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ABSTRACT 

Title IDENTIFICATION OF POSTURAL CONTROL SYSTEM IMPAIRMENTS IN 
OLDER ADULTS WITH CHRONIC NECK PAIN 

Author THANYA MADSALAE 
Degree DOCTOR OF PHILOSOPHY 
Academic Year 2022 
Thesis Advisor Associate Professor Rumpa Boonsinsukh , Ph.D. 
Co Advisor Assistant Professor Chatchada Chinkulprasert , Ph.D. 

  
Chronic neck pain (CNP) can affect postural control among older adults. Gait performance, in 

terms of gait speed and symmetry, is an indicator of dynamic postural control. The Balance Evaluation 
Systems Test (BESTest) is used to assess the systems of postural control. This study aims to determine 
which gait variables were more sensitive to dynamic postural control among older adults with CNP and 
assessed that BESTest could identify postural control impairments in CNP and item difficulty by Rasch 
analysis. This cross-sectional study recruited 30 young adults (YOUNG), aged 20-40 years, and 80 older 
adults, aged 60 years or older [without neck pain (OLD) = 60, with chronic neck pain (CNP) = 20]. 
Questionnaires were used to collect demographic data, neck pain intensity, self-rated neck pain and 
disability, and balance confidence. The 10-Meter Walk test was used to assess gait performance with three 
different conditions: no head movement (NM), horizontal head movement (HM), and vertical head movement 
(VM). BESTest was used to assess postural control. The Inertial Measurement Unit was used to 
capture and analyze gait parameters. The CNP group reported moderate pain and zero to mild disability in 
daily activities. Balance confidence was moderately correlated with gait speed (r=0.62) and moderately 
inversely correlated with gait asymmetry during HM and VM (-0.56 and -0.69, respectively). The CNP group 
showed slower gait speed during HM and VM (p<0.05), lower stride length and cadence. The gait 
asymmetry index in the CNP group was higher than the OLD group in VM (p<0.05). Thus, gait speed with a 
head movement was more sensitive. Compared to the YOUNG group, the BESTest score was lower in the 
OLD group, the CNP group had the lowest score, in biomechanical constraints, transitions-anticipatory 
postural adjustment and reactive postural response (p< 0.05). The BESTest was the most accurate of the 
three was 48.5 of 51 for older adults whose daily life were affected by neck problems with a high AUC (0.79), 
sensitivity (72%), and specificity (69%). The Timed Up and Go was the most difficult BESTest item for all 
groups, while 14 items had more difficulty for the CNP group.  BESTest can identify postural control 
impairments in older adults affected by CNP and help clinicians consider management to prevent falls in 
CNP. 

 
Keyword : head motion, gait variability, balance test, elderly, fall 
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CHAPTER 1 

INTRODUCTION 

1. Background 

Chronic musculoskeletal pain is one of the most common reasons that people 

seek healthcare.  It has been shown that chronic pain has a negative effect on 

lifespans(1, 2, 3, 4, 5) and has been associated with a reduction of perceived health and 

increased utilization of healthcare services in older adults(6). Among chronic 

musculoskeletal conditions, neck pain is one of the most common complaints in older 

adults. The prevalence of activity-limiting neck pain for at least 1 day, was 4.9% for the 

global age-standardized point and this increased to 7.3-8.0%  in individuals above 65 

years old(7). Furthermore, chronic neck pain (CNP) is ranked in the fourth leading cause 

of disability worldwide(8).  

In addition to decreased mobility of cervical joint(9, 10, 11) and muscle strength(11, 

12, 13, 14), older adults with CNP also demonstrated impaired postural control more than 

healthy older adults. A lot of evidence confirmed that older adults with CNP 

demonstrated fear of falling and decreased physical performance, that are known risk 

factors of falling(15, 16, 17, 18, 19).  Older adults with CNP have been observed to have poor 

sensory orientation and loss of gait stability. They demonstrated sensorimotor 

disturbances, caused by altered cervical afferent inputs, in term of greater deficits in 

eye movement control, vertical perception and postural control(19).These alterations can 
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be caused by pain induced change in nociceptor and mechanoreceptor activity at the 

spinal cord and within the central nervous system (CNS)(20, 21) or chemical changes from 

inflammatory events that affected sensitivity of the receptors(22).  Other factors involved 

awkward postures, static and repetitive work, or trauma that disturbed sensitivity of the 

cervical joint and muscle receptors(23, 24).  

Altered cervical somatosensory input in individuals with CNP can cause a 

mismatch between three major sensory inputs, namely visual, somatosensory and 

vestibular inputs, that are integrated in the CNS to control static and dynamic postural 

control(25). As a result, impairments of sensorimotor integration caused by CNP may lead 

to poor static and dynamic postural control performance.  It is demonstrated by recent 

studies which found decreased sensorimotor integration in older adults with CNP 

presented with reduced gait speed, impaired postural control and cervical position 

sense more than healthy individuals(16, 19).  It is hypothesized that in healthy individuals, 

the preferred source of sensory inputs is somatosensory from the feet in contact with the 

supporting surface(26, 27, 28). In contrast, older adults with CNP rely more on vision and 

other somatosensory inputs for postural control and thus deficits will be greatest when 

these inputs are reduced(16, 17, 18, 19). The modified Clinical Test of Sensory Integration on 

Balance (mCTSIB) is one of the most common clinical tools used in patients with 

postural control impairment to determine how well a patient uses the input from three 

sensory balance systems (somatosensory system, visual system, and vestibular system) 
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during different balance activities. These activities include standing with eyes open/firm 

surface, eyes closed/firm surface, eyes open/soft surface, and eyes closed/soft 

surface(16, 19). However, mCTSIB with altered base of support (mCTSIB-aBoS), including 

comfortable and narrow stance, has been used in previous studies to challenge the 

postural control system in older adults with CNP(16, 29). The tandem stance was excluded 

due to difficulty even in healthy older adults(30). The results showed that older adults with 

CNP demonstrated poorer postural control than healthy controls across sensorimotor 

integration tasks by increasing postural sway in the anteroposterior direction during the 

comfortable stance with eyes closed on a firm surface and eyes open on a soft surface 

and increasing postural sway in the mediolateral direction during the narrow stance with 

eyes open on a firm surface(16). Poor static postural control during walking is related to a 

shortened single support phase as well as weight-bearing asymmetry of the lower 

extremities, which leads to an abnormal gait pattern(31). 

Assessment of gait performance, namely, the spatiotemporal variables and 

variability of gait, is used to investigate changes in dynamic postural control with age 

and movement disorders(32). Gait analysis is frequently used to assess fall risk by 

clinicians and researchers in the context of clinical practice and health research since 

gait performance can be easily quantified using portable inertial wearable sensors(33). In 

addition, gait performance has been determined to be a significant indicator of both 

one's functional capacity and their physical condition in clinical and home settings(34, 35). 
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The strongest evidence indicates that gait speed is an effective predictor of fall risk, and 

it should be taken into consideration as part of a comprehensive assessment of the risk 

of falling in older adults(36). It has been demonstrated that an individual's preferred 

walking speed and stride length decreased with age(37). Moreover, CNP further 

decreases gait performance in older adults, as demonstrated by increasing gait cycle 

duration when performing the 10-Meter Walk test (10MWT)(16) and worse functional 

performance in the Timed Up-and-Go (TUG) test and the dynamic gait index (DGI) than 

healthy controls(17, 18). Additionally, the studies also revealed that older adults with CNP 

performed worse when their walking was combined with head movement. Head 

movements during walking aggravated sudden changes or distinct changes in 

cervical/vestibular inputs, as demonstrated by significantly longer gait cycle durations, 

slower self-selected gait speeds, and lower cadence during the 10MWT with head turn 

conditions(16, 38). 

During walking, the cyclic motions of the lower extremities have been 

considered to be symmetrical naturally(39). One of the key factors influencing gait 

performance and a predictor of fall risk is gait symmetry(40), which emphasizes the 

bilateral coordination of swing durations during regular walking(41, 42). Gait asymmetry 

has been hypothesized to be a greater contributor to the compensatory mechanisms 

utilized for recovering balance during locomotion than the gait variables themselves; 

hence, gait symmetry serves as an index of the quality of gait control(43). Previous 
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studies have reported that young adults with CNP walked with a stiffer spine, more 

asymmetric hip mobility, and more asymmetric gait than those without CNP during 

preferred walking without head movement(44, 45, 46). These results indicate that walking 

may be affected by neck pain, which may subsequently affect the trunk and lower 

extremities(47). Both gait speed and gait symmetry are frequently utilized to predict the 

risk of falls in older adults. Only a stopwatch and a 10-meter walkway are required to 

determine the gait speed in a clinical setting, whereas gait symmetry assessments 

require more complicated equipment and calculations. Nevertheless, there is limited 

information on which of the two variables is more sensitive to dynamic balance 

impairment during walking in older adults with CNP. This information could help 

clinicians to select appropriate measurement tools that are sensitive enough to apply in 

the clinical setting and can identify balance impairments in older adults with CNP, 

facilitating early implementation of specific interventions designed to reduce the risk of 

falls. 

Musculoskeletal system, internal representations, adaptive processes, anticipat

ory mechanisms, sensory strategies, individual sensory systems, and neuromuscular sy

nergies are all involved in maintaining balance. Despite the fact that older adults with 

CNP have impaired sensory orientation and decreased gait stability, no study has been 

conducted on other postural control systems(48).  Impairment of each postural control 

system will lead to different characteristics of balance disorders that required different 
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method of management. To be able to design effective balance training for older adults 

with CNP, assessment of all postural control systems is required. At present, there is still 

lack of information regarding other postural control systems such as internal 

representation, adaptive and anticipatory mechanisms that may be impaired in older 

adults with CNP. 

The Balance Evaluation Systems Test (BESTest) was developed based on the 

postural control system and was constructed to be a comprehensive balance measure 

in clinical settings for mixed populations(49). Six domains underlying the postural control 

system, biomechanical constraints, stability limits, transitions–anticipatory postural 

adjustment, reactive postural response, sensory orientation, and stability in gait, are 

included in the BESTest(49). The advantage of the BESTest is that it covers almost all 

systems underlying postural control so that clinicians can determine the types of 

balance training that are specific to the causes of postural control problems. The 

BESTest has been shown to be a reliable and valid measure of balance components in 

individuals with neurological disease (e.g., Parkinson’s disease, multiple sclerosis, and 

stroke). The BESTest can also be used to detect the function of the postural system in 

healthy individuals, which starts to decline as early as in the middle age group (41-60 

years)(50). Furthermore, the BESTest can be used to discriminate between high versus 

low risk of falls in adults aged 50 years and older(51). However, evidence of its use in 

older adults with CNP has not been reported. Assessment of all postural control 
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domains, as in the BESTest, could lead to early detection of balance impairment in older 

adults with CNP, so the specific intervention for improving balance can be promptly 

implemented.  

Therefore, the purpose of this study was to determine which gait variables, gait 

speed or gait symmetry, were more sensitive to dynamic balance impairment during 

walking in older adults with CNP. Head movement in the vertical and horizontal planes 

was used in this study to trigger sudden changes in cervico-vestibular inputs, which led 

to a perturbation of dynamic balance during walking. Balance impairments in older 

adults with chronic neck pain (the CNP group) were demonstrated by comparing the 

gait parameters with those in older adults without chronic neck pain (the OLD group). 

We hypothesized that gait speed would be more sensitive than gait asymmetry to 

balance impairment during walking and that this difference would be more apparent 

during head movement. Furthermore, this study aimed to investigate the use of the 

BESTest in older adults with CNP compared to older adults without CNP using young 

adults as the reference. We hypothesized that the BESTest would be able to identify 

system-specific postural control impairments in older adults with CNP. Rasch analysis 

(partial credit model) could provide valuable information related to item difficulty to 

determine the progression of balance exercises from easy to more difficult stages(52). In 

addition, this study revealed the level of BESTest item difficulty for older adults with and 

without CNP for further use in balance rehabilitation and fall prevention purposes. 
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2. Research question 

– Question I: Which gait variables, gait speed or gait symmetry, were more 

sensitive to dynamic balance impairment during walking in older adults with 

CNP? 

– Question II: Is the BESTest able to identify system-specific postural control 

impairments in older adults with CNP? 

3. Objectives 

The main purpose of this study is to determine which gait variables, gait speed 

or gait symmetry, were more sensitive to dynamic balance impairment during walking 

and investigate the use of the BESTest in older adults with CNP. 

– Objective I:  To determine the gait variables, gait speed or gait symmetry, 

that are sensitive and practical for detecting dynamic balance impairment in 

walking in older adults with CNP. 

– Objective II:  To investigate the ability of the BESTest to identify postural 

control impairment in older adults with CNP.   

4. Hypotheses of the study 

– Hypothesis I: Gait speed and gait asymmetry would be equally sensitive to 

detect dynamic balance impairments in older adults with CNP. 
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– Hypothesis II:  The BESTest would be able to identify system-specific 

postural control impairments in older adults with CNP. 

5. Advantages of the study 

This study will provide clinicians, researchers and patients with useful and in-

depth knowledge on the impairment of each postural control system in older adults with 

CNP. Moreover, it also provides accurate clinical tools to identify postural control 

impairment both static and dynamic control in older adults with CNP which could lead to 

early detection of balance impairment in older adults with CNP. So, the specific 

intervention for improving balance can be promptly implemented for further use in 

balance rehabilitation and fall prevention purposes. 

6. Key words 

head motion, gait variability, balance test, elderly, fall, clinical scale

7. Conceptual framework 

as shown in Figure 1. 
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CHAPTER 2 

LITERATURE REVIEW 

1. Chronic neck pain: an overview 

The perception of pain localized to the cervical region is commonly referred to 

neck pain. This region is physically defined by the superior nuchal line superiorly, the 

lateral margins of the neck laterally, and an imaginary transverse line through the T1 

spinous process inferiorly(53) (Figure 2). Neck pain that can be attributed to a specific 

cause (such as a herniated disc or compressed nerve) as well as pain with an unknown 

cause (idiopathic, nontraumatic, or whiplash-associated pain). Typically, it is impossible 

to establish that a structural abnormality exists(54, 55) and the correlation between 

radiological results and patient complaints is weak(55, 56).  

 

Figure 2: Neck Pain Region 
Source: Adapted from https://musculoskeletalkey.com/neck-pain/ 
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Regarding to ‘’Neck Pain: Clinical Practice Guidelines Revision 2017’’, It is 

suggested that a patient's history of trauma, the existence of cervicogenic headache, 

and the presence of referred or radiating pain into an upper extremity all serve as useful 

clinical evidence for classifying neck pain patients, and that clinicians should take these 

into account. Within one to five years after their initial complaint, fifty to eighty-five 

percent of the general population will experience neck pain again(57). This suggests that 

people with neck pain do not usually complete a full recovery. Pain in the neck that 

persists for more than three months is considered chronic neck pain. A decrease in 

cervical mobility in one or more directions is only one of the numerous symptoms 

reported by those with CNP; others include headaches, aching, and discomfort that 

travels down the arms and shoulders. Some individuals have weakness, numbness, and 

tingling in their upper limbs. In some instances, neck pain is accompanied by additional 

symptoms such as dizziness, nausea, and equilibrium issues(58). In either case, 

idiopathic or trauma-induced pain, the occurrence of these symptoms is common(59). 

Whiplash-associated persistent neck pain has been related to a high prevalence of 

dizziness and other balance problems (40%-90%), with 21% of those affected also 

experiencing a fall(60, 61, 62). Additionally, unsteadiness or dizziness symptoms may not 

accompany poor standing balance, thus patients with neck pain may not be aware of 

it(25, 29, 63, 64).  
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Furthermore, age is associated with a loss in balance and postural control. (30, 65, 

66). Musculoskeletal conditions, and specifically neck pain which is one of the most 

common complaints in the elderly population(7), also contributes to balance deficits in 

the elders(16, 17, 18, 19). In addition, CNP in the elderly is related to risk factors for falls that 

consist of concerns of falling and reduced physical performance. (15). Thus, in addition to 

the musculoskeletal system examination, rehabilitation of CNP, particularly in elderly 

patients, should include postural control testing. 

2. Postural Control in Older Adults with Chronic Neck Pain 

Maintaining good posture while doing regular tasks is crucial. It allows people 

to maintain their balance whether standing or sitting. Joint range of motion, muscle 

properties, internal representations, adaptive mechanisms, anticipatory mechanisms, 

sensory strategies, individual sensory systems, and neuromuscular synergies are all 

parts of the postural system, as described by Shumway-Cook's system of postural 

control.(48) 

Multiple aspects of postural control deteriorate with ageing. (67). Postural stability 

is maintained through the integration of afferent information from the vestibular system, 

the visual system, and the somatosensory system throughout the central nervous system 

(CNS). The appropriate reweighting of sensory inputs, which is controlled by the CNS, 

might be a role in selecting an effective postural control strategy for the currently 

existing postural circumstances(68). The most commonly symptom associated with 



  14 

postural control impairment that many older adults complaint is “dizziness”(69). 

Furthermore, recent study found that older adults who experienced neck pain also had 

worse postural control, which also associated with fall efficacy and levels of dizziness 

handicap(18). 

Changes in individual postural control system in older adults with CNP are 

described below. 

2.1. Musculoskeletal components 

Age-related decline in the musculoskeletal system is a well-established 

condition. Changes in connective tissue stiffness and muscular stretch weakness are 

also associated with aging. Other impacts include forward head posture and thoracic 

kyphosis(70). Older adults with weak ankles or hips and a flexed postural alignment might 

not utilize ankle strategies or compensatory movements for postural recovery(71).  

The alterations of muscle structure in CNP patients might be a result of pain, 

inactivity, or damage to the affected area(72, 73). Multiple investigations revealed a shift 

from type I to type II muscle fibers, altered synchronization of motor units, and sustained 

activation of muscle spindles in the cervical region(73, 74, 75) which enhance sensitivity and 

motion perception, resulting in an excess of afferent inputs (76).  

A maladaptive shift in motor control can also result from alterations at the 

local level. Pain avoidance causes a complicated reorganization of the motor pattern 

due to the constriction of the muscles involved in a movement(77, 78). Individuals with 
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whiplash, for instance, frequently struggle to maintain their balance due to diminished 

synergistic activity between the longus colli and capitis and increased activation of the 

sternocleidomastoid muscle(79) which can interfere with proprioception(76). It has been 

demonstrated that those with idiopathic neck pain also experience this. Muscle fatigue 

in the neck (which has been directly linked to altered sensory inputs) has also been 

shown to impair the ability to maintain correct postural alignment(80, 81).  

2.2. Internal representations 

Measurement of maximal balance range, which entails leaning forward and 

backward from the ankles, can predict falls in older adults(82). According to prior 

research, functional reach significantly decreases with age(83, 84). Nonetheless, CNP's 

internal representation and stability limits remain unproven. 

2.3. Adaptive mechanisms 

Maintaining postural stability is especially important when unexpected 

disturbances occur. The capacity to respond rapidly and effectively to postural 

challenges is crucial for maintaining the balance and avoiding falls. Older adults are 

less capable of maintaining their balance after platform perturbations, as evidenced by 

higher postural sway and the increased number of steps needed to recover from the 

disturbances(85, 86, 87). Inadequate step length and a foot placement that is more laterally 

oriented both contribute to the decreased efficiency of protective stepping in older 

adults in avoiding perturbation-induced momentum(87, 88). In addition, the response time 
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of older adults to an unanticipated disturbance is less than that of younger adults(88), 

indicating that they are less capable of integrating sensory integration to determine the 

appropriate step length and direction.  

The effect of unexpected perturbation on postural control of older adults 

with CNP is not yet reported. However, a study of young adults with CNP demonstrated 

impaired function of neck muscles during postural adjustments. Alterations in neural 

regulation of the neck musculature were detected in response to quick and unexpected 

full-body postural perturbations, particularly during forward sliding, although all 

individuals were able to restore balance after the unexpected postural perturbations. 

The findings revealed diminished amplitudes and a delayed onset of muscle activation 

in the neck. For unexpected anterior-posterior postural disturbances, the neck muscles 

also co-activate simultaneousl.(89). 

2.4. Anticipatory mechanisms 

It is estimated that approximately 15% of community-dwelling adults aged 

70 to 79 suffer from some kind of mobility impairment(90). Even if there is no study in older 

adults with CNP, but previous studies in adults with CNP has revealed a severe 

deficiency in the automatic feedforward regulation of the cervical spine during arm 

movement(91, 92). 



  17 

2.5. Sensory strategies and individual sensory system 

Spatial orientation relies largely on sensory integration, which plays a role in 

both locomotion and postural stability(93, 94, 95). The majority of older adults were able to 

maintain their balance, according to a previous study, even when incorrect sensory 

information was presented(96). As long as two of three inputs are present, the body may 

adjust to using that system instead(96, 97). Consequently, when sensory input from one 

source is reduced or eliminated, reliance switches to the remaining inputs. 

In response to linear acceleration and gravitational tilt, The vestibular 

system relays information about head movement and position to the CNS. Visual fixation 

and head stability are preserved by the vestibulo-ocular and vestibulospinal reflexes, 

respectively, during trunk and limb movements(98). Research into vestibular function has 

shown that after age 70, the number of sensory cells in the vestibular system starts to 

decline(99). As with vestibular function, vision naturally declines with age. The prevalence 

of most ocular disorders is greatest among the elderly(100). In addition, diabetic or 

hypertensive older adults have a higher risk of developing retinopathies. Around the age 

of 50, numerous visual processes, including visual acuity(101, 102), contrast sensitivity(103, 

104), perception of depth, glare sensitivity, dark adaption, and accommodation(105) , begin 

to progressively decline. It has been demonstrated that older adults' capacity to 

recognize low-frequency spatial information considerably decreases(106). The use of 

afferent input from the visual system obviously plays an an important role in the creation 
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of the internal representation of the external environment that includes information about 

location, velocity, and direction. Due to a lack of edge contrast sensitivity, falls among 

older adults may be exacerbated by obstacles including steps, curbs, tree roots, 

sidewalk cracks, and uneven surfaces(107).  

It is well-known that somatosensory inputs from the cervical spine play a 

crucial role in maintaining both oculomotor and postural control(108). The afferent input 

from somatosensory, ocular, and vestibular systems is strongly relied on the cervical 

spine(28, 64, 109). In addition, the superior colliculus and vestibular nuclear complex, two 

important relay centers for coordinating gaze and postural stability, are connected to the 

central nervous system via the cervical region(110, 111). The CNS receives information 

regarding head movement and position in relation to the trunk by cervical 

proprioceptors. Mechanoreceptors are highly concentrated in the facet joints of the 

cervical spine, especially in the upper neck, and there are up to 200 muscle spindles 

per gram of muscle in the suboccipital region, which is an extremely high ratio when 

compared to the number of muscle spindles per gram in the first lumbrical of the 

thumb(25, 112, 113, 114) (Figure 3). 
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Figure 3: Suboccipital Muscles 
Source: www.scapcentre.ca 

In addition to transmitting and receiving information from the CNS, the 

cervical receptors, especially the suboccipital muscles, have specific connections to the 

visual and vestibular apparatus and the autonomic nervous system(115, 116, 117, 118, 119, 120). 

Information concerning head movement and position in space is provided by the 

cervical proprioceptors, which are involved with the cervico-collic reflex, the cervico-

occular reflex, and the tonic neck reflex(25). This demonstrates the importance of 

accurate proprioceptive information from the cervical region for efficient posture control 

and cervical movement. Previous study has artificially perturbed the cervical afferents in 

asymptomatic patients in order to determine the relevance of the cervical central and 

reflex connections. Multiple studies have demonstrated that cervical muscular 

vibration(121, 122, 123), experimental pain(124, 125), and neck fatigue(80, 126, 127) result in altered 
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postural sway. This implies that it is necessary for accurate interpretations of visual and 

vestibular data. Disturbances in the posture control system may be caused by a sensory 

mismatch between abnormal information from the cervical spine and normal information 

from the vestibular and visual systems. 

Sensorimotor integration deficits have been observed in older adults with 

CNP presented with reduced gait speed, impaired balance, eye movement control, and 

vertical perception more than healthy older adults(16, 17, 19), the particular data are shown 

in Table 1.  
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Multiple systems are employed to maintain balance, so that if one system 

fails, backup systems may compensate. In healthy individuals, the preferred source of 

inputs is somatosensory from the feet in contact with the supporting surface(26, 27, 28). On 

the contrary, older adults with CNP rely more on vision and other somatosensory inputs 

for balance and thus deficits will be greatest when these inputs are reduced(16, 17, 18, 19). 

For example, older adults with CNP demonstrated poorer balance than the healthy 

controls across the sensorimotor integration tasks, as shown by increasing postural 

sway in anteroposterior direction during the comfortable stance with eyes closed on a 

firm surface and eyes open on a soft surface; and increasing postural sway in 

mediolateral direction during narrow stance with eyes open on a firm surface(16).  

Previous studies in older adults with CNP have found a slower self-selected 

gait speed a slower self-selected gait speed and cadence during assessing TUG and 

10MWT with head movement as well as 10MWT with and without head movements that 

were associated with longer gait cycle durations. (16, 17). Furthermore, they demonstrated 

worse scores on DGI than the controls(17, 18).  These problems may alter their functional 

balance, leading to restriction of walking or social participation and falls(16, 17, 18, 19). 

Changes in postural stability and other sensorimotor disturbances may be 

caused by an excess or deficiency of sensory inputs, a change in the system used for a 

particular task, or mismatched sensory inputs(124, 128). This occurs via several 

mechanisms (Figure 4).  
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Figure 4: Mechanisms of Postural Disturbances in Chronic Neck Pain 

Source: Treleaven J. (2008) 

Awkward postures, static and repetitive work, and direct trauma to 

mechanoreceptors(23, 24) as well as chemical changes from inflammatory events that 

altered receptor sensitivity(22), muscle dysfunctions such as fatigue(129), and muscular 

degeneration such as alterations in fiber structure, infiltration of adipose tissue, and 

muscular atrophy(72, 73, 130, 131) can all alter cervical mechanoreceptor function.  

Changes in nociceptor and mechanoreceptor activity in the CNS (both locally 

and at the spinal cord) were also found in response to pain(20, 21). The hypothalamic-

pituitary-adrenal axis may be activated in response to psychological stress, hence 

facilitating muscle spindle activity and maintaining internal homeostasis(78, 132). As a 
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result, both traumatic and idiopathic forms of chronic pain are easier to develop(118, 132). 

Integration of information within sensorimotor control may be affected by a variety of 

processes that originate in the cervical spine and cause immediate and long-lasting 

alterations in somatosensory function. These deficits may have a common underlying 

cause, but the symptoms will vary considerably between patients(25, 76, 79).  

Aside from processes that work locally to influence balance control, maintaining 

proper postural control requires both supraspinal processing and local reflexes. 

Modifications in reflexes and central processes can be perturbed by alterations in 

cervical motor control, causing postural instability(76, 78, 81). The CNS uses somatosensory 

input from cervical regions to build an internal reference frame, or body schema(133, 134). 

The frontal and parietal lobes have been linked to balance regulation(109, 135). These 

regions, which have been found to deteriorate during chronic pain processing, can 

exhibit significant increases in grey matter volume in response to whole-body balancing 

tasks(136, 137). Furthermore, chronic pain is related with the primary somatosensory cortex, 

which increases cortical responsiveness, shifts cortex representation, and resizes the 

affected body part on the homunculus(138). 

2.6. Stability in Gait 

Alterations in cervical afferent input resulting from chronic neck pain affect 

the integration of sensorimotor information for postural control, leading to postural 

instability. Poor static postural control during walking is related to a shorter single 
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support phase and weight-bearing asymmetry of the lower limbs, leading to poor 

dynamic postural control and asymmetrical gait pattern(31). 

Analyzing gait performance, especially the spatiotemporal features and 

variability of gait, could identify age-related changes in dynamic postural control and 

movement disorders(32). Gait analysis is frequently used to assess fall risk by clinicians 

and researchers in the context of clinical practice and health research since gait 

performance can be easily quantified using portable inertial wearable sensors(33). In 

addition, gait performance has been determined to be a significant indicator of both 

one's functional capacity and their physical condition in clinical and home settings(34, 35). 

Gait speed should be considered as part of a comprehensive assessment of the risk of 

falling in older adults, as it is an effective predictor of fall risk, according to the strongest 

evidence(36). It has been demonstrated that an individual's preferred walking speed and 

stride length decreased with age(37). Moreover, CNP further decreases gait performance 

in older adults, as demonstrated by increasing gait cycle duration when performing the 

10-Meter Walk test (10MWT)(16) and worse functional performance in the Timed Up-and-

Go (TUG) test and the dynamic gait index (DGI) than healthy controls(17, 18). Additionally, 

the studies also revealed that older adults with CNP performed worse when their walking 

was combined with head movement. Head movements during walking aggravated 

sudden changes or distinct changes in cervical/vestibular inputs, as demonstrated by 
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significantly longer gait cycle durations, slower self-selected gait speeds, and lower 

cadence during the 10MWT with head turn conditions(16, 38). 

During walking, the cyclic motions of the lower extremities have been 

considered to be symmetrical naturally(39). One of the key factors influencing gait 

performance and a predictor of fall risk is gait symmetry(40), which emphasizes the 

bilateral coordination of swing durations during regular walking(41, 42). Gait asymmetry 

has been hypothesized to be a greater contributor to the compensatory mechanisms 

utilized for recovering balance during locomotion than the gait variables themselves; 

hence, gait symmetry serves as an index of the quality of gait control(43). Gait asymmetry 

was calculated using the proportion of a gait cycle's swing phase when each foot was 

off the ground. The term "short swing phase" (SSW) refers to the average percentage 

that is smaller than that of the "long swing phase" (LSW). The gait asymmetry was 

calculated by taking the natural logarithm of the number obtained by dividing the short 

swing phase by the long swing phase and then multiplying the resulting number by 100. 

When the value increases, it reflects the degree of gait asymmetry. A value of zero 

denotes complete symmetry(46). 

Gait Asymmetry Index = 100 ×|ln(SSW LSW⁄ )| 

Previous studies have reported that young adults with CNP walked with a 

stiffer spine, more asymmetric hip mobility, and more asymmetric gait than those without 
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CNP during preferred walking without head movement These results suggest that pain 

in the neck may impact the trunk and lower limbs when walking(47). 

3. Measurement tools 

3.1. Questionnaire 

• Pain 

The respondents draw a point on a 10 cm straight horizontal line, with 

the left and right borders designated "No pain" and "Worst possible pain," to indicate the 

level of present pain as measured by Visual Analogue Scale (VAS). It has been 

suggested that this scale is one of the most precise methods for measuring clinical 

pain(139). Mild pain was defined as a VAS score of 3 cm or less, severe pain as a score of 

7 cm or more, and moderate pain as a score of 3.1 cm to 6.9 cm or more(140). On the 

pain intensity scale, a minimum clinically important difference of at least 1.4 cm is 

considered clinically significant (141).  

• Neck disability 

The Neck Disability Index (NDI; APPENDIX I) is a self-report 

questionnaire comprised of ten questions regarding daily activities, pain, and 

concentration(142). Disability levels range from 0 (no disabilities) to 5 (severe disabilities). 

Both the minimal detectable change and a minimum clinically important difference is at 

least 5 points out of a total score of 50, or ten percent(142, 143). It has been shown that the 

NDI score is associated with pain ratings on the VAS and the McGill Pain 
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Questionnaire(144). It has been demonstrated that the NDI has an excellent level of both 

test-retest reliability as well as internal consistency(142). 

• Balance Confidence 

Fear of falling is typical among older adults, even non-fallers. It leads to 

restrictions on physical activity, which increases the risk of physical deterioration and 

the risk of falls. Recent research shown that older persons with CNP limit their levels of 

physical or social activities(16, 17, 18, 19). The Activities-specific Balance Confidence scale 

(ABC scale; APPENDIX II) measures the individuals' perception of their own ability to 

perform 16 tasks without becoming unstable or falling(145). It was determined that the 

ABC scale was more effective than the Falls Efficacy measure in differentiating between 

older adults with low and high mobility confidence. It is suitable for high-functioning, 

community-dwelling elders due to the item's exceptional responsiveness(145). The ABC 

scale has excellent test-retest reliability, internal consistency, and the ability to predict 

falls in older individuals living independently(146, 147). 

• Self-perceived handicap associated with dizziness  

The term "dizziness" is frequently used to characterize the uncomfortable 

sensations associated with a change in three-dimensional spatial orientation. There have 

been identified four different kinds of dizziness(148); 

Type 1 (vertigo) is a movement illusion caused by diseases of the 

peripheral vestibular system. 
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Type 2 (presyncope) is a feeling of imminent loss of consciousness 

caused by cerebral hypoperfusion. 

Type 3 (dizziness, disequilibrium) might be sensory or motor. Except in 

situations of visuo-vestibular mismatch, sensory disequilibrium, unlike its motor 

counterpart, is aggravated by low ambient light. 

Type 4 (psychogenic dizziness), compared to the others, is the form of 

vertigo that is least commonly recognized and most rapidly evolving. Patients with this 

condition may experience presyncope when hyperventilating, but they do not exhibit 

pallor of the face, and the condition persists even after lying down. 

The Dizziness Handicap Inventory (DHI; APPENDIX III) is a 25-item 

measure that assesses physical, functional, and emotional impairments associated with 

dizziness(149). Consequently, it evaluates how patients' dizziness impacts their daily lives 

in a variety of contexts and provides therapeutic guidance. Excellent test-retest reliability 

makes it a valuable tool for monitoring progress. 

3.2. Postural control assessment 

A postural control assessment is a form of motor control assessment. It is 

related to static and dynamic balance, but not to the system or a disease/condition. 

There are no methods or devices available that can measure the postural control in 

CNP. Previous studies in CNP has utilized outcome measurements established for other 
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conditions, such as neurological diseases, vestibular problems and the risk of falls in the 

elderly.   

• Standard measurement 

- Computerized dynamic posturography 

In the field of older adults with CNP studies, the standard balance 

measures which have been used to detect postural control impairments include force 

platform(16, 17, 19, 150) and the Nintendo Wii Balance Board (Kyoto, Japan) was validate the 

device against the laboratory force platform(150). The static standing balance was 

measured with and without altered sensory conditions. Both mediolateral (ML) and 

anteroposterior (AP) sway in standing balance were observed. 

Wavelet analysis(17, 18, 151) was utilized to separate postural sway 

signals into multiple bandwidths corresponding to visual (< 0.10 Hz)(151), vestibular(0.1-

0.9 Hz)(152), cerebellar(0.39-1.56 Hz)(153), and muscular proprioception (1.56-6.25 Hz)(153) 

systems to better understand the underlying postural control impairments in CNP.  

- Wearable inertial sensor 

The usage of WIS technology (Figure 5) has recently emerged for 

the investigation of human movement. In both the clinic and the home, Wearable inertial 

sensors are able to be used to evaluate a person's movement quality(154, 155). It is a 

convenient and inexpensive option for clinicians and researchers to objectively evaluate 

the movement and fall risk of patients in the clinical setting. Multiple inertial sensors 
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(accelerometers: linear acceleration, gyroscopes: angular velocity, and magnetometers: 

heading with respect to the magnetic field) are used to capture data in three 

dimensions. 

 

Figure 5: Wearable Inertial Sensors (Opal Inertia Sensor) 
Source: https://www.apdm.com/media/ 

Postural control in terms of whole-body joint kinematics and spatial 

and temporal gait characteristics is able to evaluate precisely by combining multiple 

signals and synchronized sensors with models of human body motion(154, 155, 156). These 

devices may autonomously compute gait characteristics, but they rarely assess the 

trunk's postural stability during walking. Recently, there have been developed 

algorithms that can automatically, objectively, and quantitatively evaluate balance and 

mobility. 

In a previous study, the center of pressure (COP) was found to be 

correlated with WIS measurements, validating the WIS with force platform. Previous 

studies have shown that other WIS sway metrics, such as the Root Mean Square (RMS) 

amplitude, JERK, mean velocity, and centroidal frequency, are as sensitive as COP in 

differentiating untreated PD from control groups(157). The COP and WIS traces of a 
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control group and untreated PD patients during a quiet stance experiment are shown in 

Figure 6.  

–  

Figure 6: Center of Pressure (Left Panel) and Acceleration (Right Panel) 

Traces in the Horizontal Plane for Three Representative Subjects. 

Source: Mancini, Martina, et al. (2012) 

According to a recent study, patients with mild traumatic brain 

injuries (TBI) who report persistent balance problems can be classified according to the 

severity of their balance impairment using WIS and the Balance Error Scoring System.  
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The RMS value of bidirectional sway was calculated in each balance 

condition of clinical tests since Previous research shows that it has high reliability across 

a variety of the population(157). The RMS is an acceleration (acc) output via WIS from the 

rigid-body motion. A larger RMS value will reflect higher physical error during postural 

control tasks. The RMS was calculated using the following equation: 

RMS= √APacc2+MLacc2 

Thus, the WIS is a sensitive measurement to quantify postural control 

for classifying individual with postural control deficits by calculating RMS value of 

bidirectional sway. 

• Clinical tools 

The Modified Clinical Test of Sensory Interaction in Balance with an 

Altered Base of Support (mCTSIB-aBoS) is an assessment tool that is typically 

administered to older adults with CNP(16, 19) for examining sensory orientation. Postural 

control impairment in older adults with CNP have been quantified using several mobility 

scales, including the 10-Meter Walk Test with and without head movement(16, 19, 158) 

Dynamic Gait Index (DGI) (17, 18, 159); and Timed Up and Go Test (TUG)(17). However, the 

10-Meter Walk Test (10MWT), on the other hand, may not reliably predict actual 

functional mobility in real life. The 10MWT, for instance, examines just one aspect of 

functional mobility despite its importance in daily life. 

- Sensory strategies and individual sensory system 



  37 

The Modified Clinical Test of Sensory Interaction and Balance with 

an Altered Base of Support (mCTSIB-aBoS) has been used frequently in CNP research. 

It was designed to differentiate between visual, vestibular, and somatosensory inputs in 

order to improve the development of a treatment plan for neurological patients with 

balance problems. It has been demonstrated to have excellent test-retest reliability 

among older adults(160). The examiner uses a wall grid or plumb line to subjectively 

measure the amount of sway. The patient must stand in a variety of settings, some with a 

hard surface and others with a foam one, with or without a conflict dome, and with or 

without their eyes open. The duration of each test location is 30 seconds. The results 

obtained from the conflict dome with the eyes closed have unfortunately shown non-

significant(160). Thus, the modified version has been developed by reducing the 

conditions with the conflict dome. The mCTSIB-aBoS demonstrated 90% of sensitivity 

and 95% of specificity to classify subjects who complained of dizziness and imbalance, 

as compared to dynamic posturography(161). Standing balance in older adults with and 

without CNP has been compared using computerized posturography and the mCTSIB-

aBoS. Challenges to postural control include the addition of a comfortable stance and a 

narrow stance to the normal conditions of standing still on a firm or soft surface with 

eyes open or eyes closed as shown in Figure 7. However, no evidence has been 

reported about mCTSIB-aBoS responsiveness and validity for differentiating postural 

control impairment in older adults with CNP.  
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Figure 7: Modified Clinical Test of Sensory Interaction and Balance with 

Altered Base of Support (mCTSIB-aBoS) 

- Dynamic Gait Index (DGI) 

The Dynamic Gait Index (DGI; APPENDIX IV) was developed in order 

to evaluate the functional stability of older adults' gait activities and risk of falls(162). The 

reliability and validity of the DGI has been demonstrated with a variety of populations (163, 

164, 165, 166). DGI consists of eight components, including the ability to walk including 

walking while altering speed, walking with horizontal and vertical head movements, 

walking with a pivot turn, walking over and around obstacles, and ascend stairsA DGI 

score of 0 indicates the most severe impairment, while a score of 3 indicates good 
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performance. The highest conceivable result for outstanding performance is 24. If you 

have a low total DGI score, you have significant functional mobility impairment.     

- Timed Up and Go Test 

Turning is associated with increased risk of falling and injury among 

older adults living in the community. In the case of the elderly, it can be much more 

common than normal walking, especially for those who are limited to small houses. 

Around eight times more likely for it to occur than while walking in a straight line(167, 168). 

This is due to the fact that postural transitions require cognitive and executive function in 

the frontal lobe, as turning requires more interlimb coordination, increased coupling 

between posture and locomotion, and variations in locomotor patterns(169, 170). Older 

adults might discover it difficult to turn when walking because it requires stopping, 

rotating head and neck, rotating the body, and taking a stride in a new direction(171). 

Fallers frequently stagger while turning, take longer to turn, and require more steps to 

complete a turn than non-fallers(172).  Due to impairments in head-trunk coordination, 

older adults with CNP may have difficulty maintaining dynamic balance while turning 

and completing the task. 

 For the TUG, an individual stands up from a chair, walks 3 metres 

while making a 180-degree turn around a cone, and then sits back down. Therefore, this 

evaluation includes elements (e.g., sitting to standing, walking, and turning) that are 

crucial for performing daily tasks. Objective assessments of turning mobility have been 
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shown to be more sensitive than gait speed or other clinical measures to identify those 

with impaired dynamic balance and mobility(173, 174). Several groups have used it recently; 

among them is older persons with CNP, who were found to have lower scores on the 

TUG compared to healthy controls. This finding provides more evidence of the existence 

of balance deficiencies in this group(17). However, TUG only uses time as a single 

measure for evaluating how well the sequence of activities was completed. This method 

relies entirely on the tester's observable evaluation of balance and is therefore widely 

used in clinical settings.  As a result, it is unable to discriminate between subtle changes 

in sway patterns that indicate postural sway discrepancies since it does not contain 

task-specific information(175).  

- BESTest 

The Balance Evaluation Systems Test1 (BESTest; APPENDIX V) was 

established to assist physiotherapists treat their patients more effectively by identifying 

the underlying postural control system that contributes to impaired functional balance(49). 

It has been shown to be a reliable and valid measure of balance in individuals with 

neurological disease (e.g. Parkinson Disease(176, 177, 178, 179), Multiple Sclerosis(178, 180), 

Stroke(181, 182, 183), and older adults(51, 184)). The BESTest is a test that consists of thirty-six 

items and provides ordinal scores ranging from 0 to 3, with 0 indicating the lowest level 

of function and 3 indicating the highest level. The highest possible raw score is 108, 

which indicates an extremely high level of functioning. You may get your percentage 
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score by dividing your total points by 108 and multiplying the result by 100%. Greater 

percentages represent greater balance.   

The BESTest consists of six sections: biomechanical constraints, 

stability limits/verticality, anticipatory postural adjustments, postural responses, sensory 

orientation, and gait stability. Additionally, the percentage ratings for each subsystem 

are computed.  

- 10-Meter Walk Test 

The 10-Meter Walk test (10MWT) is clinician-administered and 

measures the time in which participants select a preferred walking speed over 10 

meters. It is widely used and recommended as a physical mobility and balance test(185). 

The 10MWT is a primary predictor of self-perceived function(186). Also, it is widely used to 

assess dynamic balance in participants with CNP both with and without head 

movements. The participants were given instructions to walk at their preferred speed 

barefoot under three different movements of the head: no head movement (NM), 

horizontal head movement (HM), and vertical head movement (VM). While walking 10 

meters without assistance, timer starts when the participants cross the 2-meter mark and 

stops when participants cross the 8-meter mark. The 6-meter in the middle is then 

divided by the total time taken (in seconds) to complete and recorded in m/s. 
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4. Summary 

The literature indicates that one of the most important problems of CNP, in 

addition to pain and disability, is postural control deficits, especially in older adults with 

CNP who have declined balance and increased risk of falls. As of now, a number of 

impairments observed in CNP patients, such as unsteadiness/dizziness, deficiencies in 

cervical joint proprioception(62, 187), poor oculomotor control(29, 187, 188, 189), or altered 

postural stability (25, 79, 190, 191) , have been more precisely classified as originating from a 

sensorimotor disorder. Therefore, previous studies in older adults with CNP which 

examined postural control impairments often considered sensory integration or 

orientation and stability in gait, while other postural control systems have not been 

thoroughly investigated. Several postural control systems including musculoskeletal 

system, sensory integration, sensorimotor strategy, internal representation, adaptive and 

anticipatory mechanism, are responsible for controlling balance. Impairment of each 

postural control system will lead to different characteristics of balance disorders that 

required different method of management. To be able to design effective balance 

training for older adults with CNP, assessment of all postural control systems is required. 

At present, there is still lack of information regarding other postural control systems such 

as internal representation, adaptive and anticipatory mechanisms that may be impaired 

in older adults with CNP. Although various clinical scales were used for determining 

postural control in older adults with CNP studies including The mCTSIB-aBoS(16, 19), 
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DGI(17), 10MWT with and without head movement(16, 19), and TUG(17). However, these 

clinical tools provide insufficient information on postural control and may limit the overall 

evaluation of a person's ability to control their posture. Furthermore, their sensitivities in 

detecting older adults with CNP with postural control problem have never been 

reported. 

The BESTest is a comprehensive balance measure targeting the 6 interacting 

systems underlying postural control(49). The majority of the items on the BESTest was 

selected from the following lists of validated balance tests: Single-Leg Stance Test 

(SLT), TUG, DGI,  Functional Reach Test, mCTSIB-aBoS, and Berg Balance Score(49). 

Therefore, the BESTest is the interesting clinical tools that have the potential to 

discriminate postural control impairment in older adults with CNP. 



 

CHAPTER 3 

METHODOLOGY 

Two objectives have been investigated in this study using cross-sectional study 

design. The first objective of this study was to determine the gait variables, gait speed or 

gait symmetry, that are sensitive and practical for detecting dynamic balance 

impairment in walking in older adults with chronic nick pain (CNP). Since only impaired 

sensory orientation and loss of stability in gait have been evident in older adults with 

CNP, other postural control systems have not been thoroughly investigated. Hence, the 

second objective of this study was to investigate the ability of the Balance Evaluation 

Systems Test (BESTest) to identify postural control impairment in older adults with CNP. 

1. Participants 

Setting 

– Srinakharinwirot University 

– Physical Therapy Clinic 

– Community 

Participants selection 

This study recruited older adults without chronic neck pain (the OLD group), 

older adults with chronic neck pain (the CNP group), and healthy young adults (the 

YOUNG group) as the reference. Participants were recruited conveniently and screened 

for inclusion and exclusion criteria by researcher 1. Those who met the criteria were 
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asked to consent to the study in writing and were provided with a copy of the signed 

consent form. 

Inclusion criteria 

For asymptomatic group (the OLD group), this study recruited the participants 

who have; 

– aged  60 years old 

– able to walk independently 

– no history of neck pain  

For symptomatic group (the CNP group), this study recruited the participants 

who have; 

– aged  60 years old 

– able to walk independently 

– suffered neck pain (average intensity  3 mm on the 10 mm VAS in the 

last week) for at least 3 months with/without radiating pain(192) 

For healthy young adults group (the YOUNG group), this study recruited the 

participants who have; 

– aged 20-40 years old 

– able to walk independently 

– no history of neck pain  

Exclusion criteria 
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– previous history of neck and head trauma(193)  

– recent orthopedic surgery or fracture (within the last six months to 

lessen the impact of injury's short-term aftereffects)(194, 195, 196)  

– recent acute musculoskeletal injury or inflammatory joint disease/arthritis 

that required active management(194, 197, 198, 199)  

– known or suspected vestibular pathology, vertigo or dizziness from ear 

or brain disorders, neurological conditions such as stroke or parkinson’s 

disease(193, 194, 199, 200) 

– systemic conditions such as cancer, diabetes with peripheral 

neuropathy, etc.(194, 199, 201, 202)  

– use of certain medications affected postural control four or more during 

the assessment date (such as digoxin, opioids, anticonvulsants, 

psychostimulants, and antidepressants)(194) 

– cognitive impairment(203) as measured by Montreal Cognitive 

Assessment (MoCA) with the total score of less than 24/30(204) 

2. Sample size 

Objective I 

For objective I, the sample size was estimated using data from a previous 

study(46) that found an effect size of 1.00. A sample size of at least 12 individuals in each 

group is needed to provide a sufficient power of 0.80 for the Mann-Whitney U test when 
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the alpha level is set at 0.05. However, this study included a larger sample size in the 

control group for an accurate comparison. Thus, a convenience sampling technique 

was used to recruit fourteen older adults with CNP (n = 14) and 36 controls (n = 36). 

Objective II 

For objective II, the effect size of 0.52 was calculated from prior study(17). A 

power analysis performed with G*Power version 3.1.9.4 indicated that at least 15 

participants in each group would be needed to ensure an adequate power level of 0.80 

for the Kruskal–Wallis test at an alpha level of 0.05.  

According to Sheskin, D. J. (2003)(205), the sample size calculation of the 

Kruskal-Wallis Test is the same as with the 1-way ANOVA but with 15-20% more 

samples. Thus, the minimum sample size of 20 are required for each group (OLD, CNP, 

YOUNG), resulting in a total of 90 participants for this study. Thus, one hundred and ten 

participants from three groups of subjects, thirty healthy young participants aged 20-40 

years and eighty older adults aged 60 years or older with (n = 20) and without CNP (n = 

60), were included in the study 

3. Data collections 

To investigate the objectives of the study, the primary and secondary variables 

will be collected as summarized in Table 2.   
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Table 2: The Variables of Interest 

Measurement tools Variables Unit Type of scale 

Primary variables  
mCTSIB-aBoS Averaged time s Ratio 

Gait speed Averaged speed m/s Ratio 

Stride length Averaged length cm Ratio 

Cadence Averaged step in a minute steps/min Ratio 

Gait Asymmetry Index Proportions of asymmetry - Ordinal  

BESTest Total score % Ordinal  

Secondary variables  
VAS Averaged pain cm Ratio 

NDI Total score % Ordinal 

ABC scale Total score % Ratio  

DHI Total score - Ordinal  

mCTSIB-aBoS = Modified Clinical Test of Sensory Integration and Balance with an 
altered base of support; BESTest = The Balance Evaluation Systems Test; VAS = Visual 
Analogue Scale; NDI = The Neck Disability Index; DHI = Dizziness Handicap Inventory; 
ABC scale = Activities-specific Balance Confidence scale 

After obtaining informed consent, demographic data and questionnaires were 

administered by researcher 1. Researcher 2, who was blinded to the participants' group 

and demographic information conducted the postural control assessments in quiet 

laboratory settings with verbal instructions. Researcher 2's intrarater reliability on the 

mCTSIB-aBoS and BESTest were calculated using the intraclass correlation coefficient 

(ICC) for a sample of 10 older adults. The findings demonstrated that Researcher 2 had 

a high intrarater reliability of both tests (ICC = 0.98 and 0.96, respectively).  
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3.1. Questionnaire 

The questionnaire including age, gender, body mass index (BMI), 

medication intake and co-morbidities were obtained via interviewer-assisted 

questionnaire and medical record of each participant. In order to reach the participants 

that representative of older adults aged 60 or older, individuals with mild and common 

conditions were not excluded from the study. Four distinct groups of comorbidities were 

coded and classified into four categories:   

1) musculoskeletal conditions  

2) history of orthopedic surgery or fracture 

3) common health problems include hypertension, heart disease, 

osteoporosis, and depression 

4) dizziness  

For each participant's co-morbidities, the number of 'positive' codes was 

counted, with the highest number of codes equal to four.  

Neck pain intensity was assessed as “pain at the moment” on a blank 10 

cm visual analog scale (VAS), on which 0 cm corresponds to "no pain at all" and 10 cm 

corresponds to "worst imaginable pain". 

The Neck Disability Index (NDI) Thai version(206) was administered via an 

interviewer-assisted questionnaire to assess the degree of self-reported neck pain and 

disability. It consists of 10 items concerning daily living, pain and concentration. Each 
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item is scored from 0–5, with 0 representing no disability and 5 signifying extreme 

disability, giving a total score of 50 or 100 percent. The total scores can be interpreted 

into the following 5 levels of disability in performing activities of daily living: 0-8%, no 

disability; 10-28%, mild disability; 30-48%, moderate disability; 50-64%, severe 

disability; and 70-100%, complete disability(207). 

The Activities-specific Balance Confidence scale (ABC) was used to assess 

participants’ balance confidence. The ABC requires patients to indicate their confidence 

in performing 16 activities without losing their balance or becoming unsteady on an 11-

point scale (0 to 100%). Each item describes a specific activity that requires 

progressively increased balance control. Greater scores indicate higher balance 

confidence. 

The Dizziness Handicap Index (DHI) was used to examine the self-

perceived handicap associated with dizziness. The DHI consists of 25 items divided into 

three subscales: physical, functional, and emotional. Higher scores indicate the 

maximum perceived disability, with a maximal score of 100. The DHI can be used to 

classify individuals into 3 levels of disability; a total score of 0-30 indicates mild 

disability, 31-60 indicates moderate disability, and 61-100 indicates severe disability(149). 

3.2. Postural Control Assessment 

Participants performed each test once and they were given time to 

familiarize themselves with the testing procedures and instructions prior to data 
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collection. The participants were randomly assigned into each sequence, and the 

researcher ensured that there was an equal number of participants in each sequence. 

Participants were encouraged to rest for 5 minutes as needed between each section of 

the test to avoid fatigue. The total testing time was approximately 2 hours, but if the test 

could not be completed within 1 day, it was continued the next day. To verify the 

accuracy of the scoring, the entire testing session of each participant was videotaped 

for subsequent review. 

Objective I 

To determine the gait variables that are sensitive and practical for 

detecting dynamic balance impairment in walking in older adults with CNP, the Modified 

Clinical Test of Sensory Integration and Balance with adjusted base of support 

(mCTSIB-aBoS) and the 10-Meter Walk test (10MWT) were used to collect gait variables 

with the Inertial Measurement Units (IMU).  

- Modified Clinical Test of Sensory Integration and Balance with 

adjusted base of support (mCTSIB-aBoS): The aim of the standing balance test is to 

objectively evaluate the effects of visual, vestibular, and somatosensory input on the 

ability to maintain balance(28),  is a timed test that have good test-retest reliability in older 

populations(160). Participants, similar to those in the previous study of older adults with 

CNP(29), were given eight conditions and instructed to stand with their arms crossed as 

steadily as possible for 30 seconds: eyes open while standing comfortably on a firm 
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surface (C1), eyes open while standing narrowly on a firm surface (C2), eyes closed 

while standing comfortably on a firm surface (C3), eyes closed while standing narrowly 

on a firm surface (C4), eyes open while standing comfortably on a soft surface (C5), 

eyes open while standing narrowly on a soft surface (C6), eyes closed while standing 

comfortably on a soft surface (C7), and eyes closed while standing narrowly on a soft 

surface (C8). When participants opened their eyes, moved an arm or both, and took a 

step, the trial ended. The length of time required to complete each condition was 

recorded. The total score was calculated by averaging the times on all conditions. 

- The 10-Meter Walk test (10MWT), in which participants select a 

preferred walking speed over a distance of 10 meters, is widely used and 

recommended as a physical mobility and balance test(185). Participants were instructed 

to do three different head movements while walking barefoot at their preferred speed. no 

head movement (NM), horizontal head movement (HM), and vertical head movement 

(VM). 

- Inertial Measurement Units (IMU)  

Gait parameters, including gait speed, stride length, and cadence 

during the walking test, were collected with the Instrumented Long Walk (IWalk) test 

(APDM, Inc., Portland, USA). Six inertial measurement units (IMUs, Inc., Portland, OR, 

USA) were worn by all participants at the chest, lumbar region, wrists, and ankles before 

performing the clinical test, with The sensors, which include a gyroscope and an 
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accelerometer, collect data at a sampling rate of 200 Hz and report angular velocity and 

acceleration, respectively(208). The instrument has high to moderate validity when 

measuring most of the gait metrics tested(209). The IMUs at both shanks are used to 

detect and evaluate gait speed, stride length, and cadence. To allow comparison to 

normative data, the value was averaged for the left and right sides in relation to the 

subject's body height(210). Gait asymmetry was calculated using the proportion of a gait 

cycle's swing phase when each foot was off the ground. The term "short swing phase" 

(SSW) refers to the average percentage that is smaller than that of the "long swing 

phase" (LSW). The gait asymmetry was determined by taking the natural logarithm of the 

number that resulted from the ratio of the short swing phase to the long swing phase 

and then multiplying that result by 100. When the value increases, it reflects the degree 

of gait asymmetry. A value of zero denotes complete symmetry(46). 

Gait Asymmetry Index = 100 ×|ln(SSW LSW⁄ )| 

 

The testing conditions were organized into 11 sequences that began 

with different clinical test conditions and continued with the subsequent conditions. The 

test conditions were organized into 11 sequences that began with different clinical test 

conditions and continued with the subsequent conditions. For example, the first 

sequence, C1 of the mCTSIB-aBoS was assigned first, followed by C2, C3, C4, C5, C6, 

C7, C8, walk with NM, walk with HM, and walk with VM, while in the second sequence, 
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C2 of the mCTSIB-aBoS was assigned first, followed by C3, C4, C5, C6, C7, C8, walk 

with NM, walk with HM, walk with VM, and C1. 

Objective II 

To investigate the ability of the Balance Evaluation Systems Test 

(BESTest) to identify postural control impairment in older adults with CNP, the BESTest 

was used in this study. The testing items were grouped into 6 sequences, which were 

initiated with different sections of the BESTest and followed by the subsequent sections. 

For example, in the 1st sequence, Section I of the BESTest was administered first, 

followed by Sections II, III, IV, V, and VI, and in the 2nd sequence, Section II was 

administered first, followed by Sections III, IV, V, VI, and I. 

- Balance Evaluation Systems Test: The participants were 

instructed to perform 6 sections (S1-S6) including 27 tasks. There are a total of 36 items 

on the BESTest. Each item is scored on a 4-level, ordinal scale from 0 (worst 

performance) to 3 (best performance). The scores were summed to obtain a total score 

out of a possible maximum score of 108 points. Scores for the total test, as well as for 

each section, were expressed as a percentage of total points(49). 

4. Statistical analysis 

Descriptive statistics were used to describe demographic data. The risk for 

bias was minimized by coded data during the analyzing process.  

Objective I 
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To determine the first hypothesis, the Mann‒Whitney U test was 

selected to compare the total score of the mCTSIB-aBoS, gait speed, stride length, 

cadence, and gait asymmetry index between older adults with and without CNP. The 

Kruskal‒Wallis test was chosen to investigate the differences in outcome variables 

among the three types of walking within the group: walking with no head movement, 

walking with horizontal head movement, and walking with vertical head movement.  

Spearman's correlation coefficient was used to determine the degree of the 

relationship between fear of falling and gait parameters (gait speed and gait symmetry 

index) for each walking condition. The direction of the correlation was indicated by the 

sign of the correlation coefficient, r. If r was negative, then there was an inverse 

relationship between the variables. Most biologically significant coefficients in clinical 

and biomedical investigations fall in the range of 0.5 to 0.8 (or -0.5 to -0.8)(211), which is 

classified as a moderate to strong correlation(212). All analyses were conducted with a 

significance level of 0.05. 

Objective II  

To investigate the second hypothesis, the Kruskal–Wallis test was 

selected to compare the percentage of the BESTest total and each section score 

between 3 groups. The pairwise comparison was used to pinpoint the difference 

between groups. The Mann‒Whitney U test was used to compare the BESTest item 
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scores between older adults with and without CNP in the selected BESTest section. The 

significance level was set to 0.05 for all tests.  

Once the BESTest domains that were significantly different between older 

adults with and without CNP had been identified, receiver operating characteristic 

(ROC) curve analysis was further conducted on those BESTest domains to differentiate 

the older adults whose daily life had been affected by neck problems using the NDI 

scores as a reference: participants with disability (total score ≥ 10%) and without 

disability (total score < 10%).  The area under the curve (AUC) and the specificity, 

sensitivity, and cutoff points were calculated. An AUC value of 0.7 to 0.9 is generally 

considered to be acceptable for differentiation(213). The largest Youden index (sensitivity 

+ [1-specificity]) was chosen as the cutoff score. Positive likelihood ratios (+LR) were 

calculated as sensitivity/(1-specificity). Negative likelihood ratios (-LR) were calculated 

as (1-sensitivity)/specificity. The greater the +LR is than 1.0, the more valuable the 

positive test result. The -LR indicates the usefulness of a negative test result: the greater 

the value is less than 1.0, the more valuable the negative test result(214). Posttest 

accuracy was later calculated from the proportion of true positives and true negatives in 

all tested cases. 

The item difficulty measure was estimated from the BESTest item score of each 

participant group by Rasch analysis (partial credit model)(52) using WINSTEPS software 

5.2.2 (Winsteps®, Portland, Oregon). The “simulate data” option was used to strengthen 
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the findings due to the small sample size. The item difficulty was expressed in a logit 

scale, in which the highest logit represents the most difficult item, and the lowest logit 

represents the easiest item. 
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5. Ethical Considerations 

Risks and management 

1) Fall during postural control assessment  

All participants will be screened before participating in the study, and those 

who have extreme balance loss will not participate in the study.  There will also be a 

padded surface on the floor and the researchers (Researcher 1 or 2) nearby to catch 

the participants if they should fall off. 

2) Discomfort and/or pain during testing 

All participants will be screened before participating in the study, and those 

who have extreme pain will not be allowed to participate in the study. The participants 

will be allowed to rest for a longer period or stop in between if the testing protocols 

induce pain.  

3) Muscle fatigue and soreness during testing 

The participants will be allowed to rest for a longer period of time in between 

trials if they are too fatigued.
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CHAPTER 4 

RESULTS 

1. Objective I 

The first purpose of this study was to identify which gait variables were more 

sensitive to dynamic balance impairment in older adults with chronic neck pain (CNP). 

The demographic data of older adults without chronic neck pain (the OLD group) and 

older adults with chronic neck pain (the CNP group) are shown in Table 3.  No 

significant differences in gender, age or comorbidities between older adults with and 

without CNP were found. Most of the participants in both groups were female, without 

significant difference in body mass index between groups. According to the NDI score, 

participants of the CNP group reported experiencing no to mild disability in activities of 

daily living due to neck problems, which was significantly greater than the OLD group (p 

< 0.05). The pain level of the CNP group was classified as moderate intensity. Based on 

the ABC scale, those with CNP were less confident than the OLDs in their ability to carry 

out daily activities without losing their balance (p < 0.05). Additionally, the total scores 

on the mCTSIB-aBoS, which represent static postural control, were significantly lower in 

the CNP group (p < 0.05). 
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Table 3: Characteristics of Participants 

 OLD (n=36) CNP (n=14) 
Age (years, mean ± SD) 64.44 ± 3.68 63.29 ± 2.76 

Gender (female, n (%)) 29 (80.56) 11 (78.57) 

BMI (kg/m2, mean ± SD) 23.31 ± 2.05 23.62 ± 4.03 

NDI (0-100, mean ± SD) 0.72 ± 1.45 13.57 ± 6.09* 

ABC scale (%, mean ± SD) 95.25 ± 5.08 90.53 ± 8.53* 

DHI (points, mean ± SD) N/A 0.64 ± 1.34 

VAS (0-10, mean ± SD) 0 4.43 ± 1.45 

Duration of neck pain (months, mean ± SD) N/A 17.89 ± 15.07 

Side of neck pain (sides, n (%))   

- Right side N/A 3 (21.43) 

- Left side N/A 2 (14.29) 

- Both side N/A 9 (64.29) 

Comorbidities (conditions, median (SE)) 0.00 (0.63) 0.50 (0.65) 

mCTSIB-aBoS (% total score, mean ± SD) 100 ± 0.00 99.23 ± 1.21* 

NDI = Neck Disability Index; ABC scale = Activities-specific Balance Confidence scale; DHI = Dizziness Handicap Index; VAS = Visual 
Analog Scale; OLD = Older Adults without Chronic Neck Pain; CNP = Older Adults with Chronic Neck Pain, N/A = not applicable 
*p < 0.05 comparison of OLD and CNP 

 

The spatiotemporal variables are presented in Table 4 as the mean and 

standard deviation. There was no difference in gait speed, stride length or cadence 

between the OLD and CNP groups during walking with no head movement (NM). 

However, when walking with horizontal head movement (HM) and vertical head 

movement (VM), the CNP group had lower gait speed, stride length, and cadence than 

the OLD group. Furthermore, gait speed was significantly different among all walking 

conditions in the CNP group; it was highest during walking with NM and lowest during 

walking with VM (p < 0.05), as shown in Figure 8. 



  61 

Table 4: Gait Parameters (Mean ± SD) under Three Different Walking Conditions 
between Older Adults with and without Chronic Neck Pain 

Gait parameter 
 

Walk without 

head movement 

Walk with 

horizontal head movement 

Walk with 

vertical head movement 

OLD CNP OLD CNP OLD CNP 

Gait speed (m/s) 1.14 ± 0.07 1.09 ± 0.09 1.11 ± 0.08 0.97 ± 0.05* 1.11 ± 0.07 0.89 ± 0.06* 

Stride length (cm.) 124.19 ± 7.66 120.22 ± 7.23 118.25 ± 6.89 111.50 ± 8.51* 118.91 ± 7.34 112.35 ± 9.06* 

Cadence (steps/min) 106.23 ± 5.62 103.15 ± 5.41 102.64 ± 6.26 96.14 ± 5.72* 105.13 ± 6.93 95.83 ± 5.31* 

OLD = Older Adults without Chronic Neck Pain; CNP = Older Adults with Chronic Neck Pain 
*p < 0.05 comparison of OLD and CNP 

 

 

Figure 8: Gait Speed under Three Different Walking Conditions between the 
Control (OLD) and Neck Pain Groups (CNP);  

There was no difference across walking condition in the OLD group. * Significant difference in gait 
speed between group were found during walking with Horizontal Head Movement (HM) and 

Vertical Head Movement (VM); † The pairwise comparison within the CNP group showed significant 
difference between walking with No Head Movement (NM) and HM, and between walking with NM 
and VM; ‡ The pairwise comparison within the CNP group showed significant difference between 

walking with HM and VM. 
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Gait asymmetry indices during the 3 walking conditions in the OLD and CNP 

groups are presented in Table 5. Compared to the OLD group, the CNP group had the 

largest gait asymmetry index when walking with VM (p < 0.05). Further investigation 

within groups revealed a significant difference in the gait asymmetry index between 

walking with NM and VM in the CNP group (NM = 3.02 ± 1.76, VM = 6.11 ± 3.07; p < 

0.05), as shown in Figure 9. 

 
Table 5: Gait Asymmetry Index (Mean ± SD) under Three Different Walking Conditions 
between Older Adults with and without Chronic Neck Pain 

Walking Conditions OLD (n=36) CNP (n=14) p-value 

Walk without head movement 3.01 ± 2.18 3.02 ± 1.76 0.730 

Walk with horizontal head movement 3.06 ± 1.86 4.44 ± 3.40 0.342 

Walk with vertical head movement 3.62 ± 2.06 6.11 ± 3.07 0.006* 

OLD = Older Adults without Chronic Neck Pain; CNP = Older Adults with Chronic Neck Pain 
*p < 0.05 comparison of OLD and CNP 

 

As shown in Table 6, there were significant correlations (p < 0.05) between gait 

parameters and balance confidence (as measured by the ABC scale) while walking with 

head movement. In both walking with HM and VM, the correlation between balance 

confidence and gait speed was determined to be moderate (r = 0.618 and r = 0.620, 

respectively), whereas the gait asymmetry index had a moderate inverse correlation (r = 

-0.563, r = -0.698, respectively) with balance confidence.  
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Figure 9: Gait Asymmetry Index under Three Different Walking Conditions 

between the Control (OLD) and Neck Pain Groups (CNP);  
There was no difference across walking condition in the OLD group. * Significant difference in gait 
asymmetry index between group was found during walking with Vertical Head Movement (VM); † 

The pairwise comparison within the CNP group showed significant difference in gait speed 
between walking with No Head Movement (NM) and VM, while no significant difference was found 

during walking with Horizontal Head Movement (HM) condition. 

 
Table 6: Spearman’s Rank Correlation Coefficient between Balance Confidence and 
Gait Parameters in the Chronic Neck Pain Group across Walking Conditions 

Parameters 

ABC scale; r (p-value) 

Walk without 

head movement 

Walk with 

horizontal head movement 

Walk with 

vertical head movement 

Gait Speed 0.196 (0.501) 0.618 (0.019)* 0.620 (0.018)* 

Gait Asymmetry Index - 0.481 (0.081) - 0.563 (0.036)* -0.698 (0.006)* 

ABC scale = Activities-specific Balance Confidence scale 
*p < 0.05 
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2. Objective II 

The second purpose of this study was to determine whether the BESTest is able 

to identify system-specific postural control impairments in older adults with CNP. The 

demographic data of the young adults (YOUNG), the OLD group and the CNP group are 

presented in Table 7. As expected, there were significant differences in age between 

young and older adults (p < 0.05), whereas older adults with and without CNP did not 

significantly differ in age or comorbidities. Most of the participants in all groups were 

female, without a significant difference in body mass index. The CNP group had 

moderate pain and none to mild disability of daily living affected by neck problems (from 

the NDI score) and were significantly worse than the OLD group (p < 0.05). Moreover, 

those with CNP had less balance confidence in performing daily activities than those 

without CNP (p < 0.05). 
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Table 7: Characteristics of Participants 

 YOUNG (n=30) OLD (n=60) CNP (n=20) 
Age (years, mean ± SD)  24.20 ± 4.13 64.70 ± 3.74† 63.85 ± 3.73‡ 

Gender (female, n (%)) 21 (70.00) 46 (76.67) 16 (80.00) 

BMI (kg/m2, mean ± SD) 22.14 ± 2.25 23.56 ± 2.97 23.65 ± 3.75 

NDI (0-100, mean ± SD) - 0.63 ± 1.35 13.63 ± 6.74* 

ABC scale (%, mean ± SD)  - 94.08 ± 5.79 88.78 ± 10.67* 

DHI (points, mean ± SD) - 0.03 ± 0.26 1.45 ± 4.51* 

VAS (0-100, mean ± SD) - - 4.50 ± 1.47 

Duration of neck pain (months, mean ± SD) - - 14.63 ± 14.15 

Side of neck pain (sides, n (%))    

- Right side - - 4 (20.00) 

- Left side - - 4 (20.00) 

- Both side - - 12 (60.00) 

Comorbidities (conditions, median (SE)) - 1.00 (0.71) 1.00 (0.63) 

Taking more than four medications (n (%)) - 5 (8) 2 (10) 

NDI = Neck Disability Index; ABC = Activities-specific Balance Confidence scale; DHI = Dizziness Handicap Index; VAS = Visual Analog 
Scale; OLD = Older Adults without Chronic Neck Pain; YOUNG = Young Adults; CNP = Older Adults with Chronic Neck Pain 
†p < 0.05 comparison of YOUNG and OLD 
‡p < 0.05 comparison of YOUNG and CNP 
*p < 0.05 comparison of OLD and CNP 

 
The BESTest scores from 3 groups of participants, young adults and older 

adults with and without CNP, are presented in Table 8. Older adults with and without 

CNP demonstrated significantly lower BESTest total scores than young subjects. The 

comparison between the two groups of older adults showed that the CNP group had a 

lower BESTest total score than the OLD group. Regarding the section scores, the OLD 

group had a significantly lower score than the YOUNG group in all sections, except 

Section I (Biomechanical Constraints) and Section V (Sensory Integration), while the 

CNP group had lower scores than the YOUNG group in all sections except Section V. In 
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addition, the CNP group had a significantly lower score than the OLD group in 3 

sections: Biomechanical Constraints (Section I), Transitions–Anticipatory Postural 

Adjustment (Section III), and Reactive Postural Response (Section IV), which is 93.67 ± 

5.91, 94.44 ± 6.74, and 89.17 ± 12.29, respectively (p < 0.05). Therefore, scores from 

these 3 sections (I, III, and IV) were selected for the following analyses. 

 
Table 8: Percentage Score in Total and each section of the BESTest 

BESTest YOUNG (n=30) OLD (n=60) CNP (n=20) 

Total (%) 99.73 ± 0.64 94.26 ± 3.35† 91.58 ± 3.11‡, * 

Section I: Biomechanical Constraints (%) 99.33 ± 0.06 97.56 ± 4.42 93.67 ± 5.91‡, * 

Section II: Stability Limits/Verticality (%) 100.00 ± 0.00 88.97 ± 6.88† 89.29 ± 8.30‡ 

Section III: Transitions-Anticipatory Postural Adjustment (%) 100.00 ± 0.00 97.41 ± 4.95† 94.44 ± 6.74‡, * 

Section IV: Reactive Postural Response (%) 100.00 ± 0.00 95.56 ± 5.58† 89.17 ± 12.29‡, * 

Section V: Sensory Orientation (%) 100.00 ± 0.00 99.56 ± 2.08 99.33 ± 2.05 

Section VI: Stability in Gait (%) 99.05 ± 0.48 86.51 ± 7.55† 83.57 ± 4.76‡ 

OLD = Older Adults without Chronic Neck Pain; YOUNG = Young Adults; CNP = Older Adults with Chronic Neck Pain 
†p < 0.05 comparison of YOUNG and OLD 
‡p < 0.05 comparison of YOUNG and CNP 
*p < 0.05 comparison of OLD and CNP 

 
The frequency distribution of the BESTest scores within Sections I, III and IV 

between older adults with and without CNP are shown in Table 9. Compared to the OLD 

group, the CNP group demonstrated a lower percentage of individuals who scored 

“normal” (3 scores), which differed significantly in the following items: Section I, hip/trunk 

lateral strength; Section III, stand on nondominant leg; and Section IV, compensatory 

stepping correction–forward and backward. 



  67 

 
Table 9: The Frequency Distribution of the BESTest Scores in each Section 

BESTest Frequency (%) 

OLD (n=60)  CNP (n=20)  

Normal Abnormal Normal Abnormal 

Section I: Biomechanical Constraints      

- Base of Support 100 0.00 100 0.00 

- COM Alignment 100 0.00 100 0.00 

- Ankle Strength & Range 78.3 21.7 60.0 40.0 

- Hip/Trunk Lateral Strength 88.3* 11.7 60.0* 40.0 

- Sit on Floor and Standup 100 0.00 100 0.00 

Section II: Stability Limits/Verticality     

- Sitting Verticality and Lateral Lean: Lean (Lt.)  86.7 13.3 85.0 15.0 

- Sitting Verticality and Lateral Lean: Lean (Rt.)  90.0 10.0 95.0 5.00 

- Sitting Verticality and Lateral Lean: Verticality (Lt.)  83.3 16.7 90.0 10.0 

- Sitting Verticality and Lateral Lean: Verticality (Rt.)  90.0 10.0 80.0 20.0 

- Functional Reach Forward Distance Reached 55.0 45.0 55.0 45.0 

- Functional Reach Lateral Distance Reached (Lt.) 26.7 73.3 45.0 55.0 

- Functional Reach Lateral Distance Reached (Rt.) 38.3 61.7 55.0 45.0 

Section III: Transitions-Anticipatory Postural Adjustment     

- Sit to Stand 100 0.00 100 0.00 

- Rise to Toes 88.3 11.7 90.0 10.0 

- Stand on Non-dominant Leg 85.0* 15.0 55.0* 45.0 

- Stand on Dominant Leg 88.3 11.7 75.0 25.0 

- Alternate Stair Touching 100 0.00 100 0.00 

- Standing Arm Raise 100 0.00 100 0.00 
OLD = Older Adults without Chronic Neck Pain; CNP = Older Adults with Chronic Neck Pain 
Normal = Able to perform the test perfectly and score as 3, Abnormal = Unable to perform the test perfectly and score as 2, 1, or 0 
Percentage of frequency was calculated by dividing the amount of participant in each score by the total participants of each group, and then 
multiplying the result by 100. 
*p < 0.05 comparison of OLD and CNP 
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Table 9: The Frequency Distribution of the BESTest Scores in each Section (Continued) 

BESTest Frequency (%) 

OLD (n=60)  CNP (n=20)  

Normal Abnormal Normal Abnormal 

Section IV: Reactive Postural Response     

- In Place Response: Forward 100 0.00 95.0 5.00 

- In Place Response: Backward 93.3 6.70 85.0 15.0 

- Compensatory Stepping Correction: Forward 96.7* 3.33 75.0* 25.0 

- Compensatory Stepping Correction: Backward 90.0* 10.0 60.0* 40.0 

- Compensatory Stepping Correction: Lateral (Nondominant) 73.3 26.7 60.0 40.0 

- Compensatory Stepping Correction: Lateral (Dominant) 71.7 28.3 60.0 40.0 

Section V: Sensory Orientation     

- Eyes Open, Firm Surface 100 0.00 100 0.00 

- Eyes Closed, Firm Surface 100 11.7 100 0.00 

- Eyes Open, Soft Surface 100 15.0 100.0 5.00 

- Eyes Closed, Soft Surface 95.0 5.00 90.0 10.0 

- Inclined - Eyes Closed 100 0.00 100 0.00 

Section VI: Stability in Gait     

- Gait – Level Surface 33.3 66.7 15.0 85.0 

- Change in Gait Speed 96.7 3.30 95.0 5.00 

- Walk with Head Turns - Horizontal 93.3 6.70 85.0 15.0 

- Walks with Pivot Turns 100 0.00 100 0.00 

- Step over Obstacles Time 95.0 5.00 95.0 5.00 

- Timed “Get Up & Go” Get Up & Go 48.3 51.7 25.0 75.0 

- Timed “Get Up & Go” with Dual Task Dual Task 15.0 85.0 10.0 90.0 

OLD = Older Adults without Chronic Neck Pain; CNP = Older Adults with Chronic Neck Pain 
Normal = Able to perform the test perfectly and score as 3, Abnormal = Unable to perform the test perfectly and score as 2, 1, or 0 
Percentage of frequency was calculated by dividing the amount of participant in each score by the total participants of each group, and then 
multiplying the result by 100. 
*p < 0.05 comparison of OLD and CNP 
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Findings from the ROC analysis on the summative scores from Sections I, III 

and IV are shown in Table 10. The AUC was 0.79, indicating good diagnostic accuracy 

for classifying older adults with mild disability from neck pain, with a cutoff score of 48.5 

out of 51. The sensitivity and specificity were high (72% and 69%, respectively), with 

acceptable LRs and good posttest accuracy (71.25%). 

 
Table 10: Cutoff Points for the Summation Score of Section I, III, and IV from the BESTest 
with Associated Area Under the Curve of Receiver Operating Characteristic Curve, 
Sensitivity and Specificity, and Likelihood Ratios in Older Adults with and without 
Disability 

Variables Total Score of  

Section I, III, and IV  
Area Under the Curve 0.79 

Cutoff Score (/51) 48.5 

Sensitivity 0.72 

Specificity 0.69 

Positive Likelihood Ratio 2.32 

Negative Likelihood Ratio 0.41 

Accuracy (%) 71.25% 

 

Closer examination of each BESTest item difficulty level of older adults with and 

without CNP is presented in Table 11 and Table 12, respectively. The item order was 

determined by its difficulty from the easiest to the most difficult. All items of the BESTest 

were found to be too easy for young adults (item difficulty = -7.54, standard error = 

2.04), except one item, the Timed Up and Go with dual task test, which was the most 
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difficult item. Similarly, the Timed Up and Go with dual task item was also found to be 

the most difficult item for older adults with and without CNP. In contrast, eleven items 

were found to be the easiest items for both older adults with and without CNP, including 

base of support, center of mass alignment, sit on floor and standup, sit to stand, 

alternate stair touching, standing arm raise, sensory integration for balance—eyes open 

on firm surface, eyes closed on firm surface, eyes open on soft surface, and incline–

eyes closed—and walk with pivot turns. Apart from these similarities, hip/trunk lateral 

strength, stand on nondominant leg, and compensatory stepping correction–forward 

and backward were found to be harder for the CNP group than for the OLD group. 
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Table 11: Item Difficulty Measures of the BESTest in Older Adults with Chronic Neck 
Pain (CNP) 

Items Item  

Difficulty 

Standard 

Error (SE) 

Items Item  

Difficulty 

Standard 

Error (SE) 

Base of Support -3.34 1.84 Walk with Head Turns – Horizontal -0.87 0.63 

COM Alignment -3.34 1.84 In Place Response – Backward -0.87 0.63 

Sit on Floor and Standup -3.34 1.84 Sitting Lateral Lean to Non-dominant Side -0.87 0.63 

Sit to Stand -3.34 1.84 Sitting Verticality (Dominant side) -0.23 0.51 

Alternate Stair Touching -3.34 1.84 Compensatory Stepping Correction 

- Forward 

0.02 0.48 

Standing Arm Raise -3.34 1.84 Stand on Dominant Leg 0.02 0.48 

Sensory Integration for Balance  

- Eyes Open on Firm Surface 

-3.34 1.84 Compensatory Stepping Correction 

- Backward 

0.43 0.44 

Sensory Integration for Balance  

- Eyes Closed on Firm Surface 

-3.34 1.84 Ankle Strength & Range 0.43 0.44 

Sensory Integration for Balance  

- Eyes Open on Foam Surface 

-3.34 1.84 Compensatory Stepping Correction 

- Lateral (Dominant side) 

0.79 0.41 

Sensory Integration for Balance  

- Incline- Eyes Closed 

-3.34 1.84 Compensatory Stepping Correction  

- Lateral (Non-dominant side) 

0.96 0.40 

Walk with Pivot Turns -3.34 1.84 Functional Reach Lateral (Dominant side) 0.96 0.40 

Step over Obstacles -2.10 1.03 Functional Reach Forward 0.96 0.40 

Change in Gait Speed -2.10 1.03 Hip/Trunk Lateral Strength 0.96 0.40 

In Place Response – Forward -2.10 1.03 Stand on Non-dominant Leg 1.12 0.39 

Sitting Lateral Lean-to  

Dominant side 

-2.10 1.03 Functional Reach Lateral  

(Non-dominant side) 

1.12 0.39 

Sensory Integration for Balance  

- Eyes Closed, Foam Surface 

-1.34 0.75 Gait – Level Surface 1.56 0.38 

Rise to Toes -1.34 0.75 Timed “Get Up & Go” 1.84 0.37 

Sitting Verticality  

(Non-dominant Side) 

-1.34 0.75 Timed “Get Up & Go” with Dual Task 4.08 0.44 

COM = Centre of Mass 
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Table 12: Item Difficulty Measures of the BESTest in Older Adults without Chronic Neck 
Pain (OLD) 

Items Item  

Difficulty 

Standard 

Error (SE) 

Items Item  

Difficulty 

Standard 

Error (SE) 

Base of Support -4.22 1.84 Sitting Lateral Lean-to  

Dominant side 

-0.95 0.46 

COM Alignment -4.22 1.84 Sitting Verticality (Dominant side) -0.95 0.46 

Sit on Floor and Standup -4.22 1.84 Compensatory Stepping Correction 

- Backward 

-0.95 0.46 

Sit to Stand -4.22 1.84 Rise to Toes -0.75 0.43 

Alternate Stair Touching -4.22 1.84 Sitting Lateral Lean to Non-dominant Side -0.58 0.40 

Standing Arm Raise -4.22 1.84 Hip/Trunk Lateral Strength -0.42 0.39 

Sensory Integration for Balance  

- Eyes Open on Firm Surface 

-4.22 1.84 Sitting Verticality  

(Non-dominant Side) 

-0.28 0.37 

Sensory Integration for Balance  

- Eyes Closed on Firm Surface 

-4.22 1.84 Stand on Non-dominant Leg -0.28 0.37 

Sensory Integration for Balance  

- Eyes Open on Foam Surface 

-4.22 1.84 Stand on Dominant Leg -0.14 0.36 

Sensory Integration for Balance  

- Incline- Eyes Closed 

-4.22 1.84 Ankle Strength & Range 0.10 0.34 

Walk with Pivot Turns -4.22 1.84 Compensatory Stepping Correction  

- Lateral (Non-dominant side) 

0.50 0.31 

In Place Response – Forward -4.22 1.84 Compensatory Stepping Correction 

- Lateral (Dominant side) 

0.68 0.29 

Compensatory Stepping 

Correction 

- Forward 

-2.23 0.74 Functional Reach Forward 1.38 0.36 

Change in Gait Speed -2.23 0.74 Gait – Level Surface  1.58 0.26 

Step over Obstacles -1.77 0.62 Functional Reach Lateral (Dominant side) 1.97 0.25 

In Place Response – Backward -1.44 0.54 Timed “Get Up & Go” 2.22 0.25 

Sensory Integration for Balance  

- Eyes Closed, Foam Surface 

-1.44 0.54 Functional Reach Lateral  

(Non-dominant side) 

2.40 0.25 

Walk with Head Turns – Horizontal -1.44 0.54 Timed “Get Up & Go” with Dual Task 4.08 0.44 

COM = Centre of Mass 



 

CHAPTER 5 
DISCUSSION AND CONCLUSION 

1. Discussion 

1.1. Objective I 

In addition to decreased mobility of cervical joint and muscle strength, older 

adults with chronic neck pain (CNP) also demonstrated impaired postural control more 

than healthy older adults. Due to sensory integration disturbances, older adults with 

CNP showed poor static and dynamic balance, leading to altered gait and functional 

impairments in older adults. Gait speed and gait asymmetry are often used to indicate 

dynamic balance problems in older adults. The first purpose of this study was to identify 

which gait variables were more sensitive to dynamic balance impairment in older adults 

who suffered from chronic neck pain (the CNP group). In comparison to older adults 

who did not suffer from chronic neck pain (the OLD group), those with CNP had slower 

gait speed, shorter stride length, and a lower cadence while walking with horizontal 

head movement (HM) and vertical head movement (VM). However, the asymmetrical 

gait index significantly differed between groups only when walking with VM. Therefore, 

gait speed while walking with the head movement seemed more sensitive to dynamic 

balance problems in older adults with CNP than gait asymmetry. 

The findings of slower gait speed and other altered gait parameters in older 

adults with CNP during walking with head movement were consistent with the findings of 

previous study(215). Self-selected or preferred gait speed is a predictor of self-perceived 
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function(186). Stride length and gait speed were found to be significantly lower in older 

adults with a history of falls compared to controls(216, 217, 218). Alterations in gait 

performance seen in current study could indicate a higher risk of falls in those with CNP 

compared to the OLDs. Multiple gait parameters are correlated with the strength of 

multiple lower extremity muscles in older adults, particularly women(219). Decreased 

lower extremity muscle strength may explain the altered gait parameters in older adults 

with CNP.  Additionally, older adults with CNP demonstrated significantly reduced hip 

and trunk lateral strength in the comprehensive balance test (Balance Evaluation 

Systems Test; BESTest)(220). 

Significant alterations in gait speed were seen in the CNP group when 

walking with HM and VM in the current study. Sustained abnormal afferent input could 

disturb sensory system integration and lead to subsequent impairment of the vestibular 

system. Furthermore, abnormalities in the cervical spine, either ischemia of the vertebral 

arteries or a malfunction in the neck's proprioceptive system, could affect vestibular 

nuclei(221). Abnormal afferent inputs from the somatosensory and/or vestibular systems at 

the neck level might lead to greater gait disturbances while walking with head 

movement(25). Stabilizing the trunk in space and facilitating intersegmental movements is 

the primary function of vestibulospinal control. Changes in vestibular signals could lead 

to higher trunk variability and disrupt the trunk-leg phase(222). In addition, visual, 

vestibular, proprioceptive, and somatosensory input all play a key role in walking 
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ability(48). Abnormal afferent inputs from the cervical spine have been proposed to affect 

the signal integration of the sensorimotor control system(25, 110). According to numerous 

studies, neck pain can affect proprioceptive function, posture, oculomotor control, and 

hand-eye coordination(25, 223, 224). Cervical spine functional and structural abnormalities 

may change proprioceptive functions, joint mechanics, and muscle spindle sensitivity, 

resulting in postural instability and reduced gait speed(25, 110). Thus, the abnormal gait 

performance in older adults with CNP may be caused by sudden or distinct changes in 

cervical/vestibular inputs from head movements combined with the malfunction of one or 

more sensorimotor control system components, as partly observed in the lower total 

scores on the mCTSIB-aBoS. 

The CNP group exhibited gait asymmetry when walking with vertical head 

movement compared to walking with no head movement (NM) and compared to the 

OLD group. The asymmetrical gait pattern may be a compensatory strategy for the 

instability assumed by those with CNP when stability is challenged. It has been 

hypothesized that abnormal cervical afferent inputs could lead to the asymmetric gait 

seen in older adults with CNP. Neck pain is usually unilateral or worse on one side(225), 

which may lead to asymmetrical afferent inputs from receptors and have a substantial 

effect on postural control, orientation, and body schema perception(226, 227, 228). In a recent 

study(229), the CNP group showed a distorted body schema. During walking, neural 

circuits in the spinal cord receive input from the lower extremities(41). Modulation of 
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sensory feedback as a result of distorted body schema caused by CNP may result in an 

asymmetrical gait pattern by altering motor responses in lower extremities. In contrast, 

no asymmetrical gait pattern was observed in the CNP group during walking with HM. A 

possible explanation could be that bilateral gait compensation occurred due to turning 

the head right and left; thus, an asymmetrical pattern was not observed. The majority of 

the head movements related to maintaining balance during normal daily activities occur 

when the head is moved horizontally, rather than vertically, since this kind of movement 

is more relevant to typical daily tasks(230). Moreover, normal field of the vision is typically 

180º horizontally (160º for monocular vision) and 135º vertically (231); thus, a person may 

better compensate for horizontal head movement than vertical head movements. 

Walking with head movement can be classified as performing a dual motor 

task. The findings may also imply that it is difficult for older adults with CNP to perform 

two tasks simultaneously. Lots of evidence has shown that gait disturbances during a 

complex gait task have been associated with CNP. (16, 38, 46, 224, 232). Dual task performance 

evaluation might be utilized to differentiate fallers from non-fallers. There were no 

variations in gait parameters during  a single-task condition between fallers and non-

fallers; however, there were significant differences while performing an additional task 

while walking(233). These findings are in agreement with our findings that a challenging 

condition, such as head movement while walking, was required to observe the gait 

disturbances caused by the alteration of afferent inputs from the cervical region in older 
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adults with CNP.  It is possible that individuals with CNP who have gait disturbances 

also have a fear of movement since we found moderate correlations of balance 

confidence with both gait speed and the gait asymmetry index. Additionally, pain or fear 

of pain(234) caused by turning the neck might alter the cervical somatosensory input that 

affects the postural control system, which could worsen the balance and gait 

According to the findings of this study, gait speed is a more sensitive and 

practical measure to evaluate dynamic balance problems in individuals with CNP in a 

clinical setting than the gait asymmetry index, as evidenced by slower gait speed during 

both horizontal and vertical head movement. In older adults with CNP, gait speed (i.e., 

walking at a preferred speed) was slower while walking with head movement compared 

to walking without head movement. This implies that older adults with CNP are at a 

higher risk of falling. Nevertheless, the current study was unable to clarify whether 

gait disturbances are caused by sustained abnormal afferent inputs from cervical or an 

additional vestibular disturbance. Therefore, additional research is required in order to 

better understand the mechanisms that contribute to gait disturbances during walking 

with head movement in individuals with CNP. 

The limitations of the study should be taken into account while interpreting 

its findings. Most participants in the CNP group experienced moderate pain with no or 

mild disability during normal daily activities. The severity of the condition may differ 

across patients with varying degrees of pain and disability. To account for the effects of 
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age-related decline, older adults with CNP who had other health problems associated 

with postural control were considered ineligible. It is widely known that older adults have 

several comorbidities in general. Therefore, dynamic balance impairments are expected 

to be worse in a broader sample of older adults with CNP. Nonetheless, future research 

should include older adults with CNP and other comorbidities in order to endorse this 

hypothesis. 

1.2. Objective II 

Impaired sensory integration and loss of stability in gait are evident in older 

adults with CNP, other systems for postural control have not been thoroughly 

investigated. The BESTest is a comprehensive clinical tool for balance measurement in 

which 6 different systems contribute to the control of balance and posture, but its use in 

CNP has not been reported.  This study is the first to investigate the use of the BESTest 

in older adults with CNP to identify which system of balance control would be impaired 

as a result of CNP. The OLD and YOUNG groups were also investigated in this study to 

control the effect of confounding age factors. Corresponding to the study’s hypothesis, 

our results demonstrated that the BESTest can be used to identify system-specific 

postural control impairments in CNP. The BESTest scores showed that balance control 

was deteriorated from the normal aging process and further declined in the CNP group, 

such that CNP affected three balance control systems, biomechanical constraints, 
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transitions–anticipatory postural adjustment, and reactive postural response, when 

compared with the OLD group. 

Biomechanical constraints correspond to the musculoskeletal system, 

including muscle strength, range of motion and body alignment. In contrast to a 

previous study(235), this study demonstrated no significant differences between the OLD 

and YOUNG groups. This disagreement could be due to different participant 

characteristics; those in our OLD group were younger and a high level of physical 

functioning, as indicated by an ABC score of more than 80(146). However, the problem 

with biomechanical constraints was found to be declining in the CNP group. Closer 

examination (Table 11) showed that decreased hip/trunk lateral strength in the CNP 

group is a major problem. According to previous studies, CNP was found to increase 

concerns about falling and decrease physical performance(15), whereas hip muscle 

strength was reported to be an important indicator of physical performance, especially 

in elderly women(236). This finding was associated with the results of transitions–

anticipatory postural adjustment (Section III), which was found to decline from the aging 

process and further declined when an individual experienced CNP.  

Standing on the nondominant leg was the item from Section III that showed 

a significant difference between the OLD and CNP groups. A previous study(237) showed 

that vibratory stimulation directed to the dorsal neck muscles in human perturbed 

proprioceptive information and led to postural control instability during standing, 
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suggesting that cervical afferent inputs play a dominant role in postural control in an 

upright stance. Altered cervical afferent inputs can be caused by CNP from a pain-

induced change in nociceptor and mechanoreceptor activity at the spinal cord and 

within the central nervous system (CNS)(21) or from chemical changes caused by 

inflammatory events that affect the sensitivity of the receptors(22). Other factors involve 

awkward postures, static and repetitive work, or trauma that disturbs the sensitivity of 

the cervical joint and muscle receptors(24). Thus, disturbed lower extremity muscle 

activity by altered cervical afferent inputs combined with decreased hip/trunk lateral 

strength from declining physical performance in individuals with CNP can affect their 

balance control. 

There was a greater deficit in the reactive postural response in older adults 

with CNP than in those with normal aging, suggesting that most of them had failed to 

preserve postural stability by activating the stepping strategy. Compared to the OLD 

group, a higher number of older adults with CNP had significant problems with 

compensatory stepping correction in both forward (25%) and backward directions 

(40%), where participants were asked to stand with feet shoulder width apart, arms at 

their sides and lean forward/backward against the researcher’s hands until their 

shoulders and hips were out of line with their toes and the researcher suddenly released 

the support to elicit the step. The CNS is responsible for integrating afferent inputs and 

sending postural adjustments to maintain the center of gravity over the base of support. 
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If somatosensory inputs are impaired, the CNS will be unable to select the correct 

strategies in time(238). The cervical spine has an important role in providing afferent 

inputs for the internal reference frame to maintain postural stability, since the main input 

comes from at least three sources, including somatosensory (local and distal), visual, 

and vestibular systems(28). Furthermore, cervical proprioceptors provide the CNS with 

information about the movement and location of the head in relation to the trunk. The 

cervical muscles, which have a high concentration of muscle spindles, relay information 

to and receive information from the CNS, and there are specific connections between 

the cervical receptors, the visual and vestibular apparatus and the autonomic nervous 

system(120). Cervical proprioceptors are involved in the cervico-collic reflex, the cervico-

occular reflex and the tonic neck reflex, which provide information about the movement 

and position of the head in space(25). Older adults with CNP demonstrated sensorimotor 

disturbances caused by altered cervical afferent inputs in terms of greater deficits in eye 

movement control, vertical perception and postural control(16, 17, 18, 19). Therefore, 

impairments in sensorimotor integration caused by CNP may lead to impaired reactive 

postural responses. In addition, our study demonstrated a trend for those with CNP to 

have problems with the compensatory stepping correction in backward directions more 

than forward directions when compared to the OLD group. Backward stepping requires 

more effort than forward stepping since the margin of stability is smaller and there is 

greater instability in the backward direction(239). Furthermore, aging was found to affect 
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the recruitment of proper muscle synergies during reactive backward stepping. 

Changes in the contribution of tibialis anterior, biceps femoris (long head) and 

gastrocnemius muscles in the stance limb of older adults may contribute to decrease in 

step length during reactive backward stepping when compared to young adults(240). 

Although no differences between the OLD and CNP groups were found during the 

compensatory stepping correction on either lateral side, both groups demonstrated 

lower scores than the YOUNG group. Thus, compensatory stepping correction in all 

directions needs to be considered in CNP.  

This study demonstrates that aging has a deteriorating effect on multiple 

aspects of postural control, except sensory orientation. Our result was not in 

accordance with the result of mCTSIB-aBoS from the objective I and previous studies 

that reported a significant difference in the sensory integration declined by both aging 

and CNP(16, 17, 18, 19, 241). The discrepancy of findings may be because the tasks and 

measurement tools are not entirely comparable. In this study, the participants were 

examined by a clinical tool (BESTest) that included the mCTSIB without altered base of 

support and standing balance test with eyes closed on an inclined surface to determine 

sensory integration without using laboratory tools, whereas in previous studies(16, 17, 18, 19, 

241), the participants were examined by various tests using laboratory tools. Furthermore, 

Rasch analysis showed that all items in Section V (Sensory Orientation) of the BESTest 

were the easiest items. Thus, altering the base of support might be required for clinically 
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assessing sensory integration in older adults with and without CNP who have a high 

level of physical functioning. 

In this study, stability in gait scores (Section VI) in both older adult groups 

were significantly lower than those in the YOUNG group, but we did not find a section 

score difference between the OLD and CNP groups, which contradicted the results from 

objective I. This could be due to types of measurement scale used in each objective 

which were different. Our findings from the objective II also did not agree with those of 

previous studies(16, 17, 19), which found slower walking speed during the Timed Up and Go 

(TUG) test, poorer scores on the Dynamic Gait Index (DGI), and gait parameter 

disturbance during the Timed 10-Meter Walk test with and without head movement in 

CNP. This may be caused by the differences in age and disability level caused by neck 

problems, where participants in the previous study were older and had moderate 

disability. However, according to the results of the Rasch analysis of the BESTest, gait 

assessment was more challenging for the CNP group than for the OLD group. The 

Timed Up and Go with dual task test was found to be the most difficult item for the CNP 

group, followed by the TUG and gait–level surface tests, which may be attributed to both 

cognitive decline of normal aging and impaired balance control from CNP. Most 

participants in the OLD and CNP groups were unable to walk 20 feet on an even surface 

within 5.5 sec (OLD = 66.7%, CNP = 85%) and unable to complete TUG with Dual Tasks 

without changing in gait speed (OLD = 85%, CNP = 90%). Gait speed is an essential 
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component for identifying a history of falls(242), and the TUG test alone is a sensitive and 

specific test for identifying risk factors for falls in older adults(243). The dual task used in 

the BESTest is a cognitive task (counting backward by threes from 100); when 

combined with the TUG test, it can be used to detect the risk of falls and mild cognitive 

impairment-related changes in older adults(244). Impairments in stability in gait combined 

with lower extremity muscle weakness and impaired balance should be a concern, since 

all are considered risk factors for falls(245). 

Additionally, the results demonstrated that the BESTest was an accurate 

tool for differentiating older adults whose daily life had been affected by neck problems 

with a high AUC (0.79), sensitivity (72%), and specificity (69%). The BESTest also has a 

good posttest accuracy (71.25%) using the suggested cutoff score of 48.5 out of 51. 

The participants in the CNP group were presented with relatively moderate levels of 

neck pain intensity (average pain intensity = 4.50/10) and mild neck disability (average 

NDI score = 13.63/100). Although the average ABC scale, which represented the fear of 

falling, was significantly lower in the CNP group than in the OLD group, the scores of the 

CNP group were relatively good and they were considered to have a high level of 

physical functioning(146) (average ABC scale = 88.78/100). This is relevant, as it 

highlights that decreased postural control as measured by the BESTest can be found in 

the CNP, even with relatively moderate pain, mild disability and a high level of physical 

functioning. 
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Our study has several implications. First, the results revealed that the 

BESTest can be used in the detection of system-specific postural control impairments in 

older adults with CNP by using the total score of Sections I, III, and IV as a screening 

tool. Second, the results suggested that older adults with CNP who have moderate pain 

and mild disability may have lower extremity muscle imbalance and a reduced ability to 

compensate for stepping correction, especially in the forward and backward directions. 

However, other balance problems can also be found, since significant differences were 

reported in almost all subsystems except sensory integration when compared to young 

adults. Impairments in stability in gait combined with lower extremity muscle weakness 

and impaired balance are considered risk factors for falls(245). Therapists need to be 

mindful of the balance problem caused by normal aging and CNP. When assessing the 

patient with CNP and obtain the Neck Disability Index (NDI) scores of more than 10%, 

therapists should administer Sections I, III, and IV of the BESTest. If the total score of 

three sections is greater than 48.5/51, the rest of the BESTest sections should be utilized 

to identify postural control impairments in other systems. Third, the hierarchical order of 

the item difficulty suggested that 11 out of 36 items of the BESTest do not challenge 

older adults with CNP who have moderate pain and mild disability. However, the 

remaining items can provide valuable information for therapists to implement specific 

training and determine the progression of balance training from easy to more difficult 

stages. For example, if a patient is unable to complete hip/trunk lateral strength and 
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stand on one leg, it is recommended to start with hip/trunk muscle strengthening before 

progressing to standing on one leg. 

The results of this study should be interpreted in light of its limitations. First, 

to control the effects of the aging process in the CNP group, older adults with any kind 

of pathology related to balance control were excluded from this study, resulting in the 

small sample size of individual with CNP. It is well known that older adults with CNP in 

general have multiple health problems and complications; thus, a higher severity of 

balance problems could be expected. Nevertheless, individuals with CNP with other 

comorbidities typically found in older adults should be recruited in future studies to 

confirm this speculation. Second, most participants in the CNP group had moderate 

pain and mild disability. It is necessary to be concerned that the severity of the problem 

may vary with patients who have different levels of pain and disability. Third, the muscle 

strength and endurance of the lower extremities, which may have contributed to their 

ability to maintain equilibrium, were not measured. Future studies are warranted to 

determine this limitation. 

2. Conclusion 

Recording the gait speed during 10-Meter Walk Test with head movement is 

more suitable and practical to identify stability in gait in clinical setting, while gait speed 

itself was more sensitive to dynamic postural problem than the gait asymmetrical index 
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in older adult with chronic neck pain (CNP) who has mild disability and high physical 

functioning. 

The BESTest can be used to identify system-specific postural control 

impairments in older adults with CNP, since the scores showed that balance control 

deteriorated from the normal aging process and further declined in CNP. Three sections 

of the BESTest, biomechanical constraints, transitions–anticipatory postural adjustment, 

and reactive postural response, are suggested for the detection of system-specific 

postural control impairments in older adults whose daily life was affected by neck 

problems at least 10% of the Neck Disability Index scores. The other sections of the 

BESTest should be utilized to identify the impairment of other postural control systems, if 

the total score of the three suggested sections is more than 48.5/51.  Altering the base 

of support during the sensory integration test (Section V of the BESTest) and recording 

the gait speed during the 10MWT with head movements are recommended for patients 

with mild disability caused by neck problem. The Rasch analysis revealed 14 items of 

the BESTest that could be further used for balance rehabilitation and fall prevention for 

older adults.  



 

REFERENCES 
 

REFERENCES 
 

 

1. Pain A. National Pain Strategy. Pyrmont, NSW: Pain Australia. 2011. 
2. Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D. Survey of chronic pain in 
Europe: prevalence, impact on daily life, and treatment. Eur J Pain. 2006;10(4):287-333. 
3. Goldberg DS, McGee SJ. Pain as a global public health priority. BMC public 
health. 2011;11(1):770. 
4. Simon LS. Relieving pain in America: A blueprint for transforming prevention, care, 
education, and research. Journal of pain & palliative care pharmacotherapy. 
2012;26(2):197-8. 
5. Schopflocher D, Taenzer P, Jovey R. The prevalence of chronic pain in Canada. 
Pain research and management. 2011;16(6):445-50. 
6. Hartvigsen J, Frederiksen H, Christensen K. Back and neck pain in seniors-
prevalence and impact. Eur Spine J. 2006;15(6):802-6. 
7. Hoy D, March L, Brooks P, Blyth F, Woolf A, Bain C, et al. The global burden of 
neck pain: estimates from the Global Burden of Disease 2010 study. Annals of the 
rheumatic diseases. 2014;73(6):968-74. 
8. Hay SI. Global, regional, and national incidence, prevalence, and years lived with 
disability for 328 diseases and injuries for 195 countries, 1990–2016: a systematic analysis 
for the Global Burden of Disease Study 2016. 2017. 
9. Woodhouse A, Vasseljen O. Altered motor control patterns in whiplash and chronic 
neck pain. BMC musculoskeletal disorders. 2008;9(1):90. 
10. Meisingset I, Woodhouse A, Stensdotter A-K, Stavdahl Ø, Lorås H, Gismervik S, et 
al. Evidence for a general stiffening motor control pattern in neck pain: a cross sectional 
study. BMC musculoskeletal disorders. 2015;16(1):56. 
11. Chiu TTW, Lo SK. Evaluation of cervical range of motion and isometric neck muscle 
strength: Reliability and validity. Clinical Rehabilitation. 2002;16(8):851-8. 
12. Cagnie B, Cools A, De Loose V, Cambier D, Danneels L. Differences in isometric 
neck muscle strength between healthy controls and women with chronic neck pain: the 

 



  

 

89 

 

use of a reliable measurement. Archives of physical medicine and rehabilitation. 
2007;88(11):1441-5. 
13. Ylinen J, Salo P, Nykänen M, Kautiainen H, Häkkinen A. Decreased isometric neck 
strength in women with chronic neck pain and the repeatability of neck strength 
measurements. Archives of Physical Medicine and Rehabilitation. 2004;85(8):1303-8. 
14. Pearson I, Reichert A, De Serres SJ, Dumas JP, Côté JN. Maximal voluntary 
isometric neck strength deficits in adults with whiplash- associated disorders and 
association with pain and fear of movement. Journal of Orthopaedic and Sports Physical 
Therapy. 2009;39(3):179-87. 
15. Kendall JC, Boyle E, Hartvigsen J, Hvid LG, Azari MF, Skjodt M, et al. Neck pain, 
concerns of falling and physical performance in community-dwelling Danish citizens over 
75 years of age: A cross-sectional study. Scand J Public Health. 2016. 
16. Poole E, Treleaven J, Jull G. The influence of neck pain on balance and gait 
parameters in community-dwelling elders. Man Ther. 2008;13(4):317-24. 
17. Quek J, Brauer SG, Clark R, Treleaven J. New insights into neck-pain-related 
postural control using measures of signal frequency and complexity in older adults. Gait 
Posture. 2014;39(4):1069-73. 
18. Quek J, Treleaven J, Clark RA, Brauer SG. An exploratory study examining factors 
underpinning postural instability in older adults with idiopathic neck pain. Gait Posture. 
2018;60:93-8. 
19. Uthaikhup S, Jull G, Sungkarat S, Treleaven J. The influence of neck pain on 
sensorimotor function in the elderly. Arch Gerontol Geriatr. 2012;55(3):667-72. 
20. Le Pera D, Graven-Nielsen T, Valeriani M, Oliviero A, Di Lazzaro V, Tonali PA, et al. 
Inhibition of motor system excitability at cortical and spinal level by tonic muscle pain. 
Clinical Neurophysiology. 2001;112(9):1633-41. 
21. Flor H. Cortical reorganisation and chronic pain: implications for rehabilitation. 
Journal of Rehabilitation Medicine-Supplements. 2003;41(41):66-72. 
22. Thunberg J, Hellström F, Sjölander P, Bergenheim M, Wenngren B-I, Johansson H. 
Influences on the fusimotor-muscle spindle system from chemosensitive nerve endings in 

 



  

 

90 

 

cervical facet joints in the cat: possible implications for whiplash induced disorders. Pain. 
2001;91(1-2):15-22. 
23. Sjölander P, Michaelson P, Jaric S, Djupsjöbacka M. Sensorimotor disturbances in 
chronic neck pain—range of motion, peak velocity, smoothness of movement, and 
repositioning acuity. Manual therapy. 2008;13(2):122-31. 
24. Stanton TR, Leake HB, Chalmers KJ, Moseley GL. Evidence of impaired 
proprioception in chronic, idiopathic neck pain: systematic review and meta-analysis. 
Physical therapy. 2016;96(6):876-87. 
25. Treleaven J. Sensorimotor disturbances in neck disorders affecting postural 
stability, head and eye movement control. Man Ther. 2008;13(1):2-11. 
26. Allum JHJ, Bloem BR, Carpenter MG, Honegger F. Differential diagnosis of 
proprioceptive and vestibular deficits using dynamic support-surface posturography. Gait 
& posture. 2001;14(3):217-26. 
27. Magnusson M, Enbom H, Johansson R, Pyykkö I. Significance of pressor input 
from the human feet in anterior-posterior postural control: the effect of hypothermia on 
vibration-induced body-sway. Acta oto-laryngologica. 1990;110(3-4):182-8. 
28. Shumway-Cook A, Horak FB. Assessing the influence of sensory interaction on 
balance: suggestion from the field. Physical therapy. 1986;66(10):1548-50. 
29. Treleaven J, Murison R, Jull G, LowChoy N, Brauer S. Is the method of signal 
analysis and test selection important for measuring standing balance in subjects with 
persistent whiplash? Gait & posture. 2005;21(4):395-402. 
30. Speers RA, Ashton-Miller JA, Schultz AB, Alexander NB. Age differences in 
abilities to perform tandem stand and walk tasks of graded difficulty. Gait & posture. 
1998;7(3):207-13. 
31. Hendrickson J, Patterson KK, Inness EL, McIlroy WE, Mansfield A. Relationship 
between asymmetry of quiet standing balance control and walking post-stroke. Gait & 
Posture. 2014;39(1):177-81. 
32. Hausdorff JM. Gait variability: methods, modeling and meaning. Journal of 
NeuroEngineering and Rehabilitation. 2005;2(1):19. 

 



  

 

91 

 

33. Kavanagh JJ, Menz HB. Accelerometry: A technique for quantifying movement 
patterns during walking. Gait & Posture. 2008;28(1):1-15. 
34. Graham JE, Ostir GV, Fisher SR, Ottenbacher KJ. Assessing walking speed in 
clinical research: a systematic review. Journal of evaluation in clinical practice. 
2008;14(4):552-62. 
35. Middleton A, Fritz SL, Lusardi M. Walking speed: the functional vital sign. Journal 
of aging and physical activity. 2015;23(2):314-22. 
36. Beck Jepsen D, Robinson K, Ogliari G, Montero-Odasso M, Kamkar N, Ryg J, et al. 
Predicting falls in older adults: an umbrella review of instruments assessing gait, balance, 
and functional mobility. BMC Geriatrics. 2022;22(1):615. 
37. Samson MM, Crowe A, de Vreede PL, Dessens JA, Duursma SA, Verhaar HJ. 
Differences in gait parameters at a preferred walking speed in healthy subjects due to 
age, height and body weight. Aging (Milano). 2001;13(1):16-21. 
38. Uthaikhup S, Sunkarat S, Khamsaen K, Meeyan K, Treleaven J. The effects of head 
movement and walking speed on gait parameters in patients with chronic neck pain. 
Manual therapy. 2014;19(2):137-41. 
39. Sadeghi H, Allard P, Prince F, Labelle H. Symmetry and limb dominance in able-
bodied gait: a review. Gait & posture. 2000;12(1):34-45. 
40. Wei T-S, Liu P-T, Chang L-W, Liu S-Y. Gait asymmetry, ankle spasticity, and 
depression as independent predictors of falls in ambulatory stroke patients. PLOS ONE. 
2017;12(5):e0177136. 
41. Plotnik M, Bartsch RP, Zeev A, Giladi N, Hausdorff JM. Effects of walking speed on 
asymmetry and bilateral coordination of gait. Gait & posture. 2013;38(4):864-9. 
42. Hoogkamer W. Perception of gait asymmetry during split-belt walking. Exercise 
and sport sciences reviews. 2017;45(1):34-40. 
43. Allen JL, Kautz SA, Neptune RR. Step length asymmetry is representative of 
compensatory mechanisms used in post-stroke hemiparetic walking. Gait Posture. 
2011;33(4):538-43. 
44. Falla D, Gizzi L, Parsa H, Dieterich A, Petzke F. People with chronic neck pain walk 

 



  

 

92 

 

with a stiffer spine. Journal of orthopaedic & sports physical therapy. 2017;47(4):268-77. 
45. Lee H-Y, Wang J-D, Chang H-L, He Y-C, Chu M-M, Chen L-F. The association 
between asymmetric hip mobility and neck pain in young adults. Journal of manipulative 
and physiological therapeutics. 2013;36(6):364-8. 
46. Kirmizi M, Simsek IE, Elvan A, Akcali O, Angin S. Gait speed and gait asymmetry in 
individuals with chronic idiopathic neck pain. Musculoskeletal Science and Practice. 
2019;41:23-7. 
47. Gribble PL, Mullin LI, Cothros N, Mattar A. Role of cocontraction in arm movement 
accuracy. Journal of neurophysiology. 2003;89(5):2396-405. 
48. Shumway-Cook A, Woollacott MH. Motor control : translating research into clinical 
practice: Wolters Kluwer; 2016. 
49. Horak FB, Wrisley DM, Frank J. The Balance Evaluation Systems Test (BESTest) to 
Differentiate Balance Deficits. Physical Therapy. 2009;89(5):484-98. 
50. Soni V, Writer H. EFFECT OF AGING ON COMPONENTS OF BALANCE 
EVALUATION SYSTEM TEST (BESTest). INTERNATIONAL JOURNAL OF 
PHYSIOTHERAPY. 2017;4(3):191-5. 
51. O'Hoski S, Winship B, Herridge L, Agha T, Brooks D, Beauchamp MK, et al. 
Increasing the Clinical Utility of the BESTest, Mini-BESTest, and Brief-BESTest: Normative 
Values in Canadian Adults Who Are Healthy and Aged 50 Years or Older. Physical 
Therapy. 2014;94(3):334-42. 
52. A User’s guide to Winsteps-ministep: Rasch-model computer programs. Program 
Manual 5.2.2 [Internet]. 2022. 
53. Bogduk N. The anatomy and pathophysiology of neck pain. Physical medicine and 
rehabilitation clinics of North America. 2003;14(3):455-72. 
54. Radanov BP, Di Stefano G, Schnidrig A, Ballinari P. Role of psychosocial stress in 
recovery from common whiplash. The Lancet. 1991;338(8769):712-5. 
55. Sheather-Reid RB, Cohen ML. Psychophysical evidence for a neuropathic 
component of chronic neck pain. Pain. 1998;75(2-3):341-7. 
56. Gore DR, Sepic SB, Gardner GM, Murray MP. Neck pain: a long-term follow-up of 

 



  

 

93 

 

205 patients. Spine. 1987;12(1):1-5. 
57. Carroll LJ, Hogg-Johnson S, van der Velde G, Haldeman S, Holm LW, Carragee 
EJ, et al. Course and prognostic factors for neck pain in the general population: results of 
the Bone and Joint Decade 2000–2010 Task Force on Neck Pain and Its Associated 
Disorders. Journal of Manipulative & Physiological Therapeutics. 2009;32(2):S87-S96. 
58. Wiitavaara B, Björklund M, Brulin C, Djupsjöbacka M. How well do questionnaires 
on symptoms in neck-shoulder disorders capture the experiences of those who suffer from 
neck-shoulder disorders? A content analysis of questionnaires and interviews. BMC 
musculoskeletal disorders. 2009;10(1):30. 
59. Field S, Treleaven J, Jull G. Standing balance: a comparison between idiopathic 
and whiplash-induced neck pain. Manual therapy. 2008;13(3):183-91. 
60. Rubin AM, Woolley SM, Dailey VM, Goebel JA. Postural stability following mild 
head or whiplash injuries. The American journal of otology. 1995;16(2):216-21. 
61. Treleaven J, Jull G, LowChoy N. The relationship of cervical joint position error to 
balance and eye movement disturbances in persistent whiplash. Manual therapy. 
2006;11(2):99-106. 
62. Treleaven J, Jull G, Sterling M. Dizziness and unsteadiness following whiplash 
injury: characteristic features and relationship with cervical joint position error. Journal of 
Rehabilitation Medicine. 2003;35(1):36-43. 
63. Huxham FE, Goldie PA, Patla AE. Theoretical considerations in balance 
assessment. Australian Journal of Physiotherapy. 2001;47(2):89-100. 
64. Khattar V, Hathiram B. The clinical test for the sensory interaction of balance. Int J 
Otorhinolaryngol Clin. 2012;4:41-5. 
65. Isles RC, Choy NL, Steer M, Nitz JC. Normal values of balance tests in women 
aged 20–80. Journal of the American Geriatrics Society. 2004;52(8):1367-72. 
66. Woollacott MH. Systems contributing to balance disorders in older adults. The 
Journals of Gerontology Series A: Biological Sciences and Medical Sciences. 
2000;55(8):M424-M8. 
67. Woollacott MH. Changes in posture and voluntary control in the elderly: Research 

 



  

 

94 

 

findings and rehabilitation. Topics in Geriatric Rehabilitation. 1990;5(2):1-11. 
68. Brumagne S, Cordo P, Verschueren S. Proprioceptive weighting changes in 
persons with low back pain and elderly persons during upright standing. Neuroscience 
letters. 2004;366(1):63-6. 
69. Furman JM, Cass SP. Balance disorders: a case-study approach: FA Davis 
Philadelphia, PA; 1996. 
70. Kauffman T. Impact of aging-related musculoskeletal and postural changes on 
falls. Topics in Geriatric Rehabilitation. 1990;5(2):34-43. 
71. Robinovitch SN, Heller B, Lui A, Cortez J. Effect of strength and speed of torque 
development on balance recovery with the ankle strategy. Journal of Neurophysiology. 
2002;88(2):613-20. 
72. Elliott J, Jull G, Noteboom JT, Darnell R, Galloway G, Gibbon WW. Fatty infiltration 
in the cervical extensor muscles in persistent whiplash-associated disorders: a magnetic 
resonance imaging analysis. Spine. 2006;31(22):E847-E55. 
73. Uhlig Y, Weber BR, Grob D, Müntener M. Fiber composition and fiber 
transformations in neck muscles of patients with dysfunction of the cervical spine. Journal 
of Orthopaedic Research. 1995;13(2):240-9. 
74. Falla DL, Jull GA, Hodges PW. Patients with neck pain demonstrate reduced 
electromyographic activity of the deep cervical flexor muscles during performance of the 
craniocervical flexion test. Spine. 2004;29(19):2108-14. 
75. Thunberg J, Ljubisavljevic M, Djupsjöbacka M, Johansson H. Effects on the 
fusimotor-muscle spindle system induced by intramuscular injections of hypertonic saline. 
Experimental brain research. 2002;142(3):319-26. 
76. Eva-Maj M, Hans W, Per-Anders F, Mikael K. Experimentally induced deep cervical 
muscle pain distorts head on trunk orientation. European journal of applied physiology. 
2013;113(10):2487-99. 
77. Falla D, Farina D. Neural and muscular factors associated with motor impairment in 
neck pain. Current rheumatology reports. 2007;9(6):497-502. 
78. Sterling M, Jull G, Vicenzino B, Kenardy J. Sensory hypersensitivity occurs soon 

 



  

 

95 

 

after whiplash injury and is associated with poor recovery. Pain. 2003;104(3):509-17. 
79. Juul-Kristensen B, Clausen B, Ris I, Vikaer Jensen R, Fischer Steffensen R, Samir 
Chreiteh S, et al. Increased neck muscle activity and impaired balance among females 
with whiplash-related chronic neck pain: a cross-sectional study. Journal of rehabilitation 
medicine. 2013;45(4):376-84. 
80. Gosselin G, Rassoulian H, Brown I. Effects of neck extensor muscles fatigue on 
balance. Clinical Biomechanics. 2004;19(5):473-9. 
81. Schieppati M, Nardone A, Schmid M. Neck muscle fatigue affects postural control 
in man. Neuroscience. 2003;121(2):277-85. 
82. Lord SR, Fitzpatrick RC. Choice stepping reaction time: a composite measure of 
falls risk in older people. The Journals of Gerontology Series A: Biological Sciences and 
Medical Sciences. 2001;56(10):M627-M32. 
83. Hageman PA, Leibowitz JM, Blanke D. Age and gender effects on postural control 
measures. Archives of physical medicine and rehabilitation. 1995;76(10):961-5. 
84. Duncan PW, Weiner DK, Chandler J, Studenski S. Functional reach: a new clinical 
measure of balance. Journal of gerontology. 1990;45(6):M192-M7. 
85. Stelmach GE, Phillips J, DiFabio RP, Teasdale N. Age, Functional Postural 
Reflexes, and Voluntary Sway. Journal of Gerontology. 1989;44(4):B100-B6. 
86. Luchies CW, Alexander NB, Schultz AB, Ashton-Miller J. Stepping Responses of 
Young and Old Adults to Postural Disturbances: Kinematics. Journal of the American 
Geriatrics Society. 1994;42(5):506-12. 
87. McIlroy WE, Maki BE. Changes in early ‘automatic’ postural responses associated 
with the prior-planning and execution of a compensatory step. Brain Research. 
1993;631(2):203-11. 
88. Schulz BW, Ashton-Miller JA, Alexander NB. Compensatory stepping in response 
to waist pulls in balance-impaired and unimpaired women. Gait & Posture. 2005;22(3):198-
209. 
89. Boudreau SA, Falla D. Chronic neck pain alters muscle activation patterns to 
sudden movements. Exp Brain Res. 2014;232(6):2011-20. 

 



  

 

96 

 

90. Lundgren-Lindquist B, Jette AM. Mobility disability among elderly men and women 
in Sweden. International Disability Studies. 1990;12(1):1-5. 
91. Falla D, Jull G, Hodges PW. Feedforward activity of the cervical flexor muscles 
during voluntary arm movements is delayed in chronic neck pain. Exp Brain Res. 
2004;157(1):43-8. 
92. Falla D, O'Leary S Fau - Farina D, Farina D Fau - Jull G, Jull G. Association 
between intensity of pain and impairment in onset and activation of the deep cervical 
flexors in patients with persistent neck pain. 2011(1536-5409 (Electronic)). 
93. Peterka RJ, Loughlin PJ. Dynamic regulation of sensorimotor integration in human 
postural control. J Neurophysiol. 2004;91(1):410-23. 
94. Speers RA, Kuo AD, Horak FB. Contributions of altered sensation and feedback 
responses to changes in coordination of postural control due to aging. Gait Posture. 
2002;16(1):20-30. 
95. Jacobs JV, Horak FB. Cortical control of postural responses. Journal of neural 
transmission (Vienna, Austria : 1996). 2007;114(10):1339-48. 
96. Woollacott MH, Shumway-Cook A, Nashner LM. Aging and posture control: 
changes in sensory organization and muscular coordination. The International Journal of 
Aging and Human Development. 1986;23(2):97-114. 
97. Nashner LM. Adapting reflexes controlling the human posture. Experimental brain 
research. 1976;26(1):59-72. 
98. L. Sturnieks D, St George R, R. Lord S. Balance disorders in the elderly. 
Neurophysiologie Clinique/Clinical Neurophysiology. 2008;38(6):467-78. 
99. Highstein SM. How does the vestibular part of the inner ear work. Disorders of the 
vestibular system. 1996:3-11. 
100. Kahn HA, Leibowitz HM, Ganley JP, Kini MM, Colton T, Nickerson RS, et al. The 
Framingham eye study: I. Outline and major prevalence findings. American journal of 
epidemiology. 1977;106(1):17-32. 
101. Clark RD, Lord SR, Webster IW. Clinical parameters associated with falls in an 
elderly population. Gerontology. 1993;39(2):117-23. 

 



  

 

97 

 

102. Jack CIA, Smith T, Neoh C, Lye M, McGalliard JN. Prevalence of low vision in 
elderly patients admitted to an acute geriatric unit in Liverpool: elderly people who fall are 
more likely to have low vision. Gerontology. 1995;41(5):280-5. 
103. Lord SR, Clark RD, Webster IW. Postural stability and associated physiological 
factors in a population of aged persons. Journal of gerontology. 1991;46(3):M69-M76. 
104. Lord SR, McLean D, Stathers G. Physiological factors associated with injurious falls 
in older people living in the community. Gerontology. 1992;38(6):338-46. 
105. Nevitt MC, Cummings SR, Kidd S, Black D. Risk factors for recurrent nonsyncopal 
falls: a prospective study. Jama. 1989;261(18):2663-8. 
106. Sekuler R, Hutman LP. Spatial vision and aging. I: Contrast sensitivity. Journal of 
gerontology. 1980;35(5):692-9. 
107. Lord SR, Dayhew J. Visual risk factors for falls in older people. Journal of the 
American Geriatrics Society. 2001;49(5):508-15. 
108. Beinert K, Taube W. The effect of balance training on cervical sensorimotor 
function and neck pain. Journal of motor behavior. 2013;45(3):271-8. 
109. Goble DJ, Coxon JP, Van Impe A, Geurts M, Doumas M, Wenderoth N, et al. Brain 
activity during ankle proprioceptive stimulation predicts balance performance in young 
and older adults. Journal of neuroscience. 2011;31(45):16344-52. 
110. Kristjansson E, Treleaven J. Sensorimotor function and dizziness in neck pain: 
implications for assessment and management. journal of orthopaedic & sports physical 
therapy. 2009;39(5):364-77. 
111. Straka H, Vibert N, Vidal PP, Moore LE, Dutia MB. Intrinsic membrane properties of 
vertebrate vestibular neurons: function, development and plasticity. Progress in 
neurobiology. 2005;76(6):349-92. 
112. Boyd-Clark LC, Briggs CA, Galea MP. Muscle spindle distribution, morphology, 
and density in longus colli and multifidus muscles of the cervical spine. Spine. 
2002;27(7):694-701. 
113. Kulkarni V, Chandy MJ, Babu KS. Quantitative study of muscle spindles in 
suboccipital muscles of human foetuses. Neurology India. 2001;49(4):355. 

 



  

 

98 

 

114. Liu J-X, Thornell L-E, Pedrosa-Domellöf F. Muscle spindles in the deep muscles of 
the human neck: a morphological and immunocytochemical study. Journal of 
Histochemistry & Cytochemistry. 2003;51(2):175-86. 
115. Bolton PS, Kerman IA, Woodring SF, Yates BJ. Influences of neck afferents on 
sympathetic and respiratory nerve activity. Brain research bulletin. 1998;47(5):413-9. 
116. Brandt T, Bronstein AM. Cervical vertigo. Journal of Neurology, Neurosurgery & 
Psychiatry. 2001;71(1):8-12. 
117. Corneil BD, Olivier E, Munoz DP. Neck muscle responses to stimulation of monkey 
superior colliculus. I. Topography and manipulation of stimulation parameters. Journal of 
Neurophysiology. 2002;88(4):1980-99. 
118. Hellström F, Roatta S, Thunberg J, Passatore M, Djupsjöbacka M. Responses of 
muscle spindles in feline dorsal neck muscles to electrical stimulation of the cervical 
sympathetic nerve. Experimental brain research. 2005;165(3):328-42. 
119. Karlberg M, Magnusson M, Eva-Maj M, Agneta M, Moritz U. Postural and 
symptomatic improvement after physiotherapy in patients with dizziness of suspected 
cervical origin. Archives of Physical Medicine and Rehabilitation. 1996;77(9):874-82. 
120. Selbie WS, Thomson DB, Richmond FJR. Suboccipital muscles in the cat neck: 
morphometry and histochemistry of the rectus capitis muscle complex. Journal of 
morphology. 1993;216(1):47-63. 
121. Bove M, Courtine G, Schieppati M. Neck muscle vibration and spatial orientation 
during stepping in place in humans. Journal of neurophysiology. 2002;88(5):2232-41. 
122. Lennerstrand G, Han Y, Velay J-L. Properties of eye movements induced by 
activation of neck muscle proprioceptors. Graefe's archive for clinical and experimental 
ophthalmology. 1996;234(11):703-9. 
123. régoire Courtine G, Papaxanthis C, Laroche D, Pozzo T. Gait-dependent 
integration of neck muscle afferent input. Neuroreport. 2003;14(18):2365-8. 
124. de Jong PTVM, De Jong JMB, Cohen B, Jongkees LBW. Ataxia and nystagmus 
induced by injection of local anesthetics in the neck. Annals of neurology. 1977;1(3):240-6. 
125. Ishikawa ZMMYNTSMKTK. Effect of unilateral section of cervical afferent nerve 

 



  

 

99 

 

upon optokinetic response and vestibular nystagmus induced by sinusoidal rotation in 
guinea pigs. Acta Oto-Laryngologica. 1998;118(537):6-10. 
126. Schmid M, Schieppati M. Neck muscle fatigue and spatial orientation during 
stepping in place in humans. Journal of Applied Physiology. 2005;99(1):141-53. 
127. Vuillerme N, Pinsault N, Vaillant J. Postural control during quiet standing following 
cervical muscular fatigue: effects of changes in sensory inputs. Neuroscience letters. 
2005;378(3):135-9. 
128. Hinoki M, Niki H. Neurotological studies on the role of the sympathetic nervous 
system in the formation of traumatic vertigo of cervical origin. Acta Oto-Laryngologica. 
1975;79(sup330):185-96. 
129. Falla D, Jull G, Rainoldi A, Merletti R. Neck flexor muscle fatigue is side specific in 
patients with unilateral neck pain. European Journal of Pain. 2004;8(1):71-7. 
130. Kristjansson E, Dall'Alba P, Jull G. A study of five cervicocephalic relocation tests 
in three different subject groups. Clinical rehabilitation. 2003;17(7):768-74. 
131. McPartland JM, Brodeur RR, Hallgren RC. Chronic neck pain, standing balance, 
and suboccipital muscle atrophy--a pilot study. Journal of manipulative and physiological 
therapeutics. 1997;20(1):24-9. 
132. Passatore M, Roatta S. Influence of sympathetic nervous system on sensorimotor 
function: whiplash associated disorders (WAD) as a model. European journal of applied 
physiology. 2006;98(5):423-49. 
133. Lackner JR, DiZio PA. Aspects of body self-calibration. Trends in cognitive 
sciences. 2000;4(7):279-88. 
134. Proske U, Gandevia SC. The proprioceptive senses: their roles in signaling body 
shape, body position and movement, and muscle force. Physiological reviews. 
2012;92(4):1651-97. 
135. Taubert M, Draganski B, Anwander A, Müller K, Horstmann A, Villringer A, et al. 
Dynamic properties of human brain structure: learning-related changes in cortical areas 
and associated fiber connections. Journal of Neuroscience. 2010;30(35):11670-7. 
136. Apkarian AV, Baliki MN, Geha PY. Towards a theory of chronic pain. Progress in 

 



  

 

100 

 

neurobiology. 2009;87(2):81-97. 
137. Apkarian AV, Sosa Y, Sonty S, Levy RM, Harden RN, Parrish TB, et al. Chronic 
back pain is associated with decreased prefrontal and thalamic gray matter density. 
Journal of Neuroscience. 2004;24(46):10410-5. 
138. Flor H, Braun C, Elbert T, Birbaumer N. Extensive reorganization of primary 
somatosensory cortex in chronic back pain patients. Neuroscience letters. 1997;224(1):5-
8. 
139. Williamson A, Hoggart B. Pain: a review of three commonly used pain rating 
scales. Journal of clinical nursing. 2005;14(7):798-804. 
140. Collins SL, Moore RA, McQuay HJ. The visual analogue pain intensity scale: what 
is moderate pain in millimetres? Pain. 1997;72(1-2):95-7. 
141. Todd KH, Funk KG, Funk JP, Bonacci R. Clinical significance of reported changes 
in pain severity. Annals of emergency medicine. 1996;27(4):485-9. 
142. Vernon H, Mior S. The Neck Disability Index: a study of reliability and validity. 
Journal of manipulative and physiological therapeutics. 1991;14(7):409-15. 
143. Cleland JA, Childs JD, Whitman JM. Psychometric properties of the Neck Disability 
Index and Numeric Pain Rating Scale in patients with mechanical neck pain. Archives of 
physical medicine and rehabilitation. 2008;89(1):69-74. 
144. Pietrobon R, Coeytaux RR, Carey TS, Richardson WJ, DeVellis RF. Standard scales 
for measurement of functional outcome for cervical pain or dysfunction: a systematic 
review. Spine. 2002;27(5):515-22. 
145. Powell LE, Myers AM. The activities-specific balance confidence (ABC) scale. The 
Journals of Gerontology Series A: Biological Sciences and Medical Sciences. 
1995;50(1):M28-M34. 
146. Myers AM, Fletcher PC, Myers AH, Sherk W. Discriminative and evaluative 
properties of the activities-specific balance confidence (ABC) scale. The Journals of 
Gerontology Series A: Biological Sciences and Medical Sciences. 1998;53(4):M287-M94. 
147. Finch E, Brooks D, Stratford PW, Mayo NE. Physical rehabilitation outcome 
measures: a guide to enhanced clinical decision making. Physiotherapy Canada. 

 



  

 

101 

 

2003;55(1):53-4. 
148. Nnodim JO, Yung RL. Balance and its Clinical Assessment in Older Adults - A 
Review. J Geriatr Med Gerontol. 2015;1(1). 
149. Jacobson GP, Newman CW. The development of the Dizziness Handicap 
Inventory. 1990(0886-4470 (Print)). 
150. Clark RA, Bryant AL, Pua Y, McCrory P, Bennell K, Hunt M. Validity and reliability of 
the Nintendo Wii Balance Board for assessment of standing balance. Gait & posture. 
2010;31(3):307-10. 
151. Chagdes JR, Rietdyk S, Haddad JM, Zelaznik HN, Raman A, Rhea CK, et al. 
Multiple timescales in postural dynamics associated with vision and a secondary task are 
revealed by wavelet analysis. Experimental brain research. 2009;197(3):297-310. 
152. Oppenheim U, Kohen-Raz R, Alex D, Kohen-Raz A, Azarya M. Postural 
characteristics of diabetic neuropathy. Diabetes care. 1999;22(2):328-32. 
153. Paillard T, Costes-Salon C, Lafont C, Dupui P. Are there differences in postural 
regulation according to the level of competition in judoists? British journal of sports 
medicine. 2002;36(4):304-5. 
154. Bonato P. Wearable sensors and systems. IEEE Engineering in Medicine and 
Biology Magazine. 2010;29(3):25-36. 
155. Mancini M, Horak FB. The relevance of clinical balance assessment tools to 
differentiate balance deficits. European journal of physical and rehabilitation medicine. 
2010;46(2):239-48. 
156. Mariani B, Hoskovec C, Rochat S, Büla C, Penders J, Aminian K. 3D gait 
assessment in young and elderly subjects using foot-worn inertial sensors. Journal of 
biomechanics. 2010;43(15):2999-3006. 
157. Mancini M, Salarian A, Carlson-Kuhta P, Zampieri C, King L, Chiari L, et al. ISway: 
a sensitive, valid and reliable measure of postural control. Journal of NeuroEngineering 
and Rehabilitation. 2012;9:59-. 
158. Bohannon RW. Comfortable and maximum walking speed of adults aged 20—79 
years: reference values and determinants. Age and ageing. 1997;26(1):15-9. 

 



  

 

102 

 

159. Shumway-Cook A, Baldwin M, Polissar NL, Gruber W. Predicting the Probability for 
Falls in Community-Dwelling Older Adults. Physical Therapy. 1997;77(8):812-9. 
160. Cohen H, Blatchly CA, Gombash LL. A study of the clinical test of sensory 
interaction and balance. Physical Therapy. 1993;73(6):346-51. 
161. Weber PC, Cass SP. Clinical assessment of postural stability. The American journal 
of otology. 1993;14(6):566-9. 
162. Shumway-Cook A. Motor control : theory and practical applications. 2nd ed.. ed. 
Woollacott MH, editor. Philadelphia: Philadelphia : Lippincott Williams &amp; Wilkins; 2001. 
163. Shumway-Cook A, Gruber W, Baldwin M, Liao S. The effect of multidimensional 
exercises on balance, mobility, and fall risk in community-dwelling older adults. Physical 
therapy. 1997;77(1):46-57. 
164. Wrisley DM, Walker ML, Echternach JL, Strasnick B. Reliability of the dynamic gait 
index in people with vestibular disorders1. Archives of physical medicine and 
rehabilitation. 2003;84(10):1528-33. 
165. Cattaneo D, Regola A, Meotti M. Validity of six balance disorders scales in persons 
with multiple sclerosis. Disability and rehabilitation. 2006;28(12):789-95. 
166. McConvey J, Bennett SE. Reliability of the Dynamic Gait Index in individuals with 
multiple sclerosis. Archives of physical medicine and rehabilitation. 2005;86(1):130-3. 
167. Cumming RG, Klineberg RJ. Fall frequency and characteristics and the risk of hip 
fractures. Journal of the American Geriatrics Society. 1994;42(7):774-8. 
168. Patla AE, Frank Js Fau - Winter DA, Winter DA. Balance control in the elderly: 
implications for clinical assessment and rehabilitation. Canadian Journal of Public Health. 
1992;83(2):S29–S33. 
169. King LA, Mancini M, Priest K, Salarian A, Rodrigues-de-Paula F, Horak F. Do 
clinical scales of balance reflect turning abnormalities in people with Parkinson’s disease? 
Journal of Neurologic Physical Therapy. 2012;36(1):25. 
170. Herman T, Giladi N, Hausdorff JM. Properties of the ‘timed up and go’test: more 
than meets the eye. Gerontology. 2011;57(3):203-10. 
171. Hase K, Stein RB. Turning strategies during human walking. Journal of 

 



  

 

103 

 

Neurophysiology 1999;81(6):2914-22. 
172. Tinetti Me Fau - Williams TF, Williams Tf Fau - Mayewski R, Mayewski R. Fall risk 
index for elderly patients based on number of chronic disabilities. American Journal of 
Medicine. 1986;80(3):429-34. 
173. Zampieri C, Salarian A, Carlson-Kuhta P, Aminian K, Nutt JG, Horak FB. The 
instrumented Timed Up and Go test: Potential outcome measure for disease modifying 
therapies in Parkinson's disease. Journal of neurology, neurosurgery, and psychiatry. 
2010;81(2):171-6. 
174. Spain RI, St George RJ, Salarian A, Mancini M, Wagner JM, Horak FB, et al. Body-
worn motion sensors detect balance and gait deficits in people with multiple sclerosis who 
have normal walking speed. Gait Posture. 2012;35(4):573-8. 
175. Wikstrom EA, Tillman MD, Smith AN, Borsa PA. A new force-plate technology 
measure of dynamic postural stability: the dynamic postural stability index. Journal of 
Athletic Training. 2005;40(4):305. 
176. Leddy AL, Crowner BE, Earhart GM. Utility of the Mini-BESTest, BESTest, and 
BESTest sections for balance assessments in individuals with Parkinson disease. Journal 
of neurologic physical therapy: JNPT. 2011;35(2):90. 
177. Leddy AL, Crowner BE, Earhart GM. Functional Gait Assessment and Balance 
Evaluation System Test: Reliability, Validity, Sensitivity, and Specificity for Identifying 
Individuals With Parkinson Disease Who Fall. Physical Therapy. 2011;91(1):102-13. 
178. Potter K, Anderberg L, Anderson D, Bauer B, Beste M, Navrat S, et al. Reliability, 
validity, and responsiveness of the Balance Evaluation Systems Test (BESTest) in 
individuals with multiple sclerosis. Physiotherapy. 2018;104(1):142-8. 
179. Duncan RP, Leddy AL, Cavanaugh JT, Dibble LE, Ellis TD, Ford MP, et al. 
Comparative Utility of the BESTest, Mini-BESTest, and Brief-BESTest for Predicting Falls in 
Individuals With Parkinson Disease: A Cohort Study. Physical Therapy. 2013;93(4):542-50. 
180. Jacobs JV, Kasser SL. Balance impairment in people with multiple sclerosis: 
Preliminary evidence for the Balance Evaluation Systems Test. Gait & Posture. 
2012;36(3):414-8. 

 



  

 

104 

 

181. Chinsongkram B, Chaikeeree N, Saengsirisuwan V, Viriyatharakij N, Horak FB, 
Boonsinsukh R. Reliability and Validity of the Balance Evaluation Systems Test (BESTest) in 
People With Subacute Stroke. Physical Therapy. 2014;94(11):1632-43. 
182. Rodrigues LC, Marques AP, Barros PB, Michaelsen SM. Reliability of the Balance 
Evaluation Systems Test (BESTest) and BESTest sections for adults with hemiparesis. 
Brazilian journal of physical therapy. 2014;18(3):276-81. 
183. Chinsongkram B, Chaikeeree N, Saengsirisuwan V, Horak FB, Boonsinsukh R. 
Responsiveness of the Balance Evaluation Systems Test (BESTest) in people with 
subacute stroke. Physical therapy. 2016;96(10):1638-47. 
184. O’Hoski S, Sibley KM, Brooks D, Beauchamp MK. Construct validity of the 
BESTest, mini-BESTest and briefBESTest in adults aged 50 years and older. Gait & 
Posture. 2015;42(3):301-5. 
185. Arnadottir S, Mercer V. Effects of Footwear on Measurements of Balance and Gait 
in Women Between the Ages of 65 and 93 Years. Physical therapy. 2000;80:17-27. 
186. Cress ME, Schechtman K, Mulrow C, Fiatarone M, Gerety M, Buchner D. 
Relationship Between Physical Performance and Self-Perceived Physical Function. Journal 
of the American Geriatrics Society. 1995;43:93-101. 
187. Heikkilä HV, Wenngren B-I. Cervicocephalic kinesthetic sensibility, active range of 
cervical motion, and oculomotor function in patients with whiplash injury. Archives of 
physical medicine and rehabilitation. 1998;79(9):1089-94. 
188. Storaci R, Manelli A, Schiavone N, Mangia L, Prigione G, Sangiorgi S. Whiplash 
injury and oculomotor dysfunctions: clinical–posturographic correlations. European Spine 
Journal. 2006;15(12):1811-6. 
189. Tjell C, Tenenbaum A, Sandström S. Smooth pursuit neck torsion test-a specific 
test for whiplash associated disorders? Journal of Whiplash & Related Disorders. 
2002;1(2):9-24. 
190. Talebian S, Otadi K, Ansari NN, Hadian MR, Shadmehr A, Jalaie S. Postural control 
in women with myofascial neck pain. Journal of Musculoskeletal Pain. 2012;20(1):25-30. 
191. Treleaven J, Clamaron-Cheers C, Jull G. Does the region of pain influence the 

 



  

 

105 

 

presence of sensorimotor disturbances in neck pain disorders? Manual therapy. 
2011;16(6):636-40. 
192. Blanpied PR, Gross AR, Elliott JM, Devaney LL, Clewley D, Walton DM, et al. Neck 
pain: revision 2017: clinical practice guidelines linked to the international classification of 
functioning, disability and health from the orthopaedic section of the American Physical 
Therapy Association. Journal of Orthopaedic & Sports Physical Therapy. 2017;47(7):A1-
A83. 
193. Elzière M, Devèze A, Bartoli C, Levy G. Post-traumatic balance disorder. European 
Annals of Otorhinolaryngology, Head and Neck Diseases. 2017;134(3):171-5. 
194. Salzman B. Gait and balance disorders in older adults. Am Fam Physician. 
2010;82(1):61-8. 
195. Louer CR, Boone SL, Guthrie AK, Motley JR, Calfee RP, Wall LB. Postural Stability 
in Older Adults with a Distal Radial Fracture. The Journal of bone and joint surgery 
American volume. 2016;98(14):1176-82. 
196. Kristensen MT, Bandholm T, Bencke J, Ekdahl C, Kehlet H. Knee-extension 
strength, postural control and function are related to fracture type and thigh edema in 
patients with hip fracture. Clinical biomechanics (Bristol, Avon). 2009;24(2):218-24. 
197. A Hen SSKT, Geurts ACH, van't Pad Bosch P, Laan RFJM, Mulder T. Postural 
control in rheumatoid arthritis patients scheduled for total knee arthroplasty. Archives of 
Physical Medicine and Rehabilitation. 2000;81(11):1489-93. 
198. Duffell LD, Southgate DFL, Gulati V, McGregor AH. Balance and gait adaptations 
in patients with early knee osteoarthritis. Gait & Posture. 2014;39(4):1057-61. 
199. Sudarsky L. Gait Disorders in the Elderly. New England Journal of Medicine. 
1990;322(20):1441-6. 
200. Alexander NB. Postural control in older adults. Journal of the American Geriatrics 
Society. 1994;42(1):93-108. 
201. Fong SSM, Choi AWM, Luk WS, Yam TTT, Leung JCY, Chung JWY. Bone Mineral 
Density, Balance Performance, Balance Self-Efficacy, and Falls in Breast Cancer Survivors 
With and Without Qigong Training: An Observational Study. Integrative cancer therapies. 

 



  

 

106 

 

2018;17(1):124-30. 
202. Timar B, Timar R, Gaita L, Oancea C, Levai C, Lungeanu D. The Impact of Diabetic 
Neuropathy on Balance and on the Risk of Falls in Patients with Type 2 Diabetes Mellitus: 
A Cross-Sectional Study. PLoS One. 2016;11(4):e0154654. 
203. Rankin JK, Woollacott MH, Shumway-Cook A, Brown LA. Cognitive influence on 
postural stability: a neuromuscular analysis in young and older adults. The Journals of 
Gerontology Series A: Biological Sciences and Medical Sciences. 2000;55(3):M112-M9. 
204. McLennan SN, Mathias JL, Brennan LC, Stewart S. Validity of the Montreal 
Cognitive Assessment (MoCA) as a screening test for mild cognitive impairment (MCI) in a 
cardiovascular population. Journal of geriatric psychiatry and neurology. 2011;24(1):33-8. 
205. Sheskin DJ. Handbook of parametric and nonparametric statistical procedures: crc 
Press; 2003. 
206. Uthaikhup S, Paungmali A, Pirunsan U. Validation of Thai versions of the Neck 
Disability Index and Neck Pain and Disability Scale in patients with neck pain. Spine (Phila 
Pa 1976). 2011;36(21):E1415-21. 
207. MacDermid JC, Walton DM, Avery S, Blanchard A, Etruw E, McAlpine C, et al. 
Measurement Properties of the Neck Disability Index: A Systematic Review. Journal of 
Orthopaedic & Sports Physical Therapy. 2009;39(5):400-17. 
208. Salarian A, Russmann H, Vingerhoets FJ, Burkhard PR, Aminian K. Ambulatory 
monitoring of physical activities in patients with Parkinson's disease. IEEE transactions on 
bio-medical engineering. 2007;54(12):2296-9. 
209. Washabaugh EP, Kalyanaraman T, Adamczyk PG, Claflin ES, Krishnan C. Validity 
and repeatability of inertial measurement units for measuring gait parameters. Gait & 
posture. 2017;55:87-93. 
210. Inc. AWT. User Guide Mobility Lab. OR, USA: APDM Wearable Technologies Inc.: 
Portland; 2016. 
211. Miot HA. Correlation analysis in clinical and experimental studies. SciELO Brasil; 
2018. p. 275-9. 
212. Akoglu H. User's guide to correlation coefficients. Turkish journal of emergency 

 



  

 

107 

 

medicine. 2018;18(3):91-3. 
213. Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic regression: John 
Wiley & Sons; 2013. 
214. Parikh R, Parikh S, Arun E, Thomas R. Likelihood ratios: clinical application in day-
to-day practice. Indian journal of ophthalmology. 2009;57(3):217. 
215. Agmon M, Belza B, Nguyen HQ, Logsdon RG, Kelly VE. A systematic review of 
interventions conducted in clinical or community settings to improve dual-task postural 
control in older adults. Clin Interv Aging. 2014;9:477-92. 
216. Wolfson L, Whipple R, Amerman P, Tobin JN. Gait assessment in the elderly: a gait 
abnormality rating scale and its relation to falls. Journal of gerontology. 1990;45(1):M12-
M9. 
217. Imms F, Edholm O. Studies of gait and mobility in the elderly. Age and ageing. 
1981;10(3):147-56. 
218. Imms FJ, Edholm OG. The assessment of gait and mobility in the elderly. Age 
Ageing. 1979;8(4):261-7. 
219. Stotz A, Hamacher D, Zech A. Relationship between Muscle Strength and Gait 
Parameters in Healthy Older Women and Men. Int J Environ Res Public Health. 2023;20(7). 
220. Madsalae T, Thongprong T, Chinkulprasert C, Boonsinsukh R. Can the balance 
evaluation systems test be used to identify system-specific postural control impairments in 
older adults with chronic neck pain? Front Med (Lausanne). 2022;9:1012880. 
221. Reker U. Function of proprioceptors of the cervical spine in the cervico-ocular 
reflex. HNO. 1985;33(9):426-9. 
222. Creath R, Kiemel T, Horak F, Jeka JJ. The role of vestibular and somatosensory 
systems in intersegmental control of upright stance. J Vestib Res. 2008;18(1):39-49. 
223. Revel M, Andre-Deshays C, Minguet M. Cervicocephalic kinesthetic sensibility in 
patients with cervical pain. Archives of physical medicine and rehabilitation. 
1991;72(5):288-91. 
224. Sjöström H, Allum JHJ, Carpenter MG, Adkin AL, Honegger F, Ettlin T. Trunk sway 
measures of postural stability during clinical balance tests in patients with chronic 

 



  

 

108 

 

whiplash injury symptoms. Spine. 2003;28(15):1725-34. 
225. Tsang I. Rheumatology: 12. Pain in the neck. CMAJ. 2001;164(8):1182-7. 
226. Pettorossi VE, Schieppati M. Neck proprioception shapes body orientation and 
perception of motion. Frontiers in human neuroscience. 2014;8:895. 
227. Silva AG, Cruz AL. Standing balance in patients with whiplash-associated neck 
pain and idiopathic neck pain when compared with asymptomatic participants: A 
systematic review. Physiotherapy theory and practice. 2013;29(1):1-18. 
228. de Zoete RM, Osmotherly PG, Rivett DA, Farrell SF, Snodgrass SJ. Sensorimotor 
control in individuals with idiopathic neck pain and healthy individuals: a systematic review 
and meta-analysis. Archives of physical medicine and rehabilitation. 2017;98(6):1257-71. 
229. Moreira C, Bassi AR, Brandão MP, Silva AG. Do patients with chronic neck pain 
have distorted body image and tactile dysfunction? European Journal of Physiotherapy. 
2017;19(4):215-21. 
230. Mishra A, Davis S, Speers R, Shepard NT. Head shake computerized dynamic 
posturography in peripheral vestibular lesions. Am J Audiol. 2009;18(1):53-9. 
231. Walker HK, Hall WD, Hurst JW. Clinical methods: the history, physical, and 
laboratory examinations. 1990. 
232. Findling O, Schuster C, Sellner J, Ettlin T, Allum JH. Trunk sway in patients with and 
without, mild traumatic brain injury after whiplash injury. Gait Posture. 2011;34(4):473-8. 
233. Toulotte C, Thevenon A, Watelain E, Fabre C. Identification of healthy elderly fallers 
and non-fallers by gait analysis under dual-task conditions. Clinical rehabilitation. 
2006;20(3):269-76. 
234. Alsultan F, De Nunzio AM, Rushton A, Heneghan NR, Falla D. Variability of neck 
and trunk movement during single- and dual-task gait in people with chronic neck pain. 
Clinical Biomechanics. 2020;72:31-6. 
235. Varsha S, Hutoxi W. EFFECT OF AGING ON COMPONENTS OF BALANCE 
EVALUATION SYSTEM TEST (BESTest). International Journal of Physiotherapy. 2017;4(3). 
236. Woods JL, Iuliano-Burns S, King SJ, Strauss BJ, Walker KZ. Poor physical function 
in elderly women in low-level aged care is related to muscle strength rather than to 

 



  

 

109 

 

measures of sarcopenia. Clin Interv Aging. 2011;6:67-76. 
237. Magnusson M, Andersson G, Gomez S, Johansson R, Mårtensson A, Karlberg M, 
et al. Cervical muscle afferents play a dominant role over vestibular afferents during 
bilateral vibration of neck muscles. Journal of Vestibular Research. 2006;16(3):127-36. 
238. Horak FB, Henry SM, Shumway-Cook A. Postural perturbations: new insights for 
treatment of balance disorders. Phys Ther. 1997;77(5):517-33. 
239. Goel R, Ozdemir RA, Nakagome S, Contreras-Vidal JL, Paloski WH, Parikh PJ. 
Effects of speed and direction of perturbation on electroencephalographic and balance 
responses. Exp Brain Res. 2018;236(7):2073-83. 
240. Wang S, Varas-Diaz G, Bhatt T. Muscle synergy differences between voluntary and 
reactive backward stepping. Scientific Reports. 2021;11(1):15462. 
241. de Dieuleveult AL, Siemonsma PC, van Erp JBF, Brouwer A-M. Effects of Aging in 
Multisensory Integration: A Systematic Review. Front Aging Neurosci. 2017;9:80-. 
242. Alghwiri AA. Balance and falls.  Geriatric physical therapy2011. p. 331. 
243. Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for falls in 
community-dwelling older adults using the Timed Up & Go Test. Physical therapy. 
2000;80(9):896-903. 
244. Bishnoi A, Hernandez ME. Dual task walking costs in older adults with mild 
cognitive impairment: a systematic review and meta-analysis. Aging & Mental Health. 
2021;25(9):1618-29. 
245. Campbell AJ, Borrie MJ, Spears GF. Risk factors for falls in a community-based 
prospective study of people 70 years and older. J Gerontol. 1989;44(4):M112-7. 

 
 

 



 

APPENDIX 



  

 

111 

APPENDIX I 
ดัชนีวัดความบกพร่องความสามารถของคอ 

(Neck Disability Index) 
แบบสอบถามนีใ้ชใ้นการประเมินผลกระทบของอาการปวดคอท่ีมีต่อความสามารถในการจดัการ
ชีวิตประจ าวนัของท่าน โปรดเลือกขอ้ที่ตรงกบัอาการและความสามารถของท่านมากที่สดุเพียงขอ้
เดียว และกรุณาใหข้อ้มลูในทกุขอ้  
ข้อที ่1 ความรุนแรงของอาการปวด  
 ในขณะนีไ้ม่มีอาการปวด  
 ในขณะนีมี้อาการปวดเพียงเลก็นอ้ย  
 ในขณะนีมี้อาการปวดปานกลาง  
 ในขณะนีมี้อาการปวดคอ่นขา้งมาก  
 ในขณะนีมี้อาการปวดมาก  
 ในขณะนีมี้อาการปวดมากท่ีสดุเทา่ที่จะจนิตนาการได ้ 

ข้อที ่2 การดูแลตนเอง (เช่น อาบน า้/ช าระล้างร่างกาย แต่งตัว เป็นต้น)  
 สามารถท าเองไดต้ามปกติ โดยไม่ท าใหอ้าการปวดเพิ่มขึน้  
 สามารถท าเองไดต้ามปกติ แต่มีอาการปวดเพิ่มขึน้  
 การท าเองท าใหมี้อาการปวด จงึท าใหต้อ้งท าอย่างชา้ ๆ และระมดัระวงั  
 ท าเองไดเ้ป็นสว่นใหญ่ แต่จะตอ้งการความช่วยเหลืออยู่บา้ง  
 ตอ้งการการชว่ยเหลือในการดแูลตนเองเกือบทัง้หมด ทกุวนั  
 ไม่สามารถแตง่ตวัไดเ้อง อาบน า้/ช าระลา้งรา่งกายเองไดด้ว้ยความยากล าบาก และตอ้ง

อยู่บนเตียง  
ข้อที ่3 การยกของ  
 สามารถยกของหนกัได ้โดยไม่มีอาการปวดเพิ่มขึน้  
 สามารถยกของหนกัได ้แต่มีอาการปวดเพิ่มขึน้  
 อาการปวดท าใหไ้ม่สามารถยกของหนกัขึน้จากพืน้ได ้แต่สามารถยกไดห้ากของนัน้อยู่ใน

ที่ที่เหมาะสม เช่น บนโต๊ะ  
 อาการปวดท าใหไ้ม่สามารถยกของหนกัขึน้จากพืน้ได ้แต่สามารถยกไดห้ากของนัน้มี

น า้หนกัเบาถึงปานกลาง และจดัวางอยู่ในท่ีที่เหมาะสม  
 สามารถยกของที่มีน า้หนกัเบามาก ๆ ได ้ 
 ไม่สามารถยก/ถือ/หิว้/แบก/อุม้ หรือสะพายสิ่งของใด ๆ ไดเ้ลย  
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ข้อที ่4 การอ่าน  
 สามารถอา่นไดม้ากตามที่ตอ้งการ โดยไมมี่อาการปวดคอ  
 สามารถอา่นไดม้ากตามที่ตอ้งการ โดยมีอาการปวดคอเพียงเลก็นอ้ย  
 สามารถอา่นไดม้ากตามที่ตอ้งการ โดยมีอาการปวดคอปานกลาง  
 ไม่สามารถอา่นไดม้ากตามที่ตอ้งการ เพราะมีอาการปวดคอปานกลาง  
 แทบจะไม่สามารถอา่นไดเ้ลยเพราะมีอาการปวดคอมาก  
 ไม่สามารถอา่นไดเ้ลย  

ข้อที ่5 อาการปวดศีรษะ  
 ไม่มีอาการปวดศีรษะเลย  
 มีอาการปวดศีรษะเพียงเลก็นอ้ย และนาน ๆ ครัง้  
 มีอาการปวดศีรษะปานกลาง และนาน ๆ ครัง้  
 มีอาการปวดศีรษะปานกลาง และบอ่ยครัง้  
 มีอาการปวดศีรษะมาก และบอ่ยครัง้  
 มีอาการปวดศีรษะเกือบตลอดเวลา  

ข้อที ่6 การตัง้สมาธิ  
 สามารถตัง้สมาธิไดอ้ย่างที่ตอ้งการ โดยไมมี่ความยากล าบาก  
 สามารถตัง้สมาธิไดอ้ย่างที่ตอ้งการ โดยมีความยากล าบากเพียงเลก็นอ้ย  
 มีความยากล าบากปานกลางในการตัง้สมาธิเม่ือตอ้งการ  
 มีความยากล าบากอย่างมากในการตัง้สมาธิเม่ือตอ้งการ  
 มีความยากล าบากมากท่ีสดุในการตัง้สมาธิเม่ือตอ้งการ  
 ไม่สามารถตัง้สมาธิไดเ้ลย  

ข้อที ่7 การท างาน  
 สามารถท างานไดม้ากตามที่ตอ้งการ  
 สามารถท างานประจ าไดเ้ท่านัน้ ไม่มากไปกวา่นัน้  
 สามารถท างานประจ าไดเ้กือบทัง้หมด แตไ่ม่มากไปกวา่นัน้  
 ไม่สามารถท างานประจ าไดเ้ลย  
 แทบจะท างานอะไรไม่ไดเ้ลย  
 ไม่สามารถท างานอะไรไดเ้ลย  
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ข้อที ่8 การขบัขี่รถ  
 สามารถท าไดโ้ดยไม่มีอาการปวดคอ  
 สามารถท าไดน้านตามท่ีตอ้งการ โดยมีอาการปวดคอเพียงเลก็นอ้ย  
 สามารถท าไดน้านตามท่ีตอ้งการ โดยมีอาการปวดคอปานกลาง  
 ไม่สามารถท าไดน้านตามท่ีตอ้งการ เพราะมีอาการปวดคอปานกลาง  
 แทบจะท าไม่ไดเ้ลย เพราะมีอาการปวดคอมาก  
 ไม่สามารถท าไดเ้ลย  

ข้อที ่9 การนอนหลับ  
 ไม่มีความยากล าบากในการนอนหลบั  
 การนอนหลบัถกูรบกวนเพียงเลก็นอ้ย (นอนไม่หลบันอ้ยกวา่ 1 ชั่วโมง)  
 การนอนหลบัถกูรบกวนเลก็นอ้ย (นอนไมห่ลบั 1-2 ชั่วโมง)  
 การนอนหลบัถกูรบกวนปานกลาง (นอนไม่หลบั 2-3 ชั่วโมง)  
 การนอนหลบัถกูรบกวนเป็นอย่างมาก (นอนไม่หลบั 3-5 ชั่วโมง)  
 การนอนหลบัถกูรบกวนอยา่งสิน้เชิง (นอนไม่หลบั 5-7 ชั่วโมง)  

ข้อที ่10 กิจกรรมนันทนาการ/การพกัผ่อนหย่อนใจ  
 สามารถท ากิจกรรมทกุอย่างได ้โดยไม่มีอาการปวดคอเลย  
 สามารถท ากิจกรรมทกุอย่างได ้แต่มีอาการปวดคออยู่บา้ง  
 สามารถท ากิจกรรมไดเ้ป็นสว่นใหญ่ แต่ไม่ทัง้หมด เพราะมีอาการปวดคอ  
 สามารถท ากิจกรรมไดเ้พียงบางอย่าง เพราะมีอาการปวดคอ  
 แทบจะท ากิจกรรมต่าง ๆ ไม่ไดเ้ลย เพราะมีอาการปวดคอ  
 ไม่สามารถท ากิจกรรมใด ๆ ไดเ้ลย  

หมายเหต ุ 
– คะแนนเต็มทัง้หมดเทา่กบั 50 คะแนน แตล่ะขอ้มีช่วงคะแนน 0-5  
– คะแนนรวม 0-4 หมายถึง ไม่มีการรบกวนต่อความสามารถในการจดัการชีวิตประจ าวนั, 

5-14 หมายถึง รบกวนนอ้ย  
– 15-24 หมายถึง รบกวนปานกลาง 25-34 หมายถึง รบกวนมาก >35 หมายถึง รบกวน

อย่างสมบรูณ ์ 
(Vernon and Mior, 1991) 
Translated and validated by Uthaikhup et al, 2010 
Funded by Faculty of Associated Medical Sciences, Chiang Mai University



  

 

114 

APPENDIX II 
แบบประเมินความม่ันใจในการทรงตัวขณะปฏบัิตกิจิกรรม 

แบบประเมิน Activities- specific Balance Confidence (ABC) Scale 
ฉบับภาษาไทย 

กรุณาใหค้ะแนนความมั่นใจของท่านในการปฏิบตัิกิจกรรมแต่ละกิจกรรม โดยใหค้ะแนนความ
มั่นใจตามระดบัดงัตอ่ไปนี ้

0% 10 20 30 40 50 60 70 80 90 100% 
ไม่ม่ันใจ                              ม่ันใจมาก 

“ทา่นมีความมั่นใจมากแค่ไหนว่าทา่นจะไมสู่ญเสียการทรงตัว หรือ รู้สึกไม่มั่นคงเมื่อทา่น…” 

1. …เดินรอบบา้น? __________% 
2. …เดินขึน้ หรอืลงบนัได? __________% 
3. …โนม้ตวัลงหยิบรองเทา้แตะที่พืน้ทางดา้นหนา้? __________% 
4. …เอือ้มมือขึน้ไปหยิบกระป๋องขนาดเลก็บนชัน้ในระดบัสายตา? __________% 
5. …เขย่งปลายเทา้เพ่ือหยิบของเหนือศีรษะ? __________% 
6. …ยืนบนเกา้อีแ้ละเอือ้มหยิบสิ่งของ? __________% 
7. …กวาดพืน้? __________% 
8. …เดินออกนอกบา้นไปท่ีรถที่จอดอยู่ทางเขา้บา้น? __________% 
9. …กา้วขึน้ หรอืลงจากรถ? __________% 
10. …เดินผ่านที่จอดรถเขา้ไปในหา้ง/ตลาด? __________% 
11. …เดินขึน้หรือลงทางลาด? __________% 
12. …เดินในหา้ง/ตลาดท่ีแออดั และมีคนเดินผ่านท่านอยา่งรวดเรว็? __________% 
13. …ถกูชนจากผูอ้ื่น ขณะที่ท่านเดินในหา้ง/ตลาด? __________% 
14. …กา้วขึน้ หรอืลงบนัไดเลื่อนขณะจบัราวบนัได? __________% 
15. …กา้วขึน้ หรอืลงบนัไดเลื่อนในขณะที่ถือของมากมายจนไม่สามารถจบัราวบนัไดได?้ 

__________% 
16. …เดินนอกบา้นบนทางเดนิท่ีลื่น? __________% 
*Powell, LE & Myers AM. The Activities-specific Balance Confidence (ABC) Scale. J 
Gerontol Med Sci 1995; 50(1): M28-34 
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APPENDIX III 
Instructions:  The purpose of this scale is to identify difficulties that you may be 

experiencing because of your dizziness or unsteadiness.   
Please check “Yes”, “Sometimes”, or “No” to answer each question. 

**Answer each question as it pertains to your dizziness or unsteadiness problem only** 

Item 
Yes 
(4) 

Sometimes 
(2) 

No 
(0) 

1.    Does looking up increase your problem?    
2.    Because of your problem, do you feel frustrated?    
3.    Because of your problem, do you restrict your travel for business or 

recreation?  
   

4.    Does walking down the aisle of a supermarket increase your problem?    
5.    Because of your problem, do you have difficulty getting into or out of bed?    
6.    Does your problem significantly restrict your participation in social activities 

such as going out to dinner, going to the movies, dancing, or to parties? 
   

7.    Because of your problem, do you have difficulty reading?    
8.    Does performing more ambitious activities like sports, dancing, household 

chores such as sweeping or putting dishes away, increase your problem? 
   

9.    Because of your problem, are you afraid to leave your home without having 
someone accompany you? 

   

10.  Because of your problem, have you been embarrassed in front of others?    
11.  Do quick movements of your head increase your problem?    
12.  Because of your problem, do you avoid heights?    
13.  Does turning over in bed increase your problem?    
14.  Because of your problem, is it difficult for you to do strenuous housework or 

yardwork? 
   

15.  Because of your problem, are you afraid people may think you are 
intoxicated? 

   

16.  Because of your problem, is it difficult for you to go for a walk by yourself?    
17.  Does walking down a sidewalk increase your problem?    
18.  Because of your problem, is it difficult for you to concentrate?    
19.  Because of your problem, is it difficult for you to walk around your house in 

the dark? 
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Item 
Yes 
(4) 

Sometimes 
(2) 

No 
(0) 

20.  Because of your problem, are you afraid to stay home alone?    
21.  Because of your problem, do you feel handicapped?    
22.  Has your problem placed stress on your relationship with members of your 

family or friends?  
   

23.  Because of your problem, are you depressed?    
24.  Does your problem interfere with your job or household responsibilities?    
25.  Does bending over increase your problem?    

 

Total Functional Total Emotional Total Physical Total score 

    
 

Scores: Scores greater than 10 points should be referred to balance specialists for 
further evaluation.  
 
16-34 Points (mild handicap)  
36-52 Points (moderate handicap)  
54+ Points (severe handicap) 
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APPENDIX IV 
Dynamic Gait Index (original 8-item test) 
1. Gait level surface _____ 
Instructions: Walk at your normal speed from here to the next mark (20’) 
Grading: Mark the lowest category that applies. 
(3)  Normal: Walks 20’, no assistive devices, good sped, no evidence for imbalance, 

normal gait pattern 
(2)  Mild Impairment: Walks 20’, uses assistive devices, slower speed, mild gait 

deviations. 
(1) Moderate Impairment: Walks 20’, slow speed, abnormal gait pattern, evidence for 

imbalance. 
(0) Severe Impairment: Cannot walk 20’ without assistance, severe gait deviations or 

imbalance. 
2. Change in gait speed _____ 
Instructions: Begin walking at your normal pace (for 5’), when I tell you “go,” walk as fast 
as you can (for 5’). When I tell you “slow,” walk as slowly as you can (for 5’). 
Grading: Mark the lowest category that applies. 
(3)  Normal: Able to smoothly change walking speed without loss of balance or gait 

deviation. Shows a significant difference in walking speeds between normal, fast 
and slow speeds. 

(2)  Mild Impairment: Is able to change speed but demonstrates mild gait deviations, or 
not gait deviations but unable to achieve a significant change in velocity, or uses an 
assistive device. 

(1) Moderate Impairment: Makes only minor adjustments to walking speed, or 
accomplishes a change in speed with significant gait deviations, or changes speed 
but has significant gait deviations, or changes speed but loses balance but is able 
to recover and continue walking. 

(0) Severe Impairment: Cannot change speeds, or loses balance and has to reach for 
wall or be caught. 
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3. Gait with horizontal head turns _____ 
Instructions:  Begin walking at your normal pace. When I tell you to “look right,” keep 
walking straight, but turn your head to the right. Keep looking to the right until I tell you, 
“look left,” then keep walking straight and turn your head to the left. Keep your head to 
the left until I tell you “look straight, “ then keep walking straight, but return your head to 
the center. 
Grading: Mark the lowest category that applies. 
(3)  Normal: Performs head turns smoothly with no change in gait. 
(2)  Mild Impairment: Performs head turns smoothly with slight change in gait 
velocity, i.e., minor disruption to smooth gait path or uses walking aid. 
(1) Moderate Impairment: Performs head turns with moderate change in gait 
velocity, slows down, staggers but recovers, can continue to walk. 
(0) Severe Impairment: Performs task with severe disruption of gait, i.e., staggers 
outside 15” path, loses balance, stops, reaches for wall. 
4. Gait with vertical head turns _____ 
Instructions: Begin walking at your normal pace. When I tell you to “look up,” keep 
walking straight, but tip your head up. Keep looking up until I tell you, “look down,” then 
keep walking straight and tip your head down. Keep your head down until I tell you “look 
straight, “ then keep walking straight, but return your head to the center. 
Grading: Mark the lowest category that applies. 
(3)  Normal: Performs head turns smoothly with no change in gait. 
(2) Mild Impairment: Performs head turns smoothly with slight change in gait 
velocity, i.e., minor disruption to smooth gait path or uses walking aid. 
(1) Moderate Impairment: Performs head turns with moderate change in gait 
velocity, slows down, staggers but recovers, can continue to walk. 
(0)  Severe Impairment: Performs task with severe disruption of gait, i.e., staggers 
outside 15” path, loses balance, stops, reaches for wall. 
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5. Gait and pivot turn _____ 
Instructions: Begin walking at your normal pace. When I tell you, “turn and stop,” turn as 
quickly as you can to face the opposite direction and stop. 
Grading: Mark the lowest category that applies. 
(3)    Normal: Pivot turns safely within 3 seconds and stops quickly with no loss of 

balance. 
(2)    Mild Impairment: Pivot turns safely in > 3 seconds and stops with no loss of 

balance. 
(1) Moderate Impairment: Turns slowly, requires verbal cueing, requires several small 

steps to catch balance following turn and stop. 
(0) Severe Impairment: Cannot turn safely, requires assistance to turn and stop. 
6. Step over obstacle ____ 
Instructions: Begin walking at your normal speed. When you come to the shoebox, step 
over it, not around it, and keep walking. 
Grading: Mark the lowest category that applies. 
(3)    Normal: Is able to step over the box without changing gait speed, no evidence of 

imbalance. 
(2) Mild Impairment: Is able to step over box, but must slow down and adjust steps to 

clear box safely. 
(1) Moderate Impairment: Is able to step over box but must stop, then step over. May 

require verbal cueing. 
(0) Severe Impairment: Cannot perform without assistance. 
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7. Step around obstacles _____ 
Instructions: Begin walking at normal speed. When you come to the first cone (about 6’ 
away), walk around the right side of it. When you come to the second cone (6’ past first 
cone), walk around it to the left. 
Grading: Mark the lowest category that applies. 
(3) Normal: Is able to walk around cones safely without changing gait speed; no 
evidence of imbalance. 
(2) Mild Impairment: Is able to step around both cones, but must slow down and 
adjust steps to clear cones. 
(1) Moderate Impairment: Is able to clear cones but must significantly slow, speed 
to accomplish task, or requires verbal cueing. 
(0) Severe Impairment: Unable to clear cones, walks into one or both cones, or 
requires physical assistance. 
8. Steps _____ 
Instructions: Walk up these stairs as you would at home, i.e., using the railing if 
necessary. At the top, turn around and walk down. 
Grading: Mark the lowest category that applies. 
(3)  Normal: Alternating feet, no rail. 
(2)  Mild Impairment: Alternating feet, must use rail. 
(1) Moderate Impairment: Two feet to a stair, must use rail. 
(0)  Severe Impairment: Cannot do safely. 
 
TOTAL SCORE: ___ / 24 
References: 

1. Herdman SJ. Vestibular Rehabilitation. 2nd ed. Philadelphia, PA: F.A.Davis Co; 
2000. 

2. Shumway-Cook A, Woollacott M. Motor Control Theory and Applications, 
Williams and Wilkins Baltimore, 1995: 323-324 
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APPENDIX V 
BESTest 
Fay Horak PhD Copyright 2008 
Subjects should be tested with flat heeled shoes or shoes and socks off. If subject must 
use an assistive device for an item, score that item one category lower. If subject 
requires physical assistance to perform an item score the lowest category (0) for that 
item. 
SUMMARY OF PERFORMANCE: CALCULATE PERCENT SCORE 
Section I:  ________/15 x 100  = _______ Biomechanical Constraints 
Section II:  ________/21 x 100  = _______ Stability Limits/Verticality 
Section III:  ________/18 x 100  = _______ Transitions/Anticipatory 
Section IV  ________/18 x 100  = _______ Reactive 
Section V:  ________/15 x 100  = _______ Sensory Orientation 
Section VI:  ________/21 x 100  = _______ Stability in Gait 
TOTAL: ________/108 points = ________ Percent Total Score
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I. BIOMECHANICAL CONSTRAINTS SECTION I (15 POINTS) 
1) BASE OF SUPPORT 

(3) Normal: Both feet have normal base of support with no deformities or pain 
(2) One foot has deformities and/or pain 
(1) Both feet have deformities OR pain 
(0) Both feet have deformities AND pain 

2) COM ALIGNMENT 
(3) Normal AP and ML CoM alignment and normal segmental postural 

alignment  
(2) Abnormal AP OR ML CoM alignment OR abnormal segmental postural 

alignment 
(1) Abnormal AP OR ML CoM alignment AND abnormal segmental postural 

alignment 
(0) Abnormal AP AND ML CoM alignment 

3) ANKLE STRENGTH & RANGE 
(3) Normal: Able to stand on toes with maximal height and to stand on heels 

with front of feet up   
(2) Impairment in either foot of either ankle flexors or extensors (i.e. less than 

maximum height) 
(1) Impairment in two ankle groups (eg; bilateral flexors or both ankle flexors 

and extensors in 1 foot) 
(0) Both flexors and extensors in both left and right ankles impaired (i.e. less 

than maximum height) 
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4) HIP/TRUNK LATERAL STRENGTH 
(3) Normal: Abducts both hips to lift the foot off the floor for 10 s while keeping 

trunk vertical  
(2) Mild: Abducts both hips to lift the foot off the floor for 10 s but without 

keeping trunk vertical  
(1) Moderate: Abducts only one hip off the floor for 10 s with vertical trunk  
(0) Severe: Cannot abduct either hip to lift a foot off the floor for 10 s with trunk 

vertical or without vertical  
5) SIT ON FLOOR AND STANDUP TIME______________ SECS 

(3) Normal: Independently sits on the floor and stands up 
(2) Mild: Uses a chair to sit on floor OR to stand up 
(1) Moderate: Uses a chair to sit on floor AND to stand up 
(0) Severe: Cannot sit on floor or stand up, even with a chair, or refuses 

II. STABILITY LIMITS SECTION II (21 POINTS) 
6) SITTING VERTICALITY AND LATERAL LEAN 

Lean Verticality 
Lt. Rt.  Lt. Rt.  
(3) (3) Maximum lean, subject moves 

upper shoulders beyond body 
midline, very stable 
 

(3) (3) Realigns to vertical with very 
SMALL or no OVERSHOOT 
 

(2) (2) Moderate lean, subject’s upper 
shoulder approaches body 
midline 
or some instability 
 

(2) (2) Significantly Over- or 
undershoots 
but eventually realigns to 
vertical 
 

(1) (1) Very little lean, or significant 
instability 
 

(1) (1) Failure to realign to vertical 

(0) (0) No lean or falls (exceeds limits) (0) (0) Falls with the eyes closed 
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7) FUNCTIONAL REACH FORWARD DISTANCE REACHED: 
(3) Maximum to limits: >32 cm (12.5 in ) 
(2) Moderate: 16.5 cm - 32 cm (6.5 – 12.5 in) 
(1) Poor: < 16.5 cm (6.5 in) 
(0) No measurable lean – or must be caught 

8) FUNCTIONAL REACH LATERAL DISTANCE REACHED:  
Lt. Rt.  
(3) (3) Maximum to limit: > 25.5 cm (10 in) 
(2) (2) Moderate: 10-25.5 cm (4-10 in) 
(1) (1) Poor: < 10 cm (4 in) 
(0) (0) No measurable lean, or must be caught 

III. TRANSITIONS-ANTICIPATORY POSTURAL ADJUSTMENT SECTION III (18 
POINTS) 
9) SIT TO STAND 

(3) Normal: Comes to stand without the use of hands and stabilizes 
independently 

(2) Comes to stand on the first attempt with the use of hands 
(1) Comes to stand after several attempts or requires minimal assist to stand 

or stabilize or requires touch of back of leg or chair 
(0) Requires moderate or maximal assist to stand 

10) RISE TO TOES 
(3) Normal: Stable for 3 sec with good height 
(2) Heels up, but not full range (smaller than when holding hands so no 

balance requirement) -OR- slight instability & holds for 3 sec 
(1) Holds for less than 3 sec 
(0) Unable 
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11) STAND ON ONE LEG 
Time in Seconds = Lt. Trial 1: ____Trial 2: ____ Rt. Trial 1: ____Trial 2: ____ 
Lt. Rt.  
(3) (3) Normal: Stable for > 20 s 
(2) (2) Trunk motion, OR 10-20 s 
(1) (1) Stands 2-10 s 
(0) (0) Unable 

12) ALTERNATE STAIR TOUCHING  
(3) Normal: Stands independently and safely and completes 8 steps in < 10 

seconds 
(2) Completes 8 steps (10-20 seconds) AND/OR show instability such as 

inconsistent foot placement, excessive trunk motion, hesitation or 
arhythmical 

(1) Completes < 8 steps – without minimal assistance (i.e. assistive device) 
OR > 20 sec for 8 steps 

(0) Completes < 8 steps, even with assistive devise 
13) STANDING ARM RAISE 

(3) Normal: Remains stable 
(2) Visible sway 
(1) Steps to regain equilibrium/unable to move quickly w/o losing balance 
(0) Unable, or needs assistance for stability 

IV. REACTIVE POSTURAL RESPONSE SECTION IV                          (18 POINTS) 
14) IN PLACE RESPONSE- FORWARD 

(3) Recovers stability with ankles, no added arms or hips motion 
(2) Recovers stability with arm or hip motion 
(1) Takes a step to recover stability 
(0) Would fall if not caught OR requires assist OR will not attempt 
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15) IN PLACE RESPONSE- BACKWARD 
(3) Recovers stability at ankles, no added arm / hip motion 
(2) Recovers stability with some arm or hip motion 
(1) Takes a step to recover stability 
(0) Would fall if not caught -OR- requires assistance -OR- will not attempt 

16) COMPENSATORY STEPPING CORRECTION- FORWARD 
(3) Recovers independently a single, large step (second realignment step is 

allowed) 
(2) More than one step used to recover equilibrium, but recovers stability 

independently OR 1 step with imbalance 
(1) Takes multiple steps to recover equilibrium, or needs minimum assistance 

to prevent a fall 
(0) No step, OR would fall if not caught, OR falls spontaneously 

17) COMPENSATORY STEPPING CORRECTION- BACKWARD 
(3) Recovers independently a single, large step 
(2) More than one step used, but stable and recovers independently OR 1 

step with imbalance 
(1) Takes several steps to recover equilibrium, or needs minimum assistance 
(0) No step, OR would fall if not caught, OR falls spontaneously 

18) COMPENSATORY STEPPING CORRECTION- LATERAL 
Lt. Rt.  
(3) (3) Recovers independently with 1 step of normal 

length/width (crossover or lateral OK) 
(2) (2) Several steps used, but recovers independently 
(1) (1) Steps, but needs to be assisted to prevent a fall 
(0) (0) Falls, or cannot step 
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V. SENSORY ORIENTATION SECTION V (15 POINTS) 
19) SENSORY INTEGRATION FOR BALANCE (MODIFIED CTSIB)

A - EYES OPEN, FIRM SURFACE 
Trial 1 ______sec, Trial 2 ______sec 

(3) 30s stable 
(2) 30s unstable 
(1) < 30s 
(0) Unable 

B -EYES CLOSED, FIRM SURFACE 
Trial 1 ______sec, Trial 2 ______sec 

(3) 30s stable 
(2) 30s unstable 
(1) < 30s 
(0) Unable 

C -EYES OPEN, FOAM SURFACE 
Trial 1 ______sec, Trial 2 ______sec 

(3) 30s stable 
(2) 30s unstable 
(1) < 30s 
(0) Unable 

D -EYES CLOSED, FOAM SURFACE 
Trial 1 ______sec, Trial 2 ______sec 

(3) 30s stable 
(2) 30s unstable 
(1) < 30s 
(0) Unable 

20) INCLINE- EYES CLOSED 

Toes Up 
(3) Stands independently, steady without excessive sway, holds 30 sec, and 

aligns with gravity 
(2) Stands independently 30 SEC with greater sway than in item 19B -OR- 

aligns with surface 
(1) Requires touch assist -OR- stands without assist for 10-20 sec 
(0) Unable to stand >10 sec -OR- will not attempt independent stance 
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VI. STABILITY IN GAIT SECTION V (21 POINTS) 
21) GAIT – LEVEL SURFACE TIME________SECS. 

(3) Normal: walks 20 ft., good speed (≤ 5.5 sec), no evidence of imbalance. 
(2) Mild: 20 ft., slower speed (>5.5 sec), no evidence of imbalance. 
(1) Moderate: walks 20 ft., evidence of imbalance (wide-base, lateral trunk 

motion, inconsistent step path) – at any preferred speed. 
(0) Severe: cannot walk 20 ft. without assistance, or severe gait deviations OR 

severe imbalance 
22) CHANGE IN GAIT SPEED 

(3) Normal: Significantly changes walking speed without imbalance 
(2) Mild: Unable to change walking speed without imbalance 
(1) Moderate: Changes walking speed but with signs of imbalance 
(0) Severe: Unable to achieve significant change in speed AND signs of 

imbalance 
23) WALK WITH HEAD TURNS – HORIZONTAL 

(3) Normal: performs head turns with no change in gait speed and good 
balance 

(2) Mild: performs head turns smoothly with reduction in gait speed 
(1) Moderate: performs head turns with imbalance 
(0) Severe: performs head turns with reduced speed AND imbalance AND/OR 

will not move head within available range while walking. 
24) WALK WITH PIVOT TURNS 

(3) Normal: Turns with feet close, FAST (< 3 steps) with good balance. 
(2) Mild: Turns with feet close SLOW (>4 steps) with good balance 
(1) Moderate: Turns with feet close at any speed with mild signs of imbalance 
(0) Severe: Cannot turn with feet close at any speed and significant 

imbalance. 
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25) STEP OVER OBSTACLES TIME________SEC 
(3) Normal: able to step over 2 stacked shoe boxes without changing speed 

and with good balance 
(2) Mild: steps over 2 stacked shoe boxes but slows down, with good balance 
(1) Moderate: steps over shoe boxes with imbalance or touches box. 
(0) Severe: cannot step over shoe boxes AND slows down with imbalance or 

cannot perform with assistance. 
26)  TIMED “GET UP & GO” GET UP & GO: TIME _____________SEC 

(3) Normal: Fast (<11 sec) with good balance 
(2) Mild: Slow (>11 sec with good balance) 
(1) Moderate: Fast (<11 sec) with imbalance. 
(0) Severe: Slow (>11 sec) AND imbalance. 

27) TIMED “GET UP & GO” WITH DUAL TASK DUAL TASK: TIME ____SEC 
(3) Normal: No noticeable change between sitting and standing in the rate or 

accuracy of backwards counting and no change in gait speed. 
(2) Mild: Noticeable slowing, hesitation or errors in counting backwards OR 

slow walking (10%) in dual task 
(1) Moderate: Affects on BOTH the cognitive task AND slow walking (>10%) 

in dual task. 
(0) Severe: Can’t count backward while walking or stops walking while talking 



 

APPENDIX VI 
Ethical Approve 

 
 



 

APPENDIX VII 
Published Article from This Study 

 
 



  

 

132 

 

 
 
 



  

 

133 

 
 
 
 



  

 

134 

 
 
 
 



  

 

135 

 
 
 
 



  

 

136 



  

 

137 



  

 

138 



  

 

139 



  

 

140 



  

 

141 



  

 

142 



 

APPENDIX VIII 
Clinical Research Advantage 

 



  

 

144 

 



 

VITA 
 

VITA 
 

NAME Thanya Madsalae 

DATE OF BIRTH 23 April 1992 

PLACE OF BIRTH Bangkok 

INSTITUTIONS ATTENDED Bachelor of science in Physical Therapy 

HOME ADDRESS 67/102 Moo 3, Bangtalad, Pakkred, Nonthaburi 

PUBLICATION ชชัฎา ชนิกลุประเสรฐิ, จิรวฒัน ์วงศธี์รภคั, ชนากานต ์คงกตญัญู
สกลุ, และธนัยา หมดัสะและ. (2020). ความสมัพนัธร์ะหวา่งความ
แข็งแรงของกลา้มเนือ้กางขอ้สะโพกและมมุการเอียงของกระดกูเชิง
กรานขณะยืนดว้ยขาขา้งเดยีวและยืนย่อดว้ยขาขา้งเดยีวในคน
ปกต.ิ วารสารกายภาพบ าบดั, 42(2), 56-68.  
Madsalae, T., Thongprong, T., Chinkulprasert, C., & 
Boonsinsukh, R. (2022). Can the balance evaluation 
systems test be used to identify system-specific postural 
control impairments in older adults with chronic neck pain?. 
Frontiers in medicine, 9, 1012880. 
https://doi.org/10.3389/fmed.2022.1012880 

AWARD RECEIVED Best Oral Presentation , The 5 TH Inter-Institute Physical 
Therapy Symposium 

  

 

 


	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER 1 INTRODUCTION
	1. Background
	2. Research question
	3. Objectives
	4. Hypotheses of the study
	5. Advantages of the study
	6. Key words
	7. Conceptual framework

	CHAPTER 2 LITERATURE REVIEW
	1. Chronic neck pain: an overview
	2. Postural Control in Older Adults with Chronic Neck Pain
	2.1. Musculoskeletal components
	2.2. Internal representations
	2.3. Adaptive mechanisms
	2.4. Anticipatory mechanisms
	2.5. Sensory strategies and individual sensory system
	2.6. Stability in Gait
	3. Measurement tools
	3.1. Questionnaire
	3.2. Postural control assessment
	4. Summary

	CHAPTER 3 METHODOLOGY
	1. Participants
	2. Sample size
	3. Data collections
	3.1. Questionnaire
	3.2. Postural Control Assessment
	4. Statistical analysis
	5. Ethical Considerations

	CHAPTER 4 RESULTS
	1. Objective I
	2. Objective II

	CHAPTER 5 DISCUSSION AND CONCLUSION
	1. Discussion
	1.1. Objective I
	1.2. Objective II
	2. Conclusion

	REFERENCES
	APPENDIX
	VITA

