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Objective: To examine the characteristics of the plantar pressure distribution patterns during mid-stance phase of the gait
cycle in subjects with chronic non-specific low back pain and asymptomatic subjects.

Material and Method: Twenty-three males and 17 females with chronic non-specific low back pain and age- and
gender-matched asymptomatic subjects walked barefoot along a gait mat at comfortable speed for three trials. The left and
right plantar pressure distributions were recorded during mid-stance phase and divided into 12 areas. Descriptive statistics
including mean and standard deviation of demographic data and plantar pressure were calculated, and plantar pressure
distribution patterns were described.

Results: Mean and standard deviation of numeric pain rating scale of chronic non-specific low back pain group were
4.04+1.58. The average mean peak pressure of both chronic non-specific low back pain and asymptomatic subjects located
at the fifth area (lateral aspect of forefoot) in both feet. However, the modes of the peak pressure of subjects with chronic
non-specific low back pain were in the different areas in the left and right feet. The distribution patterns of the average
mean peak pressure were not the same in chronic non-specific low back pain and asymptomatic subjects. This altered foot
contact in the subjects with chronic non-specific low back pain may be used to avoid pain or to compensate for limited
mobility of the lower limbs at pre-swing phase.

Conclusion: At mid-stance phase of walking, the pressures on the plantar surface were unequally distributed in subjects

with chronic non-specific low back pain.
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Low back pain is a complex condition with
an incredibly high rate of recurrence”. The most
common type of low back pain is a non-specific low
back pain describing as back pain in which a specific
cause i.e., nerve root compression, cauda equina
syndrome, etc. or unknown underlying pathology,
cannot be identified. Between 60 and 70% of people
with low back pain get better within six weeks, and
80 to 90% by twelve weeks!"). However, a large
percentage of people still have some pain or disability
after twelve months and progress to chronic non-
specific low back pain®. In Thailand, there were also
reportedly high prevalence rates of low back pain
among different occupation groups. The 12 months
prevalence was found to be as high as 77% in rice
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farmers® and 61.5% in nurse®. Interestingly, 95% of
rice farmers also had chronic symptom of low back
pain®. Possible reasons for persistence of low back
pain include inadequate rehabilitation, re-injury,
clinical complication, undiagnosed pathology, or
referral from remote body structure. To manage the
patients with chronic low back symptom, those causes
have to be assessed.

In terms of biomechanical perspective,
impairments that contribute to chronic non-specific
low back pain include inadequate shock absorption
during walking or excessive foot pronation and sagittal
plane blockage that alters spinal loading”¥. Plantar
pressure measurement is a biomechanical measure of
foot pressure distribution. This measurement is used
to diagnose and manage conditions related to the foot,
gait pathologies and other musculoskeletal disorders
such as lower extremity pain and low back pain®.
Plantar pressure measurement assesses the effects
of structural changes resulting from abnormal
biomechanics in lower extremity kinetic chain. Plantar
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pressure has been widely used to assess patients in
various conditions®'?. A few studies of plantar
pressure distribution have been reported in patients
with low back pain*!¥. The findings have demonstrated
plantar pressure distribution only in specific low back
pain. However, plantar pressure distribution in
chronic non-specific low back pain has not been fully
investigated.

The objective of this study was to investigate
the characteristics of the plantar pressure distribution
patterns in subjects with chronic non-specific low back
pain and asymptomatic subjects during mid-stance of
gait.

Material and Method

This study is a cross-sectional study designed
to investigate the plantar pressure distribution of
subjects with chronic non-specific low back pain and
asymptomatic subjects. Eighty subjects, 40 subjects
with chronic non-specific low back pain and
40 asymptomatic between 20 and 45 years of age,
were recruited. Subjects in both groups were matched
by age and gender. The subjects with chronic non-
specific low back pain were diagnosed by a physician
or a physical therapist if they had low back pain with
constant, intermittent or recurrence symptoms longer
than three months. The age and gender matched
asymptomatic subjects did not have low back pain
for six months prior to participating to this study.
The range of +5 years of age was considered as
matched range. Subjects with the following criteria
were excluded, specific low back pain, observable foot
abnormalities or deformities, pregnancy, implantation
of artificial joints or other biomedical devices of
the lower extremity, any condition resulting in
neurological deficits, history of fracture or surgery of
lower extremity or spine, red flag disorders (cancer,
infection, inflammatory joint disorders such as
rheumatoid arthritis and gout, and severe systematic
disease), or lack of physical or mental ability to
complete the study procedure. All procedures and
methods were approved by Mahidol University
Institutional Review Board (MU-IRB COA.
NO.2011/131.1710). A clinical examination was
conducted by a qualified physical therapist to screen
the subjects according to the inclusion and exclusion
criteria.

The subjects who passed the screening
process gave their consent. The body weight and
height of each subject were measured. Leg length was
measured from the tip of the greater trochanter to the
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ground through the lateral malleolus in upright
standing position”. The subjects with chronic non-
specific low back pain had recorded the pain duration,
pain intensity on a numerical rating scale (NRS) and
their function using Thai Modified Oswestry Low
Back Pain Disability Questionnaire (TMODQ)!%.
The TMODQ is a common self-reported disability
questionnaire. It has been used as a treatment
outcome measurement for low back pain patients. The
questionnaire comprises 10 items questioning pain
intensity associated with the impact of activity daily
living. Each item scored from 0 to 5 with higher
values indicating more severe impact. The test-retest
reliability of this scale was reported to be good®.

Average mean peak pressure showed the
average mean of the highest pressure in any areas of
the planar surface.

The mode of the average mean peak pressure
showed the most frequency of highest pressure in any
areas of the planar surface.

Procedure

All subjects were then asked to walk
barefoot along the gait mat system (The GAITRite
system CIR Systems Inc., Peekskill, NY), at their
comfortable walking speed for three trials with a
I-minute rest between trials"® to measure plantar
pressure distribution. During mid-stance phase, using
data when the foot fully contacted with the walking
surface, the plantar pressure on gait mat system was
divided into twelve areas as shown in Fig. 1.

Statistical analysis

Mean and standard deviation (SD) of
demographic data were calculated, and independent
sample t-test was used to determine comparability
between chronic non-specific low back pain and
asymptomatic groups. Descriptive statistics of plantar
pressure data were also calculated, and plantar
pressure distribution patterns were described.

Results

Each group of subjects composed of 23 males
(57.5%) and 17 females (42.5%). The characteristics
of'the subjects were shown in Table 1. The age, height,
weight, and leg length were not statistically different
between subjects with chronic non-specific low back
pain and asymptomatic subjects. In the chronic non-
specific low back pain group, the patients reported pain
intensity from 1 to 7 out of 10 with the duration of pain
from three months to seven years. The TMODQ scores
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Fig.1  The area of plantar surface of the left and right

foot.

were reported at 12.15+7.12 points that indicated the
subjects with chronic non-specific low back pain had
mild functional limitation in activities of daily life.
The plantar pressure distribution patterns in chronic
non-specific low back pain group were not differed
from those in asymptomatic group (Fig. 2). The average
mean peak pressure was highest in the fifth area in both
groups for both feet.

The highest frequency of subjects who had
greatest pressure in different areas of the planar surface
was shown in Fig. 3. In chronic non-specific low back
pain group, the left foot had the mode of the average

Table 1. The subjects’ characteristics

mean peak pressure in the seventh area (37.5%), while
the right foot had mode in the fifth area (35%). The
second most frequent areas of average mean peak
pressure were the fifth area (32.5%) in the left foot and
the seventh area (22.5%) in the right foot. In contrary,
asymptomatic group had the mode of the average mean
peak pressure in the fifth area in the left (25%) and
right (62.5%) feet. The second most frequent were the
seventh area (22.5%) in the left and the second (10%),
and eleventh areas (10%) in the right foot.

Discussion

This study investigated the plantar pressure
distribution patterns in subjects with chronic non-
specific low back pain during mid-stance of gait. The
average mean peak plantar pressure was in the lateral
aspect of the forefoot in both groups (Fig. 2). This
finding is similar to the results of Lee et al'¥ who
reported the plantar pressure distribution in subjects
with specific low back pain. The results also showed
the mode of average mean peak pressure at the
fifth area in mid-stance phase for both feet in the
asymptomatic group and the right foot of the subjects
with chronic non-specific low back pain groups while
the left foot appeared to be the area of second most
frequent distributed (Fig. 3). Subjects in chronic
non-specific low back pain group had an altered
foot pressure distribution possibly to avoid pain or
discomfort during mid-stance phase!'”. Another
possible explanation for these distribution pattern
changes may be related to limited range of motion in
the lower limb impeding the pre-swing phase®. In that
situation, the plantar pressure would be transferred to
the lateral aspect of forefoot. In contrast, during the

Characteristic CNLBP Asymptomatic p-value
Mean + SD Min, Max Mean + SD Min, Max

Age 29.08+6.77 21.0,44.0 28.43+5.99 21.0,44.0 0.65
Height (cm) 166.1019.45 150.0, 183.0 166.05+3.40 150.0, 186.0 0.98
Weight (kg) 63.35+15.06 31.0,103.0 61.34£13.51 40.0,95.0 0.53
Lt. leg length (cm) 84.13+4.86 73.0,94.0 84.40+4.43 76.0,95.0 0.79
Rt. leg length (cm) 84.13+4.86 73.0, 94.0 84.40+4.43 76.0, 95.0 0.79
Pain duration (years) 1.61£1.58 0.3,7.0 - - -
Pain intensity (NRS) 4.04£1.58 1.0,7.0 - - -
TMODQ Score 12.15£7.12 0,28.0 - - -

CNLBP = Chronic non-specific low back pain; SD = standard deviation; Min = minimum; Max = maximum; Lt. = left;
Rt. =right; NRS = numeric rating scale; TMODQ Score = Thai Modified Oswestry Low Back Pain Disability Questionnaire

Score
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The average mean peak pressure (kPa) of each
area of the foot of (a) asymptomatic subjects and
(b) subjects with chronic non-specific low back
pain.

mid-stance phase in asymptomatic group, the forefoot
pressure was observed under the second or third
metatarsal head.

Understanding plantar pressure distribution
patterns during mid-stance phase will be beneficial in
the evaluation of mechanical changes in patients with
chronic non-specific low back pain. Examining plantar
pressure distribution during mid-stance phase could
provide better understanding of abnormal lower limb
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mechanics that alter loading pattern in the spine.
However, patients with chronic non-specific low
back pain might be treated without considering the
cause outside the area of back. This might result in
unresponsiveness and causing the pain to become
chronic. The results of this study imply that the
abnormal plantar pressure distribution would need
to be adjusted to manage the abnormal lower limb
mechanics, which could transfer into the spine by gait
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training. Consequently, gait analysis and gait training
are considered one of the choices of assessment and
treatment for patients with chronic non-specific low
back pain.

There were some limitations of this study.
First, the gait characteristics of some subjects were
not the nature of them, although they had a practice
trial until they walked naturally before actual data
collection. Another was that some subjects with chronic
non-specific low back pain have history of lower limb
injuries or deformities, especially foot deformities
although we tried to monitors these during screening.
These limitations could influence on the interpretation
of our results. Therefore, replication of this study is
needed.

Conclusion

The pressures on the plantar surface were
unequally distributed in subjects with chronic non-
specific low back pain among areas in the same foot.
Gait analysis and gait training might be considered
for assessing and treating patients with chronic non-
specific low back pain.

What is already known on this topic?

Plantar pressure distribution is already
known in specific pathology and deformity such as
Diabetes Mellitus, Rheumatoid Arthritis of foot, obese,
or specific low back pain.

What this study adds?

This study adds the knowledge about plantar
pressure distribution patterns in patients with chronic
non-specific low back pain.

Acknowledgements
This study instrument was supported by
UFAM CLINIQUE CO., LTD.

Potential conflicts of interest
None.

References

1. Andersson GB. Epidemiological features of
chronic low-back pain. Lancet 1999; 354: 581-5.

2. Burton AK, Tillotson KM, Main CJ, Hollis S.
Psychosocial predictors of outcome in acute and
subchronic low back trouble. Spine (Phila Pa
1976) 1995; 20: 722-8.

3. Croft PR, Macfarlane GJ, Papageorgiou AC,
Thomas E, Silman AJ. Outcome of low back

900

10.

11.

12.

13.

14.

15.

pain in general practice: a prospective study.
BM1J 1998; 316: 1356-9.

Dananberg HJ. Gait style and its relevance in the
management of chronic lower back pain. In:
Vleeming A, Mooney V, Gracovetsky S, Lee D,
editors. Proceedings, 4th interdisciplinary world
congress of low back & pelvic pain. November
8-10,2001: 225-30.

Taechasubamorn P, Nopkesorn T, Pannarunothai
S. Prevalence of low back pain among rice farmers
in a rural community in Thailand. J Med Assoc
Thai 2011; 94: 616-21.

Sopajareeya C, Viwatwongkasem C,
Lapvongwatana P, Hong O, Kalampakorn S.
Prevalence and risk factors of low back pain
among nurses in a Thai public hospital. J] Med
Assoc Thai 2009; 92 (Suppl 7): S93-9.

Rothbart BA, Estabrook L. Excessive pronation:
a major biomechanical determinant in the
development of chondromalacia and pelvic lists.
J Manipulative Physiol Ther 1988; 11: 373-9.
Dananberg HJ, Guiliano M. Chronic low-back
pain and its response to custom-made foot
orthoses. J Am Podiatr Med Assoc 1999; 89:
109-17.

Kimmeskamp S, Hennig EM. Heel to toe motion
characteristics in Parkinson patients during free
walking. Clin Biomech (Bristol, Avon) 2001; 16:
806-12.

Cavanagh PR, Morag E, Boulton AJ, Young MJ,
Deffner KT, Pammer SE. The relationship of
static foot structure to dynamic foot function.
J Biomech 1997; 30: 243-50.

Sharma M, Dhanendran M, Hutton WC, Corbett
M. Changes in load bearing in the rheumatoid
foot. Ann Rheum Dis 1979; 38: 549-52.
Dowling AM, Steele JR, Baur LA. Does obesity
influence foot structure and plantar pressure
patterns in prepubescent children? Int J Obes
Relat Metab Disord 2001; 25: 845-52.

Sipko T, Chantsoulis-Supinska M, Zmuda M,
Zwolinski J. Postural balance in the early post-
operative period in patients with intervertebral
disk disease following surgery. Ortop Traumatol
Rehabil 2008; 10: 226-37.

Lee JH, Fell DW, Kim K. Plantar pressure
distribution during walking: comparison of
subjects with and without chronic low back pain.
J Phys Ther Sci 2011; 23: 923-6.

Woerman AL, Binder-Macleod SA. Leg length
discrepancy assessment: accuracv and precision

J Med Assoc Thai Vol. 98 No. 9 2015



in five clinical methods of evaluation*®. J Orthop Assoc Thai 2006; 89: 1694-701.

Sports Phys Ther 1984; 5: 230-9. 17. Lee CE, Simmonds MJ, Etnyre BR, Morris GS.

16. Sakulsriprasert P, Vachalathiti R, Vongsirinavarat Influence of pain distribution on gait characteristics
M, Kantasorn J. Cross-cultural adaptation of in patients with low back pain: part 1: vertical
modified Oswestry Low Back Pain Disability ground reaction force. Spine (Phila Pa 1976) 2007;
Questionnaire to Thai and its reliability. J] Med 32:1329-36.

¥
q v

4 U [} a s a [ I o
usdnmm5::mwammmuqf‘ummimu?zmm/mwmzsaimﬂy'lmuww

I~ 2 g o g9 v & IS d o I a [ aa
NYTANT dUNANITY, NUNUT NAATHITAN, gUY VITGUNTVY, JINIT IINASIA
1% g o r 1A o a v~ o & o I o ~
?ﬁqﬂia‘:ﬂdﬂ: ﬂ75ﬂ5§5§)70‘1]£’7\mNﬂm7’175;‘147)7#%’3011?7?1!!@7‘lJ‘If‘I/E’Nﬂ754?71!71.!2]7’11167ﬁ751/?ﬁ1’iﬁ\7t53504&1/1/71/5)7!W’lé‘flllt’:?
4 o oy 1 o a ;A o = A A ) o o/
Ll/?f/lltﬁt’/llfllltyﬂ'ZJJZJF]'IH’Iﬂ/?ﬂWﬁ\?@"H)Lﬂ?]7JJ1WJJF]1Jf)1J msane luasIuiNe ANy Ian YL NITATLIIYYDIUTINALIT
r 1A s a P o & o 1o vy 1 o
;‘,’7437\7‘7)’?\73Jﬂflllﬁ7u‘17‘113\7ﬂ7ﬂ1’97U?u;‘;\li’lﬂf’]7ﬂ"l§1/?ﬂ7’iﬁx7l565\7“1]117%@7!W7;‘1LLﬁ§‘Zlflty7’l'ZJJJJ67ﬂ7ﬂ/fJﬂWEN

L ad ¥ ¥ = 1 U ¥ a ¥ ¥ 1 = ‘d'd o ‘dy o
JanuasInnig: I;"H717593]ﬂ7iﬂﬂy7!lﬁﬁ3ﬂ@ﬂﬂ5§ﬂﬂﬂﬁ?f]‘iﬂﬂ23 AW NeYn 17 Au ;‘fyl5’/75?11f775ﬂﬂy7Wﬂﬂ?ﬂ?il/?ﬁ?iﬁﬂSQN

1]
<

‘o Ay 1 o A | e i o a v ' A4 A s a v s
l!lll]?ll?“?ﬂff Uﬁ:ﬂ’l7313137ﬂ751/?@7’7ﬁ\77’71/?)7§/!7’]7f77«!llﬁ5£Wﬂlﬂf]?ﬂulﬁul7’]711/371]1“?’753\734ﬂi?zﬁﬂ75!ﬂuﬂ?f]ﬂ?73]l5?7’]
Y ¢ =2 Y=g 1 a Y Y o =2 ] I~ ] :II o
2[/!‘1/75?.7Jﬂ75ﬂﬂy73ﬂﬂﬂ1]7ﬂ 3 sou 5374?7\7f775!ﬂ7«lll§'\7ﬂﬂ£W?‘Iﬂﬂltﬁ;‘f‘lnﬁ]ﬁgﬂﬂuﬂﬂ llﬁff@tl/\?lﬂl‘l 12 au ?7ﬁuuu777j
?f71!3m7’77ﬂ'7tﬂﬁﬂlﬁ‘1/ﬂfﬁﬂ d?ulﬁﬂdtﬂuil7ﬁ5§7u ttﬁ:auﬁj'l?@ﬂﬁ:

o o

= o < A 4 ~~ o ' o | o
AaMmIfiny: 55?’]1/?)?71]!ﬂlll/?ﬂ‘”@ﬂﬂqllfyl61]7531lfl75ﬁ'ﬂy7Wﬂ@7ﬂ7§l/?ﬂ7’7ﬁ\7£llll/?llﬂ7lW7§7LW7ﬂ7J 4.04+1.58 usanaimn

¥ I} 4
gugnveviiaesnguegluusmi 5 (Auuenveuadiunmii) veanmisaedn agnlsimugiudenveausinaiigagn

)

)

lunguiihsaumsinymiermsthandauwy isumzegaavinuiulundiguaz v mnszrgvesusinaiigagn
J s E/d’d s 4V s 1 o E/d’ s s IS ! d’ﬂ/d’d
upneeulugmiiemsthandusessuvy ligumzualuin luiormsihandd eradunalnvessamengnieinsiia
Ny . P, o , ¥ doL :
nausesuvy ivumsinenanaesiormsanieioyawey1imainaeu lnanv1AnsznINg N preswing

I a o a Y d’ I E/d'd o 4’1’ o I o
ZT?I/.' JEMINUATUAUTYOINITIAY Lli\?ﬂm7’171/ﬂ75ﬂ53§)7f]7’l,ZJJLW'Iﬂu?uE\’IWJJZ’TIﬂ'IﬂJUWWﬁ\H565\7!!1/1/71/’7]7@W?:f

J Med Assoc Thai Vol. 98 No. 9 2015 901



