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Background: Execution of strenuous activities in conjunction with slippery and viscous muddy working terrain in
rice cultivation leads to a high prevalence of farmer musculoskeletal disorders and malalignments. Recom-
mended intervention strategies originally designed for congenitally disabled individuals may also be applicable
to farmers, including simple corrective wedges to reduce foot eversion. The objective of the present study was to
conduct a preliminary investigation of the effects of corrective wedges on lower extremity muscle activity and
alignment when subjects stood on flat rigid ground or muddy terrain, simulating typical work conditions
encountered by the unique but populous Thai rice farming workforce.

Methods: Nine healthy farmers with pronated feet were recruited to participate and wedges were custom
fabricated for each farmer based on physical therapy assessment and use of rapid prototyping techniques. Par-
ticipants were asked to stand barefoot or with wedges on the two surface types.

Results: Results revealed foot pronation and knee valgus to improve (ranging, on average between 5.5 and 16.1
degrees) when participants were equipped with corrective wedges. The muscle activity of the peroneus longus
and the tibialis anterior increased for muddy terrain, as compared with the rigid surface. In general, the wedges
induced less tibialis anterior activity and greater peroneus longus activity, compared to when participants were
standing barefoot. An elevation in evertor muscle activity may reflect stretching of the shortened muscle as a
result of the reduced degree of foot pronation.

Conclusions: Findings demonstrate potential benefits of corrective insole usage for farmers with pronated feet,
including improved lower extremity alignment and invertor muscle activity reduction for both rigid and muddy
terrains.

1. Introduction may be greater than that required by the individual to adjust to

morphology or forces imposed on the musculoskeletal system by gait or

The extreme environment and strenuous work requirements of
certain rice cultivation processes causes farmers to develop a high
prevalence of musculoskeletal disorders (MSDs) and malalignments in
various body parts [1,2]. In a recent study [3], foot pronation, which is
defined by Horwood and Chockalingam [4] as a range of motion within
the foot that makes the foot more prone to the support surface, was
identified as the predominant disorder among rice farmers in Khon
Kaen, Thailand, with a prevalence of 36.1%. Excessive foot pronation

another action. Such abnormal body alignments may occur in rice
farmers due to working conditions in rice paddy fields. A previous
investigation of risk factors showed that years of farming experience
strongly correlated with the specific type of foot malalignment [3]. Rice
farming in Thailand is primarily comprised of manual labor (National
Statistical Office), including frequent lifting of heavy loads with
awkward postures and prolonged standing on both muddy and flat rigid
terrain [5]. Progressive structural deformity of weight-bearing foot
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pronation in rice farmers might be caused by compensation for foot
instability and control of body alignment. Such conditions frequently
occur during prolonged activities in the stance phase on slippery and
highly viscous mud, which causes adverse effects between ground re-
action forces and abnormal rotational alignment of the lower extremity
[6]. In addition, the preference of farmers to perform work with bare
feet is suspected to aggravate MSDs and lower limb malalignments [7].

Abnormal foot structures can further raise the risk of lower limb
injuries [8,9] while abnormalities in foot pronation might result in
passive hypermobility and instability of specific joints [10]. Conse-
quently, individuals suffering from pronated feet may feel unstable
during weight bearing, demonstrate poorer balance, and demonstrate a
higher risk of injury due to slipping or falling [11]. In addition, there is
evidence of a close relationship between variations in foot structure
among healthy individuals and the risk of lower limb injury, possibly
due to changes in lower limb muscle activity [12]. Foot pronation can
drive abnormal rearfoot eversion of the hindfoot causing abnormal
ankle joint and subtalar joint loading. This same research indicated in-
dividuals with pronated feet depend on additional muscular support
while walking or running [12] and induced fatigue can increase the risk
of injury [13]. As foot pronation and knee valgus are linked deformities,
foot pronation can also drive abnormal internal rotation at the knee and
the hip. In addition, foot pronation can drive knee valgus loading and
the condition can cause arch collapse thereby creating abnormal tensile
stress of the plantar fascia and the tibialis posterior muscle-tendon unit.
However, despite knowledge and general awareness of the above haz-
ards, there have been few successful intervention designs for rice
farmers [14,15].

Our previous study reviewed and recommended several ergonomic
interventions, originally designed for disabled populations, but having
applicability to rice farmers [16]. The study revealed most existing and
proposed interventions for farmers are based on educational programs
and tool redesigns. There has also been no attempt to adapt readily
available interventions for congenitally disabled populations for the
healthy farmer workforce. Previous research [16-21] has indicated that
orthotic devices, including molded foot orthoses, removable external
orthotic devices, and inserts or custom designed insoles, could have
great value for treatment of foot pronation. Although some earlier de-
vices provide additional correction of foot pronation in congenitally

(B)
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Fig. 1. Examples of medial wedge insole design of sizes: (A) 10” (B) 10.5”; and (C) 11”.

disabled populations, they also present certain drawbacks that render
them significantly less applicable for rice farmers. Molded orthotics are
expensive and require many manufacturing steps in production of
structural elements. Moreover, molded orthotics are difficult to fit into
existing footwear due to bulkiness of the material [22]. Removable
external orthotic devices (e.g., ankle foot orthoses) may restrict move-
ment due to rigid designs [18,19]. In rice farming, there is frequent
forward and backward walking in conjunction with whole body bending
and twisting. Hence, devices imposing restrictions on movement would
be unsuitable for the paddy environment. More recent designs of or-
thotics with adaptive control systems have become available; however,
they are expensive and require an external power source [18,19]. Given
the socioeconomic conditions and infrastructure limitations of the Thai
agricultural society, such costly, power-dependent devices are not
feasible. A simple wedge has been proposed as an alternative treatment
device and is often selected by medical practitioners to provide patients
with direct therapy. Wedges can be used in footwear where space is
restricted and require significantly less manufacturing time (up to 3
times less) and cost up to 2.5 times less, as compared with molded or-
thotics [21]. Recent advances in custom orthotic production make use of
3D-scanning technology to acquire models of patient feet, as well as
rapid prototyping to accelerate the orthotic production process [2.3,24].
This procedure allows custom devices to be quickly designed and
manufactured and, therefore, represents a highly practical means of
development of interventions the rice farming workforce.
Interventions for the unique and populous rice farmer workforce are
urgently needed due to work and environmental hazards. To date, there
has been no prior study applying corrective wedges as an ergonomic
intervention aimed at preventing or reducing musculoskeletal injury in a
group of rice farmers working in a paddy field. The objective of the
present study was to conduct a preliminary investigation of the effects of
simple corrective wedges on farmer leg muscle activity and foot and
knee alignments, induced by standing on different work terrain surfaces,
including normal flat rigid ground and a muddy surface. These two types
of terrain conditions are typically encountered by farmers in cultivation
tasks. It was hypothesized that muddy terrain would induce greater
deviation of knee alignment and muscle activity related to foot inversion
and eversion (i.e., tibialis anterior (TA) and peroneus longus (PL),
respectively), as farmers require compensation for foot instability and
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Fig. 2. Example of a 3D model for a complete design of the medial
wedge insole.

control of body alignment while standing in the mud. A proposed medial
wedge insole was expected to correct deviations of foot and knee
alignments and reduce muscle activity for both terrain conditions. The
study was expected to provide a preliminary demonstration of applica-
bility of orthotic devices, which are primarily used by disabled pop-
ulations, for extended use by the agricultural workforce.

2. Materials and methods
2.1. Participants

Experienced rice farmers (males and females aged between 20 and
59 years with 1 year or more field time) were recruited from Khon Kaen
Province, Thailand. Participants were also required to have no prior
medical history affecting lower extremity alignment, such as surgery
and/or a fracture. Subsequently, rear foot and medial longitudinal arch
angles were measured for all participants, based on Jonson and Gross’s
method [25]. The method was selected because it is quick and easy and
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simultaneously offers numerical criteria for foot state classification.
Notably, the method also has acceptable intra-rater (ICC = 0.88-0.9)
and inter-rater reliability (ICC = 0.81-0.86). Participants were included
in the study based on diagnosis of foot pronation (i.e., a rear foot angle
greater than 9 degrees and a medial longitudinal arch angle less than
134 degrees). We recruited farmers with foot pronation to investigate
changes in lower extremity alignment and muscle activity vs. correcting
their disability. The study sample size was based on previous significant
studies with sample sizes ranging from 9 to 70 subjects [20,21]. The
study was approved by a local Ethics Committee for Human Research.

2.2. Corrective insole design and fabrication

Corrective insoles were custom designed and manufactured for each
participant. The size of the insoles was determined based on participant
shoe sizes, which was either 10”, 10.5”, or 11” (Fig. 1). The design of the
medial wedges was based on a 3D optical scan of the foot and a clinical
examination conducted by physical therapists. A Sense 3D scanner (3D
Systems, Inc., Rock Hill, USA) was used for acquisition of a 3D image of
each participant’s foot while the subject was seated with their legs held
out horizontally, supported on a stable chair of the same height. The 3D
image of the foot was used to create a 3D computer-based model of the
insole and a custom filling of the arch using the SolidWorks software
package (Dassault Systemes SolidWorks Corporation, Waltham, USA).
Based on clinical examination and measurement of foot malalignment
(see section on measurement of lower extremity alignment), the specific
height and angle of the medial forefoot wedge, medial rear foot wedge
and heel lift (required to correct the individual foot alignment) were
identified and incorporated in the model. Specifically, an 1/8-inch
(0.318 cm) heel lift was prescribed if participants exhibited less than
neutral dorsiflexion at the ankle with the knee extended. Inadequate
dorsiflexion at the talocrural joint can lead to dorsiflexion and other
components of pronation at the subtalar joint. A medial forefoot wedge,
with the angular magnitude of measured forefoot varus, was included if
the participant exhibited forefoot varus more than or equal to 5 degrees.

Fig. 3. Lower extremity alignment measurement methods for: (A) rear foot angle; (B) quadriceps angle; (C) tibiofemoral angle and; (D) medial longitudinal

arch angle.
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Tibialis
anterior

Peroneus
longus

Fig. 4. Illustration of EMG electrode placements of peroneus longus and
tibialis anterior.

This wedge shifted ground reaction force medially at initial contact of
the forefoot, thereby driving less compensatory eversion at the subtalar
joint. If the rearfoot angle of the participant was more than 9 degrees, a
medial rearfoot wedge was included. The wedge corrected the rearfoot
angle to be less than 9 degrees but did not exceed an 1/8-inch
(0.318 cm) height. The medial rearfoot wedge was provided to pro-
mote a smaller rearfoot to leg angle, thereby placing the subject’s sub-
talar joint in a less everted or pronated position. Fig. 2 shows an example
of a 3D computer-based model for a complete design of the corrective
insole. Once the design was completed, the wedge insole was manu-
factured by printing polylactic acid (PLA) filaments on a FlashForge 3D
Printer Creator Pro (Zhejiang Flashforge 3D technology Co., LTD, Jin-
hua, China).

2.3. Measurement of lower extremity alignment

The alignments of rear foot angle, medial longitudinal arch angle,
quadriceps (Q) angle, and tibiofemoral angle were measured in this
study. The measurements were conducted in a standardized standing
position and were based on the methods described in ([3], Fig. 3). All
measurements were repeated 3 times by a single physical therapist.
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Participants’ feet were classified as showing normal alignment when the
rear foot angle ranged between 3 and 9 degrees and the medial longi-
tudinal arch angle ranged between 134 and 150 degrees [25]. A genu
valgus (knock-knee) was identified when the Q-angle was greater than
18 degrees or the tibiofemoral angle was less than 173 degrees. For
normal knee alignment, the Q-angle of males and females is approxi-
mately 10-13 degrees and 15-18 degrees, respectively, and the tibio-
femoral angle is approximately 173-180 degrees [26,27].

2.4. Measurement of lower extremity muscle activity

The foot invertor and evertor muscles, TA and PL, respectively, were
connected to a wireless electromyograph (EMG; Wave Plus, Cometa,
Milan, Italy), after which the EMG Easy Report software (Merlo-
BioEngineering, Parma, Italy) was used to measure and analyze muscle
activity. To reduce impedance, the skin underlying the electrodes was
shaved, scraped with sandpaper, and cleaned with alcohol. Two pairs of
surface EMG electrodes were placed 2 cm apart over anatomical loca-
tions of TA and PL muscles, based on the guidelines from previous
research [28]. Specifically, the electrodes were placed 3 cm below the
fibular head to measure PL muscle activity, and 1 cm lateral to the tibia
edge and 8 cm below the tibial tuberosity to measure TA muscle activity
(Fig. 4). Muscle activity of the TA and the PL was collected simulta-
neously from the participants’ right leg at a sampling rate of 2000 Hz.
EMG data were filtered using 20-500 Hz bandpass and 50 Hz notch
filters. The root mean square (RMS) values were obtained over the 1-min
standing duration, and normalized as an average percentage of the
maximal voluntary isometric contraction (%MVIC). Based on guidelines
from previous studies, the MVIC value of the PL and TA were measured
in a seated position with the knee and ankle positioned at 90° angle and
feet placed on a platform [29,30]. For PL, a constraint band was passed
over the foot while participants were asked to perform plantar flexion
and ankle eversion. For TA, a constraint band was passed over the knee
while participants were asked to perform plantar flexion and dorsi-
flexion of the forefoot.

Fig. 5. Illustration of standing posture with corrective insoles: (A-C) front, back and medial view (to demonstrate a thickness of wedge) on flat rigid terrain and;
(D-F) front, back and lateral view (due to a difficulty to obtain the medial side of foot) on muddy terrain.
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Table 1
Participants characteristics.

Characteristics n (%) Mean (SD)

Gender
Male 4 (44.44)
Female 5 (55.56)
Age (years)
Height (cm)
Weight (kg)

51.89 (6.86)
161.78 (6.10)
59.80 (11.70)

Experience (years) 36.11 (9.71)
Size of footwear
Size 10 1(11.11)
Size 10.5 6 (66.67)
Size 11 2 (22.22)
Rearfoot angle (deg) 10.70 (1.57)
Normal 0(0)
Abnormal 9 (100)
Medial longitudinal arch angle (deg) 128.65 (2.38)
Normal 0 (0)
Abnormal 9 (100)
Q-angle (deg) 21.49 (1.88)
Normal 0 (0)
Abnormal 9 (100)
Tibiofemoral angle (deg) 170.82 (2.31)
Normal 0 (0)
Abnormal 9 (100)
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Fig. 6. Results of rearfoot angle alignment for rigid work terrain condition.

2.5. Experimental procedure

The study consisted of two footwear conditions, (1) barefoot (BF)
and (2) with corrective insole (CI); and two work terrain surfaces, (1)
flat rigid and (2) muddy surface. For the latter condition, a mud-filled
container with a flat bottom surface was used. The order of partici-
pant exposure to the experimental conditions was randomized. They
were initially instructed to assume a standing position with feet
shoulder-width apart, maintaining a stable posture, and looking straight
ahead for 1 min. In this position, lower extremity alignments were
measured and EMG data was recorded. Due to limited visibility, the foot
alignments, including rear foot angle and medial longitudinal arch
angle, could not be measured when participants were standing in the
mud. Fig. 5 illustrates a participant equipped with corrective insoles
standing on the two work terrain conditions. Based on a recommenda-
tion from prior research, all participants were provided a 5-min break
between each experiment condition to relieve any potential muscle fa-
tigue [31]. To prevent potential injury through falling or slipping, the
corrective insoles were secured by plastic wraps to the participants’ feet
while standing on muddy terrain.

3. Results
3.1. Demographic data of participants

Relevant participant characteristics are displayed in Table 1. The age
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Fig. 9. Results of tibiofemoral angle alignment for various experimental
terrain conditions.

of the participants ranged from 40 to 62 years and their experience in
rice farming ranged from 15 to 49 years. Most participants wore 10.5”
footwear. All participants exhibited excessive foot pronation identified
by abnormal rear foot and medial longitudinal arch angles, as well as
excessive knee valgus identified by abnormal Q or tibiofemoral angles.

Table 2
Mean (SD) of muscle activity involved during flat and muddy terrain standing
position.

Muscle activity (% Conditions (mean (SD))

MVIC)
Barefoot (BF) Corrective insole (CI)
Rigid Muddy Rigid Muddy
terrain terrain terrain terrain
Tibialis anterior (TA)  0.80(0.22)  1.32(0.20) 0.69 (0.19)  1.04 (0.21)
Peroneus longus (PL)  1.01 (0.19) 1.69 (0.16) 2.43(0.23)  2.59(0.41)
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Brief summary

What is already known

injuries in healthy individuals.

What this study adds

e The prevalence of MSDs and malalignments among rice farmers in Thailand has been found to be very high.
o Interventions for the rice farmer workforce are urgently needed as a result of work and environmental hazards.
e Previous studies have suggested intervention strategies for individuals with disabilities to have utility for preventing occupation-related

e Foot pronation and knee valgus improved when rice farmers were equipped with corrective wedges.
e Wedges induce lower tibialis anterior activity and greater peroneus longus activity, as compared to barefoot standing.
e Preliminary investigation demonstrates corrective insole usage to improve alignment and reduce invertor muscle force.

3.2. Lower extremity alignment

Figs. 6-9 present the angle measurements for lower extremity
alignment of participants under the varied terrain and footwear
conditions.

3.3. Lower extremity muscle activity

Table 2 presents a comparison of the average percentage of %MVIC
of PL and TA muscle activity between BF and CI conditions during
standing on flat rigid and muddy terrains.

4. Discussion

The present study represents a preliminary report on the efficacy of
simple corrective insoles on foot muscle activity as well as foot and knee
alignments of farmers with pronated feet when standing on rigid flat and
muddy surfaces.

4.1. Corrective insole design and fabrication

A corrective medial wedge was selected for investigation due to its
practicality for use by rice farmers, low production cost and time, and
effectiveness in treatment of foot pronation. Corrective wedges were
custom fabricated for each participant based on physical therapy
assessment, 3D optical scanning and rapid prototyping techniques. The
total time to complete the fabrication process was approximately 6 h,
which is practical for custom-made products.

4.2. Lower extremity alignment

In line with our hypothesis, results revealed muddy terrain to in-
crease Q-angle for all participants for both BF and CI conditions (average
increase of deviation of 0.5-2.8 degrees), likely due to the slippery
surface posing a greater demand to control leg alignment. This situation
may lead to postural instability and fatigue, therefore increasing foot
and knee pain [32]. Consequently, a design of corrective insoles for
individuals that primarily work in muddy terrain may require additional
wedge height to compensate for increase in lower extremity deviations.

When standing barefoot (the BF condition), participants showed
abnormal alignments of the lower extremities on both flat rigid ground
and in muddy terrain. In agreement with expectation, when participants
were equipped with corrective medial wedge insoles (CI condition), all
lower extremity alignments showed less deviation (average improve-
ment of 5.5-16.1 degrees) and could be identified as normal. However,
the reduction of extremity alignment might be excessive due to a lack of
body movement and the rigid material (PLA) used for fabrication of the

insoles. Moreover, the plastic wrap used to secure the insoles might have
provided additional support over and above the corrective insoles,
possibly altering the results of lower extremity alignment.

4.3. Lower extremity muscle activity

Results demonstrate that the muddy terrain resulted in greater ac-
tivity of both invertor and evertor muscles, which indicates an attempt
to increase muscular force to compensate for instability when standing
in mud. These findings correspond with the greater deviations observed
in Q-angle alignment for participants standing in muddy terrain, as
compared with rigid terrain. Additional muscular support might induce
fatigue and increase the risk of injury [12].

For both terrain conditions, CIs induced lower TA muscle activity,
which was also in agreement with our expectation. An increase in
contraction of the TA muscle contributes to deceleration of subtalar joint
pronation moment [33]. A decrease in TA muscle activity could be
attributed to the CI intervention reducing pronation of the foot for both
rigid and muddy terrain. Although a reduction of TA activity was clearly
observed, differences were still relatively small, presumably due to the
smooth low-friction surface of the PLA insole. Indeed, a previous study
showed insoles with textured surface significantly decreased TA activity
during the stance phase [34]. Future development of wedge insoles
should investigate the effects of textured surfaces, non-slip pads, or
alternative materials on TA activity reduction.

Contrary to expectation, participants exhibited greater PL muscle
activity when they stood on a CI as compared with the BF condition. The
lower amplitude of the PL may be attributed to slight shortening of the
muscle in the pronated position [11], limiting the range of motion and
functional movement. The increase in mean activity of the PL muscle
might reflect stretching due to a lower degree of foot pronation when
supported by a medial wedge insole. A previous study also reported an
increase of PL maximum amplitude in asymptomatic participants with a
medial wedge assisting lateral ankle stability, as compared to walking
with common footwear [35].

4.4. Study limitations and future research

A limitation of the current study is that the actual use of the
corrective insoles for work will require some method to afix them to the
worker’s feet (e.g., shoes, sandals, etc.). Such methods may interact with
the insoles resulting in forces different than those when just standing on
the insoles. Future research should also include development of assistive
intervention techniques in the form of footwear for rice farmers,
including custom insoles, to be worn while working under various work
terrain conditions.
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5. Conclusions

This preliminary study demonstrates that corrective insoles, pri-
marily used to support individuals with physical disability, can be
extended to help reduce leg malalignments and TA muscle activity, and
stretch shortened PL muscles of agricultural workers occupying both
rigid and muddy terrains. Results should be used as a basis for future
studies on development of corrective insoles for a group of occupational
individuals working in a rice paddy, with the objective of identifying
broadly effective methods for correcting and preventing common risks
of lower extremity injury.
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