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Abstract: The application of various graphic analytical software solutions in the research aimed at
designing and determining the ergonomic and biomechanical harmony between forestry workers’
anthropometric measures and their working positions and movements is still scientifically incom-
plete and largely unexplored in forestry, especially regarding motor manual work with chainsaws.
Accordingly, the aim of this research is to numerically represent the general kinematic model of
forestry workers” upper body while starting a chainsaw. The same is determined by using a state-
of-the-art motion capture suit with inertial measurement units (IMUs). An additional research aim
is to investigate numerical values of the forestry worker kinematic model against the three poten-
tially applicable methods of starting a chainsaw and work experience with a chainsaw. Field data
collection was carried out during the spring and summer of 2022 and 2023, and a total of 51 chainsaw
workers were sampled in different relief areas. The results of the subject research show that none
of the observed methods of starting a chainsaw are entirely safe for the worker, concerning the
aspect of MSD development, if the body movements within the working element are performed
in an incorrect way. From safety and kinematic aspects, regarding forestry workers” upper body
values, the most neutral work posture (N-pose) is when a worker is using the “between the knees”
method. The method “from the ground” can be used as secondary option if the workers are edu-
cated in taking the correct position of the upper body;, i.e., to practice the rule of hip hinge. With
the aim of extending the working ability and working life of forestry workers, interdisciplinary
cooperation between occupational medicine, kinesiologists, and forestry experts is needed to create a
guide of statodynamic efforts and correct postural movement habits during motor manual work in
logging operations.
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1. Introduction

Regardless of the significant developments achieved in forestry mechanization in the
last three decades, together with the wide range of available Industry 4.0 and 5.0 solutions,
logging operations in countries of southeastern Europe, but also beyond, are still primarily
performed motor manually by using chainsaws. This greatly contributes to designating
everyday forestry work as one of the most physically demanding and dangerous occu-
pations in the world [1-4]. Consequently, today’s forestry sector is constantly faced with
the challenge of obtaining a qualified and sustainable workforce, while the shortage of
skilled forestry workers is becoming an increasingly frequent problem in European and
global forestry [5-8]. Thereat, continuous development of forest sector technologies and
know-how can potentially ensure workforce retention as processes like job demands and
skill requirements change.
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Everyday motor manual harvesting activities expose forestry workers to a wide range
of risk factors, such as lifting heavy loads, repetitive movements, prolonged adoption of
awkward postures, lack of breaks, etc. These can, in addition to frequent work accidents and
numerous professional diseases, cause significant musculoskeletal disorders (MSDs) [4,9,10].
Rojgren and Widell [10] pointed out that there is a strong correlation between MSDs and
factors of the working environment where exposure to vibrations, a substantial part of manual
work, and exposure to extreme temperatures [11,12] stand out as proactive factors in the
development of MSDs in workers. Accordingly, lower back pain is one of the most common
reasons for work absenteeism and is often a recurring ailment [10], where the WHO [13] cites
that 568 million people worldwide suffer from the ailment. In the forestry sector, MSDs have
been frequently reported by chainsaw workers regarding different body areas like hands,
elbows, shoulders, neck [4,14,15], with constantly occurring pain in the lower back being
experienced by 38% [15] to almost 71% [4] of workers.

In biomechanical research, the human body is viewed as a set of connected rigid segments.
Within the framework of kinematic research, worker safety is observed from the viewpoint
of postural movement habits at working technique that chainsaw workers apply in real-
time field conditions, and in connection to natural forms of movement (N-pose). Improper
postural and movement habits can lead to the appearance and progression of structural
and/or functional changes in a worker’s locomotor system, and thus to the occurrence
of acute and/or cumulative trauma. The application of innovative wearable technology,
like a motion capture suit, is increasingly being used in ergonomic research [16,17] and
in sports for the investigation of kinematic differences in the technical performance of a
certain elements [18,19]. The application of similar technologies for ergonomic research in
the forestry sector is more recent, and is mainly related to body posture analysis using the
Zephry Bioharness measurement system [20], Center of Mass (CoM) assessments using a
motion capture suit [21], and designing a work aid for a chainsaw workers aligned with the
solutions of Industry 5.0 [10].

The application of various graphic analytical software solutions in the research aimed
at designing and determining the ergonomic and biomechanical harmony between forestry
workers” anthropometric measures and their working positions and movements is still
scientifically incomplete and largely unexplored in forestry, especially regarding motor
manual work with chainsaws. According to Masci et al. [18] occupational research in the
field of forestry requires innovative methodologies to assess anatomical and cardiovascular
parameters, especially under challenging environmental work conditions. Attention to
body mechanics is considered fundamental for work design interventions directed at
reducing the physiological effort and potential injuries in professional chainsaw workers.
Accordingly, the aim of this research is to numerically represent the general kinematic model
of the forestry workers” upper body while starting a chainsaw. The same is determined by
using a state-of-the-art motion capture suit with inertial measurement units (IMUs). An
additional research aim is to investigate numerical values of the forestry worker kinematic
model against the three potentially applicable methods of starting a chainsaw and work
experience with a chainsaw.

It should be noted that there are solutions to almost completely eliminate the chainsaw
starting procedure, i.e., to mitigate human input in that process. By using electric or cordless
(battery-powered) chainsaws there is no need for a chainsaw starting procedure because
the chain is instantly driven by simply pressing a switch. However, the plausibility of
the application of battery-powered chainsaws in felling and processing operations is still
questionable [22]. Another solution is using an external power source (portable drill) and
quick-start extension of the crankshaft to crank the two-stroke engine of the chainsaw [23]
(patent number 10087905). A limiting factor is of course the need to have a portable drill
onsite during every chainsaw starting.
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2. Materials and Methods

Field surveys and data collection were carried out during the spring and summer
of 2022 and 2023, encompassing the entire territory of the Republic of Croatia. A total of
51 chainsaw workers were sampled in different relief areas, from lowland to mountainous
regions. Sampling of forestry workers was in accordance with the territorial distribution
of the regional forest administrations within the state forestry company Hrvatske sume
Ltd. (Zagreb, Croatia), which manages 76% of forests and forest land in Croatia [24]. The
Stihl brand of chainsaw was used by all sampled workers, but the model of the chainsaw
differed from worker to worker (MS 500i in 17%, MS 461 in 18%, MS 661 in 24%, and MS 462
in 41% of cases).

The methodology of worker sampling included an intentional (quota) sample based
on the personal judgment of the researcher due to health reasons and technical limitations
of the used measuring equipment. The underlying health problem was related to possible
transmission of COVID-19 or hepatitis virus, so to this end, during one day of measurement,
only one worker could wear an available Lycra suit. The second limitation was related to
the size of the suit, i.e., workers” anthropometric measures, especially the upper torso, and
also their personal consent to wear the motion capture suit with sensors on almost naked
body under their working suit. Regardless of the stated limitations and high time costs
when using Xsens technologies, motion capture with camera and image analysis solutions
were not used in this case study because the main goal was to collect and analyze joint
angle values for the working element of starting a chainsaw against three methods used
in practice. Methods using cameras, illuminating light, and markers cannot measure and
process target-defined data (joint angle values), nor can they provide uniform values that
are scientifically acceptable for further processing. During the two-year sampling of the
forest workers, the researchers considered representativeness according to age group and
work experience.

This study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethical Committee of the Faculty of Forestry and Wood
Technology of Zagreb University (protocol code 251-72-06-20-1, 22 January 2020), and the
same was accepted by the Management board of the Croatian Science Foundation. All
sampled workers at forest sites, one week before field measurements, received information
about the purpose of the research and provided their informed consent for inclusion before
they participated in this study.

2.1. Field Measurement with the Xsens Motion Capture Suit

Descriptive values obtained by the kinematic analysis of the forestry workers” upper
body during a chainsaw starting activity were measured with Xsens MVN Link motion
capture suit and analyzed with MVN BIOMECH software® (Xsens, MVN Analyzer Pro, Ver-
sion 2021.2.0, Enschede, The Netherlands). The Xsens MVN motion capture suit (Figure 1)
is an easy-to-use system for full-body human motion capture that consists of 17 miniature
inertial 3DOF Orientation Trackers (MTx sensors). The MTx is an inertial and magnetic
measurement unit and comprises 3D gyroscopes, 3D accelerometers, and 3D magnetome-
ters that are chained together to the Xbus Masters. The Xbus Masters synchronize all sensor
sampling, provide sensors with power, and handle wireless communication with the PC or
laptop [25]. The sampling rate was set at 240 HZ for the optoelectronic system.

All values of the kinematic indicators, which are expressed through joint angle values,
as part of the obtained and analyzed chainsaw worker model, are shown in degrees.
According to literary sources [26,27], back extension values are up to 25° while flexion is
up to 90°. Lateral bending (flexion) for the back is up to 25° left or right. For the neck area,
extension is up to 60° and flexion up to 50°. Shoulder extension is up to 50°, and flexion up
to 150°. Additionally, shoulder abduction is up to 150° and adduction is up to 30°. For the
elbow (forearm) and wrist, pronation or supination is up to 80° left or right. Regarding the
wrist, flexion or extension is up to 60°.
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Figure 1. Visualization of sensor positioning on the Xsens motion capture suit.

In the two-year period, a total of 51 chainsaw workers (Table 1) were sampled and
measured using the Xsens MVN Link motion capture suit and parallelly recorded using a
GoPro Hero 8 video camera. The basic anthropometric parameters of each worker were
recorded before the field measurements, and the calibration of the sensors on the motion
capture suit was performed using N-pose [28].

Table 1. Anthropometric values of sampled chainsaw workers (n = 51).

Body Dimensions (cm) Mean Std. Deviation Min Max
* Body height 180.72 5.77 168.00 193.00
Shoe length 30.63 1.18 28.00 34.00
* Shoulder height 148.94 6.71 138.00 170.00
Shoulder width 44.48 2.72 39.00 52.00
Elbow span 90.83 5.59 80.00 105.00
Wrist span 142.71 5.62 131.00 155.00
Arm span 181.05 6.51 167.00 195.00
* Hip height 103.28 5.72 89.00 120.00
Hip width 33.80 2.85 27.00 41.00

* Knee height 54.13 2.82 49.00 60.00

* Ankle height 11.63 1.07 9.00 14.00

* marked dimensions are 3 cm above the actual values due to shoe sole thickness.

2.2. Data Processing and Statistical Analysis

MVN BIOMECH software® (Xsens, MVN Analyzer Pro, Version 2021.2.0, Enschede,
The Netherlands) was used for offline data processing. The sampling rate was set at
240 HZ, which resulted in 81,214 recorded frames (1 frame represents 14 milliseconds of
data recording) for further statistical analysis. Systematization and filtration of the primary
data were performed in the software package Microsoft Excel® (Version 2311), and further
descriptive processing of data and testing of differences were performed using the statistical
software package Statistica® (TIBCO Software Inc., version 14, Palo Alto, CA, USA) and
SPSS® (IBM-SPSS Inc., version 28, Armonk, NY, USA).

Calculation and display of basic characteristics of sampled workers was performed
using descriptive statistical analysis. Two variables were used to examine the differences
within the kinematic values of the forestry workers” upper body: (a) method of starting
the chainsaw and (b) work experience with a chainsaw. The methods of starting the
chainsaw were divided into three groups (group 1—"from the ground”; 2—"between the
knees”; 3—"drop starting”). From the total number of sampled workers, 13 used the “from
the ground” method, 17 used the “between the knees” method, and 21 used the “drop
start” method. The second variable, concerning chainsaw work experience in the logging



Forests 2023, 14, 2427

50f13

industry, was also divided into three groups (group 1 = 5 years or less; group 2 = from
6 to 15 years; group 3 = 16 years or more). The Shapiro-Wilk and Levine tests were used
to test distribution normality and homogeneity of variance for each variable, and based
on the obtained results, the following data processing was performed: the Kruskal-Wallis
rank-based nonparametric test was used to test the differences between the groups with the
two previously mentioned variables and the Mann-Whitney U test was performed with
the aim of finding out which groups made the difference.

3. Results

Table 2 shows the general information regarding chainsaw workers who participated
in the kinematic study. Obtained values regarding work experience with a chainsaw and
age correspond well with the distribution of the general worker population while body
mass and body mass index are lower due to the aforementioned limitation related to
wearing the full-body human motion capture suit and its size.

Table 2. Descriptive values of sampled chainsaw workers (N = 51).

Descriptive Variables Mean Std. Deviation Min Max
Height (cm) 177.98 5.83 165 189
Weight (kg) 84.31 9.59 59 102
Age (years) 36.35 9.53 21 56

Body mass index 26.61 2.75 20.06 33.69

Work experience with a

. 9.76 717 0.30 26.00
chainsaw (years)
Minor injuries at work (n) 0.51 0.95 0 5
Severe injuries at work (n) 0.14 0.40 0 2

In Table 3, the descriptive kinematic values of the forestry workers” upper body
summarized for all three methods of starting the chainsaw are shown. Descriptive data
show higher mean values of flexion in the area of the spine, especially between the pelvic
and lumbar spine segment (L551) and between the thoracic and cervical segments of the
spine (C7T1). Due to the different methods of starting the chainsaw, negative minimum
values were also achieved, which represent the extension of the worker’s spine (Table 3).
No significant values were measured in the case of lateral flexion of the spine (Table 3).
High mean and maximum flexion values were also measured at the right shoulder and
right elbow, compared to the values measured on the left side of the chainsaw worker’s
body. Regarding the wrist, higher negative values were achieved on the left side of the
body, which represents a more pronounced extension of the left hand compared to the right
hand (Table 3).

Table 4 shows the results of the Kruskal-Wallis H test regarding the three methods of
starting the chainsaw in analyzed kinematic variables of forestry workers’ upper body. All
variables showed that there is a statistically significant difference in upper body posture
between the three chainsaw starting methods (Table 4). In the area of the spine (C1-C7-T1-T12-
L1-L5-51) the measured kinematic values of lateral bending are statistically different between
the three methods, but the difference in question is not nearly the same as in flexion/extension
of the subject area (Table 4, Figure 2). Statistically significant and perceptible differences in
the measured kinematic values, compared to the three methods of starting a chainsaw, were
also obtained in the flexion and extension of the right and left shoulder (Table 4, Figure 3).
Regarding pronation/supination values, statistical differences were obtained for the right and
left wrist (Table 4, Figure 3).
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Table 3. Kinematic values of the forestry workers’ upper body while starting a chainsaw (N = 51).

Variable Mean Median Std. Deviation Min Max

* L551 Lateral bending 0.70 0.97 3.39 —-9.72 11.11

* L5S1 Flexion/extension 10.87 8.98 6.92 —2.15 27.77

* L3L4 Lateral bending 0.34 0.51 1.66 —5.33 5.06

* L3L4 Flexion/extension —1.01 -1.85 3.07 —6.78 6.54

*T12L1 Lateral bending 0.34 0.51 1.66 —5.33 5.06

* T12L1 Flexion/extension 481 3.97 3.07 —0.96 12.36

* T8T9 Lateral bending 0.25 0.35 1.18 -3.62 3.78

* T8T9 Flexion/extension 9.44 8.82 2.30 5.11 15.10

* C7T1 Lateral bending -1.27 -1.96 4.01 —12.41 10.73

* C7T1 Flexion/extension 15.92 16.53 8.47 —6.10 41.24

* C1 Head lateral bending —1.66 —2.40 6.42 —19.25 19.10

* C1 Head flexion/extension —6.43 —5.24 15.67 —47.44 40.51
Right shoulder abduction/adduction 17.47 17.06 12.55 -17.91 74.45
Right shoulder flexion/extension 26.07 20.63 25.65 —58.37 86.97
Right elbow flexion/extension 44.51 36.95 23.77 0.00 134.41
Right wrist pronation/supination —2.96 —4.08 8.33 —25.56 15.29
Right wrist flexion/extension —5.11 —4.94 15.56 —52.54 66.95
Left shoulder abduction/adduction 16.01 16.13 10.57 —13.34 57.50
Left shoulder flexion/extension 29.15 26.01 23.99 —20.75 78.79
Left elbow flexion/extension 28.74 28.32 13.90 0.00 78.93
Left wrist pronation/supination -8.20 —6.30 13.58 —73.43 28.01
Left wrist flexion/extension —13.69 —13.60 11.39 —52.14 27.49

* Anatomy of the spine: pelvic (S1—sacrum), lumbar vertebrae (L1-L5), thoracic vertebrae (T1-T12), cervical
vertebrae (C1-C7).

Table 4. Kruskal-Wallis H test results for three methods of starting a chainsaw.

Variable N X2 df p-Value
L551 Lateral bending 81,214 100.94 2 0.00
L5S1 Flexion/extension 81,214 23,756.83 2 0.00
L3L4 Lateral bending 81,214 299.38 2 0.00
L3L4 Flexion/extension 81,214 23,799.26 2 0.00
T12L1 Lateral bending 81,214 299.52 2 0.00
T12L1 Flexion/extension 81,214 23,799.26 2 0.00
T8T9 Lateral bending 81,214 199.85 2 0.00
T8T9 Flexion/extension 81,214 23,805.05 2 0.00
C7T1 Lateral bending 81,214 2249.93 2 0.00
C7T1 Flexion/extension 81,214 11,735.04 2 0.00
C1 Head lateral bending 81,214 1141.85 2 0.00
C1 Head flexion/extension 81,214 11,791.67 2 0.00
Right shoulder abduction/adduction 81,214 3387.10 2 0.00
Right shoulder flexion/extension 81,214 19,140.73 2 0.00
Right elbow flexion/extension 81,214 6662.76 2 0.00
Right wrist pronation/supination 81,214 14,816.83 2 0.00
Right wrist flexion/extension 81,214 2646.98 2 0.00
Left shoulder abduction/adduction 81,214 4575.27 2 0.00
Left shoulder flexion/extension 81,214 28,390.40 2 0.00
Left elbow flexion/extension 81,214 8857.71 2 0.00
Left wrist pronation/supination 81,214 20,783.77 2 0.00
Left wrist flexion/extension 81,214 5447.82 2 0.00

The Mann-Whitney U post-hoc test was used to determine the difference between
groups for certain variables from Table 4. Significantly greater flexion of the spine in the
L5S1 zone (Figures 2 and 3) is visible within the “from the ground” method (M = 19.74;
Md = 20.70) compared to the “between the knees” method (M = 6.83; Md =7.35) (Z = 137.01;
p = 0.00) and compared to the “drop start” method (M = 7.78; Md = 7.01) (Z = 134.73;
p =0.00). For the L4L3 spine area (Figures 2 and 3) a significant difference was found
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between the “from the ground” method (M = 2.93; Md = 3.36) and “between the knees”
method (M = —2.81; Md = —2.57) (Z = 137.06; p = 0.00) and also compared to the “drop
start” method (M = —2.38; Md = —2.71) (Z = 134.88; p = 0.00). A statistically significant
difference between the “from the ground” method and the remaining two methods was
also found in flexion/extension values of the T1C7 spine area (Z = —67.03; p = 0.00) and in
the C1 and head area (Z = —105.66; p = 0.00)
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Figure 2. Flexion and extension of the lower spine area versus the three methods of starting a chainsaw.

Figure 3. Visual display of workers’ spine flexion regarding three methods of starting a chainsaw
(A) from the ground, (B) between the knees, (C) “drop starting”.

Higher positive values and significant differences for right shoulder flexion (Figure 4)
were recorded for the “from the ground” method (M = 54.18; Md = 62.54) compared to
the “between the knees” method (M = 20.32; Md = 20.79) (Z = 103.89; p = 0.00) and also
compared to the “drop start” method (M = 10.16; Md = 11.57) (Z = 122.59; p = 0.00). The
significant difference for right shoulder flexion was also recorded between the “between
the knees” method (M = 20.32; Md = 20.79) and the “drop start” method (M = 10.16;
Md = 11.57) (Z = 63.78; p = 0.00). Recorded values for left shoulder flexion were also
significantly different for the “from the ground” method (M = 58.81; Md = 62.79) compared
to the “between the knees” method (M = 26.78; Md = 28.56) (Z = 123.09; p = 0.00) and also
compared to the “drop start” method (M = 9.16; Md = 6.34) (Z = 139.82; p = 0.00).
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Figure 4. Deviation of right shoulder and wrist kinematic values in relation to the three methods of
starting a chainsaw.

In the flexion or extension of the right wrist, a significant difference in the measured values
was found between the “drop start” method (M = 1.78; Md = 0.96) and the “from the ground”
method (M = —5.88; Md = —6.28) (Z = —42.82; p = 0.00) and also the “between the knees”
method (M = —6.38; Md = —6.20) (Z = —44.57 ; p = 0.00). For the left wrist flexion or extension
values, a significant difference was found between the “from the ground” method (M = —20.00;
Md = —22.67) and the “between the knees” method (M = —11.09; Md = —11.17) (Z = —63.49;
p = 0.00) and also the “drop start” method (M = —11.23; Md = —11.50) (Z = —66.57; p = 0.00).
Regarding the pronation or supination values of the right joint (Figure 4), positive values close
to the N-pose were obtained with the “between the knees” method (M = 4.56; Md = 2.07).
The values obtained within this starting method were statistically different from the “from
the ground” method (M = —15.87; Md = —16.23) (Z = —117.61; p = 0.00) and the “drop start”
method (M = —10.72; Md = —11.25) (Z = 107.02; p = 0.00).

According to the clustered groups related to work experience with a chainsaw, the
Kruskal-Wallis H test results in Table 5 are shown only for variables that displayed a
noticeably significant difference in Table 4. All analyzed variables show that there is a
statistically significant difference in upper body posture between the three groups regarding
work experience with a chainsaw (Table 5). In all areas of the forestry workers” upper
body, the measured flexion or extension kinematic values differ statistically regarding work
experience with a chainsaw (Table 5).

Table 5. Kruskal-Wallis H test results for work experience with a chainsaw groups.

Variable N X2 df p-Value
L5S1 Flexion/extension 81,214 3718.66 2 0.00
L3L4 Flexion/extension 81,214 3757.05 2 0.00
T12L1 Flexion/extension 81,214 3757.05 2 0.00
T8T9 Flexion/extension 81,214 3769.85 2 0.00
C7T1 Flexion/extension 81,214 5557.61 2 0.00
C1 Head flexion/extension 81,214 5414.02 2 0.00
Right shoulder flexion/extension 81,214 4397 .46 2 0.00
Right elbow flexion/extension 81,214 2744.01 2 0.00
Right wrist pronation/supination 81,214 2089.25 2 0.00
Right wrist flexion/extension 81,214 643.57 2 0.00
Left shoulder flexion/extension 81,214 7074.73 2 0.00
Left elbow flexion/extension 81,214 7689.27 2 0.00
Left wrist pronation/supination 81,214 7519.16 2 0.00
Left wrist flexion/extension 81,214 3064.51 2 0.00
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Related to work experience with a chainsaw, higher measured and statistically different
L551 flexion values for the spine area (Figure 5) are visible within the group with 5 years
or less work experience (M = 13.92; Md = 15.58) compared to the 6 to 15 years of work
experience group (M = 9.84; Md = 8.11) (Z = 47.87 ; p = 0.00) and also compared to the
16 years or more of work experience group (M = 7.52; Md = 8.27) (Z = 57.82; p = 0.00).
For the left wrist example (Figure 5), there is a graphically visible and statistically proven
difference in the measured values of pronation and supination between the 5 years or less
work experience group (M = —17.95; Md = —18.27) compared to the 6 to 15 years of work
experience group (M = —2.40; Md = —5.30) (Z = —82.63; p = 0.00) and also compared to the
16 years or more of work experience group (M = —4.30; Md = —1.04) (Z = —59.09; p = 0.00).
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Figure 5. Example of differences in kinematic values for work experience with chainsaw groups.

4. Discussion

According to some estimates, around 13.7 million workers are formally (legally)
employed in forestry in the world today [29], and annual felling is estimated at 3.5 billion
m? of wood [30]. Forestry work, especially logging, is a high-risk, physically very intensive,
and professionally highly demanding activity. The basic characteristic of motor manual
work in logging i.e., when performing most of the elements of the working technique
(e.g., starting the chainsaw, performing undercut, performing final cut, etc.) in felling and
processing of trees is constantly leaning forward while holding the chainsaw in front of the
trunk. If the forward lean of the trunk is performed improperly, the aforementioned entails
other compensatory movements, and thus the potential accumulation of micro-traumas
in the form of musculoskeletal disorders (MSDs) or even immediate injuries. According
to EU-OSHA [31], physical and biomechanical risk factors for the occurrence of MSDs
are load handling, especially when bending and turning. The basic consensus of recent
studies [4,14,15] is that manual work with a chainsaw correlates with a significant risk
of developing MSDs in the lumbar spine of chainsaw workers. The lumbar spine serves
several functions, including supporting the upper body and distributing body weight,
allowing for body movement, and creating a protective shell for the spinal cord [32]. The
lumbar spine also allows for movement in several directions: flexion (bending forwards),
extension (bending backwards), rotation, and lateral bending. In kinesiology, it is generally
known that the lumbar part of the spine most often lacks stability, not mobility [33].
According to Rojgren and Widell [10], the lower back is mainly affected by body posture
and the physical load when performing work tasks with a chainsaw, frequently executed
with a forward-leaning posture and standing with bent legs. The tasks with the highest risk
of postural strain are felling and limbing, where the working posture in combination with
duration is classified as high ergonomic risk [10]. Anderson, Otun, and London [34] found
that workers who perform manual handling with spine flexion have significantly greater



Forests 2023, 14, 2427

10 0f 13

problems with intervertebral discs compared to those who perform it with a neutral spine.
This regards spina shear forces and intervertebral compression. Wilke et al. [35] showed
that the pressure in the intervertebral disc (L4-L5) is 35% higher when the person performs
manual handling of 20 kg loads with spine flexion (2.3 MPa) than with neutral spine
(1.7 MPa). Also, McGill [36] stated that the margin of safety is much larger in compressive
mode than in shear mode since the spine can safely tolerate well over 10 kN in compression,
but 1000 N of shear causes injury with cyclic loading.

The objective of this research was to numerically represent the general kinematic
model of forestry workers” upper body while starting a chainsaw utilizing a state-of-the-art
motion capture suit. The aim was also to investigate the numerical values of the forestry
workers’ kinematic model against the three potentially applicable methods of starting
the chainsaw.

Regarding the results of this study, significantly greater flexion of the spine in the L551
zone was recorded in the “from the ground” method. The above indicates the greatest
deviation in worker posture from the mostly neutral work posture (N-pose), which in
everyday and frequent execution can lead to the development of MSDs. Excessive lumbar
spine flexion can be named as an injury mechanism, and neutral pelvic and spine position
in different working tasks can be named as an injury prevention mechanism. McGill [36]
showed the reduction in shear forces of lumbar spine from 1900 N to 200 N when a person
changed from flexed posture to neutral spine posture. The obtained results of flexion of the
lower part of the spine are in accordance with the obtained values of Center of Mass vertical
deviation [21] and with other findings on postural strain in the spine area [10,20,32,37].
To reduce the risk of musculoskeletal disorders, chainsaw workers should be educated
in taking the correct position of the upper body, i.e., the rule of hip hinge [38]. For the
L3L4 spine area, kinematic data showed flexion of the vertebrae in the “from the ground”
method, which deviates to a lesser extent from the N-pose. For the remaining two starting
methods, a slight extension of the L3L4 spine area was determined. In the area of the C1
vertebra and head, the mostly neutral work posture (N-pose) was assumed with the “drop
start” method, while the greatest extension of the head was recorded with the “from the
ground” method. In the shoulder area (right and left), the highest flexion values were
also recorded in the “from the ground” method. For the left wrist, the highest extension
values (farthest from N-position) were recorded with the “from the ground” method, and
for the right wrist flexion values closest to the N-position they were recorded for the “drop
start” method. Kinematic data for the right and left wrist show supination values close
to the N-pose during the “between the knees” method, and high pronation values in the
remaining two methods. When starting a chainsaw, it is recommended that the forearm
and hand are in a semi-supinated position [38], not in pronation (palm towards the ground).
This is especially important when starting a chainsaw, where the right shoulder must be in
internal rotation to avoid contact between the supraspinatus tendon and the acromion [39]
to avoid irritation and the development of shoulder impingement syndrome.

For the clustered groups related to work experience with a chainsaw, all variables
resulted in a statistically significant difference in upper body posture. Higher flexion values
were recorded for the L551 spine area for the 5 years or less of work experience group. This
is in line with the research results of Landeki¢ et al. [21], where younger chainsaw workers
with less work experience had lower values of the CoM vertical deviation, i.e., the workers
CoM position is more forward bent (or in flexion) on the x-axis.

Certain limitations should be considered when interpreting the results of this research.
The obtained numerical values of the kinematic model for the working element of starting a
chainsaw largely depend on the implementation of the first calibration measurement, which
refers to the measured workers taking the correct N-pose, as well as providing detailed
instructions to the worker and active observation of the entire calibration process by the
researcher. Secondly, the presence of researchers may have influenced the workers in the
selection of chainsaw starting method in contrast to everyday practice. Thirdly, although
the results show a difference in the measured kinematic values for work experience with



Forests 2023, 14, 2427

110f13

chainsaw groups, future inspection of the differences should be carried out against chainsaw
starting methods within defined groups of work experience. In this research, it was not
possible to investigate the above due to too small a sample within certain groups.

5. Conclusions

The forestry sector in Europe and worldwide is increasingly faced with a noticeable
lack of productive forestry workers due to (a) demographic trends (population ageing,
migrations, declining birth rates, rural depopulation), (b) a significant share of informal
employment in forestry, (c) a pronounced lack of interest in 3D “black collar” jobs, and
(d) high-risk and physically demanding work activities with numerous injuries and occupa-
tional diseases. If we want to practice sustainable forest management in the future, it is also
necessary to systematically develop a safety culture where the lifelong professional training
of forestry workers through correct work techniques combined with the recertification
process is the key starting point in improving the current situation.

The main objective of this case study was to numerically represent, through joint
angels, the general kinematic model of forestry workers’ upper body while starting a
chainsaw and to compare the obtained values against three potentially applicable methods
of starting a chainsaw and work experience with a chainsaw. The results of the subject
research show that none of the observed methods of starting a chainsaw are entirely
safe for the worker, concerning the aspect of MSD development, if the body movements
within the working element are performed in an incorrect way. From safety and kinematic
aspects, regarding forestry workers’ upper body values, the most neutral work posture
(N-pose) is when a worker is using the “between the knees” method. The second method
regarding starting the chainsaw, “from the ground”, can be used as a secondary option
from an ergonomic point of view if the workers are educated in taking the correct upper
body position, i.e., the rule of hip hinge. The hip hinge represents the ability to move
the hips while not allowing the lumbar spine (low back) to flex along with it, i.e., to
preserve the neutral position of the spine (straight back). Additional knowledge when
starting a chainsaw is particularly related to flexion and rotation of the right shoulder and
taking the position of semi-supination of the right forearm and wrist when pulling the
starter rope to avoid irritation and the development of shoulder impingement syndrome.
Future directions of the current study should be the development of ergonomic guidelines
for chainsaw worker training programs related to the use of correct postural movement
habits when performing a particular work element (such as processing of root buttress,
performing undercut, preforming final cut, etc.) in felling and tree processing operations.
However, before making the above, it is necessary to make additional analyses related
to measuring/mapping the areas of worker hands, shoulders, and spine movements
within the working area defined by the structural elements of a chainsaw for all three
methods. With the aim of extending the working ability and working life of forestry
workers, interdisciplinary cooperation between occupational medicine, kinesiologists, and
forestry safety experts is needed to create a guide and implement practical education of
statodynamic efforts and correct postural movement habits during motor manual work in
logging operations.
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