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ABSTRACT

Rice farming activities in Thailand are still based on manual work and human-machine interaction. Most tasks are
involved awkward postures, repetitive motion, high force and prolonged work. Long-term exposure to ergonomics
risks and lower extremity disorders can produce lower extremity malalignment, which has been reported to increase
risk of lower extremity injury and disabilities. The objective of this study was to investigate the prevalence of lower
extremity malalignment in rice farmers. A cross-sectional survey was conducted with 292 rice farmers in Khon-
Kaen province, Thailand. Participants were required to have experience at least one year in rice cultivation process
and have no current injury on back and lower extremity or any previous history that affected the lower extremity
alignment. The measurement included pelvic angle, femoral antetorsion, quadriceps (Q) angle, tibiofemoral angle,
genu recurvatum, tibial torsion, rearfoot angle and medial longitudinal arch angle. Results revealed the prevalence of
lower  extremity  characteristics  to  be  highest  in  foot  pronation  (20.89%),  followed  by  knee  valgus  (18.49%),
respectively. Other malalignment included external tibial torsion (11.64%), anterior pelvic tilt (10.96%), femoral
antetorsion (6.85%), knee hyperextension (5.82%), and knee varus (3.43%). The findings indicated lower extremity
malalignment to be common among Thai rice farmers,  especially  foot and knee malalignment.  The knowledge
gained from this study will be beneficial  for healthcare providers in order to advise farmers on lower extremity
malalignment prevention and self-management.
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INTRODUCTION

Rice farming is one of the most important agricultural industries in Thailand. Rice is a top ten principal export value
of Thailand (The customs department, Thailand, 2012). In 2012, the export production quantity was more than 6
billion tons, which was approximately 143 billion bahts (about 4.4 billion dollars) (Thai rice exporters association,
2012). Typical rice cultivation processes include plowing, seeding, planting, nursing and fertilizing and harvesting
(Mokkamul,  2006).  In Thailand and other  Asian countries,  these activities are still  based on manual work and
human-machine  interaction.  Most  tasks  are  performed with bare  feet  and involve awkward  postures,  repetitive
motion, high force and prolonged standing and walking in extreme work environment conditions (Pengseesang,
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2009; Swangnetr et al., 2012). Specifically, the rice field plowing is performed in slippery tilted walking surface and
involves a use of heavy vibrating machinery (see Figure 1a). The seeding (Figure 1b),  nursing and fertilization
processes (Figure 1d) involve the heavy lifting, carrying and prolonged walking on muddy surface filled with water.
The planting task requires high repetitive trunk forward bending and laterally twisting, as well as prolonged standing
on muddy surface filled with water (see Figure 1c). The harvesting process involves prolonged stoop, trunk twisting
and walking on dry and rough soil (see Figure 1e). These risk exposures can result in repetitive strain injuries and
may lead to legs and feet musculoskeletal disorders (MSDs) (Reid et al., 2010; Messing et al., 2008; Walker-Bone
and Palmer, 2002; Jaffer et al., 2011; da Costa and Vieira, 2010; Petrass LA and Twomey DM, 2013). Rice farmers
were reported to have a high prevalence lower extremity MSDs ranging from 10-41% (Osborne et al., 2012). Long-
term  exposure  to  lower  extremity  disorders  and  ergonomics  risks,  including  overuse  of  muscles,  abnormal
compensatory adaptation, microtraumatic damage and imbalanced weight distribution, can produce lower extremity
malalignment (Reid et al.,2010;Jaffer et al.,2011; Daneshmandi et al., 2009; Shultz et al., 2009; Solberg,2008; Oatis,
2009). 

(a) (b) (c)

(d) (e)

Figure 1. Typical rice cultivation processes including: a) plowing; b) seeding; c) planting; d) nursing and fertilizing and; e)
harvesting

Basic interstructural  support of joints includes articular surfaces,  muscle and ligaments. These structures control
anatomical alignment and normal biomechanical function. Structural injury may cause compensation of segmental
alignment (Murphy et al, 2003). Lower extremity malalignment may influence abnormal biomechanical change and
neuromuscular  dysfunction  to  control  body alignment;  and  therefore,  result  in  abnormal  joint  loading,  muscle
imbalance  and  proprioceptive  deficit  (Daneshmandi  and  Saki,  2009;  Nguyen  and  Shultz,  2009).  In  additional,
alteration  in  one  alignment  may  cause  changes  in  an  adjacent  body  segment  (Nguyen  and  Shultz,  2009;
Daneshmandi et al, 2011). Many studies revealed the relationship between lower extremity malalignment and lower
limb injury. Lower extremity malalignment has been reported as risk factors of lower extremity injuries, including
hip and knee  osteoarthritis (Suri et al, 2012), patellofemoral pain symptom (Power et al,2002), anterior cruciate
ligament injury (Daneshmandi and Saki, 2009; Myer et al,2008; Griffin, 2006; Hertel et al, 2004) and medial tibial
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stress syndrome (Raissi et al,  2009).Moreover,  lower extremity malalignment can cause lower limb pain which
limits activity living and decreases work performance (Suri et al, 2012; Power et al,2002; Daneshmandi and Saki,
2009; Myer et al,2008; Griffin, 2006; Hertel et al, 2004; Raissi et al, 2009). Lower extremity pain report in Thai rice
farmers  included 41% hip pain,  35.4% knee pain,  and 10.3% ankle and foot  pain (Puntumetakul et  al.,  2011).
However,  there have not yet  been reported  the prevalence  of lower extremity in rice farmers  in Thailand. The
objective of this study was to examine the prevalence of lower extremity malalignment among rice farmers. The
study also identifies the problematic body parts and risk of disability that might be resulted from rice cultivation
activities. High prevalence malalignment body parts should be emphasized in order to further develop guideline to
prevent such malalignment incidence.

METHODS

Study Design and Participants

A cross-sectional  survey  was  conducted  with  rice  farmers  in  Khon  Kaen  province,  the  northeastern  region  of
Thailand. The participants (age between 20-59 years) were selected using cluster sampling technique in order to
represent the total population with economical sample. Two hundred and ninety two (292) rice farmers completed
the questionnaire and the clinical measures of lower extremity alignment. Participants were required to have at least
one year of experience in rice cultivation process. Participants were excluded if they had current injury to lower
limbs or any previous history that would relate to lower limbs alignment, such as fracture and/or surgery, gouty
arthritis, rheumatoid arthritis, or ankylosing spondylitis. Participants were asked to read and sign a consent form that
had been approved by the human ethics committee of Khon Kaen University before participation. Subsequently,
demographic  data,  including  gender,  age,  height,  weight,  average  working  hours  per  day,  and  years  of  work
experience,  were  recorded  and  lower  extremity  anatomical  alignment  characteristics  were  measured  for  each
participant.

Measurement of Lower Extremity Alignment

Lower  extremity  alignment  characteristics  examined  in  this  study  included  pelvic  angle,  femoral  antetorsion,
quadriceps (Q) angle, tibiofemoral angle, genu recuvatum, tibial torsion, rearfoot angle, and medial longitudinal arch
angle. All measurements were repeated 3 times by a single examiner who had excellent test-retest reliability on all
lower extremity measures (ICC range of 0.89-0.98). Participants were asked to be clothed in shorts that exposed
lower limb parts needed for testing. For lower extremity measured in a standardized standing position, participants
were asked to stand barefoot with the feet positioned biacromial width apart and the toes taking forward. The details
of lower extremity alignment measurement were as follows:

- Pelvic  angle  was  measured  in  standardized  standing  position.  Participants  were  measured  the  angle
between a line from the anterior superior iliac spines (ASIS) and posterior superior iliac spines (PSIS) and
horizontal plane (see Figure 2a), using a PALM inclinometer (Performance Attainment Associates, St Paul,
MN) (Leard et al., 2009). For normal alignment, pelvic angle ranges between 70 and 150 (Magee, 2002).
Anterior pelvic tilt (i.e., positive angle) was presented when the ASIS position was lower than PSIS. A
posterior pelvic tilt (i.e., negative angle) was presented when the ASIS position was higher than the PSIS
(Shultz et al., 2006; Herrington, 2011). 

- Femoral antetorsion angle was measured using the Craig’s test (Nguyen and Shultz, 2009) in prone position
with knee flex at 900 (see Figure 2b). Participants’ femur was moved in passive internal rotation motion in
order to bring the greater trochanter to the maximum lateral position. A standard goniometer was used to
measure the angle formed by a true vertical line and the shaft of the tibia. Normal femoral antetorsion value
ranges from 80 to 300. Excessive femoral antetorsion was classified as the femoral antetorsion greater than
150 (Magee, 2006; Feller et al., 2007; Solberg, 2008; Oatis, 2009).
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- Q angle was measured in standardized standing position. It represented the angle between a line from the
ASIS to the center of patella and a line from the center of patella to the tibial tuberosity (see Figure 2c),
measured by the standard goniometer (Nguyen and Shultz, 2009). The normal angle for male and female
was approximately 100-130 and 150-180, respectively (Green, 2005; Oatis, 2009). The Q angle greater than
180 was found to be associated with genu valgum (knock-knee) (Magee, 2006).  

- Tibiofemoral angle was measured in standardized standing position with the standard goniometer. It was
identified as the angle (see Figure 2d) formed by a line from the anatomical axis the femur (midpoint
between ASIS and greater trochanter) to center of knee and a line from the center of knee to the ankle
center (midpoint between medial and lateral malleolar distance) (Nguyen and Shultz, 2009). The normal
tibiofemoral angle was between 173-1800. Participant knees were classified as the genu valgum condition
when tibiofemoral angle value was less than 1730. Genu varus condition (bow-leg) was identified when
more than 1800 of tibiofemoral angle value was observed (Sogabe et al., 2009). 

- Genu recuvatum was measured in supine position. A bolster was placed under participants’ distal tibia.
Participants were asked to extend knee passively until firm resistance was felt in supine position. The angle
was measured between a line connected the femur and the tibia and the saggital plane (see Figure 2e) using
a  standard  goniometer  (Nguyen and Shultz,  2009).  Genu recuvatum angle  value greater  than 10 0 was
classified as knee hyperextension (Medina, 2009; Devan, 2004). 

- Tibial  torsion was measured in supine position with knees extended. Participants’  femur was passively
rotated to move the femoral epicondyles parallel to the horizontal plane. The angle was represented by a
line between the true vertical and a line bisecting medial a lateral malleolar (see Figure 2f) (Nguyen and
Shultz, 2009). The normal tibia rotation angle is approximately 200. The angle more than 400 represented
tibial torsion condition (Fouilleron et al., 2010; Drexler et al., 2012). 

- Rearfoot and medial longitudinal arch angles were measured based on Jonson and Gross’s method (Tsai et
al., 2006). Rearfoot angle was represented by the angle between the calcaneus bisecting line and the distal
one third leg bisecting line (see Figure 2g). Medial longitudinal arch angle was measured by the angle
between a line from medial malleolus to navicular tuberosity and a line from navicular tuberosity to medial
aspect  of  the first  metatarsal  head (see Figure 2h).  Standing foot alignment  was  classified as  pronate,
neutral or supinate foot. Rearfoot angle between 30 and 90 and medial longitudinal arch angle between 1340

and 1500 were considered as the neutral foot. The pronated foot was identified if rearfoot angle was greater
than 90  and the medial longitudinal arch angle was less than 1340.  The supinated foot was identified if
rearfoot angle was less than 30 and medial longitudinal arch angle was greater than 1500 (Tsai et al., 2006).
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(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 2. Lower extremity alignment measurement methods for: a) pelvic angle; b) femoral antetorsion angle; c) Q angle; d)
tibiofemoral angle; e) Genu recurvatum angle; f) tibial torsion angle; g) rear foot angle and; h) medial longitudinal angle

ANALYSIS AND RESULTS

Descriptive statistics were used to describe characteristics of participants and lower extremity alignment variables.
Continuous variables, including age, height, weight, average working hours per day, and years of work experience,
were represented by mean and standard deviation (SD). Categorical variables, including gender and lower extremity
malaligment characteristics, were presented in terms of frequency and percentage. 

Demographic characteristics of study population were presented in Table 1. There was similar number of male and
female participants in this study. Participant age ranged between 20 to 59 years with average age of 45 years. Their
rice farming experience ranged from 1 year to as high as 51 years.  

Table 1: Characteristics of study population (N=292)

Characteristics N (%) Mean ± SD

Gender

          Female

          Male

Age (years)

164 (56.16)

128 (43.84)

45.11 ± 9.33

Weight (kg) 59.31 ± 10.15
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Height (centimeter) 159.44 ± 80

BMI (kg/m2) 23.33 ± 3.66

Daily working hours (hours per day) 7.86 ± 1.35

Experience (years) 25.53 ± 11.50

For the prevalence of lower extremity malalignment, the average of three lower extremity alignment measurements
was used for analyses. Table 2 presented the  prevalence of lower extremity malalignment observed in this study.
Foot  pronation and knee  valgus were  found to be the  first  and second highest  prevalence  among rice  farmer,
respectively.  Other  lower  extremity  malalignment  included  external  tibial  torsion,  anterior  pelvic  tilt,  femoral
antetorsion,  knee  hyperextension,  and  knee  varus.  No  posterior  pelvic  tilt  and  supinate  foot  conditions  were
observed in this study.  

Table 2: Prevalence of lower extremity malalignment (N=292)

Characteristics Malalignment

N                    %

Anterior pelvic tilt 32                     10.96

Excessive femoral antetorsion 20                      6.85

Knee valgus 54                     18.49

Knee varus                    10                        3.43

Knee hyperextension 17                       5.82

External tibial torsion 34                     11.64

Foot pronation 61                     20.89

DISCUSSION

The previous studies have not yet reported the prevalence of lower extremity in agricultural workers involved in rice
cultivation process. This is the first study describing the prevalence of lower extremity among rice farmers.  The
findings indicated that foot and knee malalignment to be common among Thai rice farmers. The highest prevalence
of  lower  extremity  malalignment  among rice  farmers  were  found in foot  pronation (20.89%) and knee  valgus
(18.49%).  Other  lower  extremity  malalignment  included  external  tibial  torsion,  anterior  pelvic  tilt,  femoral
antetorsion, knee hyperextension, and knee varus. The findings of this study were partial in line with the prevalence
of lower extremity MSDs among rice farmers in Thailand reported by Puntumetakul et al. (2011), indicating high
prevalence was found for both knee pain and malalignment.  However, Puntumetakul et al. (2011) study found hip
to be the highest prevalence of all lower limb regions (41%); while the current study indicated foot area to have the
highest prevalence of malalignment. This might be due to the difference of sample characteristics.  Excessive foot
pronation may also be resulted from excessive internal femoral rotation, external tibial rotation or anterior pelvic tilt
position (Khamis and Yizhar, 2007; Barwick et al, 2012). These malalignment conditions might contribute to hip
muscle strain and pain (Chuter and Janse de Jonge X, 2012).

This study found the highest prevalence of lower extremity was foot pronation. Although the association of work-
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related factors and excessive foot pronation remains poorly understood, it might be explained that abnormal physical
ergonomic factors were associated with ankle and foot MSDs. The abnormal biomechanics of ankle and foot might
be due to adverse effects between ground reaction force and abnormal rotational alignment of lower extremity. Such
effects  usually  occurred  on  the  weight-bearing  surface  during  prolonged  walking  in  the  stance  phase  of  gait
(Letafatkar et al, 2013; Donatelli and Wooden, 2010; Murphy et al., 2003). Fertilization process, which is performed
on hard surface,  may increase friction force or ground reaction force to farmer feet and lead to musculoskeletal
function overload and injury (Murphy et  al.,  2003). Other  rice cultivation tasks,  specifically  field plowing and
planting tasks, were performed with bare feet in slippery tiled walking surface. This environment condition would
increase instability of ankle and foot and challenge for controlling body alignment (Donatelli and Wooden, 2010);
and therefore, may lead to risk of ankle and foot injury (Messing and Stock, 2006; Yu et al., 2012). 

Individual with pronate foot has shorter single stance duration, as compared with person with neutral foot. The
shorter stance duration induced poor postural control and increased risk of fall injury (Cobb et al, 2004). Excessive
pronated foot has been found to increase lower extremity strain, abnormal compressive force on knee joint and
overuse injury  resulting in lower extremity pain and MSDs (Chuter  and Janse de Jonge, 2012).  Excessive foot
pronation can also lead to neuromuscular disorders, including trauma, ligament laxity, gastrosoleus tightness, lower
limb rotational deformities (Donatelli and Wooden, 2010). Several studies revealed pronated foot to be risk factors
of lower extremity injuries, including plantar  fasciitis, stress fractures of the foot and tibia,  medial tibial  stress
syndrome and patellofemoral pain symptom (e.g., Chuter and Janse de Jonge X, 2012; Barnes et al, 2008; Yates and
White, 2004; Levinger and Gilleard, 2007). 

According to knee alignment, distribution loading at knee joint may result from control alignment of hip, knee and
ankle (Daneshmandi and Saki, 2009; Nguyen and Shultz, 2009). Knee valgus may contribute to excess abnormal
knee loading and lead to lower extremity injury (Tanamas et al., 2009). Most tasks in rice cultivation processes were
performed prolonged standing or walking, stooping, bending that might result in increasing risk factors for knee
injury (Jone et al, 2007, Allen et al,2010, D’Souza et al,2008; Yu et al, 2012; Baker et al, 2003; McWilliams et al,
2011).  These  exposures  were  risk  factor  of  knee  joint  degenerative  change,  osteoarthritis,  patellofemoral  pain
syndrome and might indicate abnormal knee alignment including knee valgus (Daneshmandi et al, 2011; Nguyen
and Shultz, 2009). Knee valgus has been found to contribute to patella maltracking or stress on patella and increase
in compression loading on lateral tibiofemoral and patellofemoral joint. These excessive loads on knee joints may
result in osteoarthritis, patellofemoral pain syndrome (McWilliams et al., 2010; Petersen et al., 2013). Moreover,
excessive  knee  valgus  may  increase  Q  angle.  Greater  Q angle  had  associated  with  excessive  femoral  internal
rotation, external tibial rotation, or tibiofemoral angle (Daneshmandi et al., 2011; Nguyen and Shultz, 2009).Other
lower  extremity malalignments  found in this  study included external  tibial  torsion,  anterior  pelvic tilt,  femoral
antetorsion,  knee  hyperextension,  and  knee  varus.  Long-term  exposure  to  ergonomic  risk  factors  can  lead  to
progressive abnormal biomechanical functions resulting in such malalignments (Daneshmandi et al., 2009; Shultz et
al., 2009; Solberg, 2008; Oatis, 2009). Repetitive work with awkward posture, especially repetitive trunk forward
bending and laterally twisting, in planting and harvesting tasks can lead to hip muscular discomfort and risk of
injury (Jaffar et al., 2011). Plowing, seeding and nursing and fertilization processes required high force exertion in
lifting or carrying may overload lower extremity muscles and tendons; and therefore, lead to risk of lower extremity
injury (Jaffar et al., 2011; Messing et al, 2008). Prolonged standing in planting and harvesting tasks causes static
contraction and mechanical compression on legs and feet tissue. This would lead to muscle fatigue and damage; and
therefore, increase lower limb discomfort and MSDs (Messing et al., 2008; Reid et al., 2010). Related to associated
lower extremity injuries, anterior pelvic tilt might lead to increase in lumbar hyperlordosis resulting in low back pain
and hamstring muscle strain (Panayi,  2010). Excessive femoral  antetorsion and external  tibial torsion can cause
abnormal shear force loading on patellofemoral and tibiofemoral joint; and therefore, lead to patellofemoral pain
syndrome and knee osteoarthritis (Kessler et al., 2008; Piva et al., 2009; Krackow et al., 2011; Schwartz and Lakin,
2003;  Vincent  et  al.,  2012).  Knee hyperextension  or  genu recurvatum,  commonly resulted from knee ligament
laxity,  can increase compression force loading on knee,  anterior  tibia  translation and anterior  cruciate  ligament
injury (Terauchi et al, 2011).

Although, some relationships between ergonomics risk factors and lower extremity malalignment have been found
in literature, specific rice cultivation tasks and activities contributed to malalignment are still unclear.  Therefore,
systematic ergonomic risk factors evaluation of each task in rice cultivation process should be conducted to identify
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exact causes of these lower extremity malalignments. Besides work-related factors, prior research suggested that the
body alignments to be resulted from other factors, for example the individual characteristics. Gender was found to
attribute to anatomical and functional differences (Nguyen and Shultz, 2007; McKeon and Hertel, 2009; Zyroul et
al., 2013; Nguyen et al., 2009; Tamari et al., 2006). Degenerative joint associated with aging was found to lead to
repetitive injury and develop lower  extremity anatomical  adaptation (Zyroul  et  al.,  2013;  Tamari  et  al.,  2006).
Individual with more weight was related to increase of joint loading and could develop lower extremity anatomical
alignment (Nicolella et al., 2012; Viester et al., 2013). Psychosocial factors, including high mental stress, low social
support, were found to be associated with knee MSDs (Jensen et al., 2005) and increase knee pain and disability
(Piva et al., 2009).  Future prospective epidemiological studies on effects of individual factors on lower extremity
malalignment  should  be  examined  to  develop  occupational  health  and  safety  program  for  specific  individual
characters in order to reduce and prevent lower extremity malalignment.

CONCLUSIONS

This  study  revealed  high prevalence  of  lower  extremity  malalignment  among  Thai  rice  farmers.  The  highest
prevalence  of  lower  extremity  malalignment  was  found in  abnormal  knee  and  foot  alignment.  Preventive  and
corrective actions are needed to prevent  lower extremity malalignment as well as potential permanent disability,
which will ultimately restrict work performance. 

Future research will include identifying work-related risk factors of lower extremity malalignment, focusing on feet
and  knees.  Individual  characteristics  will  also  be  examined  for  additional  contribution  to  lower  extremity
malalignment. The knowledge gained from the study will be beneficial for healthcare providers in order to advise
farmers on lower extremity malalignment prevention and self-management. The long-term goal is to develop the
preventive and corrective work guideline for rice cultivation and to design ergonomic intervention for reducing and
preventing lower extremity malalignment. Such interventions are expected to help maintaining farmer health and
safety.
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