~ 

14.'it'W1~~'l:W'l~~vl'l'l'l'W"lJ'fl~'it'W1~'flt1'l~un~ 0 1 2 3 4 5 6 

"'l'Wn~'l'fl'ln'l~u'J ~"'l~1~t'un'l~t'm~n 

15. 'it'Wf) ~~'l'it'Whi~'l:W'l~~ niu1uvl'l~'l'WI?l'l:wun ~1~ 0 1 2 3 4 5 6 

l1'ltJl'W 3 b~'fl'W 
... 

16.'it'W1~f)~~'l'it'W"'l~~'l:W'l~~niu1uvl'l~'l'Wu'W1~~n 0 1 2 3 4 5 6 

~'J:Wfl~bb'W'W~'J'W Work activity = .................................... fl~bb'W'W 



o n1~~~1/n1~1'(P) 

o n1~tl~~bij'Wn1~b~~'f)'w1V1'd 

o n1~1?l~'d"'ltl~~b~'W 

o 
o 

• I .... d' 
~~'IJ'lJu~~~TVln~1~b'W'fl 

n1~1?l~'d"'l~b~'l!l' 

~'fl~~/~~n1~1?l~'1"'l"'l1nbb'l"l'VltT/ 
'" 
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• do ~ 
~'J'W'Vl 7 n'l'a'am~'l 

bu~~VilUpi~'fl'lVl~l~ ./ ~N1'W"ri'fl'l 0 bb~~~~l.j~1~~~b~~~(?11~~vil'W1~ulJ~91'l 

o nl~fm~l~'Jm,"i~''fl'liJ'fl 
1~fl'Jl~~m.l~n 

o nl~fm~1~'J~fl~'W1yJWl 
fl'Jl~~~l fl'Jl~~Ul'Wmn'l 

o n1~fn~l~'Jmfli'fl'l Traction 

o nl~fn~l~'J~~'fl (Manual therapy) 

o nl~'fl'flmll«" + home program 

o nl~1~fl'Jl~l (education) 
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PARTICIPATION INFORMATION SHEET 

" 
*vnnvh'Whl b~h b"'l~'fl rlrn:IJb(91b'Wb'fln~1~i1 nlt1.l1 rn:IJ ~fJr.rtJb ~'flfi'lJ1tJ bbnvh'W 

1. :a'£lLfl~-:ln1~~4't1 
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~ m!l'ru::;'Vl1'1 ~~Un~b-nvl1'W1 tJ n1~(?l'fl'lJ~'W'fl'l I?l'fl m~fm~n ~'J tJfJjjn1 ~'fl'fln ih~'1 n1tJ b'U~1::;b 'W 

~~iJ'fl1n1~1.1'J(91~~'1 

'i.I iI I I I 

'11'WfJrol tJilrol (91Yl1~'Wb -W'fl ~m~n~n'l!tru::;'Vl1'1 rl~UmJ'fl'lljYl iJ'fl1 n1~1.1'J (91~i'l Yl~1:IJ1 ~b1 fn'l!t11~ 
'" 

I '" 

~'J tJfJjjn1 ~'Vl1'1 n1tJll1~U 1U (91 b rl'flb-il dJ'W~'fl~ ~rl'W J1'WYl ~1:IJ1 ~b1b-il b1J'Wbb 'W'J'Vl1'1b 'Wm~(?l~'J"'l1.1~::;bil'W 

bb~::; b~'fln b-ilfJjjn1~fn'l!t1 b'U~ 1 ::;~"'l::;~'1 b~~:lJb ~ bn (911.1 ~::;~'Vl fi[n~b 'Wn1~fn'l!t~ !?l'lJ'W~'1iJ rl'J 1:IJr.l 1 dJ'W~ 
"'l::;~'fl'l ~n'l!t1~'fl:IJ~"'l1nlj~iJ'fl1n1~1.1'J (91~~'1 b(91tJ (?IN 

'IJ 'IJ 

... I'i' cfd I ~C¥ 04Q.CV 

4. u~~atl"l1'W 'VI fl11?l'J1"'l:: b n 1?l"lJ 't.!"'l1 n n1~'VI1'J"'l tI 

4.1 'Vl~1'lJ rl'J1:IJ ~:IJ'W'Wfi~::;Wl1'1~ n'l!tru::;'Vl1'1 rl~Un"1J'fl'llj~iJ'fl1 n1 ~1.1'J (91~~'1 fl'lJ n1 ~(?l'fl'lJ ~'W'fl'l 
'IJ 

I Q.o' 2-'.:::.cI Ocv i.I~.c:l 

(?l'fl J:,J~ n1 ~m'l!t1 (91'J tJ'Jfin 1 ~'fl'fl n n1 ~'1 n1 tJ (91'J tJ'Jfi b'U~1::; 

4.2 'fl1 ~ 1~ ~rl ~1~ f'lJ n 1 ~(?l ~'J"'l1.1 ~::;bil'WU b1J ~1 n 1 ~1.1 'J (91 ~ ~'1 n 1~fn'l!t1 ~ 'J tJfJfln 1 ~ 

n 1 tJl11~U1U (91 ~1 bb 'W~U1b 'Wrn ~1.15~ (?l'W bb~ ::;fJfln1 ~fn'l!t1'Vl1'1 n1 tJll1~U 1U (91~~1:IJ1 ~b11.15tffll~ b 'fl'l 

~ih'W ~'J:IJ n'l ~1 bb 'W::;U1b 'Wn1 n~1f'lJ n1~(?l~'J"'li1'1 n1tJ ~'JtJfJfln1~~'W1 (?l1:IJ rl'J1:IJ m:IJ1~~:IJ"1J'fl'l bbl?l~::; 



~ , ~ 

5.1 lj'fjroftJ~ bb'''l~i~ r;ltl~::;~~ rl bb~::;'flfitJ1tJ~1tJ~::;b~tJ ~ bntJ')ntJi'W~'fl'j,.m1nntJ~'fl~~ 1~ 
" . " 

Q.oo' G cr-.c:::t. i.I I .c::t. Coo' 

5.2 'fl1~1~~f1n6Jl'W~tJ'WtJ'fl~mn"ll1~,)~~1'W,)iOltJ 

5.3 'fl1~1~6TfI~1~~tJn1~"lintl~::;rWi ~~,)iOltl~::;d:i'Wi1~n1tJ~')tJ'fjjjn1~vn~n1tJ11TWU1U~ 

t-r,)'VIihbflNn1~'fjr.lmb~::;~i')~'fjroftJ 1 fI'W ~')~ 2 fI'W intl~::;rWi'fl1~1~6Tfln~'fl 
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, ~ 

f1 ~n ~'f)~'fl1 n1~tl') ~'VIi~ Vlhj1~ bn ~iOl1nU'1J'VI1"ll'fl~~::;tJtJn~::;!?Jmb~::;n~1~ b U'fl bb~::; 
, , ~ 

tl~::; bn 'W~::; ~tJ fI,)1~ b~tJ~ ~'fl1l1')::;n ~::;!?Jm~ 1'W 1 'W'fl1~ 1~ar fI~b 'V'l ,",'VIqj~VliJ'fl1 tJ 19l~ bbl?l 
~ 

40 tJ~'W1tl 

t-r,)'VIih bflNn1~'fjr.ltJ "lintl~::;rWi b~'fltl~::;bn'Wim~ru::;'Vl1~ fI~Un~ bU'W!~r') bbtl~~~'W1iOl 
1 'W~1'W'fjroftJ bb~::; 1 ~'fl1~1~6T fI~~'fltJ bbtJtJ~'fltJ r;l1~ 

t-r')'VIU 1 bfl N n1 ~'fjr.ltJ ~~,)iOltl ~::;bn'Wi1~ n1tJ'fl1~1~ ar f1~ b~tJ1.jjn1~tl~::; bn'W'Vnvh'Vl1~/ 

n 1~bfl ~'fl'W1 'VI,)~vl11 ~ bn ~ m ntl~ tJ'Wbbtl ~~"ll'fl~'fl1 n 1 n~tJtl') ~ 'VI1'fl ~1 bb Vl'w~~iJm n1~ 

b~tJtl'J ~ 

5.4 'fl1~1~~fI~iOl::;1~rtJn1~~~ b~1n~~ b~m~1rtJn1~~~,)iOltl~::;bn'Wi1~n1tJ ~m~n bb~::; 

tl~::;bn'W~~n1~~m~n t~tJtrnn1tJ1l1'V'lU1U ~ ~1 ~n1~~m~n ~')tJ'fjfin1~'fl'flnr11i~n1tJ ~')tJ'fjfi b'U'V'l1::; Vl1'fl 

1~rtJn1~~m~n ~')tJ'fjjjn1~~'W1~ bu'W'fjfi~m~1~iJ~1 ~~J1'W'Vl1~n1tJ1l1'V'lU1U~ 'flt.h~1~m.h~Vlct~ ~~ 
'fl1 ~1 ~ ar fI~iJ ~'Vl fi~iOl ::;1~ ~tJ'f~1 ~'Wb'fl~iOl ::;1~ rtJ n 1~rm~n ~') tJ'fjfi1~ bb~ ::;~1 ~ 1 ~r;l btl ~ tJ'Wn ~ ~1~ ~ 1~ " . 
fI,)1~~arfl~1iOl vf~.n'fl1~1~~fI~iOl::;~'fl~tJDmi~'W~1~~1bb'W::;U1"ll'fl~trnn1tJ1l1'V'lU1U~tJ~::;r.hn~~ n1~ 

~ ~ ~ ~ 

'fjr.ltJflr~i1H~::;tJ::;b,)~1'1f~'VI~~ 4ltl~1'1f bb~::;n1~~~,)iOli1~n1tJ ~m~n bb~::;bntJ~'fl~~1'Wbb~~::;f1~~ H 

b,)~1tJ~::;~1ru 1 -i')t~~ b~tJfli~bbmiOl::;1.jjb,)~1 1 -i,)b~~ 30 'W1Vl t~tJ'fl1~1~arfl~iOl::;b~1~1rtJn1~~~,)iOl 
~ 

tl~::;bn'Wbb~::;~tJn1~rm~1'flt.h~U'fltJltl~1'1f~::; 2 flr~ &i~~'flfr'W 4ltl~1'1f 

5.5 lj'fjroftJ bntJ~,)tJ~')~~'fl~~ bb~::;U1 ~~i'V'li~1~~1'fj bfl~1::;'If~'fl~~'Vl1~~n &i 
"" " 
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6. ~.:jvl'fl'l~'l~ ar F1'i~~ ~'fl.:j ui:i'U~Lb'~~ 'hhJ i:i'U~'i~Vltj'l.:j n'l'i~n ti'l bb~~'i~tJ~ b 'J~'l"ll'fl.:jn'l'i~4' tJ 

~'l~'f)1~1~~fl'j''''l~~'f)'lUllu1i'j'~VI~1'li'W!?I'f)'Wn'"1'j'"1in1J'j'~rWi bb~~!?I'j''J'''li1'ln1tJA'f) n1'j'1~ 

~'f)~ ~ ~1'Wfl'J 13J b~UU'J r?lVI1'f)U qJVl1~!?IN nu fl'J13J b1J'W"'l1'l bb~ ~'f)1 ~1 ~~ fl 'j'~'f)'lUlllJ1i !?I'W[?11 r11 bb'W~ih 
"lJ'f)'l'Wnn 1 Wl1'V'nj1u r?l1 'Wi'W[?1'f)'W"lJ'f)'l1n1j'1 'W'f) n"'l1nif'f)1~1 ~~ fl'j'~'f)'l3J11U n1'j'[?1'j''J'''lU 'j'~dJ'W bb~~ 

U 1U bU ~ tJ'Wrjfin 1'j'1n1j'1 [?113J 'j'~t1~ b'J ~1~ n1V1'Wr?li'J3Jn'W'j'~VI~1'l'f)1 ~1 ~ ~ fl'j'nU'Wn n1tJ1l1~thU r?l 

7. F1'J'l3J b ~ tJ.:!VI~'fl'fl\'Hpl'i'l tJvl~~ b n 1Pl=: 'U bb ~ ~VI~'fl F1'J'l3JL3-i~~ 1Pl'J n~'U'ltJ"lI'fl.:!'fl1~'l~ ar F1'ivl'fl'l~ 
L~~'U bb~ ~3J'l ~'in'l'ivl ~4' tJ b~~tJ 3JLtj't!'fl.:! n'U .... 

• I "'" I i.I 

fl'J13J b~tJ'lVl'f)1"'l bn r?l~'W A'f)'f)1 n1n~UU'J r?l"lJ'f)'l'f)1~1 ~~ fl 'j'.y]'f)1"'l bn r?11~"'l1 n"ll'W[?1'f)'Wn1 'j'[?1'j''J'''l 

U 'j'~ d~'W i1'l n1 tJ n1'j'1n'l!t1 bb~~"lJru~~'f)1 ~1~~ flm ~u1u 1n'l!t1 ~'J tJ [?1'Wb'f)'l [?113J r11 bb 'W~U1"lJ'f)'l'Wn 
o <V 

n1tJ1l1~U1Ur?l 

3J1[?1m1'j'~b[?11tJ3J1~1J'f)'ln'WA'f) 

n1V1'Wr?lbb'W'J'Vl1'l~1V11u'Wnn1tJ1l1~thur?l1'Wn1'j'[?1'j''J'''lu'j'~bil'W 1~n1'j'1n'l!t1 bb~~1~r11bb'W~U1 

, '" , 
~1 r)qJ Vl1nil'f)1n1n~UU'J r?lb~3J~'W ~'f)'liln1'j'u1Ubu~tJ'Wrjfi[?1'j''J'''lVl1'f)1n'l!t11~ bVl3J1~~3J Vl1'f) 1 ~n1 'j' 

'" ., 
1n'l!t1 bU'f)'l ~'W b"Il'W n1'j'~ r?l'f)1n1'j'U'J r?l br?ltJl-il fl'J13J bU'W n1'j'eJ'f)'Wfl~1tJ n~13J btl'f) ~'JtJn1'j'~ r?l nnu 

, '" 
'f)1~1 ~ ~ fl'j'1n'l!t1 [?1'Wb'f)'l [?113J r11 bb'W~U1"lJ'f)'l'Wn n1tJ1l1~U 1U r?l bb~'Jil'f)1 n1'j'U'J r?l b ~3J~'WVl1'f)il'f)1 n1 'j'U'J r?l 

~'W1'Wn~ 1U n &i 'f)1 ~1 ~ ~ fl'j'~13J1 nlVlSj r?lUllu1i bb~~ bb'~'l1 ~ ~rjr.fmfl'j'1u 1 'W'Vl'WVl 

8. n'iii'h n 1Pl.n'l'J~bb 'VI 'in oif'fl 'U vl b ~ tJ'J-n'fl.:!nu n'l'i~4' tJ Wj4' tJ~~ 1. ,xn'l'i1Pl bb ~~mf'l~tJTU'l~VI~'fl 
.... ou 

"1f IPl b "1ftJ'fl'l~'l~ ar fll'i'fl~'l.:jL 'i 
nnU~'f)1~1~~ fl'j'il fl'J13J ~ r?lun&ilr?l1 ~'f)1"'l btl r?l1~1 'Wbbl91~~i'W[?1'f)'W"lJ'f)'ln1'j'rjr.ftJ 

U 1U bbn1"lJ ~'J tJrjfin1'j'1n'l!t1'Vl1'l n1 tJ1l1~U1U r?l hj~13J1Hl bbnu qJVl1"lJ'f)'l'f)1~1~~ fl'j'1~ 
'" 

mn'l!t1 bb ~'Vl~~ ~ bb~'f)1 ~ 1 ~~ fl n~'f)~"'l1H]"I1U1lJ bU~tJ'Wbb~'Wn1 'j'1n'l!t1l91'f) 1u 

~13J1'j'bl bij nr.l1 tJ1~ [?113JU 'j'~ bll'Vl"lJ'f)'l ~'Vlfin1'j'1n'l!t1"lJ 'f)'l'f)1~1~~ fl'j'[?113JU n &i 

br?ltJ ~11-ilr.l1 tJ'Vl'lVl3J r?l 

., 
n1'j'b~1i'J3J bflN n1'j'rjr.ftJ11'f)1~1~~ m"'l~1~1~1lJ ~1 [?1'f)U bb'Vl'W"'l1n lJrjr.ftJ bbl91'f)1~1~~ m1~ 

"" , '" , 
~'f)'l b~tJ ~11-ilr.l1 tI b ~3J b&i3Jl 'Wn1n ~1i'J3Jrjr.ftJ11 ~ 13J1 'j'bll-il~'Vl fin1 'j'1n'l!t1 [?113J~'Vlfi.y]il'f)~ 
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~ ~ 

',nn'l'h'Wl~b~hi'J~1'lii:~Nn1~1{tJu"'l~hjiJ!:J~n~~Vlu1(?) 1 vr~1'WU"'lr.rU'Wbb~~'el'W1~~I~h'W 

n1~fm~1~tJ1U1~"lJ'el~'I'h'W 

1fin1~~bu'W~1~~~1'W 

~ ~ d~ ~I 
~n~1~~1U1~~~~~1~1~~R~~buU!:Ju~~ . ~ 

'el1~1~~ ~~iJ~Vlfi1'Wn1~r1'el'WI?l'J"'l1n b~Nn1~1r.rtJ b~'el1(?)fil~ ~~l~iJ !:J~n~~Vlu~'eln1~1~fu 

n1~fn'jj-1~tJ1U1~ ~1~1~r11-ii~Vlfib~hfuu1n1~fn'jj-1~tJ1u1~1~~1~tJn~ 

~ 

~'el:hJ~~'J'Wu~ ~~"lJ'el~ e;; b~hi'J:hJb~Nn1~1{tJvi~Vi:hJ (?) tJ~~n'elu~'JtJ tJ~~tWi~'J'WU ~ ~~ n1~~'elU 
qJ q ClJ q 

bbUU~'elUrl1:hJ 

~1fi1~ru~bU'W~1tJ1..J ~~~ bb~"'l~ntJ~1'W!:J~n1~1r.rtJ dJ'W~m.!~ b(?)tJ~'J:hJ ~'eld,l~"lJ'el~~i'J:hJn1~1r.rtJ bU'W 

~1tJU ~ ~~'el1"'liJ ~ru~u ~~~U1~n~~ b~1:hJ1 ~~'J"'l~'elul~ b-n'W m ~Vl'W1r.rtJ ~r11U'W Vi1'el'el~ fP1m"lJ'el~ffiJ~iJ 
q , q q qJ q cL9 

Vi'ih~ ~ ~'J"'l ~'eltJ ~ ru~n ~~:hJn1~"'l1tJfi~~:hJ"1 dJ'W~'W b(?)tJ n1~~~'W1:hJ1 'WVi'lr~~'el bb~ (?)~ ~'J1:hJ ri'WtJ'el:hJ 'l'11'W 

~n~~~"'l~'el'Wn 11~1 ~u ~~~ bVi~1J'Wb~1~1 (?)~'el:hJ~"'l1nn1~~n'jj-11r.rtJd' bb~~n1~~n'jj-1 b~:hJ b~:hJ~'Wl ~ q0k:;l q qJ 'iJ 

o ~ 0 

'el1"'l"'l ~~1 b -w'Wn 1~ b(?)tJ bTl tJ 'J~'el~ flU n 1~~ n'jj-1U (bbiJ~1'1'h'W1~r1'el'Wvi'J"'l1 n n1 ~1r.rtJ bb~'Jfi ~1:hJ) ~'eld,l ~Vl 
~ 

'el'4tlJ1 ~1 ~ b~1~1 t9JUU..:J ~~ bfiufm~n1~ bU'WrPl'J1:hJiU 

~"" c:. Q 13. Vl1m.J~~~~b~~I.I?l~ ... 
II I I II 

vr~ ~1'Wtl ~~ btJ"1!,rbb~ ~ b Vl'jj-Vl bntJ'J~'el~ flU n1~1r.rtJU ~1r.r tJ"'l~bb~~ 1 ~Vl nu b(?)tJ~'J (?) b~'J hltl (?)U~ 

o 

~1:hJ1~r1~(?)~'el 'W1~'el~~'Wvl n11ruVlf~Ub"'l1tlJ Vl'el~ 26/2 Vi~ 3 ~.~1(?)Vi~~bb;h 'el. ~1(?)Vi~:hJbbfh 

"'l. tJ'Vl:hJfi1U bVl~~~vl 0863582037 
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CONSENT FORM 
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f1,)1l-JtI\.J,I?lVl~~ bVi f11 ~'f)U t?l'fl f11Cl1l-J ~~n1~ bI?lVl"lJ1YH~1'fl1~~~l-J I?l ~~'flI?l~~tI~b,)~1n1n"lJ1~,)l-Jn1~ 

';j{tI f1i'ltl ~';j{tlfU~'fl'lrJ1~~briU~'fl~~ b'il~1~~ b~tI')nu t?1,)~1~ bf-h dJ\.J,f1,)1l-J~U bb~~~~btJl?l be.Jtll~ 
b'il~1~1 \.J, ~u bbUU~ dJ\.J,~~u eJ ~ n1~';jr.ltl bb~~~';jr.ltl~~1~unilli1 \.J,~'1~1l-J'ri'fl1 ~ dll?l'tl\.J,t?l~1 tI ff1'fl11'1n1 tI cu , cu dJ 

" Vi1'fl~~1~"lJ'fl'l~TV'Hf.h t?l~'fll?ln1~';j{tlU bb~~fU~'fl'lrJ1 Vi1mnl?liJti\.J,t?l~1t111?l 1 ~1nn1~';j{tI~'1mh') ~ 

u\.J,tI'fll-J~~l~fu n 1 ~fm!l'1'f)ti1'1 b~l-J~ 

I " I 

~1'W v!h U\.J,tI'fll-J b ~11,)l-J n1~';j{tI bl?ltl~~ f1~ 1~ bb~~~1l-J1 ~ClVl~~Cl'fl\.J,~,)~1 n n1 ~';j{tlud~'fl1I?lri 

l~ i'ltl bl?ltJhliJeJ~n~~VluffI'fln1~fn'l!l'1~tl1U1~~~1'Wbf.l1~~1~fun1Vi1n~1'Wbf.l1btl\.J,~thtl bb~~1\.J, 
nnn~bnl?l~'fl~'fl'l1~Vi1'fluruVi1~~1~bf.l1~'fl'ln1~mn'l!l'1nU~';j{tI ~1~bf.l1~1l-J1~Cl~l?lffl'flnu~';j{tI ~'fl 

~ ~ ~ 

\.J,1'1'fl~~\.J,vl n1lruVlf'W6b~1tlJ l~~ 26/2 Vi~ 3 ~. ~1I?lVi~l-Jbbrh 'fl.~1I?lVi~l-Jbbn') ~. Uilll-JD1U 12140 

bVl~~~vl 086 358 2037 



APPENDIX G 



Extension direction exercise protocol 

APPENDIX G 

PROTOCOL 

Exercise Detail and progression 
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1. Static trunk extension in Participants who limit the dynamic exercise will instruct to stay 

lying in the static prone or 

prone on elbow 5-10 minutes every 2 hours. 

Pillow can support under the abdominal or chest depend on 

pain release and participants' comfort. 

Starting position: Progression 

prone lying with knee Static patient-generate forces: positioning in mid-range or end 

extension range of trunk extension in unloading position. 

2. Dynamic trunk extension Exercise: Passive trunk extension. 

in lying Repeated about ten times every 2 hours for 5 sets /day 

Progression 

Starting position: 

prone lying with knee 

extension 

Dynamic patient-generate forces: motion in mid-range, 

end-range or end-range with a patient over pressure in 

unloading position of trunk extension 

Exercise: Bend both knees maximum as possible (reverse 

trunk extension) and breath out, (allowing the lower back to 

sag into more extension, then back to starting position. 
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Extension direction exercise protocol (continued) 

Exercise Detail and progression 

Starting position: Exercise: Slightly extend the elbow, sustain for 2 second 

prone lying with knee extension and breath out (allowing the lower back to sag into more 

extension, then back to starting position. 

Starting position: prone on 

elbow with knee extension 

~ 

_,.5."~ 
.-.....-,~ 

Exercise: Full extend elbow, sustain for 2 second and 

breath out (allowing the lower back to sag into more 

extension, then back to starting position. 
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Extension direction exercise (continued) 

Exercise 

3. Dynamic trunk extension 

in standing 

Starting position: 

Stand face to wall, minimal 

distance from the wall, feet 

apart and, both hands touch 

the wall. 

Detail and progression 

Participants can initiate a small range of trunk extension in 

standing by wall exercise. 

Exercise: move trunk extension by move the abdominal to 

touch the wall, then push the hand to back the starting 

position. 

Repeated about ten times every 2 hours for 5 sets /day. 



Exercise 

Starting position: 

standing in an upright 
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Extension direction exercise (continued) 

Detail and progression 

Exercise: Extend trunk as far as possible, 

then back to starting position. 

Repeated about ten times every 2 hours for 5 sets /day. 

Progression 

Dynamic patient-generate forces: motion in mid-range, 

end-range or end-range with a patient over pressure in 

loading position of trunk extension 
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Summarize of progression of specific direction exercise 

Force progression 

Force alternative 

Static position 

Positioning in middle range »> end range »> 

end range with over pressure 

tLl 
Dynamic movement 

Movement in unloading position 

(one plane of movement) 

in middle range »> end range »> end range 

with over pressure 

tLl 
Movement in unloading position 

(combined plane of movement) 

in middle range »> end range »> end range 

with over pressure 

Movement in loading position 

Sitting in middle range »>end range »>end range 

with over pressure 

tLl 
Movement in loading position 

Standing in middle range »>end range »>end range 

with over pressure 

* Progress of exercise based on participants response to mechanical force which detected 

from mechanical diagnosis in each visit. The participants who improve symptom can follow 

the progression of exercise from detailed above, but participants who can't progress 

received the same exercise or back to exercise which decrease load or range of movement. 
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Protocol in standard treatment group 

Treatment 

Passive 

Passive therapy is an intervention 

which requires the therapist to 

apply the treatment, but lack of 

participation from the patient. 

Active 

Active therapy involves any kind of 

treatment which the client is 

actively involved in the treatment or 

responsibility to accept a role in 

the process of treatment. 

The clinician is the director, and 

instructor of the treatment process 

and the patient is the student, 

analyst, and assistant. 

Detail 

Manual therapy: passive stretching, massage, spinal 

mobilization and manipulation, muscle release 

technique, etc .. 

Physical modalities: superficial heat, cold therapy, 

ultrasound, shortwave diathermy, microwave 

diathermy, electrical stimulation, mechanical traction, 

etc .. 

Specific exercise therapy: specific direction exercise, 

stabilization exercise, self-stretching, strengthening 

exercises, mobilization with movement 

General exercise therapy: walking, jogging, 

swimming, cycling, etc. 

Education: Risk factor and prophylaxis of back pain, 

good posture, the effect of intervention in treatment 

process, etc .. 
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