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Abstract 

 
The purpose of this study was to investigate the impact of UPC placement on upper-body 

kinematics and muscle activity associated with cashier work. Seventeen female participants who 

had worked at least 1000 hours as a cashier and did not meet any exclusion criteria were 

recruited. Multi-sided UPC items, which included extra and/or larger barcodes, were compared 

to items with a traditional UPC placement. Two mock carts of eighteen items were scanned for 

each UPC type. Electromyography was applied bilaterally to the biceps brachii, middle deltoid, 

flexor digitorum superficialis, and upper trapezius muscles. Cumulative and peak muscle activity 

were calculated for each trial. Motion capture was placed on the torso, upper arm, forearm, and 

hand segments and tracked using a Qualysis motion capture system. Range of motion (ROM) 

values for shoulder flexion/extension, abduction/adduction, and internal/external rotation were 

calculated.  The time to scan each cart from initial movement to return to starting position was 

also measured. A main effect of UPC type on cumulative muscle activity was found for all 

muscles (biceps brachii p=.002, middle deltoid p=.003, flexor digitorum p=.001, upper trapezius 

p=.001), all were lower with multi-sided UPC. For peak muscle activity, there was an interaction 

between UPC type and side (p=.036), values on the left were lower with multi-sided UPC items. 

There was also an interaction between UPC type and side for flexion/extension ROM (p=.031), 

with multi-sided UPC items reducing ROM by an average of 6 degrees. Mock carts with 

traditional items took an average a 5 fewer seconds to complete. Future studies should 

investigate if the increased efficiency and lower cumulative muscle activity is beneficial over the 

course of an entire work shift.  
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1. Introduction 

 

Work injuries cost the US economy approximately $110 billion annually, and an estimated $40-

50 billion of that is attributed to ergonomic injuries (Occupational Safety and Health 

Administration [OSHA], 2002), including cashier work. There are several biomechanical risk 

factors associated with cashier work, including repetitive forces and awkward postures. These 

factors put cashiers at a high risk of developing upper-limb musculoskeletal injuries (Hagberg et 

al. 1995; Mackay et al. 1998). Minimal rest and excessive manual loads may also be contributing 

to the muscular demands placed on the shoulder during cashier work (Bjelle et al. 1979). The 

result of these issues is a high prevalence of overuse injuries such as carpal tunnel syndrome 

(Bonfiglioli et al. 2007), back pain (Beardmore, 1998), and shoulder discomfort (Sansone, 

Bonora, Boria, and Meroni, 2014) among cashiers. These risks make it important to investigate 

ergonomic interventions that will reduce the prevalence of these injuries.  

Many issues that burden cashier work are attributed to poor design of the cashier 

workstation. Because of this, many studies have focused on how the design of the checkout stand 

can influence upper-body kinematics. Rodacki and Vieira (2010) used a continuous conveyor 

belt to reduce trunk bending and twisting when reaching for items. They were able to reduce 

lateral bending, which is a significant factor in developing back pain. Draicchio et al. (2012) 

used a disk wheel in the bagging area to keep workers from having to push items through the 

bagging area. This resulted in decreased shoulder flexion/extension and horizontal 

abduction/adduction on both the left and right sides, which puts the cashier at less risk by 

decreasing muscle activity. These modifications can also help improve efficiency, which may 

lead to longer rest times for cashier workers. Redesigning cashier stands to be more 

ergonomically safe is clearly beneficial, but it still leaves the worker repeatedly picking up a 
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large number of items for the duration of long shifts. Studies have shown that handling 

intermediate to heavy items (1.0 – 5.0 kg) causes the worker to engage the trunk to scan the 

object (Rodacki et al. 2006). This shows that scanning heavier items increases trunk flexion and 

contributes to the repetitive stress associated with cashier work.  

A cashier will spend as much as half of customer transaction time scanning and handling 

products (Lehman, 1998). Some of this time is spent having to reorient items on the scanner to 

get them to read properly. Advances have been made in scanner technology to have a second 

scanning window that can pick up bar-codes more easily. This bi-optic scanner has been shown 

to reduce muscle activity in the neck and shoulders (Lehman, Psihogios, and Meulenbroek, 

2001), which is important because fatigue is less likely to set in and put the cashier at risk for 

injury. However, the repetitive forces necessary to move items across the scanner, and the lack of 

appropriate recovery time, still may lead to muscle fatigue and injury. Maciukiewicz et al. (2017) 

found that the shoulder musculature is the most sensitive to the workloads associated with 

cashier work. They suggested more recovery breaks to help prevent muscle fatigue.  

Universal Product Codes (UPC) were developed in the 1970’s and significantly increased 

labor productivity (Basker 2012). At first, only a single UPC was used to keep cashiers from 

having to manually enter codes. Modern advancements have led to multiple barcodes being 

placed on each item with the intent of making them easier to scan. The comparison of traditional 

and multi-sided UPC in Figure 1 shows how the barcode placement has changed. Instead of one 

small barcode in the corner, there is a barcode at the top and bottom across the length of the 

package. The impact of the UPC placement on the aspects of cashier work that put cashiers at 

risk for injury has not been investigated. It seems possible that increasing the number of barcodes 

on an item being scanned could prevent the cashier from having to pick up and rotate the item, 
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which contributes to repetitive forces and awkward postures. In combination with a properly 

designed checkout stand, this could reduce the demands on the shoulders and trunk and decrease 

the risk for these repetitive use injuries that are prevalent among cashiers.  

 

 

Figure 1. Traditional UPC (left) compared to multi-sided UPC (right) 

 

The purpose of this study is to investigate the impact of UPC placement on upper-body 

kinematics and muscle activity associated with cashier work. This study will compare traditional 

UPC placement to a multi-sided UPC placement. The first hypothesis is that both peak muscle 

activity and cumulative muscle activity, or the total work performed by a single muscle, will be 

lower for all muscles when using the multi-sided UPC. The second hypothesis is that range of 

motion will be lower for flexion/extension, abduction/adduction, and internal/external rotation of 

the shoulder with multi-sided UPC. The third hypothesis is that multi-sided UPC grocery carts 

will take less time to scan compared to traditional UPC grocery carts. 
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2. Methods 

 

The data used in this study were collected between June and August of 2017. Clearance for the 

study was obtained through the University of Arkansas Institutional Review Board and all 

participants provided written consent before the start of the data collection. 

 

2.1 Participants 

Seventeen females between the ages of 18 and 65 (age = 30 +/- 12.8 years, height = 1.6 m +/- 

0.061 m, mass = 71.1 kg +/- 18.3 kg) who have worked at least 1000 hours as a cashier in the last 

year were recruited to complete the study. Exclusion criteria included previous shoulder, elbow, 

wrist, hand, neck or back injury, and having a pacemaker or a cardioverter defibrillator. 

Participants were recruited from various grocery stores around Fayetteville, Arkansas. Only 

females were included in the study because cashier workers are predominantly female (Wootton, 

1997). Including males may have made it difficult to reach the desired sample size. 

 

2.2 Instrumentation 

Participants were instrumented with surface electromyography (EMG) bilaterally on their 

trapezius, lateral deltoid, biceps brachii, and flexor digitorum superficialis muscles (Table 1) 

using a Delyss Trigno EMG system (Delsys, Inc., Boston, MA). The specific spots for electrode 

placement were halfway between the C7 vertebrae and the acromion on the crest of the shoulder 

for the trapezius, the outermost section of the upper-arm approximately 3cm below the acromion 

for the deltoid, the largest part of the front of the upper-arm while flexing at the elbow, and three 

quarters of the way from the wrist to the elbow on the inner arm for the flexor digitorum 
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superficialis. The area was shaved with a disposable razor and cleaned with isopropyl alcohol, 

then gently abraded to remove any residual oils from the skin. The sensor was then placed on the 

skin using double-sided tape. Reference contractions were performed so that electromyography 

data could be normalized. These included holding each arm out to the side at 90 degrees with a 

2.5lb weight on the wrist for the trapezius and deltoid, holding the 2.5lb weight in the palm with 

the elbow bent at 90 degrees for the biceps, and performing a maximal contraction with a hand 

grip dynamometer for the flexor digitorum superficialis. 

 

Table 1. Description of muscles tested. This information was taken from Criswell & Cram (2011) 

Muscle Joint Action 

Upper Trapezius Neck/Shoulder Moving scapula/extending head at the neck 

Middle Deltoid Shoulder Abduction of the arm 

Flexor Digitorum 

Superficialis 

Wrist Flexion of the wrist 

Biceps Brachii Shoulder/Elbow Flexion of the elbow 

 

 

An 8-camera motion capture system (Qualysis AB, Gotenburg, Sweden) was used to collect 

kinematic data. Rigid bodies were placed bilaterally on the hand, forearm, and upper-arm, and 

one on the sternum to track upper extremities and trunk movements. Individual calibration 

markers were placed bilaterally on the iliac crest, acromion, lateral and medial epicondyles, 

radial and ulnar styloid processes, and the 2nd and 5th knuckles. A standing trial was recorded 

with the calibration markers to identify segment lengths and build a skeletal model for each 

participant. 
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2.3 Stand layout 

To simulate a normal checkout stand, a bi-optic scanner was placed on a table that was built up 

on each side to be flush with the scanning surface (Figure 2). There was no conveyor belt or 

bagging station, as the study focuses solely on the scanning motion. The scanner height was set 

at 85 cm.  

 

 

Figure 2. Scanner Table 

 

2.4 UPC Types 

The two types of UPC tested were traditional and “multi-sided.” Multi-sided items have more 

barcodes than the traditional placement. The barcodes are typically larger or extended across the 

length of the item. A couple examples of multi-sided UPC placement are shown below in Figure 

3. The traditional items were the same as items used for the multi-sided, but tape was placed over 

the extra barcodes to match it to a standard UPC placement. The traditional placement is usually 

two barcodes on a box, and one on a can, jar, or bottle. A full list of items used is detailed in 

Table 2. 
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Figure 3. Examples of Multi-Sided UPC 

 

Table 2. Description of Products 

Product Name Weight 
(g) 

Dimensions (cm)  
(Height/Width/Depth) or 

(Height/Diameter) 

Corn Squares Cereal 396 29x20x7 

Fruit & Grain Cereal Bars 295 15x20x4 

Instant Oatmeal 382 20x13x8 

Elevation Treat Bar 170 14x14x4 

Breakfast Biscuits 250 13x16x6 

Tri-colored Rotini 453 19x13x5 

Original Saltine Crackers 454 11x24x11 

Beauty Bar Soap 227 7x11x7 

Crushed Tomatoes Can 794 12x11 

Pear Slices Can 432 11x8 

Roasted Red Pepper Dressing 340 20x6 

Kansas City BBQ Sauce 538 18x7 

Mango Peach Salsa 454 11x8 

Canola Oil 1361 28x10x8 

Organic Lemonade 1814 27x11x9 

Mandarin Oranges Fruit Cups 452 10x17x8 

Boulder Napkins 435 15x30x11 
White Rounds Tortilla Chips 369 34x22x8 
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2.5 Experimental Protocol 

Participants arrived at the lab and completed informed consent and medical screening forms, 

then had their anthropometric measures taken. They were familiarized with the scanner and the 

types of UPC being tested. They were then instrumented with the EMG sensors reference 

contractions were recorded. Motion capture rigid bodies were applied and a standing trial with 

the calibration markers was recorded to build a participant-specific model. They completed carts 

of traditional UPC and multi-sided UPC items in a randomized order. For each cart, they 

completed one practice trial and then two trials were recorded. They were asked to start with 

their hands placed flat on the table in front of them and to scan items as they normally would 

while working and then to return to the starting position once they were finished. They were also 

instructed to scan as if someone was bagging for them, so they only had to set the items down 

after they were scanned. There was a person on each end of the table pushing items to the 

scanner and removing them after they were scanned. When items were placed on the scanning 

table, they were placed in a random order and a random orientation to simulate how items are 

usually arbitrarily placed on a conveyor belt. 

 

2.6 Data Analysis  

Electromyography data was processed according to standard protocols in Visual3D (C-Motion, 

Germantown, MD). The mean was subtracted from the signal, full wave rectified, and filtered 

using a Butterworth filter with a cutoff of 4 Hz. Three-dimensional angles were calculated in 

Visual3D. Time taken to scan carts was calculated by using events to mark when each hand 

begins to move and returns to starting position. This was done using the electromyography data 

of the biceps and deltoid. 
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2.7 Outcome Measures 

For all variables, the mean of the two trials used was taken as the outcome measure for that trial.  

 Electromyography. Cumulative muscle activity was calculated using integrated EMG. 

This estimates the total amount of muscle activity used during a trial by calculating the area 

under the curve of the EMG signal. Peak muscle activity was also extracted. All muscle activity 

was normalized using reference contractions. 

Kinematics. The rigid bodies were tracked and used to measure angles of shoulder 

flexion/extension, abduction/adduction, and internal/external rotation. An amplitude probability 

function (APDF) will be used to calculate the median angle and range between the 10th and 90th 

percentiles. 

 

2.8 Statistical Analysis 

H1: Cumulative muscle activity and peak muscle activity will be lower for all muscles with multi-

sided UPC compared to traditional UPC. 

To test the first hypothesis, a two-way ANOVA with factors of UPC type (traditional 

versus multi-sided) and arm (left or right) was run on both the cumulative muscle activity 

and the peak muscle activity. Tukey post hoc tests were performed on significant main 

effects. 

H2: Range of motion of shoulder flexion/extension, abduction/adduction, and internal/external 

rotation will be less with multi-sided UPC. 

To test this hypothesis, a two-way ANOVA was run on ROM values of shoulder 

flexion/extension, abduction/adduction, and internal/external rotation. Tukey post hoc 

tests were performed on significant main effects. 
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H3: Multi-sided UPC carts will take less time to complete compared to traditional UPC. 

To test the third hypothesis, a paired t-test was run on the average time it took for 

participants to scan the multi-sided versus traditional UPC grocery carts.  

 

2.9 Assumptions and Limitations 

It was assumed that the participants followed instructions and scanned items the same way that 

they would while working. It is also assumed that the calibration of our motion capture system 

was accurate. This study is limited in that only two trials of each cart were completed, so it does 

not take into account how the repetitive nature of cashier work might lead to fatigue and changes 

of the scanning motion over the course of a work shift.  
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3. Results 

 

The data for one participant was excluded due to issues with the EMG data during collection. For 

a second participant, the right middle deltoid EMG had abnormal spikes, so that sensor was also 

excluded from the analysis. 

 

3.1 Cumulative Muscle Activity 

A full statistics summary is detailed in Table 3. There was a main effect of UPC type on 

cumulative muscle activity for the biceps brachii (p=0.0022), middle deltoid (p=0.0030), flexor 

digitorum superficialis (p=0.0010), and upper trapezius (p=0.0005) muscles.  For all muscles, the 

cumulative activity was lower with the multi-sided UPC (Figure 4). There was also a main effect 

of side on the upper trapezius (p=0.0281), with total muscle activity being lower on the left side 

(355.7(+/-153.5)% RC*s)  compared to the right side (451.6(+/-275.8)% RC*s).  

 

Table 3. Summary of ANOVA results for integrated EMG activity.  

Integrated 

EMG 

Biceps  
Brachii 

Middle  
Deltoid 

Flexor 
Digitorum 

Upper  
Trapezius 

Side p=.260 p=.056 p=.932 p=.028 

UPC p=.002 p=.003 p=.001 p=.001 

Side*UPC p=.783 p=.050 p=.075 p=.165 
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Figure 4. Average integrated EMG values (with standard deviation bars) for each muscle in 
terms of percent reference contraction (%RC*s). Significant differences are denoted by an 

asterisk. 
 

3.2 Peak Muscle Activity 

 
A full summary of results can be found in Table 4. There was a main effect of side on peak EMG 

found for the upper trapezius (p=0.005) and middle deltoid (p=0.013), with peak values on the 

right being higher (110.3(+/-50.7)%RC and 76.7(+/-34.3)%RC, respectively)  compared to the 

left side (70.1(+/-27.5)%RC and 50.3(+/-16.2)%RC, respectively). 

An interaction between UPC type and side was found for the flexor digitorum 

superficialis muscle (p=0.036). A post-hoc test found that there was a significant difference 

between UPC types on the left side (p=0.001). Peak EMG values on the left side were higher 

with the traditional UPC (69.3(+/-42.9)%RC ) than with the multi-sided UPC 51.5(+/-

30.1)%RC). 
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Table 4. Summary of ANOVA results for peak EMG activity 

Peak 

EMG 

Biceps  
Brachii 

Middle  
Deltoid 

Flexor 
Digitorum 

Upper  
Trapezius 

Side p=.052 p=.013 p=.123 p=.005 

UPC p=.346 p=.324 p=.009 p=.176 

Side*UPC p=.227 p=.079 p=.036 p=.600 

 

 

 

Figure 5. Average peak EMG values (with standard deviation bars) for each muscle in 
terms of percent reference contraction (%RC). Significant differences are denoted by an asterisk. 

 
 

3.3 Shoulder Range of Motion 

 

A full summary of the ANOVA results is detailed below in Table 5. A main effect of side was 

found on shoulder range of motion in abduction/adduction (p<.001). Average ROM was 14.3 (+/-

5.9) degrees on the left side compared to 23.1 (+/-7.4) degrees on the right side. There was also 

an interaction between UPC type and side in the flexion/extension direction (p=0.031). A post-
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hoc test on the interaction found that there was a significant difference between UPC types on 

the right side (p=0.035). The average range of motion for flexion/extension on the right side was 

higher when using the traditional UPC (36.3(+/-15.3)) compared to the multi-sided UPC 

(30.6(+/-5.4) degrees). 

 

Table 5. Summary of ANOVA results for shoulder range of motion. 

Range of 

Motion 

Flexion/ 
Extension 

Abduction/ 
Adduction 

Internal/ 
External Rotation 

Side p<.001 p<.001 p=.186 

UPC p=.140 p=.064 p=.115 

Side*UPC p=.031 p=.305 p=.592 

 

 

3.4 Scanning Time 

There was a significant difference in the time taken to scan a complete cart of traditional UPC 

items compared to multi-sided UPC items (p=0.001). It took an average time of 24.9 (+/-6.0) 

seconds to complete a traditional cart compared to 20.1 (+/-4.8) seconds for a multi-sided cart. 
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4. Discussion 

 

The purpose of this study was to investigate what impact UPC placement has on upper-body 

kinematics and the muscle activity associated with cashier work. Our first hypothesis that 

cumulative muscle activity and peak muscle activity would be lower for all muscles with multi-

sided UPC items compared to traditional UPC was partially supported. Cumulative muscle 

activity was lower for all muscles, but peak activity was only reduced for the flexor digitorum 

superficialis. Our second hypothesis, that shoulder range of motion would be lower in all 

directions with multi-sided UPC items, was also partially supported. Flexion/extension range of 

motion was lower with the multi-sided UPC items, specifically on the right side. Our third 

hypothesis that it would take less time to scan multi-sided item carts was supported. The time to 

scan a mock cart was reduced by an average of 5 seconds with the multi-sided UPC items. 

The multi-sided UPC was able to reduce cumulative muscle activity for one mock grocery 

cart more than it reduced peak muscle activity. Cumulative EMG was significantly lower for all 

muscles with the multi-sided UPC, while only the flexor digitorum superficialis was lower for 

peak EMG. Our measure of integrated EMG looks at the total amount of activity for a particular 

muscle for the duration of one trial (or cart). This means that the multi-sided UPC item carts that 

took less time to scan should have less cumulative activity, but it is difficult to assess how the 

increased number of carts that can be scanned during one shift will impact this.  Peak EMG 

extracts the highest value (in percent reference contraction) recorded during the trial, so it is a 

measure of the hardest a muscle had to work while completing a cart. High levels of peak EMG 

could put a cashier at risk for acute injuries, while higher levels of cumulative muscle activity 

would be more associated with chronic injuries. 
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Shoulder range of motion was only impacted by UPC type in the flexion/extension direction. 

Flexion/extension was significantly lower on the right side with multi-sided UPC compared to 

traditional UPC. The right hand was being used to pick up items, so a lower range of motion 

indicates that items were not being lifted as high as the cashier picked them up to be scanned. 

Even though the difference was only about 6 degrees, this small change could have a large 

impact over time.  

Participants were scanning from right to left, and several differences were found between the 

right and left sides. Both cumulative and peak EMG were lower on the left side compared to the 

right for the upper trapezius, and peak EMG was lower on the left side for the middle deltoid 

independent of UPC type. The right arm was used to reach over and pick up items, engaging the 

upper trapezius and the middle deltoid and leading to more activity for those muscles on the right 

side. Lastly, the flexor digitorum superficialis was significantly higher on the left side with 

traditional UPC items compared to multi-sided UPC items. The left flexor digitorum superficialis 

may be engaged when the cashier grips and rotates an item to find the barcode. There was also a 

difference between the left and right side for abduction/adduction, with the right side showing an 

increased range of motion. When scanning an item, the participant reached (shoulder abduction) 

to the right to pick up items and performed adduction across their body to scan the item. After 

the items were scanned, participants were instructed only to set them to the left of the scanner as 

if they had a bagger, therefore, there was not as much of a role of for the left side in this 

simulation. 

The time it took to scan the mock grocery cart was lowered by an average of 5 seconds with 

the multi-sided UPC items. This increased efficiency could result in workers having more time to 

rest in between carts, or it could mean that more items are scanned in the same amount of time.  
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The lower values of cumulative muscle activity are directly impacted by this increase in 

efficiency. If the cashier is scanning carts for an entire shift, it may result in the similar 

cumulative muscle as with traditional UPC for an entire day, just with a higher number of carts 

scanned. This may be beneficial to the business because it increases efficiency, but it does not 

reduce the risk of injury for the worker.  

A limitation of our study is that we did not account for the height of the cashier. The 

workstation was set at a specific height (85 cm), so short cashiers would need to flex at the 

shoulder more than taller cashiers. This could result in increased shoulder muscle activity and an 

increased risk for injury. Conversely, tall cashiers may have to flex at the trunk more, putting 

them at an increased risk to develop back pain. These issues can be taken into account by 

considering the design of the cashier workstation; however, in a typical workplace, the cashier 

stands are not height adjustable. To address this, future work should collect cashiers of a wide 

range of heights to determine if this plays a role in altering muscle activity and kinematics. A 

second limitation is that each participant completed a total of only four carts. We are unable to 

assess what impact fatigue from multiple hours of scanning might have on muscle activity. 

Lastly, this study considered only the scanning motion of the checkout process. Many cashier 

workers are also responsible for bagging items after they are scanned. Including the bagging 

process may impact upper-body kinematics as the cashier has to bend, twist, or reach to bag 

items; however, it was not a point of emphasis in this study because this would occur regardless 

of the UPC type used by the store. 

While multi-sided UPC was able to reduce cumulative muscle activity in a controlled setting, 

other factors will also impact risk of injury and need to be considered. Training protocols are 

important as interventions such as redesigned workstations, and new UPC technology are 
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implemented into the workplace. These advancements can be beneficial but will require proper 

instructions on how to efficiently and safely use them. For example, long-time cashiers may be 

so accustomed to picking out certain items to scan and searching for a barcode that they may not 

adjust to new barcode technology without training.  

Finally, self-checkout stands are becoming more and more common in stores. Consumers 

will likely have little to no knowledge of UPC technology, so it will be important that these 

features are communicated to them. Without proper understanding, they will not be able to take 

advantage of the increased efficiency and decreased risk associated with these advances. 
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5. Conclusions 

 
Cashier workers are at an increased risk of developing musculoskeletal injuries due to the 

repetitiveness and awkward postures associated with scanning items. Multi-sided UPC items 

could be useful in limiting some of these risk factors. Multi-sided UPC items were able to reduce 

cumulative activity for all muscles that were looked at and peak activity for the forearm, as well 

as reducing shoulder flexion and the time taken to complete the cart. The data from this study 

indicate that the multi-sided UPC can increase scanning efficiency compared to traditional UPC, 

but how this increased efficiency will impact the worker over an entire shift remains unclear. 

Further studies are needed to assess if these changes are beneficial through the duration of a 

workday and over time. It is possible that these changes, although slight, could reduce the risk of 

injury to a person who works as a cashier. Future studies can investigate how combining 

workstation interventions with UPC interventions can reduce these risk factors. 
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