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SHORT REPORT

Exploratory analysis of gait mechanics in farmers

Mariana V. Jacobsa , Kate N. Jochimsenb,c , Jody L. Claseya and Michael A. Samaana 

aDepartment of Kinesiology & Health Promotion, University of Kentucky, Lexington, Kentucky; bCenter for Health Outcomes and 
Interdisciplinary Research (CHOIR), Massachusetts General Hospital, Boston, Massachusetts; cDepartment of Psychiatry, Harvard 
Medical School, Boston, Massachusetts 

ABSTRACT 
Farmers may be at a higher risk of developing hip osteoarthritis (OA) due to the high 
demands of their occupation. To the authors’ knowledge, the gait patterns of farmers that 
may be associated with hip joint degeneration have yet to be analyzed. Therefore, this 
study compares gait mechanics between farmers and non-farmers (controls). It is hypothe
sized that farmers would exhibit altered lower extremity joint mechanics during walking 
when compared to matched controls. This exploratory study included five farmers and five 
sex-, age-, and body mass index (BMI)-matched controls. A 3D gait analysis was performed 
while study participants walked at a self-selected speed on an instrumented treadmill. 
Sagittal plane hip, knee, and ankle kinetics and kinematics were assessed. Effect sizes and 
between-group differences in demographics and gait mechanics were assessed. There were 
no group differences in walking speed, total stance time as well as hip and knee joint kine
matics (p> 0.05). Farmers exhibited statistical trends (p¼ 0.07–0.08) of lower peak ankle 
plantarflexion angles, higher plantarflexor moments, higher knee flexion moment impulse, 
and higher peak vertical ground reaction force during the first and second halves of stance. 
Additionally, farmers ambulated with a significantly higher knee extensor moment (p¼ 0.04) 
and moment impulse (p¼ 0.05) during the first half of stance and a higher ankle plantarflex
ion moment impulse (p¼ 0.04). The results demonstrate a multi-joint gait alteration in farm
ers compared to non-farmers and may suggest a compensatory gait pattern to optimize hip 
joint mechanics and mitigate hip joint degeneration. These results provide a preliminary 
understanding of the impact that agricultural occupations have on joint mechanics that 
may be associated with the increased prevalence of hip OA in the farming population.
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Introduction

Farmers have a high risk of developing hip osteoarth
ritis (OA) due to the physical demands of their occu
pation. Nearly all farmers (87%) report joint pain 
while 22% have a prior diagnosis of OA (Webber 
et al. 2021). Farmers are at an approximately nine 
times higher risk of developing hip OA compared to 
the general population (Croft et al. 1992). Farmers are 
at a 60% higher risk of developing severe hip OA 
within the first five years of their agricultural career 
(Croft et al. 1992; Andersen et al. 2012), which may 
be associated with the harsh terrains that farmers 
ambulate through daily (U.S. Department of Health 
and Human Services 2001). This increased risk is 
associated with a diminished work capacity (Webber 
et al. 2021) leading to a financial burden of approxi
mately $167 million in lost productivity (Davis and 
Kotowski 2007). Although occupational tasks such as 

excessive standing and lifting heavy loads are associ
ated with increased odds of developing symptomatic 
hip OA (Allen et al. 2010), there is little known about 
the potential biomechanical factors associated with hip 
joint degeneration in the farming population. This 
lack of information has led to ineffective non- 
operative treatments for both the clinical (pain and 
dysfunction) and structural (cartilage degeneration) 
symptoms associated with hip OA in the farming 
community.

Optimal joint loading during activity is essential in 
maintaining adequate articular cartilage health (Griffin 
and Guilak 2005) yet people with hip OA exhibit 
altered hip joint loading patterns during walking. 
More specifically, when compared to people without 
hip OA, people with hip OA exhibit lower peak hip 
extension angles as well as higher peak hip extensor 
moments during walking, and these altered sagittal 
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plane hip joint mechanics are associated with hip joint 
cartilage degeneration and poor hip-related outcomes 
(Kumar et al. 2015; Liao et al. 2019). These altered 
hip joint loading patterns may also be associated with 
the higher bone mineral density (BMD) within the 
femoral neck, which leads to a 57% higher risk of 
developing hip OA (Bergink et al. 2019). This multi- 
factorial pathomechanism of altered hip joint mechan
ics and impaired bone health observed in the 
nonagricultural population may be similar to the 
pathomechanism of hip OA in the agricultural popu
lation, whose job demands increased exposure to this 
abnormal joint loading. However, the gait mechanics 
in farmers with hip OA have yet to be investigated.

Current non-operative treatments for hip OA used 
in the nonagricultural population include exercise 
(Zhang et al. 2008; Bannuru et al. 2019; Kolasinski 
et al. 2020) yet these exercise-based guidelines are 
based on clinical opinion (Kolasinski et al. 2020) and 
may not be generalizable to the farming population. 
Understanding the biomechanical etiology of hip OA 
in farmers will lead to the development of effective 
treatment programs for hip OA in the farming popu
lation. More specifically, an assessment of the gait- 
related deficits that may lead to hip OA in farmers is 
warranted and will provide the biomechanical targets 
needed to develop effective multi-disciplinary, exercise 
and movement re-training programs for the treatment 
of hip-related clinical- and structural-disease within 
the farming community. Therefore, the purpose of 
this exploratory study was to assess gait mechanics in 
farmers compared to matched asymptomatic, non- 
farming individuals. It was hypothesized that farmers 
would exhibit altered lower extremity joint mechanics 
during walking when compared to the control group.

Methods

Participants

This exploratory study included five farmers (four 
crop farmers, one cattle farmer) recruited from the 
local community and five sex-, age- and body mass 
index (BMI)-matched asymptomatic controls (non- 
farmers) from an ongoing study in the authors’ 
laboratory. Control data were obtained from a previ
ously established database. The inclusionary criteria 
for this study were: (1) no prior lower extremity sur
gery, (2) no lower extremity injury in the past 6 wk, 
(3) no neurological conditions that may affect gait 
patterns, (4) BMI < 35 kg�m−2 for data validity, and 
(5) able to ambulate without an assistive device. It 
should be noted that a prior history of lower 

extremity pain in the farmer group was not consid
ered an exclusionary criterion for this study. All 
healthy controls self-reported no lower extremity pain. 
The test limb was defined as the most painful limb 
during self-reported pain questionnaires for the farm
ers and the dominant limb for the healthy controls. 
This study was approved by the University’s 
Institutional Review Board and written informed con
sent was obtained from each participant before 
testing.

Gait analysis

Gait analysis was performed utilizing our previously 
established methodology (Ball et al. 2024). Three- 
dimensional marker position and ground reaction 
force (GRF) data were collected using a 13-camera 
motion capture system (Motion Analysis Corp., Santa 
Rosa, CA) and an instrumented treadmill (Bertec, 
Columbus, OH) at 200 Hz and 2,000 Hz, respectively. 
Standardized footwear (New Balance; MZANTPC4) 
was worn by all participants to limit footwear effects 
on gait mechanics. A modified Cleveland Clinic 
marker set consisting of 46 retroreflective markers 
was used to record 3D segment positions. Markers 
placed on the sternal notch, C7 vertebrae, and the 
acromion processes were used to track the torso. 
Markers placed bilaterally on the iliac crests as well as 
the anterior and posterior superior iliac spines were 
used to track the pelvis. Calibration markers were 
placed bilaterally on the medial and lateral femoral 
epicondyles, malleoli, and the first metatarsal heads. 
Rigid body clusters, consisting of four markers each, 
were placed bilaterally on the lateral thighs and 
shanks to track the position of these segments. The 
feet were tracked using markers placed on the super
ior and inferior heel shoe counter, lateral heel, and 
second and fifth metatarsal heads. After a one-second 
static calibration trial was obtained, the calibration 
markers were removed. Participants were instructed to 
look straight ahead and walk at a self-selected, com
fortable speed while maintaining one foot on each of 
the treadmill belts. To ensure comfort with walking 
on the treadmill at the chosen speed, a 2-min acclima
tion period was provided for each participant. After 
the acclimation period, a 20-s capture of the walking 
task was collected.

Data analysis

All raw marker position and GRF data were filtered 
using a fourth-order, Butterworth filter with cutoff 

2 M. V. JACOBS ET AL.



frequencies of 8 Hz and 35 Hz, respectively. Visual3D 
software (v2023.01.2, C-Motion, Germantown, MD) 
was used to build an eight-segment musculoskeletal 
model, consisting of a torso, pelvis, and bilateral 
thighs, shanks, and feet, using each participant’s static 
calibration trial. Joint coordinates and segment posi
tions were defined using a local coordinate system 
(Spoor and Veldpaus 1980). Medial-lateral, anterior- 
posterior, and superior-inferior directions were 
defined by using the Cardan sequence of X-Y0-Z00, 
respectively.

All parameters were assessed during the stance 
phase of gait, which was defined as initial contact to 
toe-off and was time normalized to 101 points (100% 
stance). Initial contact was defined as the time point 
at which the vGRF exceeded 20 Newtons. A custom 
MATLAB (The MathWorks, Natick, MA) algorithm 
was created to extract peak hip, knee, and ankle joint 
sagittal plane kinematics and internal joint moments 
(Nm�kg−1) as well as to calculate joint moment 
impulses (Nm�ms�kg−1). These biomechanical charac
teristics were calculated across five successful trials for 
each participant and the corresponding subject aver
ages for the biomechanical parameters were used for 
statistical analysis. A successful trial was defined as a 
clean foot strike on the appropriate force belt of the 
treadmill. The range of motion (ROM) for the hip 
and ankle joints as well as the knee joint excursion, 
defined as the knee joint displacement from initial 
contact to peak knee flexion during loading response, 
were calculated. Hip ROM was defined as the differ
ence between peak hip flexion and extension while 
the ankle ROM was defined as the difference between 
peak ankle dorsiflexion and plantarflexion. The peak 
vertical ground reaction forces (vGRF); during the 
first and second half of stance were extracted and nor
malized to body weight (BW). In addition, the vGRF 
loading rate was calculated and was defined as the 
change in vGRF from 20 to 80% of the first peak 
vGRF (BW�ms−1). For this study, hip flexion, knee 
extension, and ankle dorsiflexion angles and moments 
were defined as positive.

Statistical analysis

Between-group differences in demographics were 
compared using an independent t-test or chi-square 
test. A Shapiro-Wilk test was used to determine if 
gait-related data were normally distributed within 
each group and distribution of the data was also veri
fied by visual inspection of the histograms. An inde
pendent t-test or Mann-Whitney U-test was used to 

determine between-group differences in gait mechan
ics as needed (SPSS v28.0, IBM Corp, Armonk, NY). 
Levene’s test for equality of variances was also per
formed before independent t-tests to determine 
the variance between the two groups. The correspond
ing equal variance or unequal variance-based output 
from the independent t-test was used for statistical 
analysis. Effect size was calculated for each dependent 
variable using Cohen’s d values (Cohen 1988) whereby 
a value of 0–0.2, 0.21–0.5, and > 0.5 were classified as 
small, medium, and large effect sizes, respectively. 
Calculation of effect sizes was included in this 
exploratory study to provide an understanding of the 
impact of farming on lower extremity gait mechanics. 
A p-value � 0.05 was considered statistically 
significant.

Results

There were no between-group differences in demo
graphics, walking speed, or total stance time (p> 0.05; 
Table 1). Hip and knee joint kinematics were similar 
between the farmers and the controls (p> 0.05; 
Figure 1) yet farmers exhibited statistical trends of 
lower peak ankle plantarflexion angles (p¼ 0.08, 
d¼ 1.28). Despite similar hip joint moments, the 
farmers ambulated with a significantly higher knee 
extensor moment (p¼ 0.04, d¼ 1.52) and moment 
impulse (p¼ 0.05, d¼ 1.66) during the first half of 
stance as well as statistical trends (p¼ 0.08, d¼ 1.46) 
of higher knee flexion moment impulse during the 
second half of stance (Figure 2). Farmers also walked 
with statistical trends of a higher ankle plantarflexor 
moment (p¼ 0.08, d¼ 1.48) and a significantly higher 
ankle plantarflexion moment impulse (p¼ 0.04, 
d¼ 1.56) when compared to the control group (Table 
2). Farmers exhibited statistical trends of higher peak 
vGRF during the first (p¼ 0.07, d¼ 1.56) and second 
(p¼ 0.07, d¼ 1.53) halves of stance yet similar vGRF 
loading rates (p¼ 0.15) as the control group 
(Figure 3).

Table 1. Group demographics and spatiotemporal parameters 
(mean ± standard deviations) for the farmer and healthy con
trol groups.
Parameter Farmer Control p-value

Age (yrs) 53.4 ± 17.3 52.8 ± 12.7 0.95
Sex (males:females) 3:2 3:2 1.00
BMI (kg�m−2) 25.6 ± 3.46 27.6 ± 3.0 0.36
Walking Speed (m�s−1) 1.04 ± 0.29 0.82 ± 0.13 0.17
Total Stance Time (ms) 798.60 ± 159.5 745.40 ± 54.5 0.51
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Figure 1. Hip, knee, and ankle joint kinematic profiles for the controls and farmers during the stance phase (initial contact to toe- 
off). Positive values indicate hip flexion, knee extension, and ankle dorsiflexion.

Figure 2. Hip, knee, and ankle joint moment profiles for the controls and farmers during the stance phase (initial contact to toe- 
off). Positive values indicate hip flexion, knee extension, and ankle dorsiflexion moments.
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Discussion

This exploratory study assessed lower extremity gait 
mechanics in farmers to develop a preliminary under
standing of the potential biomechanical factors related 
to hip joint OA in the agricultural community. The 

results of this study demonstrate a multi-joint gait 
alteration in farmers compared to non-farmers and 
may suggest a compensatory gait pattern to optimize 
hip joint mechanics in these farmers. More specific
ally, these results may suggest that farmers ambulate 
with altered knee and ankle joint mechanics to poten
tially absorb the large vGRF that is transferred 
through the lower extremities more optimally.

The farmers ambulated with higher peak vGRF 
during the first half of stance, suggesting that the 
lower limbs of the farmers were exposed to a larger 
amount of force while walking. Although there were 
no differences in hip or knee kinematics, these higher 
vGRF may require a larger amount of absorption by 
the foot/ankle complex and may lead to the more dor
siflexed (i.e., less plantarflexed) ankle joint exhibited 
by the farmers during loading response. The more 
dorsiflexed ankle joint may require a proximal joint 
compensation to help support the lower extremity 
during the early stance phase. This study’s results 
indicate that the farmers ambulate with a higher knee 
extensor moment and moment impulse. This suggests 
farmers require a larger demand on the quadriceps to 
support the lower extremity.

Table 2. Lower extremity joint kinematics, internal moments, and vertical ground reaction forces (vGRF), presented as mean
± standard deviation, for the farmer and healthy control groups.

Parameter Farmer Control p-value Cohen’s d

Kinematics (Degrees)
Peak Hip Flexion 24.18 ± 6.96 19.94 ± 2.68 0.26 −0.80
Peak Hip Extension −8.06 ± 4.47 −6.49 ± 1.38 0.49 0.47
Knee Flexion at Initial Contact −1.45 ± 5.88 −0.01 ± 5.34 0.70 0.26
Knee Flexion during Loading Response −11.50 ± 5.15 −8.36 ± 3.15 0.42 0.74
Peak Ankle Plantarflexion −6.29 ± 2.44 −9.40 ± 2.44 0.08 −1.28
Peak Ankle Dorsiflexion 9.39 ± 3.35 8.61 ± 4.62 0.77 −0.19
Hip Range of Motion 32.24 ± 8.04 26.43 ± 3.45 0.19 −0.94
Knee Excursion 42.02 ± 3.54 42.03 ± 5.07 0.99 0.00
Ankle Range of Motion 20.55 ± 2.86 18.10 ± 3.27 0.25 −0.80

Moments (Nm�kg21)
Peak Hip Extensor −1.47 ± 0.98 −0.71 ± 0.19 0.16 1.08
Peak Hip Flexor 0.52 ± 0.18 0.32 ± 0.24 0.10 −0.91
Knee Extensor (First Half of Stance) 0.32 ± 0.14* 0.09 ± 0.16 0.04 21.52
Knee Flexor (First Half of Stance) −0.80 ± 0.52 −0.37 ± 0.13 0.14 1.13
Knee Extensor (Second Half of Stance) 0.14 ± 0.08 0.08 ± 0.04 0.18 −0.93
Knee Flexor (Second Half of Stance) −0.97 ± 0.60 −0.47 ± 0.15 0.14 1.14
Peak Plantarflexor −2.52 ± 1.10 −1.36 ± 0.13 0.08 1.48
Peak Dorsiflexor 0.19 ± 0.15 0.06 ± 0.04 0.12 −1.20

Joint Moment Impulses (Nm�ms�kg-1)
Hip Extensor 181.20 ± 140.73 104.89 ± 39.88 0.28 −0.74
Hip Flexor 80.33 ± 41.81 55.06 ± 66.27 0.31 −0.46
Knee Extensor (First Half of Stance) 35.45 ± 22.98* 6.50 ± 9.17 0.05 21.66
Knee Flexor (First Half of Stance) 30.83 ± 24.08 8.93 ± 5.48 0.11 −1.25
Knee Extensor (Second Half of Stance) 6.10 ± 2.70 9.57 ± 14.84 0.55 0.33
Knee Flexor (Second Half of Stance) 266.69 ± 165.69 91.02 ± 41.28 0.08 −1.46
Plantarflexor 884.59 ± 358.13* 484.06 ± 65.11 0.04 21.56
Dorsiflexor 11.97 ± 11.29 2.38 ± 2.62 0.13 −1.17

vGRF
Peak vGRF during first half of stance (BW) 1.65 ± 0.58 1.01 ± 0.01 0.07 −1.56
Peak vGRF during second half of stance (BW) 1.65 ± 0.60 1.00 ± 0.03 0.07 −1.53
vGRF loading rate (BW�ms−1) 11.85 ± 6.40 6.73 ± 1.40 0.15 −1.11
�Represents statistically significant differences between groups (p< 0.05).
BW: body weight.
vGRF: vertical ground reaction force.

Figure 3. Vertical ground reaction force profiles for the con
trols and farmers during the stance phase (initial contact to 
toe-off).
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Similar to the first half of stance, the farmers 
ambulated with a higher peak vGRF compared to the 
control group during the second half of stance. To 
potentially provide for a more optimal strategy to 
absorb the higher vGRF through the lower extremity, 
the farmers ambulated with a higher knee flexor 
moment impulse compared to the control group to 
utilize the knee flexor musculature to help absorb the 
larger vGRF. These altered knee joint mechanics may 
have placed a larger demand on the ankle plantarflex
ors during terminal stance. More specifically, the 
farmers ambulated with a higher ankle plantarflexion 
moment and moment impulse during the second half 
of the stance phase, which may have potentially 
assisted farmers with push-off of the lower extremity 
during terminal stance. In addition, prior work in 
individuals with femoroacetabular impingement sydn
rome (FAIS), a pre-arthritic hip disease, demonstrated 
that individuals with FAIS ambulate with higher ankle 
plantarflexion moments and moment impulses com
pared to healthy individuals (Samaan et al. 2017). The 
farmers in this study demonstrated similar ankle joint 
mechanics during terminal stance as individuals with 
FAIS and may suggest that altered ankle joint 
mechanics in farmers may be a biomechanical marker 
associated with pre-arthritic hip joint disease.

Limitations

This study is not without limitations and therefore, 
the results should be interpreted with caution. The 
main limitation of this study is the small sample size, 
yet this exploratory study intended to provide an 
assessment of gait mechanics in farmers compared to 
a non-farming population. Although the small sample 
size is a limitation, the effect sizes of these results 
were large and suggest the practical significance of the 
findings. The cross-sectional design of this study does 
not allow the determinization of whether or not these 
altered gait mechanics in farmers are a causative or 
compensatory mechanism of hip joint degeneration or 
hip pain in the farming population. Additionally, the 
design of this study has farmers walking on a flat 
treadmill despite previous work showing that there 
are other occupational-specific tasks such as excessive 
standing and lifting heavy loads (Allen et al. 2010) 
that may be associated with the development of lower 
extremity joint pain. Farmers also tend to wear work 
boots while performing their daily agricultural tasks, 
which may help to explain the large vGRF observed 
in this farmer cohort. This study’s experimental proto
col required these farmers to ambulate with 

standardized athletic shoes, which may be considered 
a limitation of this study. It is also important to men
tion that despite the relatively large effect sizes for the 
statistically significant results, this study may be 
underpowered and therefore, future studies should 
include a larger cohort of farmers. The study results 
should be interpreted with caution as four crop farm
ers and one cattle farmer were included, and due to 
the small sample size, the authors are unable to dir
ectly understand occupation-specific factors related to 
altered gait patterns. Although the overall intent of 
this paper was to assess gait mechanics in farmers, the 
cohort of farmers all self-reported lower extremity 
pain before the study, yet it should be noted that pain 
was not an inclusionary criterion for this study. 
Despite these limitations, the study provides a prelim
inary understanding of the impact that agricultural 
occupations have on joint mechanics that may be 
associated with the increased prevalence of hip OA in 
the agricultural population.

Conclusion

This study provides an initial assessment of lower 
extremity joint mechanics during walking in farmers. 
The farmer cohort in this study ambulated with 
altered lower extremity joint mechanics compared to 
an asymptomatic, non-farming population. As farmers 
are at an elevated risk of developing hip osteoarthritis, 
larger-scale studies should be conducted to obtain a 
more conclusive understanding of the potential impact 
of altered gait mechanics on hip joint health in agri
cultural populations. In addition, future work should 
utilize a larger and more diverse sample of farmers to 
perform sub-group analyses to quantify gait patterns 
between different farming occupational groups. 
Further biomechanics-related research on farmers can 
provide the data needed to develop a multidisciplin
ary-based exercise program for the conservative treat
ment of hip OA in the farming community.
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