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Abstract Forestry workers are exposed to harsh environmental conditions, 
awkward postures, and high intensity load handling that might lead to low back 
injuries. The objectives of our study were 1) to define the trunk postures associ-
ated with risk of low back injury in a sample of forestry workers involved in 
tree felling, delimbing and bucking tasks and 2) to identify prevention strategies 
that reduce the risk of low back injury. Forty loggers were selected among the 
population of forestry workers in the province of Enna, Sicily-Italy. Each work-
er was required to perform for a period of 30 minutes the three main tasks: 
felling, delimbing and bucking for a total of 90 minutes of working activity. All 
subjects involved in the study wore a Zephyr Bioharness device on their trunk, 
which enabled the recording of sagittal inclination of the trunk, heart rate, 
breathing rate, and an estimate of body temperature. The results indicated that 
the felling task required loggers to work more time in awkward postures. Addi-
tionally, sagittal inclination of the trunk was greater than 60° for the 13% of the 
time, compared with delimbing (3%), and bucking (11%). The percentage of 
time spent with the trunk in sagittal inclination greater than 60° was correlated 
with the use of heavy (> 7,2 kg) chainsaws during the felling and in the delimb-
ing tasks. The study results indicated that the trunk posture during tree delimb-
ing and felling tasks contributed significantly to the risk of biomechanical over-
load among the loggers. Preventive strategies should focus on specific interven-
tions that reduce biomechanical stress including worker training and implemen-
tation of ergonomic designed  tool. 
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1 Introduction  

According to official statistics from the Eurostat Labour Force Survey, musculo-
skeletal disorders (MSDs) are currently the most prevalent work-related diseases in 
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Europe (1). The primary reported clinical outcomes are back pain/injuries and work-
related upper limb disorders, followed by lower limbs diseases. Recent studies pro-
vide substantial evidence that heavy loads lifting, awkward and prolonged posture, 
repetitive movements and lack of pauses are among the causes of these disorders, that 
also represent one of the most important reason of long-term sickness absences (2).  

In Italy, the incidence of MSDs has systematically grown across all industries and 
especially in forestry sector, where low back injuries are reported to be the 60% of the 
total occupational diseases claimed to the Italian compensation authority(INAIL), in 
the period between 1999-2012. (3) In particular, among the Italian regions, Sicily 
have registered in the same period a percentage of 35% of low back occupational 
disease among forestry workers (4). 

The literature indicates that combined exposure to vibration, biomechanical over-
load and awkward postures is mainly characteristic of many tasks performed in silvi-
culture (5). Moreover, high intensity work rhythm and lack of training may increase 
the incidence of musculoskeletal diseases in forestry workers required to carry heavy 
loads for a long period (6). Spasms, muscular pain and sleep diseases are among the 
most common disorders workers refer about (7), that also contribute to accidents or 
near miss.  

Studies have also shown that felling, delimbing and bucking tasks (Figures 1, 2 and 
3 respectively) require a considerable effort, which increases with hardwood harvest-
ing. (8)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Tree felling task Figure 2: Tree delimbing task 

Figure 3: Tree bucking task 
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In order to evaluate the biomechanical overload, different methods such as OWAS 
(9), RULA, RIBA (10)and OCRA (11) were successfully used in the forestry indus-
try. Nevertheless, there are few original studies in literature that quantify low back 
biomechanical overload among forestry workers using a wearable technology. 

Assessing the risk of spine injuries among forestry workers is the first step in 
the development of prevention strategies. Therefore,  the aim of our study was to a) 
determine the trunk postures associated with risk of low back injury in a sample of 
forestry workers involved in tree felling, delimbing and bucking tasks; b) investi-
gate the strength of correlations between biomechanical risk and personal as well 
as chainsaw characteristics; and c) identify prevention strategies to reduce the risk 
of low back injury. 

2 Material and Methods 

Forty male loggers were selected among the population of forestry workers in the 
province of Enna (Sicily), Italy. Participant study selection criteria were least eighteen 
years old, but not older than 65 and to have at list three years of working experience 
in logging activities. All the workers involved in the study were informed about the 
aims of the research and signed informed consent. 

Each worker was required to perform the tasks of felling, delimbing and bucking 
for a period of 30 minutes each. All subjects wore a Zephyr Bioharness (Figure 4) 
around their chest to detect and store the following information: sagittal inclination of 
the trunk, activity level (static, walking, running), heart rate, breathing rate and esti-
mated body temperature.  
 

 
Figure 4: A worker equipped with Zephyr Bioharness 3 

Before the data collection in the field, each worker was asked to stand straight next 
to a wall for 30 seconds in order to normalize the individual’s natural anatomical 
inclination of the trunk to their upright posture. 

Trunk posture data were processed after the data collection and were classified in 4 
angle inclination: 

- < 0° 
- 0° - 30° 
- 30° - 60° 
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- > 60° 
Based on this criterion, the percentage of time spent in the different posture was 

calculated. 
Besides, also personal data (age, working experience, secondary job), anthropo-

metric measurements (height and weight) and the characteristics (model and weight) 
of the chainsaws the loggers were using during the task performance were collected. 

The average weight of the chainsaw (about 7.39 kg.)  was used as cutoff to classify 
them as “light” or “heavy”. 

 
2.1 Statistical Analysis 

Data processing and statistical analyses were performed using the program SPSS PC 
version 23. The differences among the tasks and trunk inclination of the workers were 
investigated using a repeated measures ANOVA, with statistical significance set at 
p≤0.05. We also investigated the role of the personal variables (age, BMI and work-
ing experience) in the performance of the  different tasks and trunk inclination using 
an ANOVA, with statistical significance set at p≤0.05.  

3 Results 

3.1 Study Population 
 
The study involved a sample of 40 male chainsaw operators recruited from the 

population of forestry workers in the province of Enna (Sicily). Anthropometric 
measurements (height and weight) and personal data (age, sport, working experience, 
secondary job) were collected and are shown in table 1. 

 
Table 1: Characteristics of the population 

  Min Max Mean SD 

Height (cm) 152 187 172,00 7,582 

Weight (kg) 60 110 81,95 13,814 

Age (years) 47 63 52,60 4,534 

Body Mass Index 21,2 35,9 27,6 3,7 

Working experience (years) 6 41 27 6 
 

The average age of the workers recruited to the study was 53 years, with a mini-
mum age of 47 and a maximum age of 63 (D.S. 4.53). As shown in table 1, average 
height was 172 cm with a minimum of 152 cm and a maximum high of 187 cm (D.S. 
7.852); the average weight was about 82 kg with a minimum of 60 kg and a maximum 
of 110 (D.S. 13.814). From these data we obtained the Body Mass Index (BMI). The 
average BMI was 27.61. Fourteen workers were normal weight, 16 overweight, 9 
suffer from mild obesity and 1 of medium obesity. The sample recruited had an aver-
age of 27 years of work experience, with a minimum of 6 years and a maximum of 
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41. Only three persons declared to perform sports: football, trekking and volleyball 
respectively. The sport variable was therefore not considered in the analyses. 

Out of 40 workers, 13 declared they did not perform any secondary job, 15 de-
clared they were employed in other agriculture activities, 9 in the construction sector 
and 3 in food market (2) and transport sectors (1). The minimum weight of the chain-
saws used by the workers was about 3.1 kg, while the maximum was 8.3 kg. There-
fore, average weight of the chainsaws (about 7.39 kg.) was used as cut off to define a 
heavy or light chainsaw. In particular, most workers (n = 31) used a “heavy” chain-
saw, while only 9 workers used “light” chainsaws. 

 
3.2 Trunk inclination  
 
Our results indicated that the forestry workers spent approximately the same pro-

portion of time (18%) in sagittal trunk inclination less than 0° in the three tasks (Fig-
ure 5). Moreover, the felling task required loggers to work more time in awkward 
postures: the sagittal inclination of the trunk resulted greater than 60° for the 13% of 
the data collection time, compared with delimbing (3%), and bucking (11%). (Figure 
6). 

 
 

 
 

 

Figure 5: Percentage of time spent with a sagittal inclination of the trunk less 
than 0° during felling, bucking and delimbing 

Figure 6: Percentage of time spent with a sagittal inclination of the trunk greater 
than 60° during felling, bucking and delimbing 
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Figure 7: Comparison among the percentage of time spent with a sagittal inclination of the 
trunk respectively less than 0°, 0° - 30°, 30° - 60° and greater than 60° and chainsaw’s weight 
used during the felling task (P < 0,05). 

 

 

Figure 8: Comparison among the percentage of time spent with a sagittal inclination of the 
trunk respectively less than 0°, 0° - 30°, 30° - 60° and greater than 60° and chainsaw’s weight 

used during the delimbing task(P < 0,05). 

In the felling (Figure 7) and in the delimbing tasks (Figure 8) the percentage of time 
spent with a sagittal inclination of the trunk greater than 60° is correlated with the use 
of heavy chainsaws (> 7,2 kg).  
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No statistically significant differences were found among the working posture in the 3 
tasks in relation to age, BMI and working experience and secondary job. 

4 Discussion and conclusions 

The Zephyr BioHarness 3 device was used to assess the trunk inclination in a sam-
ple of loggers while performing the tasks of trees felling, delimbing and bucking. The 
results of the data analysis assisted in the development of prevention strategies to 
mitigate the risk of low back disorders among forestry workers in the region of Sicily. 
Our results suggest the felling trees is a high-risk task for low back injuries, which 
requires workers to spend a high percentage of time with a trunk inclination greater 
than 60 °.  
These findings are consistent with Grzywinski et al. who analyzed 10 expert chainsaw 
operators and noted that using a chainsaw requires a great effort to the musculoskele-
tal system especially during the felling phase, where the condition of bent legs and 
back are very common (12). Moreover, Sawastian (13) assessed the awkward postures 
of two loggers using different chainsaws with the OWAS (Ovako Working Posture 
Analysis System) method. Sawastian (12) reported that the loggers postures were in 
the high risk category of the OWAS system. Unfortunately, occupational exposure to 
such awkward postures and repetitive motions are primarily related to low back pain 
(LBP) (14), especially if performed wearing wet clothes in harsh environment (15). 
Our study also tried to investigate if personal factors such as age and BMI could af-
fect awkward postures. Interestingly, no differences were found comparing the data of 
older workers (> 55 years) to the youngest. Conversely, we noted in the present study, 
that during the felling task, those suffering from mild obesity spent more time with an 
inclination of the trunk between 30 ° and 60 ° compared to normal weight workers, 
which spend most of their time in appropriate trunk postures. Nevertheless, this dif-
ference was not statistically significant. 

Miranda (date) conducted a study of 7000 employees in a large forestry industry in 
Finland that completed a questionnaire related to musculoskeletal pain and potential 
risk factors, such as age, sex, BMI, sport and mental stress. The study demonstrated 
that the risk of shoulder pain increased with both age and body mass index and the 
awkward sagittal inclination(>60°) represent an additional risk factor (16). Interest-
ingly Miranda also noted that dancing slightly increases the risk of shoulder pain, 
while running decreases the risk (16). Unfortunately, we couldn’t explore the correla-
tion of our results to sport, since only few workers declared to play sport. 

Lastly the study results indicated that the trunk posture during tree delimbing and 
felling tasks contributed significantly to the risk of biomechanical overload among the 
loggers in association to heavy chainsaw. A study supporting this finding indicated 
that working postures that involve trunk flexion during felling task with chainsaw 
may lead to increased loading of the lumbar paraspinal muscles, suggesting a relation-
ship between low back pain and the use of a chainsaw (17). 

The Zephyr Bioharness demonstrated to be a useful wearable exposure assessment 
tool to characterize the postures associated with biomechanical overload in the low 
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back among forestry workers. Safety training initiatives have been successful in re-
ducing injuries and increasing workers’ awareness of health and safety issues among 
loggers (18). Additionally, others have reported that if adequate work training is asso-
ciated to a good working environment, which includes safety tools, the physical work-
load decreases and productivity improves (19). Strategies to prevent biomechanical 
overload in the trunk of loggers should focus on specific interventions such as worker 
training in order to promote the adoption of proper postures and implementation of 
ergonomic designed tools. 
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