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a b s t r a c t

The objective of the study was to evaluate the effects of udder height on upper body kinematics and
muscle activity during a simulated attachment task in a parallel parlor set up, and the effects of udder
access method (back or side) on the task biomechanics. Twenty males performed the task under con-
ditions that simulated three udder heights and two udder access methods. The muscular load and ki-
nematics during the task confirmed that milking is a physically demanding task. Trunk flexion angle
increased with decreasing udder height, and the erector spinae activation was higher when the udder
was below shoulder height compared to at or above. Compared to accessing the udder from side of the
cow (herringbone parlor style), accessing from behind (Parallel parlor style) was associated with lower
trunk flexion, greater shoulder horizontal adduction, lower shoulder elevation, and greater anterior
deltoid activation. Milking in herringbone parlor style and with the udder at or above shoulder level may
help reduce strain on the trunk/neck.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Dairy production in the US has steadily moved toward large-
herd milking operations due to the lower production cost
(Reinemann, 2002). The shift toward a large-herd model has led to
increased physical demand and potentially increased risk of work-
related musculoskeletal symptoms (MSS) among milking parlor
workers. The estimated prevalence of work-related MSS among
dairy milkers is as high as 76% (Douphrate et al., 2012, 2014a;
Kolstrup, 2012; Dairy Workers, 2014; Douphrate et al., 2013),
with shoulder and neck being the most commonly affected areas. It
is said that 40e47% of milkers report having shoulder symptoms
and 32e47% report having neck symptoms in the past 12 months
(Douphrate et al., 2014a; Kolstrup, 2012; Nonnenmann et al., 2008).
Long work-hours and biomechanics of milking tasks have been
associated with a high prevalence of reported shoulder and neck
MSS among milkers (Douphrate et al., 2014b).
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In modern milking parlors, cows stand on a raised platform, at a
higher level than workers who operate in a milking pit, which
enables the workers to perform milking tasks while maintaining a
relatively upright posture. Milking routine consists of six tasks; pre-
dipping of teats for sanitization, stripping, wiping, milking unit
attachment and detachment, and post-dipping of teats for saniti-
zation. Manymilkers perform the routine throughout 8e12 h shifts,
six days a week for almost 50 weeks per year (Douphrate et al.,
2012). Of the six tasks, the attachment task, which requires
milkers to reach under the udder to secure a cluster (i.e. device to
milk the cow), results in the highest activation level of the arm and
forearm muscles, and is regarded as among the most physically
demanding (Douphrate et al., 2014a, 2016; Pinzke et al., 2001).

The biomechanics of the attachment task has only been
described in two previous studies. The first study was conducted in
1986, when stanchion system milking was still being utilized, and
milkers operated on the same floor as the cow and had to squat/
kneel to perform milking tasks (Arborelius et al., 1986). The second
studywas conductedmore recently by (Jakob et al. 2012). The study
examined the effects of udder height on upper body kinematics and
muscle activity among professional milkers. This study demon-
strated that milking a cow with its udder at the milker's shoulder
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Fig. 1. Custom made Udder.
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height is ideal in minimizing deltoid and upper trapezius muscle
activity level (Jakob et al., 2012).

The data collection in the study by Jakob et al. (2012) was
conducted in a set up called herringbone parlors where cows are
positioned at 30e45� angle to the pit, and thus milkers access
udders from side of the cow. Because of better cost and space ef-
ficiency, however, herringbone parlors are being gradually replaced
by the parallel parlors where the cows are positioned perpendic-
ular to the pit, and thus milkers access the udders through cow's
hind legs. This design requires the milkers to access udders through
a narrower space by keeping their elbows close together and
making other biomechanical adjustments. However, no study has
described upper body kinematics of milking in parallel parlors
(Douphrate et al., 2012). Therefore, it is unknown how the differ-
ence in body positioning associated with different parlor design
influences milkers' motion and muscle activity.

The objective of the study was to expand on thework conducted
by Jakob et al. (2012) to better understand the biomechanics of
milking unit attachment task. Specifically, we evaluated the effects
of udder height on upper body kinematics and muscle activity
during a simulated attachment task in a parallel parlor set up, and
the effects of udder access method (back or side), as dictated by the
parlor design, on the task biomechanics.

2. Material and methods

2.1. Participants

Data collection took place at the Applied Biomechanics Research
Laboratory at the University of Texas at San Antonio. Twenty
healthy males (age: 22.2 ± 1.9 years, hand dominance: R/L ¼ 16/4,
height: 172.8 ± 5.2 cm, mass: 75.0 ± 8.4 kg, acromion-grip length:
79.0 ± 3.2 cm) agreed to participate in the study. Only males were
recruited since approximately 90% of dairy milkers are males
(Baker and Chappelle, 2012; Roman-Muniz et al., 2006). No par-
ticipants had prior experience with cow milking. All participants
provided a written informed consent approved by the University of
Texas at San Antonio prior to participating in the study.

2.2. Instrumentation

A video-based motion capture system (Vicon Inc., Centennial,
CO) with eight T10s cameras was used to capture kinematics at a
sampling rate of 100 Hz. Electrical muscle activity of the upper and
lower trapezius, neck extensor, erector spinae, and anterior deltoid
of the dominant upper extremity was sampled via surface elec-
tromyography (EMG) with a differential amplifier (BTS Bioengi-
neering, FreeEMG 300, Brooklyn, NY). The system has an input
impedance of 1Gohm, common mode rejection rate greater than
110 dB, and signal-to-noise ratio of 70 db. Muscle activity datawere
collected at a sampling rate of 1000 Hz. The kinematic data and the
EMG data were synchronized electronically.

A custom-made simulated udder was constructed for the study
(Fig. 1). A PVC pipe with a circular base at the bottom, representing
a cow udder, was built into a support frame. The height of the base
was adjustable, so that the udder could bemoved up or down to the
participant's shoulder height and 15 cm above or below the
shoulder height. A milking unit is attached to a cow's udder, and
vacuum pressure enables the harvesting of milk. Magnets were
secured to the end of each milking unit teat cup and the base of the
simulated udder. Magnetic attraction enabled the attachment of
milking unit to the udder. When simulating milking in a parallel
parlor design, in which the participants accessed the udder from
behind the cow (through the hind legs), two vertical strings were
positioned 32 cm apart and 17 cm in front of the udder, based on
field-based data from previous studies. Participants were asked to
access the udder without touching the strings, which represented
cow's hind legs. The strings were removed when simulating milk-
ing in a herringbone parlor, in which the participants accessed the
udder from the side of the cow.
2.3. Procedures

After informed consent, participants proceeded to practice the
milking unit attachment task (Fig. 2). The attachment task began
with the participant standing in front of the udder holding the
milking unit with both hands. On the investigator's cue, the
participant moved the milking unit towards the udder, and
attached the back two arms of the cluster to the back two teats
followed by the front two arms to the front two teats. This is a
common technique used by male workers, since their hands are
larger compared to females, which allows them to hold all four
teat-cups at once. Although hand-dimension was not measured,
none of the participants had trouble holding the cluster. Once the
milking unit was attached to the udder, the participant brought his
arms back to his side. The participants practiced this task with the
udder at their shoulder height for approximately 4e5 min until
they were comfortable with the task and were able to repeat the
task fluidly and consistently without hesitation or pausing. The
investigator explained and demonstrated the tasks before the
participants practiced, and provided feedback and correction dur-
ing practice.



Fig. 2. Attachment task.
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Once participants were familiarized with the task, they removed
their shirts to proceed to EMG data collection set up. Researchers
identified and marked locations for electrode placement for ante-
rior deltoid, neck extensors, upper trapezius, lower trapezius, and
erector spinae on the participant's dominant side. Skin was lightly
abraded with gauze and cleaned using alcohol wipes to minimize
impedance (Hermens et al., 2000). Two 24 mm diameter Ag/AgCI
disposable surface electrodes (Covidien, Minneapolis, MN) were
placed parallel to the muscle fibers on locations specified in the
literature (Cram, 1998), with an inter-electrode distance of 2 cm.

After electrodes were secured using pre-wrap and adhesive
tapes (BSNmedical, Luxembourg), participants performedmaximal
voluntary isometric contractions (MVC) trials. The standardized
procedures to conduct manual muscle testing (Boettcher et al.,
2008) were utilized for MVC trials. Instead of using manual resis-
tance, however, we asked the participants to contract the muscle
being tested against an unyielding strap, in order to limit move-
ment and ensure that participants performed a maximal isometric
muscle contraction. The participants held the contraction for 5 s for
each trial, and the trials were repeated three times for each muscle.

The MVC for the anterior deltoid was performed in a seated
position. Participants flexed their shoulder 90� with a strap
attached to the wrist. The participants performed a maximum
effort isometric shoulder flexion against the strap (Boettcher et al.,
2008). The MVC for upper trapezius was also performed in a seated
position. with a strap placed over the acromion process of the
dominant shoulder. The participants performed a maximum effort
isometric shoulder shrug against the strap placed over the acro-
mion process and anchored to the floor (Boettcher et al., 2008). The
MVC for the erector spinae was performed while the participants
lay pronewith the head and upper part of the chest (above xyphoid
process) unsupported, and arms crossed in front of the chest. The
participants' legs and torso were secured to the treatment table
with harnesses. The participants performed a maximum effort
isometric back extension against the strap that was placed around
the chest/upper back and anchored to the floor (Park et al., 2014).
The MVC test for neck extensor required the participants to lay
prone on the treatment table with their head unsupported. The
participants' torso was secured to the treatment table with har-
nesses. Participants performed a maximum isometric neck exten-
sion against the strap that was placed around their head, and was
anchored to the floor. Participants remained prone on the treat-
ment table for the MVC for the lower trapezius. The participants
abducted their arm approximately 150� and hanging off the table.
The participants attempted to retract the scapula against the strap
that was wrapped around the participants’wrist, andwas anchored
to the floor (Park et al., 2014; De Mey et al., 2013). The muscle ac-
tivity data during the MVC trials were later used to normalize
muscle activity during the attachment task.

After MVC trials, investigators placed the reflective markers on
participants’ anatomical bony landmarks to capture kinematics.
Markers were secured using double-sided tape, pre-wrap, and
athletic tape. Specifically, markers were placed over the sternal
notch, xyphoid process, spinous process of 7th cervical spine,
anterior arm, medial epicondyle, lateral epicondyle, radial styloid
process, and ulnar styloid process. Additionally, a cluster of three
markers attached onto a rigid base was placed over the spinous
process of the 8th thoracic spine.

Once markers were secured, participants proceeded to the
milking unit attachment task. The attachment task was performed
in a set up that simulated the parallel parlor (udder accessed from
behind the cow) under three udder height conditions; udder at
shoulder height (SHL-P), 15 cm below shoulder height (LOW-P),
and 15 cm above shoulder height (HIGH-P). In these conditions,
participants were required to access the cow through the vertical
strings that simulated cow's hind legs. Additionally, the task was
performed with an udder at shoulder height in a set up that
simulated milking in a herringbone parlor, where the udders are
accessed from the side of the cow (SHL-H). The order of conditions
was counterbalanced, and participants performed five repetitions
of the attachment task under each condition. The kinematics and
the muscle activity data were recorded during all trials.
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2.4. Data processing

The marker coordinate data were filtered using a 4th order
Butterworth filter with a cut off frequency of 10 Hz. The filtered
coordinate data were used to estimate joint centers and to define
body segments. The anatomical coordinate system of the trunk,
arm, and forearm were defined based on recommendations from
the International Society of Biomechanics (ISB) (Wu et al., 2005).
The trunk flexion angle was calculated as the angle of the longi-
tudinal axis of the trunk relative to vertical. Shoulder angles were
calculated as the orientation of arm relative to thorax using an Euler
angle sequence of plane of elevation (horizontal adduction/
abduction), elevation, and internal/external rotation (Wu et al.,
2005). Elbow angle was calculated as the angle between the lon-
gitudinal axis of the arm and forearm in the sagittal plane of the
arm (Wu et al., 2005). The frame that the participants finished
attaching all arms of the cluster to the udder (task completion) was
visually identified from the video data. The kinematic variables at
the time of task completion were used for data analysis.

Myoelectric activity was first filtered with a zero-lag 4th order
bandpass filter with a cutoff frequency of 10e350 Hz, and then
filtered with a 60 Hz notch filter (width ¼ 1 Hz) to minimize noise.
After subtracting the average EMG activity of each muscle at rest
(baseline), the data were smoothed using a 50 ms moving root
mean square window. Based on a visual examination of raw EMG
signal at rest, we identified that the data from erector spinae
muscle from one participant was visibly contaminated by heart-
beat. Therefore, the data were removed from analysis. The average
muscle activation level during the MVC was calculated from the
middle 3 s of the 5-s trial. The average activation level for each
muscle during the attachment task was calculated using the data
collected while the participants' hand (marker placed on partici-
pant's head of the 3rdmetacarpal) was within 30 cm of the udder in
the horizontal plane. Once the mean muscle activity level for each
muscle was calculated, values were normalized to the muscle ac-
tivity during the MVC trials. Kinematic and EMG variables were
calculated as themean of five trials performed in each condition. All
data processing was performed using Matlab R2015a (The Math-
Works Inc., Natick, Massachusetts).
2.5. Data analysis

The effects of udder height (LOW-P vs. SHL-P vs. HIGH-P) on the
upper body kinematics and muscle activation level were examined
using separate 1-way repeated measures analysis of variance
(ANOVA) followed by the Bonferroni post hoc tests. The effects of
udder access methods (SHL-P vs. SHL-H) on the upper body kine-
matics and muscle activation level were examined using paired
sample t-tests. A priori alpha level of 0.05 was used to determine
statistical significance. Bonferroni adjustment was used for post-
hoc analysis to compare variables between three height condi-
tions (¼ 0.05/3 comparisons).
3. Results

The udder height had significant effect on trunk flexion angle
(F1,38 ¼ 102.7, p � 0.001), elbow flexion angle (F1,38 ¼ 10.0,
p � 0.001), neck extensor activation level (F1,37 ¼ 5.3, p ¼ 0.014),
and erector spinae activation level (F1,38¼ 18.0, p� 0.001) (Table 1).
The udder height did not have significant effect on any of the other
variables. Specifically, participants flexed their trunk more with
lower udder height (p < 0.001). The participant's elbow was in
greater flexion in LOW-P condition compared to SHL-P (p ¼ 0.008)
and HIGH-P (p � 0.001) conditions. The erector spinae activation
level was higher in LOW-P compared to SHL-P (p � 0.001) and
HIGH-P (p � 0.001) conditions, and higher in SHL-P condition than
for HIGH-P condition (p ¼ 0.016). Post hoc comparisons did not
show any significant differences in neck extensor activation level
between the udder height conditions.

Compared to accessing the udder from side of the cow (SHL-H),
accessing the udder from behind the cow by keeping the arms close
together (SHL-P) was associated with more upright trunk position
(smaller trunk flexion angle) (t19 ¼ �3.2, p ¼ 0.005), greater
shoulder horizontal adduction angle (t19 ¼ 4.3, p � 0.001), lower
shoulder elevation angle (t19 ¼ �4.5, p � 0.001), and greater
anterior deltoid activation level (t19 ¼ 6.0, p � 0.001) (Table 2). The
udder access method did not have significant effect on any of the
other variables.
4. Discussion

Attaching the cluster to the cow's udder is a physically
demanding task, especially when performed repetitively
throughout the long work shift. This is highlighted by the data
demonstrating that the anterior deltoid, upper trapezius, erector
spinae, and neck extensors were highly activated during the task. A
work by Jonsson et al. (Jonsson, 1978) indicates that for work per-
formed for over an hour, the average muscle activation level should
not exceed 10%. and peak muscle activation level should not exceed
50% of MVC. While we cannot speak to the average muscle acti-
vation level during work, because we only looked at average during
isolated segments of work, we can say that the peak muscle acti-
vation level of the anterior deltoid, upper trapezius, and neck ex-
tensors at least approached or exceeded 50% during the task,
considering that the average activation level ranged from 36.1 to
50.6% MVC. Especially considering that attachment tasks are per-
formed repetitively throughout the day, along with the other
physically demanding tasks, our data supports the claim that
milking, which includes the attachment task is a physically
demanding task which exceeds recommended thresholds (refer-
ence Jonsson, 1978).

In addition to the high muscle load, exposure to repetitive arm
elevation has been identified as a risk factor for shoulder MSS in
manual laborers (Punnett et al., 2000; Svendsen et al., 2004;
Hanvold et al., 2015). Peak shoulder elevation angle that was
reached during the milking task was around 90�. Having to elevate
the arm to 90� for every cow that needs to be milked, predisposes
the milkers to shoulder MSS. Maintaining the arm elevation above
90� for more than 10% of the work shift has been linked to in
increased risk of chronic or recurrent shoulder disorders (Punnett
et al., 2000), and the greater time spent with arm maintained
above 60� for more than 5 s has been correlated to shoulder pain
(Svendsen et al., 2004; Hanvold et al., 2015).

Considering that the milking task is very demanding on the
workers, it is important to investigate the ways to help minimize
the physical load. The effect of udder height on upper body kine-
matics and muscle activities during the attachment task has been
evaluated previously in the herringbone parlor setting (Jakob et al.,
2012). The study concluded that the udder height should be at the
milker's shoulder level, based on the observation that having an
udder above the shoulder resulted in higher shoulder elevation
angle and higher activation level of the deltoid and trapezius
muscles compared to having the udder at the shoulder height
(Jakob et al., 2012). However, since the herringbone parlors are



Table 1
Effects of udder height on kinematics and muscle activation level during attachment.

Low Shoulder height High F p

Kinematics (�)
Trunk flexion a,b,c 51.3 ± 11.3 37.2 ± 11.9 29.5 ± 12.7 102.7 <0.001*
Shoulder horizontal adduction 87.3 ± 8.5 87.7 ± 9.6 87.0 ± 8.4 0.2 0.725
Shoulder elevation 92.0 ± 14.1 89.0 ± 13.8 93.0 ± 15.0 3.2 0.064
Scapular internal rotation 47.1 ± 13.0 47.9 ± 12.0 48.2 ± 11.9 0.6 0.572
Scapular upward rotation 38.4 ± 12.4 35.9 ± 13.7 38.7 ± 11.8 1.9 0.165
Scapular anterior tilt 0.7 ± 10.8 1.2 ± 12.0 0.6 ± 10.6 0.1 0.876
Clavicle elevation 22.7 ± 6.6 21.2 ± 8.7 21.7 ± 6.9 1.1 0.338
Clavicle protraction �30.3 ± 10.3 �29.0 ± 13.1 �30.9 ± 12.2 0.8 0.445
Elbow flexion a,b 58.0 ± 22.4 47.0 ± 18.2 43.4 ± 16.0 10.0 <0.001*

Muscle activation level (%MVIC)
Anterior deltoid 44.0 ± 11.2 44.7 ± 11.1 47.7 ± 9.0 2.7 0.083
Upper trapezius 42.9 ± 21.8 36.1 ± 20.9 40.0 ± 17.6 2.7 0.081
Lower trapezius 5.3 ± 2.1 4.9 ± 2.3 4.7 ± 2.0 2.1 0.140
Neck extensor 50.6 ± 38.5 40.1 ± 34.8 46.0 ± 41.0 5.3 0.014*
Erector spinae a,b,c 38.8 ± 18.2 31.2 ± 14.3 26.1 ± 9.6 18.2 <0.001*

* Statistically significant main effect for udder height at a < 0.05.
a Significant difference between low and normal conditions.
b Significant difference between low and high conditions.
c Significant difference between normal and high conditions at a Bonferroni adjusted alpha level of 0.016 (¼ 0.05/3 comparisons).
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gradually being replaced by the parallel and rotary parlors, the
objectives of the current study was to evaluate the effects of udder
height on upper body kinematics and muscle activities in the
simulated parallel parlor setting, and to compare the biomechanics
of attachment task performed using the udder access methods
associated with parallel parlors (from the side) vs. herringbone
parlors (from behind).

In contrast to the previous study (Jakob et al., 2012), we
observed no differences in shoulder elevation angles or muscle
activation level of the deltoid or trapezius muscles between having
the udder above or at the shoulder level. The discrepancy between
the studies may be due to the difference in the udder access
method, since the pervious study used the herringbone parlor
design where the udder is accessed from the side of the cow, while
we simulated the parallel parlor designwhere the udder is accessed
from behind the cow. However, the difference can also due to the
fact that Jakob et al. (2012) reported mean shoulder elevation an-
gles during the task, while we reported peak elevation angles. We
chose to report the peak angle because the shoulder elevation angle
peaks as the milking unit is being attached to the udder, which is
the most biomechanically demanding part of the task.
Table 2
Pair-wise comparisons of kinematics and muscle activity level between conditions
that simulate milking from behind the cow (SHL-P) and from the side (SHL-H).

Mean difference
(¼ Back - Side)

T19 p

Kinematics (�)
Trunk flexion �3.4 ± 4.7 �3.2 0.005*
Shoulder horizontal adduction 11.3 ± 11.9 4.3 <0.001*
Shoulder elevation �6.0 ± 5.9 �4.5 <0.001*
Scapular internal rotation 1.1 ± 7.8 0.6 0.543
Scapular upward rotation 2.2 ± 6.5 1.5 0.144
Scapular anterior tilt 3.3 ± 12.5 1.2 0.249
Clavicle elevation �1.0 ± 6.2 �0.7 0.469
Clavicle protraction �2.0 ± 6.3 �1.4 0.901
Elbow flexion �3.8 ± 7.6 �2.2 0.039*

Muscle activation level (%MVIC)
Anterior deltoid 12.3 ± 9.1 6.0 <0.001*
Upper trapezius �0.6 ± 19.6 �0.1 0.890
Lower trapezius �0.8 ± 2.8 �1.3 0.194
Neck extensor 3.6 ± 11.1 1.4 0.170
Erector spinae �1.5 ± 5.0 �1.3 0.204

* Statistically significant at a ¼ 0.05.
Furthermore, difference in the participants’ experience level in the
milking task may have attributed to the discrepancy. The partici-
pants in the study by Jakob et al. (2012). were professional milkers,
while participants in our study were college-aged students with no
previous milking experience.

In both the current study and the study by Jakob et al. (2012), the
lower udder height resulted in greater forward trunk flexion. This is
not surprising, since accessing the lower udder requires greater
trunk flexion. Our study also demonstrated that the lower udder
condition results in higher erector spinae activation levels. This
increase in muscle activity may be explained by the anterior shift in
the center of gravity from the increased forward trunk flexion.
Furthermore, the participants kept their elbows more flexed when
milking at the low condition, which would require them to shift
their weight forward to reach the udder. Neck extensor muscle
activity level was also higher in low and high udder conditions.
Higher erector spinae and neck extensor muscle activity levels are
an indication of higher demand on these muscles, which may lead
to early onset of fatigue and the development of MSS in the neck
and low back region (Howarth et al., 2015; Lisinski, 2000). The
erector spinae activation level was unaffected by the udder height
in the study by Jakob et al. (2012). This difference may be due to the
difference in the parlor design that was simulated in two studies or
the experience level of the participants.

Overall, the udder height had no effect on the participant's ki-
nematics or muscle activity at the shoulder. This indicates that the
demand on shoulders may be unaffected by the udder height, and
thatmost of the adjustment to the taskwasmade at the trunk/neck.
On the other hand, the higher udder height resulted in less trunk
flexion and demand on the back extensor muscles. Given these
observations, having the udder at or above the shoulder level may
lessen the physical load on the lower back. For those workers with
pre-existing low back MSS, having the udder slightly higher than
the shoulder level, and thereby decreasing trunk flexion may be
recommended.

The cow's udder height can vary based on the cow's height and
age. Therefore, providing instruction/training to milkers to use
their lower extremity joints so that the udder is at slightly above
their shoulder level may be recommended. This may reduce the
need to flex the trunk and extend the neck, thereby decreasing
muscular strain on the trunk. However, feasibility of implementing
such intervention needs to be examined. On the other hand, since
there is a variation in the cow height, the workers modify their
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movement to attach clusters to cows. This variability in udder
height may keep the milkers from working in the same position
over a long time, thus reducing physical demands by increasing
task variability.

The second objective of the study was to compare the effects of
udder access methods used in the herringbone vs. parallel parlors
on task biomechanics. In herringbone style parlor, the udder is
accessed from the side of the cow. In contrast, in parallel style
parlor, the udder is accessed from behind the cow. Therefore, par-
allel parlors require milkers to reach through a narrow space be-
tween the legs, requiring them to keep their elbows closer together.
This requirement adds to the task constraints and precision needed
to perform the task.

We observed that having a narrow access to the udder resulted
in greater shoulder horizontal adduction, lower trunk flexion,
lower shoulder elevation, and higher anterior deltoid activation
level. The higher activation level of the anterior deltoid (44.7 vs.
32.4%MVC) is likely associated with the greater shoulder horizontal
adduction, and may result in the early onset of fatigue over the
work-shift. The prevalence of neck and backMSS tends to be higher
for the workers in parallel parlor compared to the herringbone
design parlor (Douphrate et al., 2014b). Although parallel parlors
are becoming more popular due to cost effectiveness, our data
suggest that they may increase the physical demand on milkers,
and possibly contribute to slightly higher prevalence of MSS.
Further research is needed to confirm this hypothesis. This study
only investigated muscle activation level and postures associated
with the task. It is possible that other exposures such as repetition,
long work hours, and limited task variability may contribute to the
development of MSS.
4.1. Limitations

There are a few limitations that need to be acknowledged. First,
the data collection for this study took place in a research laboratory,
and not in an actual milking parlor. However, data collection in the
laboratory allowed greater control the task performed by partici-
pants. Secondly, participants were not experienced milkers.
Therefore, replication of the study with experienced milkers may
be needed. However, our participants were given ample opportu-
nity to practice tasks prior to performing each test condition. While
we examined the superficial shoulder muscles, we were unable to
collect muscle activity data from the rotator cuff muscles that play
an important role in shoulder function. The activity of the rotator
cuff muscles should be examined in the future.
5. Conclusion

Our results confirm that milking is a physically demanding task
that requires muscular load that exceeds recommended muscle
activation thresholds, and involves repetitive elevation of the arms
that is associated with increased injury risk. Our data suggests that
milking with the udder at or above the shoulder level may help
reduce strain on the trunk/neck whenmilking from behind the cow.
The muscular load on the anterior deltoid was lower when milking
the cow from the side (herringbone parlor), than from the back
(parallel parlor). However, further study is needed to determine if
the mitigation of muscular load from using higher udder position or
side access to the udder would make a clinically significant impact
on musculoskeletal health among milkers.
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