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الحركات في منطقة الفقرات القطنية أسفل الظهر والعجز الوظائفي والمعتقدات 
المتعلقة بتجنب الخوف بين البالغين الذين يعانون من آلام مزمنة وغير محددة 

لمنطقة أسفل الظهر
ن�ن�شي جورج جيتي, يي لين ليم, هوي لينج ليم, �ش�ب�رول اأفي�ن مخت�ر, كوك بنج ج�ن, ديفيندر كور اأجيت �شينج

abstract: Objectives: This study aimed to examine correlations between lumbar kinematics, functional disability 
and fear avoidance beliefs among adults with nonspecific chronic low back pain (LBP). Methods: This cross-
sectional study was conducted between March and December 2014. A total of 32 adults diagnosed with nonspecific 
chronic LBP were recruited from outpatients attending either an orthopaedic clinic at a university hospital or a 
private physiotherapy clinic in Malaysia. Lumbar kinematics were measured using sensors attached at the first 
lumbar (L1) and second sacral (S2) vertebrae levels. The Oswestry Disability Index (ODI) and Fear-Avoidance 
Beliefs Questionnaire (FABQ) were used to assess degree of functional disability and fear avoidance beliefs, 
respectively. Results: For maximum range of motion, positive correlations were observed between ODI scores 
and right lateral flexion and right rotation (P = 0.01 each), although there was a negative correlation with left 
rotation (P = 0.03). With maximum angular velocity, ODI scores were positively correlated with right and left 
lateral flexion L1 (P = 0.01 and <0.01, respectively) but negatively correlated with left lateral flexion L2 (P = 0.04). 
Regarding minimum angular velocity, ODI scores were positively correlated with left lateral flexion S2 (P <0.01) 
but negatively correlated with right and left lateral flexion L1 (P = 0.02 each), right rotation L1 (P = 0.02) and 
left rotation S2 (P = 0.01). No significant correlations were found between lumbar kinematics and FABQ scores. 
Conclusion: These findings suggest that certain lumbar kinematic parameters are correlated with functional 
disability, but not with fear avoidance beliefs.
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الملخ�ص: الهدف: هدفت هذه الدرا�شة اإلى فح�س العلاق�ت المتب�دلة بين الحرك�ت في منطقة الفقرات القطنية اأ�شفل الظهر والعجز الوظ�ئفي 
اأجريت هذه  الطريقة:  الظهر.  اأ�شفل  األم مزمن وغير محدد في منطقة  الذين يع�نون من  الب�لغين  والمعتقدات المتعلقة بتجنب الخوف بين 
الب�لغين الم�شخ�شين ب�آلم  32 فرداً من  2014, تم تخ�شي�س مجموعة مكونة من  الدرا�شة الم�شتعر�شة بين �شهري م�ر�س ودي�شمبر لع�م 
اأ�شفل الظهر المزمنة وغير محددة من المر�شى المراجعين في عي�دة العظ�م بم�شت�شفى تعليمي ج�معي اأو من مراجعيِ عي�دة خ��شة للعلاج 
الطبيعيِ في م�ليزي�, تم قي��س الحرك�ت في المنطقة القطنية للظهر ب��شتخدام مج�ش�ت معلَّقة في م�شتوى الفقرة القطنية الأولى والفقرة 
العجزية الثَّ�نية اأ�شفل الظهر, كم� تم ا�شتخدام موؤ�سر اأو�س وي�شتري لقي��س مدى العجز وا�شتبي�ن المعتقدات المتعلقة بتجنب الخوف وذلك 
لتقييم درجة العجز الوظ�ئفي والمعتقدات المدرو�شة على التوالي. النتائج: اأظهرت الدرا�شة اأنه فيم� يتعلق ب�لمدى الأق�شى للحركة, ك�نت 
هن�ك علاقة طردية بين موؤ�سر اأو�س وي�شتري لقي��س الإع�قة والنحن�ء للج�نب الأيمن والدوران لجهة اليمين )P = 0.01 لكل منهم�(, ب�لرغم 
من كون العلاقة مع حركة الدوران لجهة الي�ش�ر ك�نت عك�شية )P = 0.03(, كم� اأظهرت الدرا�شة اأنه من ن�حية �سرعة الزاوية الق�شوى, ك�ن 
هن�ك ارتب�ط اإيج�بي لموؤ�سر اأو�س وي�شتري مع حركة النحن�ء الج�نبي لجهتي اليمين والي�ش�ر في م�شتوى الفقرة القطنية الأولى )0.01 = 
P و 0.01< على التوالي(, وك�ن الرتب�ط عك�شي� مع حركة النحن�ء الج�نبي لجهة الي�ش�ر في الفقرة العجزية الث�نية )P = 0.04(, اأم� فيم� 
يتعلق ب�لحد الأدنى لل�سرعة الزاوية, ك�ن ارتب�ط موؤ�سر اأو�س وي�شتري اإيج�بي� مع حركة النحن�ء الج�نبي لجهة الي�ش�ر في منطقة الفقرة 
الفقرة القطنية  )P >0.01(, ولكن هذا الرتب�ط ك�ن عك�شي� مع حركة النحن�ء الج�نبي لجهتي اليمين والي�ش�ر لمنطقة  الث�نية  العجزية 
الأولى )P = 0.02 لكل منهم�(, وحركة الدوران لجهة اليمين في م�شتوى الفقرة القطنية الأولى )P = 0.02(, وحركة الدوران لجهة الي�ش�ر 
في م�شتوى الفقرة العجزية الث�نية )P = 0.01(, ولم يكن هن�ك اأي ارتب�ط كبير بين الحرك�ت في منطقة الفقرات القطنية للظهر مع نت�ئج 
ا�شتبي�ن المعتقدات المتعلقة بتجنب الخوف. الخلا�صة: ت�شير هذه النت�ئجْ اإلى اأن هن�ك علاقة ارتب�ط بين بع�س موؤ�سرات الحرك�ت لمنطقة 

الفقرات القطنية اأ�شفل الظهر مع العجز الوظ�ئفي, ولكن لي�س مع المعتقدات المتعلقة ب�أ�ش�ليب تجنب الخوف.
الكلمات المفتاحية: اآلم منطقة اأ�شفل الظهر؛ الفقرات القطنية؛ علم الحرك�ت؛ تقييم مدى العجز والإع�قة؛ الخوف.
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Low back pain (lbp) is the term used to 
indicate lumbosacral pain originating between 
the bottom of the twelfth rib and above the 

gluteal fold.1 It is a global health problem with a lifetime 
prevalence of over 80%; moreover, 11–12% of adults 
with LBP suffer from physical disabilities.1,2 Acute LBP 
is defined as pain that occurs suddenly after a minimum 
of six months without pain and lasting for six weeks 
or less, whereas chronic LBP denotes periodic pain 
persisting for more than three months with increased 
risk of recurrence.1,2 The prevalence of chronic LBP 
is approximately 23%.2 In general, acute LBP has an 
organic pathology; however, biopsychosocial factors 
that can predispose an individual to chronic LBP are 
often present at the time of onset.3 

Lumbar kinematic measurements include an 
assessment of the range of motion (ROM), movement 
velocity and acceleration of the lumbar spine.4 These 
variables may assist in the identification of adults at 
risk of LBP as adults with chronic LBP have shown 
variations in lumbar biomechanical parameters, 
including reduced ROM, velocity and acceleration.5,6 
However, the current focus on structural and bio-
mechanical abnormalities is inadequate to explain 
chronic LBP and its associated disabilities, with 
previous research supporting the inclusion of 
biopsychosocial factors.7,8 Studies have shown an 
association between pain-related fear of movement 
and reduced lumbar flexion among adults with chronic 
LBP and indicated that pain-related fear of movement 
can lead to disabilities.9–12 However, it is unclear 
whether adults with LBP who have pain-related fear of 
movement deliberately avoid movements of increased 
velocity and acceleration.

Pain-related fear of movement can be measured 
using the Fear-Avoidance Beliefs Questionnaire 
(FABQ), which quantifies an individual’s fear of pain 
as a result of alterations in behaviour to avoid pain.8 
A positive correlation has been reported between 
FABQ scores and disability measures; however, 
inconsistent results have been found regarding the 
relationship between pain-related fear and decreased 
activity.12,13 The Oswestry Disability Index (ODI) has 
been deemed suitable for determining an individual’s 
disability in relation to chronic pain, with higher 

scores indicating greater levels of disability.14,15 
Nevertheless, findings of correlations between lumbar 
ROM measurements and functional impairment in 
adults with chronic LBP have not been consistent.16 
Although a weak relationship between flexion ROM 
and disability in adults with LBP has been found, 
ROM and the angular velocity of flexion and extension 
movements have shown an inconsistent relationship 
with ODI scores.4,17 Overall, there are limited and 
conflicting data regarding the correlations between 
lumbar kinematics and functional disability and fear 
avoidance. Further studies on this topic may assist 
clinicians in the management and care of adults with 
chronic LBP. The current study therefore aimed to 
examine the correlation between lumbar kinematics, 
functional disability and fear avoidance beliefs among 
adults with chronic LBP.

Methods

This cross-sectional study was conducted between 
March and December 2014. A total of 32 adults 
with chronic LBP persisting for more than three 
months were recruited from a list of outpatients at 
either an orthopaedic clinic at the Pusat Perubatan 
Universiti Kebangsaan Malaysia Hospital, Kuala 
Lumpur, Malaysia, or a private physiotherapy 
clinic in Petaling Jaya, Malaysia. The inclusion 
criteria included outpatients between 20–45 years 
old with pain originating between the lower ribs 
and inferior gluteal fold who had been diagnosed 
by a doctor as having chronic LBP. Patients were 
excluded from the study if they were currently 
taking any medications or if they had referred or 
radicular pain, overt neurological signs (i.e. sensory 
deficits or motor paralysis), psychological illnesses 
or “red-flag” disorders (e.g. neoplasms, inflamm- 
atory disease, fractures or infections). Women who 
were pregnant were also excluded. A power analysis 
for a bivariate normal model was performed using 
G*Power software, Version 3.1.9.2 (Heinrich Heine 
University, Dusseldorf, Germany); this indicated that 
the sample size was sufficient for the purposes of the 
study (effect size = 0.50; power = 0.80; P <0.05).18

Advances in Knowledge 
- The current study identified significant correlations between several lumbar kinematic parameters and functional disability as 

determined using the Oswestry Disability Index among adults with nonspecific chronic low back pain (LBP). However, no correlations 
were observed between lumbar kinematic parameters and fear avoidance beliefs.

Application to Patient Care
- The findings of this study indicate that both lumbar kinematics and functional impairment should be taken into consideration during 

the assessment and management of adults with nonspecific chronic LBP. 
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Lumbar kinematic parameters, including lumbar 
ROM, velocity and acceleration, were measured 
using an inertial measurement system (MTx human 
motion tracker, Xsens Technologies B.V., Enschede, 
Netherlands). This system provides an accurate 
and drift-free 360° view with a three-dimensional 
spinal range of movement and coupled motion 
measurements. The first lumbar (L1) and second sacral 
(S2) spinous processes were identified by palpating the 
spine when the participant was in a standing position. 
Two sensors set at 50 Hz were attached perpendicu-
larly to each other and the spinous processes of the 
L1 and S2 vertebrae and secured to the trunk with an 
elastic strap. Participants were then requested to move 
to their full ROM, while limiting pelvic movements 
as much as possible. The ROM of six physiological 
movements was then obtained by calculating the 
relative angles between the two sensors using a 
direction cosine matrix that transforms vectors in the 
body frame to reference frame analysis (MATLAB 
software, MathWorks Inc., Natick, Massachusetts, 
USA). Each participant was requested to perform 
three repetitions of flexion, extension, lateral flexion 
(left and right) and rotation (left and right) with their 
feet shoulder-width apart and knees extended. The 
averages of the three measurements were taken as 
ROM and velocity results. Participants were given a 

demonstration of this process before official recording 
of the data began.

The sociodemographic characteristics of the 
participants were obtained, including age, gender and 
employment status. Weight and height were measured 
to calculate body mass index (BMI). Back pain was 
evaluated using a visual analogue scale (VAS), which 
has a 10 cm horizontal line numbered from 0 to 10 
with 0 signifying no pain, 5 signifying moderate pain 
and 10 signifying the worst possible pain.19 Participants 
were required to mark the point on the scale that they 
felt represented their current pain status. The 10-item 
ODI questionnaire was used to quantify the severity 
of disability for each participant, with a score between 
0–5 being assigned for each of the following items: 
pain intensity, personal care, lifting, walking, sitting, 
standing, sleeping, sex life, social life and travelling.14 
The total score of the 10-item ODI questionnaire was 
recorded as a percentage. Fear avoidance beliefs were 
assessed using the 5-item physical activity (FABQ-PA) 
and 11-item work (FABQ-W) subscales of the 
FABQ, with scores ranging on a Likert scale of 0–6.8 
A score of 6 was taken to denote the highest level 
of fear avoidance belief.8 Both the ODI and FABQ 
questionnaires were completed by the researchers in 
English during interviews with the participants.

All data analysis was performed using the Statist-
ical Package for the Social Sciences (SPSS), Version 20 
(IBM Corp., Chicago, Illinois, USA). A Shapiro-Wilk 
test indicated that most of the kinematic variables 
were not normally distributed; thus, Spearman’s 
rank correlation coefficient was used to determine 
correlations between the variables. A P value of <0.05 
was considered to be statistically significant.

Ethical approval for this study was obtained 
from the Secretariat for Research & Ethics of the 
Universiti Kebangsaan Malaysia, Kuala Lumpur 
(UKM #1.5.3.5/244/NN-147-2013). All participants 
were provided with written and verbal information 
about the study procedures and gave informed verbal 
consent for participation.

Table 2: Mean maximum range of motion variables 
among adults with chronic low back pain (N = 32)

ROM in degrees Mean ± SD

Flexion 37.52 ± 9.25

Extension 9.33 ± 7.61

Right lateral flexion 13.72 ± 10.23

Left lateral flexion 11.67 ± 13.62

Right rotation 8.23 ± 12.76

Left rotation 11.05 ± 11.77

ROM = range of motion; SD = standard deviation.

Table 1: Demographic characteristics, degree of functional 
disability* and fear avoidance belief† scores among adults 
with chronic low back pain (N = 32)

Variable Mean ± SD 

Gender, n (%)

     Male 13 (40.6)

     Female 19 (59.4)

Age in years 32.94 ± 7.83

VAS score 2.00 ± 1.42

BMI in kg/m2 23.77 ± 3.21

Employment status, n (%)

     Unemployed 6 (18.8)

     Employed 26 (81.3)

     ODI score 19.02 ± 8.72

FABQ-PA score 15.84 ± 4.32

FABQ-W score 17.41 ± 8.60

Overall FABQ score 33.25 ± 9.48

SD = standard deviation; VAS = visual analogue scale; BMI = body mass 
index; ODI = Oswestry Disability Index; FABQ-PA = physical activity 
subscale of the Fear-Avoidance Beliefs Questionnaire; FABQ-W = work 
subscale of the Fear-Avoidance Beliefs Questionnaire.
*Functional disability was assessed using the Oswestry Disability Index.14

†Fear avoidance beliefs were assessed using the Fear-Avoidance Beliefs 
Questionnaire.8
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Results

The sociodemographic characteristics and mean 
ODI and FABQ scores of the participants are shown 
in Table 1. The mean lumbar ROM for flexion and 
extension was 37.52 ± 9.25 degrees and 9.33 ± 7.61 
degrees, respectively. Mean rotation and lateral 
flexion were between 11.67–13.72 degrees and 
8.23–11.05 degrees, respectively [Table 2]. Table 3 
depicts the mean minimum and maximum angular 
velocity measurements. 

There were significant moderate positive correl- 
ations between ODI scores and the right lateral 
flexion and right rotation (P = 0.01 each) variables 
of maximum ROM, the right and left lateral flexion 
L1 (P = 0.01 and <0.01, respectively) variables of 
maximum angular velocity and the left lateral flexion 
S2 (P <0.01) variable of minimum angular velocity. 
Significant weak-to-moderate negative correlations 
were observed between ODI scores and the left 
rotation (P = 0.03) variable of maximum ROM, the 
left lateral flexion S2 (P = 0.04) variable of maximum 

angular velocity and the right and left lateral flexion 
L1 (P = 0.02 each), right rotation L1 (P = 0.02) and 
left rotation S2 (P = 0.01) variables of minimum 
angular velocity. There were no significant correlations 
between lumbar kinematics and either FABQ-PA or 
FABQ-W scores [Table 4].

Discussion

This study aimed to examine potential correlations 
between lumbar kinematics, functional disability and 
fear avoidance beliefs among adults with chronic LBP. 
However, only functional disability was found to be 
significantly correlated with certain lumbar kinematic 
parameters, suggesting that greater perceived funct- 
ional disability was correlated to a decrease or increase 
in certain aspects of lumbar ROM and angular 
velocity. Using an electrogoniometer and torsio- 
meter, Bible et al. previously reported mean full 
active ROM measurements for flexion (54.6 degrees), 
extension (26.6 degrees), left and right lateral bending 
(17.5–19.5 degrees) and left and right axial rotation 
(16.7–17.6 degrees) for adults without LBP.20 In 
comparison, participants in the current study had 
lower lumbar ROM measurements, with approxi-
mately 30% reduced flexion and rotation, 65% reduced 
extension and 35% reduced rotation. These differences 
in findings may be due to variations in measurement 
instruments and study protocols. However, it is 
noteworthy that extension ROM was the most limited 
movement in the current study, followed by rotation 
and side flexion. 

In the current study, mean maximum right lateral 
flexion and right rotation variables of ROM had a 
positive correlation with ODI scores, whereas there 
was a negative correlation between left rotation and 
ODI scores. These results demonstrate an inconsistent 
correlation between lumbar movements and disability. 
Clinically, these results are acceptable as both declined 
and increased mobility may be related to functional 
ability.21 In a previous study, Parks et al. concluded 
that the association between lumbar motions and 
functional ability was either weak or absent.22 
Moreover, a negative correlation between ODI and 
left rotation ROM has also been described in an 
earlier report.23 Movement impairment among adults 
with chronic LBP may be due to an associated co-
contraction of the lumbar-pelvic muscles and muscle 
spasms which can lead to limited motion and injury.24 
On the other hand, hypermobility may also exist in 
certain spinal segments, causing spinal instability and 
impaired neuromuscular control, eventually affecting 
an individual’s ability to function normally.25

Table 3: Mean minimum and maximum angular 
velocity variables among adults with chronic low back 
pain (N = 32)

Angular velocity 
in degrees/second

Mean ± SD

Minimum Maximum

Flexion

L1 -84.22 ± -25.78 83.65 ± -26.93

S2 -59.59 ± -20.05 56.72 ± -20.63

Extension

L1 -30.37 ± -25.78 33.23 ± -18.33

S2 -22.35 ± -21.20 21.77 ± -16.62

Right lateral flexion

L1 -17.76 ± -10.31 17.76 ± -10.89

S2 -12.61 ± -5.16 12.03 ± -5.16

Left lateral flexion

L1 -17.76 ± -10.31 18.33 ± -9.74

S2 -12.03 ± -4.58 12.03 ± -5.16

Right rotation

L1 -25.21 ± -43.54 23.49 ± -39.53

S2 -20.63 ± -42.40 18.91 ± -38.39

Left rotation

L1 -8.02 ± -4.58 14.32 ± -14.32

S2 -8.59 ± -6.88 10.31 ± -9.74

L1 = first lumbar vertebra level; S2 = second sacral vertebra level; 
SD = standard deviation.
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As with ROM, inconsistent results were also 
observed in the current study with regards to lumbar 
velocity. The authors of the current study speculate 
that this may be due to the complex relationship 
of lumbar kinematics with functional impairment. 
Other factors may have influenced the results, such 
as limb dominance, laterality of pain, level of pain 
and disability. Adults with LBP have been found to 
move more slowly compared to healthy individuals.26 
It is also noteworthy that the mean ODI score of 
participants in the current study indicated minimal 
disability (19.2%), while the mean VAS score (2/10) 
suggested only mild-to-moderate disability.14 Thus, 
the results of the present study could have been 
influenced by the lack of severity of LBP symptoms 
among the participants. In addition, asymmetries 
in lumbar motion have been noted among adults 
without LBP which were unrelated to any limitations 
and were believed to be derived from daily 
habitual movements.27 

Pain-related fear is believed to be an important 
factor in determining disability in chronic LBP, 
rather than pain or physical impairment alone.22 The 
present study found that lumbar kinematic variables 
were not associated with FABQ-PA or FABQ-W 
scores. Similarly, Demoulin et al. reported that pain-
related fear measures were not significantly related 
to the physical capacity of the spine.28 However, these 
findings are contradictory to those of earlier studies 
reporting associations between physical ability and 

Table 4: Correlations between lumbar kinematic variables 
and functional disability* and fear avoidance beliefs† among 
adults with chronic low back pain (N = 32)

Variable ODI score FABQ-PA 
score

FABQ-W 
score

rs P 
value

rs P 
value

rs P 
value

Maximum ROM in degrees

Flexion 0.07 0.72 -0.03 0.86 -0.22 0.23

Extension 0.10 0.60 0.00 0.98 -0.16 0.39

Right 
lateral 
flexion

0.48 0.01‡ -0.11 0.55 -0.16 0.40

Left 
lateral 
flexion

-0.33 0.07 -0.35 0.05 -0.04 0.82

Right 
rotation

0.48 0.01‡ 0.04 0.83 -0.11 0.56

Left 
rotation

-0.39 0.03‡ -0.29 0.11 -0.21 0.25

Maximum angular velocity in degrees/second

Flexion

L1 0.10 0.57 -0.09 0.63 -0.18 0.34

S2 0.15 0.40 -0.17 0.35 0.22 0.23

Extension

L1 -0.16 0.37 0.01 0.95 -0.34 0.06

S2 -0.31 0.09 -0.09 0.64 -0.24 0.20

Right lateral flexion

L1 0.44 0.01‡ -0.05 0.79 -0.13 0.47

S2 -0.28 0.12 -0.12 0.52 0.13 0.49

Left lateral flexion

L1 0.52 <0.01‡ 0.07 0.72 -0.18 0.32

S2 -0.37 0.04‡ -0.12 0.52 -0.08 0.69

Right rotation

L1 0.26 0.15 -0.12 0.50 -0.25 0.16

S2 0.34 0.06 -0.10 0.60 -0.10 0.60

Left rotation

L1 0.24 0.19 -0.19 0.30 -0.06 0.76

S2 0.31 0.09 -0.31 0.09 -0.15 0.43

Minimum angular velocity in degrees/second

Flexion

L1 0.06 0.76 0.17 0.35 0.20 0.27

S2 0.19 0.30 0.20 0.28 0.11 0.55

Extension

L1 -0.01 0.95 0.08 0.65 0.27 0.14

S2 0.11 0.55 0.01 0.96 0.20 0.28

Right lateral flexion

L1 -0.42 0.02‡ -0.02 0.93 0.10 0.58

S2 0.26 0.15 0.08 0.68 0.09 0.62

Left lateral flexion

L1 -0.42 0.02‡ -0.01 0.97 0.13 0.50

S2 0.51 <0.01‡ 0.16 0.37 -0.15 0.41

Right rotation

L1 -0.42 0.02‡ 0.05 0.80 0.28 0.13

S2 -0.29 0.11 0.11 0.56 0.20 0.27

Left rotation

L1 0.25 0.16 0.30 0.09 0.07 0.72

S2 -0.47 0.01‡ 0.03 0.88 0.11 0.54

ODI = Oswestry Disability Index; FABQ-PA = physical activity subscale of 
the Fear-Avoidance Beliefs Questionnaire; FABQ-W = work subscale of the 
Fear-Avoidance Beliefs Questionnaire; rs = Spearman’s rank correlation 
coefficient; ROM = range of motion; L1 = first lumbar vertebra level; 
S2 = second sacral vertebra level.
*Functional disability was assessed using the Oswestry Disability Index.14

†Fear avoidance beliefs were assessed using the Fear-Avoidance Beliefs 
Questionnaire.8
‡Significant at P <0.05.
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fear avoidance beliefs.9,11,29 In one study, Geisser et al. 
observed a significant correlation between pain-related 
fear and decreased lumbar flexion among participants 
with chronic LBP.9 Vaisy et al. reported that ROM and 
angular velocity were associated with psychological 
characteristics, including fear of movement.11 
Grotle et al. found that fear avoidance beliefs were 
significantly related to disability after controlling for 
sociodemographic, pain-related and clinical variables 
and excluding distress variables.30 Another study 
found that a combination of psychological factors, 
including fear avoidance beliefs, anxiety and pain 
catastrophising, determined functional disability in 
adults with chronic LBP.31 Nevertheless, other socio-
demographic and psychosocial factors such as income, 
education level, type of management received, self-
efficacy and motivation may need to be accounted for 
when considering a relationship between pain-related 
fear of movement and functional ability.

The findings of the present study add to existing 
controversy in the literature regarding the correlation 
between lumbar motion, functional ability and fear 
avoidance beliefs. Differences in findings may be due 
to inter-study variations in measurement instruments, 
protocols, participant selection and analysis systems. 
Despite this, the results of the current study may be 
of interest to clinicians in the assessment and 
management of adults with nonspecific chronic 
LBP. It is important to note that observation of 
lumbar ROM through visual estimations may not 
show small differences. However, measurements of 
higher order kinematics, such as movement velocity 
and acceleration, may not be feasible in clinical 
settings as they often require costly instrumentation. 
Physiotherapists should provide individually tailored 
exercises focusing on lumbar rotation and lateral 
flexion movements as well as lumbar extension when 
treating adults with nonspecific chronic LBP.

There are a few limitations to this study. Firstly, the 
sample size was limited and confined to adults with 
nonspecific chronic LBP. Secondly, data regarding 
quality of movement, specific locations of pain and 
range of pain were not analysed. Therefore, the results 
of this study cannot be generalised to other types 
of LBP with symptoms that include unilateral pain, 
hypomobility or hypermobility. Further studies are 
required assessing lumbar kinematics among patients 
with different types of LBP in comparison to a control 
group.32 There is also a need for future research to 
examine the relationship between lumbar kinematics 
and sustained prolonged functional activities among 
adults with nonspecific chronic LBP. 

Conclusion

The results of this study suggest that certain comp-
onents of rotation and lateral flexion are correlates 
of functional disability, but not fear avoidance beliefs. 
Lumbar rotation and lateral flexion movements 
should therefore be emphasised in addition to lumbar 
extension during rehabilitation therapy for adults with 
nonspecific chronic LBP. In addition, both lumbar 
kinematics and functional impairment should be 
taken into consideration in the assessment and 
management of adults with nonspecific chronic LBP. 
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