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CASE REPORT

Field Observation of Hospital Food Service Workers and the Relationship
between Customer Demand and Biomechanical Stress: A Case Study

Vernnaliz Carrasquillo , Thomas J. Armstrong, and S. Jack Hu

Industrial and Operations Engineering, University of Michigan, Ann Arbor, MI, USA

OCCUPATIONAL APPLICATIONS
Motion analysis of three workers at a large hospital kitchen was conducted using video
recordings as part of this case study. Workers were observed during both a high-demand
period and a low-demand period to evaluate their exposure to physical risk factors for
work-related musculoskeletal disorders. On average, workers’ reaching posture did not
change significantly with customer demand. However, recovery time decreased by 18% and
hand activity level (HAL) increased by 27% when customer demand increased. On an indi-
vidual basis, the only worker whose work pace was constrained by processing (cooking)
time and the availability of materials to complete the tasks had the most recovery time and
did not show an increase in HAL even with an increase in demand. These results suggest
the importance of designing tasks that are paced externally (e.g., cooking time) in a self-
paced operation to limit the reduction in recovery time and increase in HAL as
demand increases.
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1. Introduction

This case study investigated the relationship between
customer demand and biomechanical stresses among
commercial kitchen workers. It was expected that
exposure to physical risk factors for work-related
musculoskeletal disorders (WMSDs) would increase as
customer demand increases. Specifically, reaching and
repetitive exertions will increase while recovery time
will decrease as customer demand increases.

Nearly 800,000 people in the United States work in
commercial kitchens preparing food every year.
Approximately 8% of these are employed by hospitals
and social assistance centers to provide meals to
patients and clients. WMSDs caused by repetitive
motion and overexertion ranked as the greatest source
of reported injuries among commercial kitchen work-
ers, with an incidence rate of approximately 54 cases
per 100,000 full-time workers (U.S. Bureau of Labor
Statistics, 2019). Workers in commercial kitchens con-
tinually use their hands to reach food items, prepare
food, move heavy containers, and move completed
plates and trays. Variable customer demand leads to
periods of time when the workers are continuously
busy with little time available for recovery. These
working conditions may contribute to overexertion

and high repetition with insufficient recovery time,
known physical risk factors for WMSDs (Bernard,
1997; Costa et al., 2010; National Academy Press,
Washington, DC, 2001).

The prevalence of WMSDs among hospital kitchen
workers due to overexertion and repetition in hospital
kitchens has been reported by Alamgir et al. (2007).
They surveyed hospitals in Canada and found an inci-
dence rate of 18.3 injuries per 100 person-years. da
Luz et al. (2013) reported that overexertion has also
been associated with the development of circulatory
disorders of the lower limbs among the kitchen staff
in healthcare facilities. Because of the reports on these
types of injuries, studies have investigated which spe-
cific aspects of the work contribute to the exposure to
these physical risk factors. A study conducted in a
hospital (Chim, 2006) identified the workstations that
were more likely to increase worker exposures.
Among the workers tasked exclusively with preparing
trays, those workers placing the completed trays in
the delivery carts were at higher risk than all the other
tray assembly line workers. This elevated risk was due
to frequent bending while holding a full tray. A study
conducted in a similar hospital kitchen (Carrasquillo
et al., 2011) found that as the variety of foods avail-
able for a worker to place on the tray increased, so
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did the frequency of reaching outside the reach enve-
lope while the amount of time available for recovery
decreased. Both of the latter studies were conducted
in hospital kitchens where trays were placed on a
moving conveyor. Workers had stations assigned
without much space to move and without fluctuations
in customer demand. A study conducted in a some-
what similar environment, a university cafeteria,
investigated which tasks presented higher exposure to
non-neutral postures and high repetition, among other
physical risk factors based on the characteristics of the
workstation layout (Kamat et al., 2017). The workers
in the cooking and dishwashing areas were found to
be at greater risk of overexertion due to poor worksta-
tion design than the workers in the drink and cash
register areas. None of these studies, however, eval-
uated the effect of customer demand or frequency of
exertion in the assessment.

Additional research concerned with the health of
workers of commercial kitchens has focused on other
physical risk factors for WMSDs. For example,
Matsuzuki et al. (2013) investigated whether a new
hospital kitchen layout had any effect on staff work-
load and job-related stresses. However, their study
focused on measuring workload and stresses using
fluid loss, heart rate, and metabolic equivalents of
tasks, but did not compare posture and recovery time
before and after the changes. Other studies have
focused on additional physiological measures
(Aminoff et al., 1999) or the effectiveness of reflection
groups in the implementation of ergonomics recom-
mendations within the hospital kitchen staff (Glina
et al., 2011).

Work in hospital kitchens may be analogous to the
work in a manufacturing plant, given the repetitive
nature of many of the tasks conducted. These repeti-
tive tasks include getting meal orders, setting up a
tray, transporting a tray between stations via a con-
veyor, and removing the tray from the conveyor to
place it on a cart. Utilizing concepts traditionally used
for manufacturing plants, Moatari-Kazerouni et al.
(2015a) developed a risk estimation method that they
later used during the design of a new hospital kitchen
(Moatari-Kazerouni et al., 2015b). While their study
did not assess overexertion or repetition, using this
method they were able to improve the working condi-
tions by reducing noise and chemical exposure.

The similarity between commercial kitchen work
and manufacturing allows for the use of assessment
tools for exposure to physical risk factors for WMSDs.
The “Hand Activity level” (HAL) scale (Latko et al.,
1997, 1999) – which is used to evaluate the frequency

of exertions and became the basis of the ACGIH TLV
VR (ACGIH, 2019a) for preventing hand, wrist, and
forearm WMSDs – is one of the tools that can be use-
ful in assessing the demands of a kitchen environment
on the workers. One way in which this environment
differs is in the fluctuations in demand throughout
the day. In the hospital kitchen environment, where
output requirements change throughout the day, it is
expected that the frequency of exertions will increase
while the time available to recover will decrease with
increasing customer demand. Additionally, workers
may reach to get and place work objects, rather than
take a step, to reduce energy expenditure.

In this case study, worker reaching posture (reach),
HAL, and recovery time were evaluated in a hospital
kitchen with a manual assembly line where mass cus-
tomization of products (meals) are prepared on
demand. In mass customization manufacturing, the
aim is “to deliver products and services that best meet
individual customer needs with near mass production
efficiency” (Tseng & Hu, 2014, p. 836). Doing so,
though, leads to greater work content and material
variations throughout the day. While in a paced
assembly line such variations may lead to increased
reaching and reduced recovery time (Carrasquillo
et al., 2011), the results from Carrasquillo et al. (2017)
indicated that in a self-paced assembly line as studied
here, both worker reaching and recovery time may
be decreased.

In summary, commercial kitchen work involves
intense use of the hands in a self-paced environment
where customer demand may influence the frequency
of exertions and available recovery time. WMSDs
caused by repetitive motion and overexertion are the
greatest source of injuries among these workers.
Although others have evaluated some aspects of
worker safety in commercial kitchens, the present
study is the first to evaluate specifically how customer
demand and work pace affect worker exposure to the
physical risk factors that may contribute to these inju-
ries in a kitchen environment.

2. Methods

A case is presented to explore the above concepts and
provide a discussion of how the work demand affects
recovery time, HAL, and reaching posture. Three hos-
pital food service workers who prepared food on
demand were observed. Video recordings were used
to determine and compare the work steps or elements,
recovery times, and reaching posture patterns.
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2.1. Study Site

This study was conducted in a large hospital kitchen
divided into two main areas: (1) food preparation;
and (2) tray assembly. The cooks prepared and served
hot foods. Figure 1 shows the expediters in station 1
and station 2. They placed utensils, side dishes, and
the meals prepared by the cooks on trays that moved
along a manual conveyor. Patients could order meals
at any time between 6:30 AM and 8:00 PM. The food
delivery lead time target was set to 45minutes. To
achieve this target, the hospital kitchen staff strived to
complete the trays within 30minutes.

2.2. Participants

Informed consent was obtained from workers in the
morning shift following a protocol approved by the
Institutional Review Board at the University of
Michigan. Data were collected between 6:30 AM and
1:00 PM. The hospital kitchen staff consisted of one
cook (male, age 38, height 177 cm, mass 74 kg), and

two expediters (both females, ages 21 and 26, heights
164 cm and 178 cm, and masses 56 kg and 65 kg).

2.3. Data Collection

Hospital order records were collected for three noncon-
secutive days. These records were used to determine two,
30-minute order periods, one with high demand and
another with low demand. Video cameras were used to
record the workers during each of the two work periods
for 25� 35minutes. Windows Movie Maker software
was used to perform a frame-by-frame motion analysis
study of the workers’ dominant hand and to estimate the
frequency and type of reaching, amount of recovery time,
and the HAL (ACGIH TLVs and BEIs, 2016). Table 1
shows a sample of the data collection used for analysis.

2.4. Dependent Variables

Reaching Posture
Reaching posture was characterized using an adapta-
tion of the Rapid Upper Limb Assessment (RULA;

Figure 1. Plan view of the kitchen, showing the movement of workers. In this example, workers are preparing a tray with French
toast, one of the most frequently ordered breakfast items from the menu. While the cook prepared French toast, the expediter
positioned at Station 1 prepared the tray with utensils, drinks, and sides, and the expediter positioned on Station 2 gathered other
sides, placed the cooked French toast on the tray, and placed the tray in the cart to be taken to the patient’s room. The cook was
the worker whose tasks varied the most depending on the order.
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McAtamney & Corlett, 1993). Posture was categorized
as follows:

� Lower arm reach – lower arm flexed 60� - 100�,
while the torso and upper arm were flexed or
abducted/adducted less than 20� (Figure 2(a))

� Upper arm reach – upper arm flexed and/or
abducted/adducted more than 20�, while the torso
was bent less than 20� (Figure 2(b))

� Torso bent/twist – lower and upper arm flexed
and/or abducted/adducted, torso flexed or twisted
greater than 20� (Figure 2(c))

Workers reached outside their reach envelope
(Figure 3) for various reasons. Because of this, the

upper arm and the torso bent/twist reaches were fur-
ther categorized into:

� Constrained (Figure 4(a)) – These reaches were
dictated by the worksite layout. They occurred
when the workers were getting/putting a food item
from/on a location at a height or depth beyond
their reach envelope (Figure 3). As a result, their
reach type was constrained by the worksite layout.

� Unconstrained (Figure 4(b)) – These reaches
occurred when workers used their upper arm and
possibly their torso even though it was not
required by the location of the work objects
(Figure 3). For example, Figure 4(b) shows the
expediter in Station 1 placing items on a tray. Had

Table 1. Sample of data collection summary.
Start Finish Dt (s) Motion Item Comment Reach category Motion constrained/unconstrained

00:00.0 00:04.5 4.5 Put Sides On plate Upper arm Constrained
00:04.5 00:08.3 3.8 Reach Shelf Put plate on shelf, get ticket and put with plate Upper arm Constrained
00:08.3 00:11.2 2.9 Reach Frying pan, and get a pancake Upper arm Unconstrained
00:11.2 00:15.0 3.8 Walk To sides bar Recovery
00:15.0 00:17.3 2.3 Put Sides On plate Lower arm
00:17.3 00:20.1 2.8 Reach Shelf Put plate on shelf, get ticket and put with plate Upper arm Constrained
00:20.1 00:25.8 5.7 Get Pancakes Walk to frying pan and put 2 pancakes on plate Upper arm Unconstrained
00:25.8 00:28.1 2.3 Walk To sides bar Recovery
00:28.1 00:30.0 1.9 Reach Sides Put sides on plate Upper arm Constrained

Figure 2. Reach types: (a) lower arm reach, (b) upper arm reach, and (c) torso bent/twist.
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she taken 2 more steps, she could have reached the
tray using her lower arm only.

The percentage of reaching in each category was cal-
culated by counting the number of reaches in each cat-
egory and dividing it by the total number of reaches.
Equation (1) shows the formula used to calculate the
percentage of reaching using the lower arm.

%reachinglower arm ¼
X

of lower arm reaches

=
X

of all reaches�100% (1)

For example, if using the data in Table 1, the %
reaching with the lower arm during the observed
30 seconds would be calculated as % reachinglower
arm¼1/7�100% ¼14.3%.

Figure 3. Side and top views of the manikin and reach envelope of expediter working in Station 1. The green zone may be
reached with the lower arm, the yellow zone requires the use of the upper and lower arm. Reaching beyond these zones requires
bending or twisting of the torso. This figure shows an example of objects that are outside the reach envelope and require the
worker to assume a non-neutral reaching posture to complete the task.

Figure 4. Examples of constrained and unconstrained reaches.
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Recovery Time
Recovery of the upper extremities was defined as rest-
ing time or times when the worker was not manipu-
lating, holding, moving, or reaching for objects, or
performing actions that did not require the use of the
hands (e.g., read order ticket, walk with empty hands).
Recovery time was calculated by adding all of the
time the worker spent in recovery (Dtrecovery) and
then dividing it by the total observed time (Dt):

%recovery time ¼
X

Dtrecovery=
X

Dt�100% (2)

Using Table 1 as an example, the % recovery time
during the observed 30 seconds would be calculated as
% recovery time ¼ (3.8þ 2.3)/(4.5þ 3.8þ 2.9þ
3.8þ 2.3þ 2.8þ 5.7þ 2.3þ 1.9)�100%¼20.3%. In this
example, the time spent walking was the only work-
related task classified as recovery time.

Hand Activity Level (HAL)
HAL was scored using the scale developed by Latko
et al. (1997). Because workers performed tasks to
complete more than one meal order at a time, none
of these measurements could be separated by individ-
ual working cycles. Additionally, work-rest cycles
could be as short as 2.1 seconds or as long as
306 seconds, with duty cycles that varied from 13% to
99%. Instead of recording HAL for each work-rest
cycle, it was recorded every 30 seconds using a visual
analog scale (ACGIH, 2016; Latko et al., 1997).

2.5. Statistical Analysis

The Marascuilo procedure (NIST/SEMATECH, 2013),
which is used to simultaneously test the differences
between multiple pairs of proportions, was used to
compare the frequency of reaching and recovery times
between the high-demand (breakfast) and low-demand
(transition) periods. Significance was determined at
a¼ 0.05. For the HAL, 95% CI intervals for normal
distributions were used to determine significant
differences.

3. Results

3.1. Order Records Analysis

Stored paper records of the orders were analyzed to
find the high and low-demand periods (Figure 5). The
high-demand period occurred during breakfast time
(8:45 AM � 9:15 AM), when 121 orders were
received. The low-demand period occurred during the
mid-morning transition between breakfast and lunch
times (11:15 AM � 11:45 AM), when 64 orders,

approximately 50% of the orders during the high-
demand period, were received.

3.2. Reaching Posture

The overall proportion of reaches where the workers
used only their lower arms was not significantly
(p> 0.05) affected by demand; 37% (SD ¼ 3%) at
high demand and 33% (SD ¼ 3%) at low demand
(Figure 6). However, because fewer trays were pre-
pared during the transition time, the total number of
reaches decreased by 100 as demand decreased by
approximately 50% (509 reaches observed during
high-demand periods, 409 reaches observed during
low-demand periods). Similar results were found for
the proportion of unconstrained and constrained
reaches utilizing the upper arm and the torso. These
results show that regardless of the demand, workers
overall used their upper arms and torso to reach
objects (constrained and unconstrained) more than
half of the time.

Each workstation was also analyzed independently
(Figure 7). Expediters in stations 1 and 2 showed no
significant (p> 0.05) differences in reaching between
the different demand periods. However, the cook’s
unconstrained reaches using the torso increased by
8% as the demand decreased.

3.3. Recovery Time

Overall, the recovery time was greatest during the
low-demand involved work cleaning up and lunch
setup. The recovery time significantly (p< 0.05)

Figure 5. Meal order distribution throughout the day during
three nonconsecutive days. The shaded bars represent the
times selected as high demand (breakfast) and low demand
(transition between breakfast and lunch).
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decreased during the period of high demand (22%, SD
¼ 3%) when workers were fulfilling orders.
Individually, the expediter in Station 2 had the great-
est amount of recovery time independently of demand
(Figure 8); 53% (SD ¼ 4%) during low demand (tran-
sition), and 37% (SD ¼ 5%) during high demand
(breakfast). Recovery time for all of the workers was
reduced during breakfast (high demand) time.

3.4. Hand Activity Level (HAL)

The greatest HAL (Table 2) occurred during the high-
demand breakfast period for both the cook and the

expediter in Station 1. The average HAL did not
change significantly (p> 0.05) for the expediter in
Station 2.

4. Discussion

4.1. Reaching Posture

The proportion of reaching outside the reach envelope
(Figure 3), constrained and unconstrained, did not
change significantly (p> 0.05) as demand decreased
(see Figure 6). Overall, reaching outside the reach
envelope occurred 63% and 67% during the high and
low-demand periods, respectively. Individual analysis

Figure 6. Proportion of reaches utilizing the lower arm, the upper arm (constrained and unconstrained), and the torso (constrained
and unconstrained) for all subjects (cook and three expediters) during each demand period. The numbers in parenthesis represent
the number of reaches for all stations during 75minutes of observation. Due to rounding, some percentages may not add up
to 100%.

Figure 7. Proportion of reaches for all the workers in each station during the period of low demand (transition) and the period of
high demand (breakfast). The numbers in parenthesis represent the number of reaches for each worker during 25minutes of
observation. Due to rounding, some percentages may not add up to 100%.
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for each station showed no effects on reaching posture
for the expediters.

In contrast, the cook had an inverse response to
the decrease in demand during the transition time.
His proportion of unconstrained torso reaches signifi-
cantly (p< 0.05) increased during the low demand
time (by 8%). Further research investigating the driv-
ers of worker decisions to reach in this manner is
needed. A possible explanation for increasing uncon-
strained reaches during the low-demand period may
be found when analyzing his recovery time in more
detail. During the low-demand period, he had ample
recovery time (35%). Of the total recovery time, 30%
(10.5% of the total time) was spent on reading ticket
orders or walking, activities that did not require the
use of his upper extremities but that were still part of
his work. The remaining 70% of the recovery time
(24.5% of the total time) was spent standing and not
doing work-related tasks. On the other hand, during
the high-demand breakfast time, when he had 16%
recovery time, only 12% (1.9% of the total time) of it
was spent standing and not doing work-related tasks.
Presumably, having the chance to rest his legs by
walking less, the cook chose to increase his proportion
of unconstrained reaches using his torso, especially
because there were fewer reaches during this time.

This increase in the proportion of unconstrained
reaches using the upper arms or torso can be consid-
ered an increase in exposure to physical risk factors
for WMSDs. However, it is important to consider

that, especially during the low-demand period when
there was not much pressure to reach using the torso
to save time, the cook had control or decision author-
ity (Johnson et al., 1996) over his decision to reach
this way. This control may allow him to reduce the
psychosocial stress related to the task, and therefore
maintain a lower level of risk of developing WMSDs
(Andersen et al., 2002; Costa et al., 2010; de Jonge &
Kompier, 1997; Punnett & Wegman, 2004; Tsigonia
et al., 2009). Even though questions have been raised
regarding whether providing workers with job control
is always beneficial (Meier et al., 2008), those concerns
are related to workers who prefer to have low decision
control in situations where they may be blamed by a
poor outcome and who are not confident in their abil-
ities to do the job correctly (e.g., deciding which
equipment to buy). In a hospital kitchen environment,
allowing workers some control over how they choose
to reach is likely not detrimental, because their work
will not be negatively impacted by their decision to
perform a constrained vs. unconstrained reach.

These results indicate that placing frequently used
items within reach, allowing for a reduction in the
constrained reaches, may be more effective in reduc-
ing the proportion of reaching outside the reach enve-
lope than reducing the number of tasks a worker
must complete. Workstation layout changes to reduce
the need for non-neutral postures have also been sug-
gested by Dareker and Peshave (2016) and Kamat
et al. (2017).

4.2. Recovery Time

As expected, worker recovery time decreased as cus-
tomer demand increased. In a self-paced environment,
as workers receive more meal orders and get busy ful-
filling them, they have less time to rest. Figure 8

Figure 8. Proportion of recovery time (resting, walking, talking, or reading), time spent working on trays, and time spent on other
tasks (e.g., restocking) for all workstations during the period of low demand (transition) and high demand (breakfast).

Table 2. Mean and 95% confidence intervals for the HAL of
each worker in each of the different demand periods.
Worker High demand (breakfast) Low demand (transition)

Cook 7.4 [7.2, 7.7] 5.8 [5.5, 6.0]
Expediter – Station 1 7.6 [7.3, 7.9] 5.2 [4.9, 5.5]
Expediter – Station 2 3.6 [4.2, 3.1] 3.9 [3.1, 4.6]
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shows that station 2 had the greatest recovery time
during all work periods (high demand ¼ 37%, low
demand ¼ 53%). This workstation was afforded
greater recovery time because 94% of the trays include
an item prepared by the cooks, leaving this station
starved of materials to complete the job. The time
spent waiting for meals to be ready provided time for
recovery. The expediter in station 1 had the least
recovery time (13%) during the high-demand period.
The tasks this expediter was assigned did not differ
greatly in type or quantity by mealtime. Because this
expediter rarely had to wait for the cook, there was
not an external influence on her available recov-
ery time.

Traditionally, worker pacing has been studied in
manufacturing settings with clearly defined cycle
times. For assembly lines with large cycle-to-cycle var-
iations, such as investigated here, self-paced assem-
blies have long been proposed as a way to improve
productivity (Conrad, 1954, 1955a, 1955b; Davis,
1965) and quality (Bosch et al., 2011; Lin et al., 2001)
while reducing waste (idle time) in the presence of
process time and worker variability. The reduction in
idle time has, in turn, been shown to result in reduced
recovery time, since workers do not use the advantage
of being able to control their pace and recover but
instead work continuously with shorter cycle times
(Carrasquillo et al., 2017; Dempsey et al., 2010). The
workers in this hospital kitchen were self-paced, as
they must manually move all the items from the
beginning to the end of the conveyor. The results in
this study mirror those found in manufacturing set-
tings. The expediter in station 1 and the cook, both of
whom worked completely self-paced, experienced a
greater reduction in recovery time as the demand
increased than the expediter in station 2 whose pacing
was limited by the requirement to wait for processing
time (cooking). These results show the importance of
having some external controls to worker pacing, to
ensure workers have sufficient recovery time and that
periods of recovery occur more regularly. Having a
frequent opportunity for recovery, instead of after
long periods of continuous work followed by recovery,
may also help reduce the risk of WMSDs without hav-
ing adverse effects on system performance (Patti &
Watson, 2010).

4.3. Hand Activity Level (HAL)

As demand decreased and recovery time increased,
there was an overall decrease in HAL for the expediter
in station 1 and the cook (Table 2). HAL significantly

decreased (p< 0.05) as demand decreased (HAL
decrease for both workers ¼ 2). Both workers
repeated motions in the high-level category of HAL as
defined by Latko et al. (1999) during the high-demand
period, and decreased their motions to a medium level
during the low-demand period. Given that the type of
work did not change during the different demand
periods, it can be assumed that the normalized peak
forces remained constant. The reduction in HAL as
demand decreased, therefore, suggests a reduction in
exposure to physical risk factors of WMSDs (ACGIH,
2016). The coupling of the decrease in HAL and the
increase in recovery time further supports a reduced
exposure among these workers.

However, the expediter in station 2 was not
observed to decrease her HAL even when the demand
decreased, and recovery time increased by 16%. On
average, her HAL was maintained at a medium HAL
level of 4. This expediter was paced by the speed of
cooking, as she had to wait for meals to be cooked
before putting them on a tray. Thus, even when
demand was high, her hands could move food orders
only as fast as the cook could have them ready.
Therefore, the speed of her hands was limited by
material availability. While this expediter had more
recovery time during the low-demand period, and the
HAL was frequently reduced to 0, it was observed
that during the low-demand period she moved her
hands faster when she did have orders to fulfill. As a
result, she spent four additional minutes at a HAL of
5 or 6 during the low-demand period than during the
high-demand period. When the average HAL was cal-
culated, there was a similar average value during both
demand periods, regardless of the additional recov-
ery time.

While research studies (Carrasquillo et al., 2017;
Conrad, 1954, 1955a, 1955b; Davis, 1965; Dempsey
et al., 2010) have shown that workers tend to work
continuously and with reduced recovery when they
are self-paced, as previously discussed none of the
studies evaluated the HAL in this context, and more
research is needed to understand which factors may
lead workers to move their hands faster than needed.
In the current case, it is possible the worker moved
faster so that she could have more time for recovery.
Expediter 2 had to place completed trays in a cart
that often required her to reach below her knees or
above her shoulders. This workstation was tasked with
the highest force exertion requirements among the
observed workers, an observation also noted in
another hospital kitchen (Chim, 2006). At the same
time, her ability to control the decision of whether to
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move faster may provide her with some reduction in
risk of WMSDs as discussed earlier (Andersen et al.,
2002; Costa et al., 2010; de Jonge & Kompier, 1997;
Punnett & Wegman, 2004; Tsigonia et al., 2009).

Therefore, the average HAL generally increased as
the demand increased, but this effect varied between
workstations. These HAL levels demonstrate that the
workers in this hospital kitchen may be at increased
risk of developing discomfort and WMSDs, because
their average HAL did not decrease to low levels even
during the transition time when recovery time
increased. Latko et al. (1999) demonstrated that repe-
tition alone can be a physical risk factor independent
of the loads exerted by workers. Their study showed
that 46.5% and 37.1% of the workers they observed
with high and medium HAL, respectively, reported
symptoms of discomfort in their hands. Only 22.0%
of the workers with low HAL (< 3.3) reported the
same symptoms, and the trend was similar for tendin-
itis and carpal tunnel syndrome.

4.4. Limitations

This study included only three workers in a hospital
kitchen. Worker age, height, mass, and the number of
employees required to meet demand may affect the
HAL, recovery time, and reaching postures of the
workers. It is possible that different workers perform-
ing the same tasks on different days would reach out-
side their reach envelopes at a different frequency,
and that their HAL and recovery time would differ as
well. All the workers studied were young (<40 years)
and had a normal weight as defined by the NIH (BMI
< 24.9). Older workers or those who are overweight
or obese may perform unconstrained reaches at a
lower proportion or may reduce the HAL further dur-
ing the low-demand periods. Also, the examined
workers were of close to average height or taller,
whereas workers closer to the 5th or 95th percentiles
in height may have to perform constrained reaches
more frequently and may have an increase in HAL
and reduce their recovery times as a result.
Furthermore, it is possible that in conditions where
demand is even greater, and even more workers are
present in the hospital kitchen, the reaching postures
and frequency of reaching may change as workers
have to move past each other while they complete
their tasks around the kitchen. Given that only one
worker was studied in each workstation, and that it is
possible that workers with different characteristics
may reach or move in other ways, the interpretation
of the statistics is limited outside this case study.

4.5. Conclusions

This case study shows that measures developed for
assessing exposure to physical risk factors for WMSDs
can be meaningfully applied to workers in commercial
kitchens. Specifically, as demand increased, recovery
time and HAL may decrease and increase, respect-
ively. On the other hand, the frequency of reaching
outside the reach envelope did not show a significant
effect of changes in demand. Overall, as demand
increased, recovery time decreased by 15% and HAL
increased by 2 points. Our results also demonstrate
the importance of having some form of external pac-
ing controls, to provide workers with more recovery
time and prevent increases in HAL with demand
increases. Further work should be conducted with a
larger worker sample to determine how these results
can be applied to the general population. Additionally,
given the lack of literature in this area, further work
is needed to develop a deeper understanding of the
relationshisp between HAL, work demand fluctua-
tions, and pacing, as well as into the underlying rea-
sons that drive workers to perform unconstrained
reaches and whether ergonomists should strive to
identify countermeasures to reduce their frequency.
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