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ABSTRACT

In the present study, wrist-worn accelerometers were employed to estimate inten-
sity and symmetry of use of upper limbs (UL) and characterize sedentary behavior
during 4 hours of shift in 22 full-time workers assigned to tasks of different physical
engagement (i.e., machine tool operators and administrative staff). In particular, the
raw accelerations were processed to calculate minutes of use of each limb and vector
magnitude counts (as overall measures of limb activity) magnitude ratio and use ratio
as symmetry parameters. The same data also allowed to calculate the time spent in
sitting position. The results identified the existence of significant asymmetries in the
machine tool workers in terms of both duration of UL use and activity intensity, while
administrative staff exhibit a marked sedentary activity but no asymmetries in UL
use. Such findings suggest that accelerometer-based data allow discriminating among
important features of different tasks, highlighting potentially harmful conditions.

Keywords: Upper limbs, Accelerometer, Asymmetry, Metalworking

INTRODUCTION
The use of wrist-worn accelerometers to perform various types of ecological
assessment of physical activity amount and intensity and posture recogni-
tion in both healthy and pathological individuals, has significantly increased
in the last two decades, due to their continuously improved performa-
nce in terms of miniaturization, power consumption, accuracy, and data
storage/transmission capabilities, not to mention the very affordable cost.
Although less widespread in ergonomic contexts, this approach has been
proven valuable, for instance to discriminate among individuals assigned
to different working tasks (Estill et al. 2000) or to estimate the magni-
tude of shoulder movements (Akuna and Karduna, 2012). However, to our
knowledge, no studies employed wrist-worn accelerometers to investigate
symmetry of use of upper limbs (UL) associated with a specific working task,
despite such information would be of great interest to identify potentially
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unbalanced use of dominant and non-dominant limb. In this regard, it is use-
ful to recall that several studies reported the existence of differences, in terms
of increased susceptibility of one of the UL to musculoskeletal disorders, in a
wide range of working tasks. For instance, Kucera and Robins (1989) found a
greater predisposition to carpal tunnel syndrome in the dominant hand since
a strong hand preference leads to accumulation of higher levels of physical
stress with respect to the non-dominant one. A more recent study performed
by Shiri et al. (2007), who investigated the prevalence of work-related UL
disorders in a large sample of more than 6000 Finnish workers aged 30–64
years, reported that among men, rotator cuff tendinitis and lateral epicondy-
litis were more common in the dominant compared to the non-dominant
arm. Thus, since there are several occupations in industry, as well as in the
tertiary sector, which require a more intensive use of one of the two limbs
(Hansson et al., 2009; 2010; Filgueiras et al., 2012), or simply because wor-
kers may have a natural predisposition to exploit their dominant hand more
often, it may be important to have available quantitative techniques able to
provide information on the way individuals use UL when engaged in uni- or
bilateral activities. Based on the aforementioned considerations, we here pro-
pose a preliminary study aimed to quantitatively and objectively characterize
both intensity and symmetry of use of UL as well as the amount of time spent
in sedentary behavior in a sample of workers engaged in physically deman-
ding and sedentary tasks, during their regular shifts, and thus in the most
ecologically possible conditions.

METHODS

Participants
Twenty-two full-time male workers currently employed at “IMI Remosa Srl”
(Cagliari, Italy), a metalworking company specialized in design and manufa-
cture of large valves used in oil refineries, were recruited for the study on a
voluntary basis. According to self-reports and company medical records, at
the time of the experimental campaign and in the previous six months, all of
them resulted free from acute or chronic musculoskeletal conditions.

Participants were divided into two groups according to the task they
usually perform as follows:

• Machine tools operators (n=11). These workers are required to program
the machine by specifying speed, feed and cut of the toolpath; set clamps,
load, tighten and untighten cutting tools on machines, unload machines
manually or using cranes, inspect and measure the worked parts and per-
form several kinds of machining processes such as cutting, turning,milling,
rectification etc.

• Administrative staff (n = 11). These workers spend most of their shift time
on a desk, in a sitting position using a PC, mouse and keyboard.

Prior to data collection, demographic and anthropometric characteristics
of participants, as well as their hand dominance were assessed. They are
reported in Table 1.
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Table 1. Participants’ demographic and anthropometric characteristics. Values are
expressed as mean (SD).

Machine Tool Operators (n=11) Administrative Staff (n=11)

Age (years) 38.5 (9.9) 41.0 (14.8)
Body Mass (kg) 69.3 (9.6) 80.6 (11.8)
Height (cm) 171.3 (7.2) 175.6 (7.0)
Handedness (R, L) (10 R, 1 L) (10 R, 1 L)

Data Collection and Processing
Upper limb activity was measured for 4 consecutive hours of a regular wor-
king shift using 2 wrist-worn tri-axial accelerometers (Actigraph GT3X-BT,
Acticorp Co., Pensacola, Florida, USA). Such devices were previously emplo-
yed in occupational contexts to assess intensity of the performed physical
activity (Straker et al. 2014; Schall et al., 2016), body posture (Hallman
et al., 2021), and UL and trunk inclination (Korshøj et al., 2014; Brandt
et al., 2018). Participants were asked not to remove the devices for any rea-
son and, at the end of the acquisition period, the raw accelerations (collected
at 30 Hz frequency) were downloaded to a PC by means of dedicated softw-
are (Actilife v6.13.3 Acticorp Co., USA). Raw data were then processed in
two different modalities as follows:

• Upper Limb use. Starting from the accelerometric counts recorded for the
three axes of the device on a 1s basis provided by the Actilife v6.13.3
software as CSV file, the following parameters were calculated:

1. Vector Magnitude (VM) counts, that is a composite measure of the
accelerometric counts on the three planes of motion;

2. Bilateral Magnitude (BLM), which is the sum of the VM values
calculated for both dominant and non-dominant limb;

3. Use Ratio (UR): is the ratio between the minutes of use calculated for
the non-dominant and the dominant limb respectively, regardless of
the intensity of the movement performed (Lang et al. 2017). UR =
1 indicates an equal use of dominant and non-dominant limb during
the monitoring period, while UR < 1 indicates longer periods of use
for the dominant limb and UR > 1 denote longer periods of use of the
non-dominant limb;

4. Magnitude Ratio (MR) is the natural logarithm of the ratio between
the VM counts calculated for the non-dominant and the dominant
limbs respectively (Bailey et al. 2014; Lang et al. 2017). A value of
MR = 0 indicates perfect symmetric use of both limbs in terms of
movement intensity. MR < 0 (> 0) denotes higher intensity activity of
the dominant (non-dominant) limb;

• Time spent in sedentary (sitting) behavior (TS) was calculated according
to the procedure proposed by Straczkiewicz et al. (2020), which assess the
time spent with the forearm in horizontal (sitting) and vertical (standing)
position;
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All data processing was performed using a custom routine developed in
Matlab (R2019a, MathWorks, Natick, Massachusetts, USA).

Statistical Analysis
The statistical analysis was designed to assess the capabilities of the expe-
rimental approach to discriminate between typically sedentary activities
(administrative staff) from the more physically demanding occupations
(machine tool operators). Preliminarily, we carried out a simple t-test to assess
whether the number of steps traveled by the 2 groups was significantly diffe-
rent. This is an important confounding factor for UL activity analysis because
the physiologic arm swing associated with walking itself represents a source
of accelerometric counts and thus, regardless of the task performed, more
steps would lead to higher VM counts.

In particular, we performed a one-way MANCOVA using the number of
steps as covariate and group (i.e., machine tools operator or administrative
staff) as independent variable to investigate the existence of possible differe-
nces on the UL parameters (i.e., BLM, MR and UR). The number of steps
was introduced as covariate because the physiologic arm swing associated
with walking itself represents a source of accelerometric counts and thus,
regardless of the task performed, more steps would lead to higher VM counts,
thus also possibly altering BLM, MR and UR values. We also ran a one-way
ANOVA to investigate the existence of possible differences on the time spent
in sedentary (sitting) behavior (i.e., TS). Again, the group (i.e., machine tools
operator or administrative staff) was considered as independent variable. The
level of significance was set at p = 0.05 and the effect of size was assessed
using the eta-squared coefficient. All analyses were performed using the IBM
SPSS Statistics v.20 software (IBM, Armonk, NY, USA).

RESULTS
After controlling for number of steps, MANCOVA detected a significant
main effect of group on upper limb activity and symmetry parameters
[F(3,17) = 5.512; p = 0.008 Wilks’3 = 0.507; ⌘2 = 0.493]. In particu-
lar, the follow-up analysis revealed that machine tool operators performed a
more asymmetrical activity in favor of their dominant limb with respect to
those engaged in office tasks, both in terms of intensity (MR = �0.18 vs.
�0.02, p=0.004) and minutes of use (UR = 0.89 vs. 0.99, p=0.001), while
no differences were found on the overall bilateral activity (BLM = 1.76⇥106
vs 0.93⇥106, p = 0.083) (see Table 2). As regards the sedentary behavior,
the ANOVA revealed that the administrative staff spent significantly longer
time in sitting position with respect to machine tool workers (158 minutes
vs. 70, p=0.021). These values represent approximately 66% and 29% of
the monitored period.

DISCUSSION AND CONCLUSION
The main goal of this study was to verify the feasibility of application of a
quantitative approach based on the use of two wrist-worn accelerometers to
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Table 2. Upper limb use parameters and time spent in sedentary behavior. Values are
expressed as mean (SD).

Machine Tool Operators Administrative Staff

Bilateral Magnitude (106) 1.76 (0.48) 0.93 (0.35)
Magnitude Ratio 0.89 (0.09)* 0.99 (0.13)
Use Ratio �0.19 (0.16)* �0.02 (0.16)
Sedentary Behavior (min) 69.90 (35.82)* 158.54 (40.0)
The symbol * indicate a significant difference with respect to Administrative staff.

assess intensity and symmetry of use of UL as well as the amount of time
spent in sedentary behavior (sitting position) during actual work shifts.

The results obtained from the experimental analysis identified the existe-
nce of moderate asymmetry in terms of both duration and intensity of UL
use among machine tool operator workers. In particular, they exhibited a
marked higher intensity of use of their dominant limb with respect to the
administrative staff which showed an almost perfect symmetry of UL use
as indicated by a MR=0.99 and an UR= �0.02. Such unbalanced activity
is probably associated with the different role played by dominant and non-
dominant limb to optimally perform the activities associated with the specific
task. Indeed, machine tool operators perform technological processes (such
as cutting, turning, milling, rectification) for which the dominant UL tends
to perform dynamic tasks, while the non-dominant one is more devoted to
stabilizing position by contrasting the forces imposed by the dominant UL
(Wang and Sainburg, 2007). Another interesting finding of the study regards
the overall activity intensity (and thus bilateral magnitude). Although higher
values were calculated for workers engaged in physically demanding occupa-
tions, when the number of steps traveled was introduced as a co-variate, the
MANCOVA analysis failed to identify statistical differences between the two
groups of workers. This result is of some interest because it suggests that a
not negligible part of the accelerometric counts is associated with walking,
thus emphasizing the difference of the physical profile in the tasks perfor-
med by blue- and white-collar workers (the latter being characterized by a
significantly lower number of steps traveled). This concept is also suppor-
ted by the significant difference found in the time spent by the two group
of workers in sitting position. In this regard it appears important to note
that our value (approximately 66% of the working time) is consistent with
those reported in previous studies (Clemes et al. 2014 65%, and Hodgraft
et al. 2016, 69.5%) despite the methodological differences, thus confirming
the validity of the accelerometric-based measure. Such behavior has been
identified as independent risk factor for the development of adverse heath
outcome such as type 2 diabetes or cardiovascular disease (Katzmarzyk et al.
2009; Wilmot et al. 2012). In summary, the findings of the present study sug-
gest that accelerometer-based data recorded using wrist-worn devices allow
to highlight potentially harmful health conditions for both blue- and white-
collars workers. In the first case the results indicate asymmetrical use of
the dominant and non-dominant limbs, a potentially risky condition for the
development of UL musculoskeletal disorder as evidenced by the existing
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literature which clearly indicates a higher prevalence of musculoskeletal UL
disorders in the dominant limb with respect to the non-dominant one (Kucera
and Robins, 1989; Shiri et al., 2007). In the second case, that is among the
white-collar workers, no significant asymmetries emerged from the analysis
but, using the same setup, it has been possible to evaluate the time spent
in sitting position and thus identify critical situations worthy of ergonomic
interventions.

These results show that a simple measurement setup based on two wrist-
worn accelerometers is able to provide extremely useful information to
protect the workers’ health status. In particular, for the specific cases here
considered, in presence of prolonged sitting period it might be desirable to
promote a more active lifestyle by encouraging workers to perform physical
activity during the lunchtime or, to adopt sit-stand workstation while, in pre-
sence of strongly asymmetrical UL activities, it is possible to redesign work
task to promote the use of the non-dominant hand for a greater part of the
work-shift to reduce the cumulative workload.

In conclusion, the findings of the present study suggest that wrist-worn
accelerometers represent a suitable and effective way to collect data about
intensity and asymmetry of use among dominant and non-dominant limb,
as well as sitting time, under actual working conditions in both physically
demanding and sedentary jobs. Such data may provide important infor-
mation to support a more accurate assessment of the risk of work-related
disorders.
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