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The recent article by Arvidsson et al. (2021) gives re-
commendations for so-called ‘action levels’ to be used 
for risk assessments based on technical measurements. 
It is an important article, since technical measurements 
are more accurate than those obtained by observational 
methods, and since technical measurement instruments 
now are becoming less expensive and more practically 
useful to quantify workload for both researchers and 
practitioners. Today, accelerometers used as inclinom-
eters for measurement of postures and movements are 
often replaced by so-called inertia measurement units 
(IMUs), which in addition to accelerometers include 
gyroscopes. IMUs have shown high accuracy for upper 
arm postures and movements when compared to optical 
(gold standard) methods (Yang et al., 2017; Chen et al., 
2018). These studies also confirmed the effect of the in-
trinsic errors of accelerometer in upper arm measure-
ments, which Bernmark and Wiktorin (2002) showed, 
and explained as induced by the centripetal force acting 
on the accelerometers especially at high arm movements.

Arvidsson et al. represent a research group with 
an impressive publication history; they have devel-
oped methods and for about three decades carried 

out measurements in about 60 different occupation 
groups—with simultaneous standardized clinical health 
examinations (Balogh et al., 2019). They have been 
consistent in their methods, low-pass filter cut-off fre-
quencies, and output variables, and algorithms for com-
puting variables have been kept the same throughout 
the decades. In the referred article, they wrote: ‘By 
inclinometry, we recorded work postures of the head, 
upper back, and upper arms…’, and ‘Movement veloci-
ties were then calculated by derivation’. It may lead the 
reader to interpret that arm velocity was computed by 
derivation of the arm elevation angle in similarity with 
wrist movement velocity, which is also included in their 
list of action levels and has been computed by deriv-
ation of the wrist flexion angle. However, the authors 
do refer to Hansson et al. (2006), where the arm vel-
ocity is computed as the so-called ‘generalized angular 
velocity’. The generalized angular velocity includes all 
three axes of the accelerometer and the velocity is the 
normalized resultant angular movement on the unit 
sphere per time unit. Since this also includes the radial 
axial movement, it is, in field measurements, higher than 
the inclination velocity.
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We recently performed a study (Fan et al., 2021), 
where we investigated the effect of sensor type, i.e. accel-
erometers versus IMUs, and the effect of computational 
arm velocity method, i.e., inclination versus generalized 
angular velocity, on postures and movements of the arm 
and trunk. To compute the upper arm posture percent-
iles from accelerometers, we followed the computational 
procedure as described by Hansson et al. (2006). These 
measures were compared with the percentiles from 
IMUs computed with the Kalman filter recommended by 
Chen et al., 2018. Measurements from half a workday 
from 38 warehouse workers (men and women) were in-
cluded. The group mean percentiles from the two sensor 
types were very similar. The differences were less than 
2°, which indicate that percentiles from studies of dif-
ferent sensor types can be directly compared.

Then we compared the upper arm velocity percentiles 
from accelerometers only, with the velocity computed 
from accelerometers combined with gyroscopes. As for 
the postures, we also evaluated the influence of both 
sensor types and computational velocity method (i.e. in-
clination versus generalized arm angular velocity). The 
group mean percentiles from the two sensor types and 
the two different computational methods showed large 
differences. For the median angular velocities, acceler-
ometers only showed about double as high velocities 
as those from accelerometers with gyroscopes, and the 
generalized velocity was about double as high as the in-
clination velocity. When combining the two factors, the 
mean median generalized velocity, from accelerometers 
only, was about 4.5 times as high as the mean median in-
clination velocity, from accelerometers with gyroscopes.

To find what the 60°/s action level of Arvidsson et al. 
(2021) corresponds to in the other three velocity distri-
butions, we used the four velocity distributions of each 
worker and computed the corresponding action levels. 
The generalized velocity of 60°/s, with accelerometers 
only, corresponded to the inclination velocity of 27°/s 
from accelerometers only, to 26°/s in generalized vel-
ocity of from accelerometers with gyroscopes and to the 
inclination velocity of 13°/s from accelerometers with 
gyroscopes (Fan et al., 2021). These values are obtained 
from a field study including one occupational group. 

Therefore, the exact corresponding velocities may be 
somewhat different for other occupational groups.

To conclude, while posture percentiles may be com-
pared, it is clear that upper arm velocities depend greatly 
on sensor types and on chosen computational method, 
and that the recommended action level by Arvidsson 
et al. (2021) need to be transformed, with above given 
corresponding velocities or with at the time more recent 
ones, before being applied to measurements from IMUs 
and/or for inclination velocities, which have been used in 
several recent studies (see Fan et al., 2021).

Conflict of interest

The authors declare no conflict of interest relating to the ma-
terial presented in this letter. Its contents, including any opinions 
and/or conclusions expressed, are solely those of the authors.

References

Arvidsson I, Dahlqvist C, Enquist H et al. (2021) Action levels 
for the prevention of work-related musculoskeletal dis-
orders in the neck and upper extremities: a proposal. Ann 
Work Expo Health; 65: 741–7.

Balogh I, Arvidsson I, Bjork J et al. (2019) Work-related neck 
and upper 602 limb disorders – quantitative exposure-
response relationships adjusted for personal characteristics 
and psychosocial conditions. BMC Musculoskelet Disord; 
20: 139.

Bernmark E, Wiktorin C. (2002) A triaxial accelerometer for 
measuring arm movements. Appl Ergon; 33: 541–7.

Chen H, Schall MC Jr, Fethke N. (2018) Accuracy of angular 
displacements and velocities from inertial-based inclinom-
eters. Appl Ergon; 67: 151–61.

Fan X, Lind CM, Rhen IM et al. (2021) Effects of sensor types 
and angular velocity computational methods in field meas-
urements of occupational upper arm and trunk postures 
and movements. Sensors; 21: 5527.

Hansson GA, Arvidsson I, Ohlsson K et al. (2006) Precision of 
measurements of physical workload during standardised 
manual handling. Part II: inclinometry of head, upper back, 
neck and upper arms. J Electromyogr Kinesiol; 16: 125–36.

Yang L, Grooten WJA, Forsman M. (2017) An iPhone applica-
tion for upper arm posture and movement measurements. 
Appl Ergon; 65: 492–500.

Annals of Work Exposures and Health, 2022, Vol. 66, No. 1� 131

D
ow

nloaded from
 https://academ

ic.oup.com
/annw

eh/article/66/1/130/6361734 by C
halm

ers U
niversity of Technology user on 11 February 2022


