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ABSTRACT

The work of a cameraman has ergonomic challenges which require care. A long-
standing posture, along with the used camera equipment may result in the
development of muscle fatigue that may cause musculoskeletal disorders. Aim of
the paper is a posture analysis assessment of the biomechanical overload risk of
cameramen’s work in live broadcast television and to suggest potential solutions to
risk reduction. In our case study the cameraman monitors the filming through a screen
not adjustable in the upper body of the camera. We made video recordings of the task
highlighting as the posture adopted could be classified as static and, thus, evaluated
according to ISO standard 11226. Alongside this, we have also analyzed the posture
with the 3DSSPP software (v. 7.1.3), allowing us to calculate, the maximum static
holding time in which the worker can adopt the reconstructed posture before muscular
fatigue occurs. The postural analysis of both trunk and legs showed no critical issues.
Different results, instead, for both upper limbs and the neck. Throughout the task, the
worker has a neck extension of 37°. According to ISO 11226, the neck posture belongs
to the ‘not recommended’ area. Both shoulders were abducted (29° the right limb;
23° the left limb). This posture, based on the software’s mathematical model, could
be adopted with no support by the 5th percentile workforce for up to 4 minutes. Our
evaluation highlighted a crucial issue concerning screen height, which is above the eye
level forcing the worker to extend the head for up to 40 minutes continuously. This is
well above the 435s exposure time that 3DSSPP software calculates that muscle fatigue
in the neck can occur for the 50th percentile of the working population. Besides, the ISO
11226 standard does not recommend neck extension, which was 37° in our 3DSSPP
reconstruction. A simultaneous abduction of both shoulders to move the camera,
although worker partially releases weight on the camera dumbbells, also contributes
to overloading the neck joint. Placing the display on the back of the machine body,
and adjusting its height, should allow workers to have a more neutral posture during
activity. Our paper only refers to the camera model we observed; different camera
could result in other conclusions. In future, we plan to further investigate this task
by means of the muscle fatigue analysis using surface electromyography to assess
through the time-varying median frequency.
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INTRODUCTION

The broadcast scenario presents ergonomic features that entail a detailed
biomechanical risk assessment for camera operators and directors. Both tasks
present a potential risk to workers due to sustained static and constrained
awkward postures due to TV equipment.

Nowadays, only a few research reports in the literature have investigated
biomechanical overload risk in camera operators. Every paper agrees
that musculoskeletal disorders are common among workers. Nevertheless,
the limited studies did anamnestic questionnaires and concerned camera
operators who held the equipment over their shoulders.

A study (Asfour, 1988) in a laboratory setting analyzed the heart rate and
oxygen consumption of four experienced camera operators. Findings classify
the activity as a heavy effort level.

Another paper (Karatas, 2003) concludes that carrying a heavy mobile
camera on the shoulder might cause suprascapular nerve entrapment in
newsreel workers. Karatas also claims to consider suprascapular nerve an
occupational disease of filmer.

A case study showed that a cameraman who carried a 9 kg camera for
one hour continuously experienced a right subclavian vein thrombosis while
working where the right upper limb was flexed and abducted (Beasley,
2015).

A survey of 166 camera operators using anamnestic questionnaires (Kim,
2015) in a broadcasting station highlights shoulder pain as the most serious
musculoskeletal disorder of male workers. Kim found ergonomic factors
and physical burden the most significant factors affecting work-related
musculoskeletal disorders (WRMSDs) in filmers.

Cameramen workers should be able to improve the ergonomic
occupational environment and adopt preventive measures against risk factors
during their jobs.

Afterward, a further study (Jeong, 2018) matched the occurrence and
severity of WRMSDs between filmers and desk workers. This study
found that filmers have a higher risk of WRMSDs than desk workers,
notably for neck, shoulders, and lower limbs. The authors claimed
the need for improvements to reduce musculoskeletal disorders in these
workers.

Recently, in an Indian study (Yadav, 2023), authors gave the Nordic
Musculoskeletal Questionnaire to 100 film operators categorized into two
groups: one group operates portable shoulder cameras, while the other
group works with studio cameras fixed to the ground. Authors reported
a high occurrence of WRMDs in workers, notably in the lower back,
followed by the shoulder and neck. This latest research is of special
interest as India’s film industry, commonly referred to as Bollywood, is,
according to the World Economic Forum, the most important in the
world due to its number of productions, well ahead even of the more
famous Hollywood (https://www.weforum.org/stories/2020/02/5-facts-to-
show-anyone-who-thinks-the-global-film-business-is-all-about-hollywood/).
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As for static standing posture, in a recent paper (Rodriguez-Romero, 2022)
on office workers, a threshold of 30 minutes was identified as a limit for low
back and foot complaints. After 30 minutes, the prevalence of low back pain
rises from 15% to 40% and foot pain from 0% to 25%. Furthermore, the
research found a correlation between increased pain and high workers’ Body
Mass Index.

The literature shows that the filmer’s working posture is intrinsically
related to the task and the equipment used. It could cause a faster onset of
muscle fatigue and lead to musculoskeletal disorders.

All studies mainly focused on the job’s medical and health issues. None
of them performed a quantitative risk assessment, apart from Asfour (1988).
He classified the job of a filmmaker as being heavy.

The workers performed the job with a standing posture for a long time.

Our aim is a biomechanical analysis of a cameraman in a live television
broadcast. We also aim to identify and suggest ergonomic accommodations to
prevent the operators’ occupational health and minimize their biomechanical
overload risk.

MATERIALS AND METHODS

We analyzed the posture of a broadcast studio cameraman working on a
mobile studio camera that is pushed and pulled, set at different heights and
distances from the worker. The cameraman monitors the filming using a fixed
display placed on the upper side of the camera.

We examined a live TV broadcast from 11:00 a.m. to 1:26 p.m., with
six advertising breaks lasting about five minutes each. We performed
video recordings that we analyzed in the laboratory. Video recordings
confirm that even though the cameraman made minor postural adjustments
for load reduction, the posture adopted throughout the task is to be
considered a static posture and, thus, can be analyzed with the ISO 11226
criteria.

Further, we captured snapshots from our videos to perform a posture
assessment with 3DSSPP software (v. 7.1.3). The software provides the
most relevant body angles in the three planes. 3DSSPP also provides an
estimation of the percentage of Maximum Voluntary Contraction (%MCV)
and the maximum time in which the operator can maintain the posture
reconstructed before muscle fatigue occurs (Tmax) based on the Potvin
threshold (Potvin 2012a, 2012b). We obtained values from the Sth, 25th,
and 50th percentile working populations in both parameters. Fig. 1 shows
the reconstruction of a female cameraman. We considered a female worker
because at higher risk for the development of musculoskeletal disorders
(height 165 cm; weight 60 Kg) (Pedulla, 2024; Cimas, 2018; Cote,
2011).
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Figure 1: Reconstruction with 3DSSPP software of the posture adopted by the
cameraman. The image also shows estimated values of %MCV for several body
districts and the overall balance status.

RESULTS

Both methods did not show critical issues for trunk and leg posture. The
posture was proper. The worker’s restricted posture occasionally resulted in a
trunk extension. According to ISO 11226, Table 1 (Figure 2), trunk extension
is not recommendable.

Postural characteristic Acceptable Go to step 2 Mot recommended

1) Symmetrical trunk posture *

Mo X
Yes X

2) Trunk inclination a ®

= 60° X
20° to 60° without full trunk support X

20° to &0° with full trunk support X

0°to 20° X

< 0° without full trunk support X
< 0° witho full trunk support X

3) For sitting:

convex lJumbar spine posture ¢

Mo X

Yes x

Figure 2: Image shows Table 1 of ISO 11226 for the first-level assessment of trunk
postures. Extension beyond 0° without full support (point 2) is not recommendable.

Our analysis showed negative issues concerning the upper limbs and
neck. While filming, the worker needed to look within the display screen,
set on top of the camera, to view the scene. This task required a neck
extension of about 37°. The ISO 11226 standard’s suggested thresholds
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(Figure 3) concerning static neck postures consider the neck extension not
recommendable.

Postural characteristic Acceptable Go to step 2 Not recommended
1} Symmetrical neck posture *

No X
Yes X

2) Head indination B &

> @50 X
25% to 85° without full trunk support < (go to item

3) ®

257 to 85° with full trunk support X

0° to 25¢ X
< 0° without full head support X

< 0° with full head support

3) Neck flexion/extension B—a ®

> 259 X

0° to 25° x

< e X

Figure 3: The image shows Table 3 of ISO 11226 for the first-level assessment of neck
postures. Extension beyond 0° (point 3) is not recommendable.

Data from 3DSSPP software confirms those made applying ISO 11226
standard. Our data indicate that, for a very weak female working population
(5th percentile), the MCV of the neck muscles was 29%, and the maximum
exposure time before muscle fatigue occurred was somewhat more than two
minutes (127 s). In the case of a weak female working population (25th
percentile), results indicated 19% MCV for muscle activation and 287 s for
maximum exposure time. Lastly, 3DSSPP for an average female working
population (50th percentile) revealed values of 16% of the MCV and just
over 7 minutes (435 s) of the maximum time a worker can adopt the posture
before muscle fatigue occurs.

Table 1 synthesizes the 3DSSPP data for the three percentiles of the
working population analyzed for the neck area.

Table 1: Percentile values of the maximum voluntary contraction and
maximum exposure time before muscle fatigue occurs for
neck flexion/extension for each of the three percentiles of the
examined working population.

Percentile %MCYV Neck Tmax Neck (s)
5° 29% 127 s
25° 19% 287s
50° 16% 435 s

3DSSPP upper limbs analysis’ shows a shoulder abduction (29° right limb;
23° left limb) for both sides. Table 5 of ISO 11226 suggests this is acceptable
only with full forearm support.

The upper limbs, in our scenario, are not fully supported. To move the
camera, the cameraman placed only his hands on its handles, forcing him
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into a constrained posture with his shoulders slightly raised. The posture of
the shoulder also affects the posture of the trunk. Based on the thresholds
of ISO 11226 (Table 6), shoulders could be abducted between 20° and 30°,
with no full limb support, no longer than 3 to 4 minutes. Beyond this time,

the posture is not recommendable.
The shoulders were also slightly elevated. Table 5 (Figure 4) of ISO 11226
shows that the elevation of the shoulders is not acceptable.

Postural characteristic Acceptable Go to step 2 Mot recommended

1) Awkward upper arm posture *

No X

Yes X
2) Upper arm elevation y °

> 60® X
20° to 60° without full arm support X

0° to 60° with full arm support
20° to 20° X

3) Raised shoulder =

No X

Yes X

>

Figure 4: Image shows Table 5 of ISO 11226 for the first-level assessment of the upper
limb. The abduction between 20° and 60° is acceptable only with full upper limb
support. Elevation (point 3) is not recommendable.

Table 2 synthesizes 3DSSPP data from the three percentiles of the working
population examined for the left and right shoulder abduction in case the
limbs are unsupported. By population percentile, the %MCV of the left
shoulder ranged from a minimum of 8% in the 50th to a maximum of 14%
(5th percentile). The maximum exposure time ranged from 725 s (about 12
minutes) in the 50th percentile to 257 s (about 4 minutes) in the Sth percentile.

Data from the right shoulder were similar to the left one. The %MCV
ranges from a minimum of 8% (50th percentile) to a maximum of 15% (5th
percentile). The maximum exposure time ranges from 713 s (50th percentile)
to 253 s (5th percentile).

Table 2: Percentile values of the maximum voluntary contraction and maximum
exposure time before muscle fatigue occurs for the shoulder abdo-adduction
for each of the three percentiles of the examined working population.

Percentile %MCV Tmax (s) %MCV Tmax (s)
Shoulder SX Shoulder SX  Shoulder DX  Shoulder DX
5° 14% 257 s 15% 253s
25° 10% 508 s 10% 499 s
50° 8 % 725 s 8% 713 s

Our posture analysis suggests that, despite neck extension, the balance
is acceptable. Orthogonal compressive force on the L4/L5 lumbar region
(264N) is also within the latest thresholds (Jager, 2018). The workers’
symmetric posture does not highlight remarkable values concerning shear
forces at the lumbosacral region.
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DISCUSSION AND CONCLUSION

Postural analysis of a worker using a fixed monitor above the camera body
revealed a critical issue related to the monitor heights.

The placement of the monitor over the plane of the eyes constrains
the worker to neck extension for up to 40 continuous minutes before an
advertisement break. As a result, this exposure time is well above the
435 s estimated by 3DSSPP for neck muscle fatigue occurrence in the 50th
percentile of the working population. Furthermore, the ISO 11226 standard
does not recommend neck extension at all, which reached 37° in the 3DSSPP
reconstruction we did. Contemporary abduction in both shoulders to move
the camera, even if the operator partially unloads the weight on the camera’s
handgrips, decreasing the shoulder load, however, contributes to a further
overload of the neck zone. In addition, the use of the camera also implied
some postural correction throughout the upper body, which sometimes
required the operator to extend the trunk. Again, this postural issue falls
within the not recommended ones according to ISO 11226.

The data we found in the current case study refer to the examined work
population and the equipment used in our scenario. A taller work population,
such as males, and different equipment could result in different values.

A prolonged neck extension could lead to various outcomes (Neupane,
2017) of neck disorders (pain, stiffness, weakness, and numbness), headaches,
and circulatory disorders. Implementing ergonomic design actions can
significantly improve workers’ health.

Relocating the monitor to the back of the camera and adding an adjustable
arm to modify its height will lead to a more neutral posture for the workers.

The solutions we proposed to customize the monitor heights to the
worker’s anthropometry would decrease the potential risk of static postures.

The benefits of improved video-camera design would be more objectively
assessed with a muscle fatigue analysis through median frequency spectrum
analysis, particularly in trunk, shoulder, and neck muscles (Rampichini,
2020).
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