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Abstract  

Background and Objectives: Although considerable technological and organizational progress 
has been made in the forest sector over recent decades, the practical contribution of ergonomics 
to improving the working conditions of forest workers remains limited. Most existing studies have 
primarily emphasized productivity enhancement, cost reduction, equipment efficiency, and 
workflow optimization, while comparatively little attention has been given to human-centered 
challenges such as worker comfort, musculoskeletal health, occupational fatigue, long-term well-
being, and injury prevention. Given these concerns, this study aimed to systematically analyze 
the working postures of chainsaw operators using the Rapid Upper Limb Assessment (RULA) 
method and to determine the level of ergonomic risk across different stages of the tree-felling 
process. Additionally, the study sought to identify necessary ergonomic interventions that could 
effectively reduce posture-related risks and improve overall occupational safety. 
Methodology: The analysis of risk factors associated with tree felling was performed by 
observing working postures using the Rapid Upper Limb Assessment (RULA) method during 
felling operations. The RULA method is an ergonomic analysis tool used to assess potentially 
harmful physical working postures. In this study, the clear-cutting of poplar trees in Parcel 14, 
Series 2, Gisum, western Guilan Province, was investigated. A total of 430 photographs of 
working postures related to the assessment components, including movement between trees, 
undercutting, backcutting, and the posture of the felling operator, were recorded and evaluated. 
Scoring of working postures for different body regions was performed in two categories: Group 
A (arm, forearm, and wrist) and Group B (trunk, neck, and legs). Based on the scores obtained 
for each examined posture, four action levels were determined: action level one (acceptable), 
action level two (further investigation and changes may be needed), action level three (changes 
are required as soon as possible), and action level four (changes are required immediately). 
Results: The findings revealed distinct posture patterns across different stages of felling. In the 
arm posture category, the most frequently observed code during tree evaluation (48.1%), 
undercutting (47.2%), and movement between trees (66.7%) was code 1, while backcutting 
postures more often fell under code 4 (27.9%), indicating higher strain. Forearm postures were 
primarily coded as 2 during evaluation and as 1 during the undercutting, backcutting, and 
movement stages. Wrist posture analysis showed that code 2 was dominant across all stages. Wrist 
rotation postures also frequently fell under higher-risk codes, particularly code 2, which occurred 
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in 89.9% of evaluation, 94.9% of undercutting, 98.4% of backcutting, and 66.7% of movement 
observations. Neck posture results indicated that code 1 was most common during tree evaluation 
(49.4%), whereas code 2 was more frequent during undercutting (34.6%), backcutting (50.8%), 
and movement (40%). Trunk posture was notably problematic; during tree evaluation, code 4—
representing a high trunk load—accounted for 65.8% of observations. In contrast, during the 
undercutting, backcutting, and movement stages, code 1 was most frequent (50%, 37.7%, and 
53.3%, respectively). Leg posture was consistently categorized under code 1 across all stages. 
Final RULA action levels revealed significant differences among tasks, with the highest 
frequencies occurring at levels 2 and 3, indicating a clear need for corrective actions. The 
undercutting and backcutting stages showed the greatest proportion of high-risk postures. 
Conclusion: The study demonstrates that chainsaw operators are routinely exposed to 
biomechanically demanding postures that place them at significant risk of developing 
musculoskeletal disorders. The RULA assessment provides evidence that ergonomic 
interventions, such as training in safe postural techniques, redesign of tools or workflow, and 
improved task organization, are needed. Enhancing workers’ awareness of correct posture and 
integrating ergonomic principles into forest operations can substantially reduce risk levels, 
improve safety, and contribute to sustainable workforce health. 
 
Keywords: Body posture assessment, chainsaw operator, forest ergonomics, observational 
methods, timber harvesting. 
 



172 �����	 ���
������ ������ ���... 

 

 

 ��������	
���
�� ���
�� ���  ���
���
����- �����  ��
��  !�" ��#��� � $���� %&����� 


��! ��"	� '�(��� )RULA( 

 

����� ��	
 ����
 ����� ���� �  ����� �����
  

1- ���������� � �!"��� #"�� $�%& ' � #!(� )*+!, -#./��� 0��!� )�1234 -�+/��� )5627 �1��8)��  5��
�  

2*- -#!:
�� )��;:� )��� � -'�7 $�%& ' � #!(� )*+!, -#./��� 0��!� )�1234 -�+/��� )5627 �1��8)��  5��
�. :=2�'��.>� ?:@ nikooy@guilan.ac.ir 

  

 :?	�
�� A
��B28/08/1404                   :G68� A
��B30/10/ 1404                :I�
J@ A
��B09/11/1404        

  

 �����  
:��� � ����� %&�LM� @2?	�/��� ������ ��2)� ����7�� L( � ��" ��3(� ��
N ���� O�� ��!� *+!, �P� �� 5�:��2Q ? �. 

�
�� ��'R@�� �3!, �� L� ��!���� (�2�!�� � Q� ���� )���
)�! -�(��'� "�� -���� '2STU� (VB '2T�Q  Q����� ��� *W� ��#!�:� 
 'B�&�X��� �YB #!���2S � �
� )5�!���� -�	� ' ?�6  Z[� 5���\���� T���� ���� ) � ��3(� '2[2? ���)  ���] �,�B ���� ����

��	�7#��.  S
���'R@  ̂ #� �� ���� ?21X'���� ��� ?21]�� ������ �� I'����
��� � 
0 ��]�	 $�#��� )RULA(  T6��#� $�V�� '
����7��2.� � ���� a �!�2�� ���� 5��� �!2�� T���� .#" $�V��   

��� � ���
 :��QVB
� %WB '2* 1X' -#��/� �� 5����� 0�] �� N3B�� ��� *���&2?��� ����  �� -��[� � ��I'� RULA � ��2S 
 $�V�� ���?	�7.  I'�RULA %WB ��2* ����7��2)= ��Q��� ���� ���
��� 1X'2?��� �#� a �!���� .? � 5��7���  S
� ��)��'R@ 

%�&2T�  0�]
-�:.  ���!8 5������ * ��@ �14 � � 7 '�2$�: 7 5�� � b�M ��256 #" � ���. 430  �� c.&?21X'��� ���� 
 �� d�����[>e� )5����� S2� ?��� )���
��� ���S����  'S���� ?21]�� ' ?3f  0�] �7��� 5#� .#" ���
��� ' -#��/������2���  ��

?21X'������ �  -'�7 �� � '� �� 5#� g%�P� ����� ����A 7 ' (h� ' #&�  )'���) -'�B  $�V�� (���@ ' 5��7 )�!B)?	�7. i� ��� 
-������ a:� -#" ����=
��  ��?21X'� ��� ���-#") ��(O *��" $�#]� j�  �#]� =
 $)*��]��3] $�#]� )( '�)��'�X$�#]� )( �  

) =
�Q� -#!
� ��(��'�X '  $�#]���(O �� ��'�X)  .#" S221B (�B�'� �O  
��� � :��	�
�� *8�� ���  � ��������2���  �� d���� ?21]�� 5�/� '������  ?>�� S
��/2� ��-#"���.B �� ��*�� ?��� ���
��� 

)1/48  )(#8��S���� )2/47 ) 5����� S2� ?��� ' (#8��7/66  #� �� l%1�� (#8��=
 ) '��� ^��W��20°-0° ��?�   �
 �%,
(���:2,�  ��W� ��� �� �� am&  �%��� �� 'S���� )9/27� (d���  #� ����(O ) '��� ^��W���� ��/2� 90° ��?�   ��� �� �� �%,

(���:2,�  ��W�  �� .��� ?21]��#&� ) ���
��� �%��� �� ���'��	 #8�� S
��/2� ��  #�'� )�� #&�   '��� ���:2,�  j�  ��� ��
 �� ���� �
'�� '60°  �� ��/2� �
 am& �� '�100° (�%, �� '� �>���� )?"�� l%1B���'��	 #8�� �!2/2� ��  ������* S���� )S���� 

 #� �� l%1�� 5����� S2� ?��� '=
 ) �
'�� ' '��� ���:2,�  j�  ��� �� �� #&� 100°-60° ('��� �� ?3:� �� .���  � ���
�����2��� �� d���� ?21]��  h��%��� ��(O �� ��) '� #� )'�� ?WB ? � h� �� ���+!� �
15°-0° (��" S2
�@ �
 U�� /2��!2  #8��

 �� ���'��	����� ����� .��� o�p  ?21]�� �� d���� ���Oh� ? � �� ���'��	 #8�� �!2/2� )#� '� ) (#"�� ��"�� ���O h� ��
 �%��� ��(O?��� ���
��� )9/89  )(#8��S���� )9/94  )(#8��S���� )4/98 ) 5����� S2� ?��� ' (#8��7/66  (#8�� -#��/�

#"�� . ?21]�� ?��� ���
��� �%��� �� 5��7) S
��/2� #8��  #� �� ���'��	=
 ) �
'�� ?WB 5��7 ?���10°-0° (#"�� )4/49 
�� l%1B (#8��?") �>������ S
��/2� #8��  *���� �� ���'��	S���� )6/34  )(#8��S���� )8/50  5����� S2� ?��� ' (#8��

)40 #8��()  #� �� l%1��'� ) �
'�� ?WB 5��7 ?���20°-10° (#"�� 21]�� � ��� .����!B ? ?��� ���
��� �%��� �� �� ��� 5�/�) 
��(O #� ) �
'�� �� �!B�� ��/2� 60° (#"�� -#" L� ) ���'��	 S
��/2� �����8/65 ? � (#8��) �>������  *���� ���S��� )S���� 

5����� S2� ?��� ')  #� �� ���'��	 S
��/2�=
 ) �
'�� �� �!B0° (#"�� ��:/� �
 -���:
� ?>�� �� �� a2B�B �
��m� ��50 )7/37  '



� #%, 5��
� ���!8 ' *+!, T�m2mWB ��%& �
�/34  -���"2   173 

3/53  #8��?"�� l%1B=
 #� �� ��� 5�/� ���@ ?21]�� ���
��� . )#���� ���] ���1�� ' ��:/� �
 ���1�� ' -���:
� ?>�� �� ���@ ( ��
0�] ��Q,� ���  .��� ���'��	 S
��/2� �����#��/� ���'��	-�� $�#]� g%�P� G��  ��)  T'�[B�!1�����  ��#m� S
��/2� .��� 5�/� ��

 $�#]� ���'��	�� '� j�  (��'�X)  5� S
���� '��  j� =
 *��]) (��3]#" -#��/� .�� ���� $�#]� j�  ���'��	 S
��/2�*�� 
���
��� 5����� S2� ?��� ')  j�  �� l%1��'� (��'�X) ' �� ����*�� S���� S� '��� �d���  j�  ���   =
�Q� -#!
� ��)

(��'�X ���#� .����'��	 S2� �� ��� 5�/� q
�� ���-#��/�-#" $�#]� g%�P� G��  ��)  T'�[B�!1����� .���� ��,' 

�!� � ���" :�#$ l34RULA ) ���2@ ��'R@'� )1X'2?��� �#�� 4 ��� 0�] *���� � #��B
��� �m34 ����@ �� � ��#!�� 
 .#�#" �!1� S
� �� �� 5��7���-���O��B�� 1� ��r�  ���s��
�  TU6�����%. �- ��6t& #���� ���]. �V2����) ����7�� T6��#�2= 
� ����2�� ? � .P/B2u 1X'2?���  ? ����' �4 �� 5#� a �!���
l RULA �(� �m�� B6./� ���� ��� 5��7��� �� 

-���O��B�� � )#!�:� �,��� 5� ��
�[ ��#!�-�7� ' I���� .�� �  S
� 5��7���1X' ���� ��2?��� W82j 5#� ��#���B :�2���  ��
1X'2?��� .#�� ���� �� 5#� ? ����  

 
�%����� :���#$ )5#� ?21]�� ���
��� I'� )b�O ?"���� )*+!, �����7��-#��/� �����) -�� �7����O��B��. 

  

���	� 

>�B2# b�O) 
= �1!8 �P�� :���@ �� L(�2* ���� ����!"
-#" ���� � �2��� �p�]� ^�#�� ���� ),�&����  'W�2N�
�:� 

�@
��# ? �� .
S  �� -���� ?1!87��>�� �
�:� )L� :���@2*  5�
�� ���� 
= � ��p�]�
�:� #VB
J@#
�) �
��V ?8�	��� %v"� 
��'
-R �� '� l4�!� ���
 ' ?���/� >�B ��2# u>���� ��(,�) 
%�� �m�!� '�� � L���	�#!� )2025, et al.Forkuo  .(� ��
S 
��2)�! %�&2T� *+!,����) /m�� �>�O+����2Q �
�[ ��#!�. �
�� 

�pB2L��� %�& ' -#"w�PB�2T� �� -#"��,�
# �3!,��� 
��p�]��) N2W���:
� &���,� '� ) #!!� ���1�� ��et Marchi 

2014, al. .(��-'6&) I'���� [%�P�� ����  b�O ?"����
� �� ���� ��,'�5��B 5� ����" ?WB ��
N W�%� 
5�:.  ���&�

� 5��� i�� � �� .���2'�� ' )5���� ���
7R���� #�
�
? 
%W� *+!,�   5�#m	 '2L�:��� ��.� x6��� ?"����2-Q  '

@2��	�/ ��'
-R ��/� ����� ������1 �B)  N%:B �� a%M�
�2'�� � � ���� !O ��2S %�&2B�� �V!� ����" )Szewczyk 

2020, et al.� �� .(� �
)�+ �� b�O ?"����� � T��8�  '
�2����.�2)-Q �>�O��� *��](,�B� � �� ��
-�7# ����7���  '
�
!�� �
��V ��#!� )2014, et al.Barbosa (. � ��
S %�&2)T� 

"2y� ���
�  TU6��� ���%. ��- �6t&�  ��,' ��� �� N3B��
���� ��p�]� a]��& ��� #,� ) #����, et al.Galán -Gómez

 2024Rahimi et al., ; 2017(S
����!� ) ���
������ &2!� ���� 

5�2� d�3B�� � ���  TU6��� y�]'�%. ��- �6t&� *���& �� 
��� �'�X N3B��� � ^#� .? �
S '�
)��. L���	���  
�pB2L72�� ��� �����7�� ���
��� 1X'2? �� 5#� 5��!&
=  ��Q��

@2+/2���� ��� .? �
S����@'���� �� y�!B )���� ), et al.Borz 

2019() ��&T ������� )2015, et al.Corella Justavino )( 
'
7R���� "�2z� ���� ��" '
N %W�� )Yost, Neitzel & 

2002)( I'� �� -������� ��� ��,�� y�!��� ������ )David, 

2005)( ���
������ &2!� ��" ��
N 1X'2�� 1�, j�  ��2? 
@ ��2{2-# ��#!� .  

�� ��,' �Q	�
� ��.�2 �Q25� )*+!, �� b�O ?"���� ��� 
� *+!, ���'
-R ���� 	�� I���� #]�	 5��7����� 5�!{�� � 

|������B
S >�1	2?���� �%v" ��� ���") #
�Klun & 

2007Medved,  .(l����  ����'R@��� Enez  '
Nalbantoğlu )2019 ' (Grzywiński ) 5���.�� '2016 (

T���� �
���) #(B �� *+!, 5��7���
# ��#!�  T6./� ��
�%. ��- �6t&�) 
.�  ��5���  .? � T6./��%. ��- 
�6t&�) 
.� L(� ���B
S �2������� %v"�  5��7��� �� ? �

W� �� *+!,2N ���� � .#���� ���] 5� r�1� �� *+!,
S 
 � y�� �� �� �6���2a �	���   �� ��2L�: �6t&�) �%. ��  '

" ���' b�p&���  5#" *�P� a3  '��
= �� 5� ����") 
� }64����". )TU6��� S
� q
��� ��  �� |����� ��.%�&

]?�:���  5�� *p[� )���" )5��7 )��� )h� #!��� 5#� g%�P�



174 �����	 ���
������ ������ ���... 

 

? � q��� '. ���.B� � ^�p� )����� 5���
�� ~����  ��� '
��
� \���� ���)  T6./��%. ��- �6t&�  ����-���� .���� 

��*2>� Q� ?����@�!
��� +! S2 �����)� ���� �?2[2 7#��� 
-�(� ''��)  �a2��� ��%. �- �6t&�) �.
  ����Q�S
�B 

 T6t1�?"�#(� %v"� � ����/��� �1!8� ����� ' �1 �B
#!�:� .i� ��� �m34#!�� �2������ "�� r���& '� ��� ��) 

��(, ?"�#(� 5���� �)  TU6����%. ��- �6t&� ��  �3B� ��
c@ $'� � ��2������� :[!B�  ���] ? � -���)2001Kumar, .( 

TU6��� ��%. �- ��6t& �'#� 40 #8�� �� Q� *�
�! ���
��(,� d����  ��\���� ' �2������� %v"� �� � *��"���" 

)2015ILO,  .(���� #�
�
? ' @2+/2�� �� TU6��� ��%. �- 
��6t&) ���
���  �+��+O���]��27 �� r�1� *���& ��� 

 S
�TU6��� ' ��,�� ��������� �%��#��� �� ��� �� �B G��  
*��]��3] ���� 5��7��� ���� ��)#�� :�2�� L(� ? � 

)2013, Liu-; Roman2005, dDavi(S
����!� ) ?:2����7���� 
' 5�ppP�� �� �����Q�� �[%�P� ���� S221B ���?2 G��  �� 

� r�1�����2��� ��%. �- �6t&� -��[� � ��#!!� .�� 
I'���� g%�P� )���
��� =2!.B��� -#��/��� ��/2� ���� 

-��[� � ���] ��	�7#�� .-��[� � �� I'���� -#��/��� #!��� 
���
��� 0
�  $�#�� ��]�	� )RULA: Rapid Upper Limb 

Assessment) (1993McAtamney & Corlett,  )(I'� 
���
��� �%� 5#� )REBA: Rapid Entire Body 

Assessment( )2000Hignett & McAtamney,  (' L�:2  
*2%WB ?21X' ��#� ���� )OWAS: Ovako Working 

Posture Analysis System( ����4 *��]�(,�B �
�Q	� ��	�
 
? � )2019 ,et al.Lowe ( . 

���
��� � 
0 ��]�	 $�#��� )RULA"'� (� ��� 5� �� 
������
 1X' ���?2 %v"� �? . ��'R@S2/2@ ���  5�/�
-���#�� I'� ����� -#��/��� ��� ��
��� �	�X���� �� d���� 

� ���2��.��2.� �� �m�
�: ����� ��� ����
��+/�) y�!���B) 
L�Q�
�!�B  '� 
0�B .#!�:� RULA �� ����� =
  u��"

�#&�) 1B 5�.��S22 �5�Q2 ���� ���� �� � L���	�#!�  �7��� ��
>�1	 ��4 ��?2 ���� � ���] 5� r�1� ���7��2. S2!{��) �S
 

�>'� j�  ���P� � �� u��"?
 ���� 6��#�T  T���#]� '

� ������2 =�� ��.#!�  I'�RULA ���� � �!"�
  TU6���
1X's��2 ��]�	 $�#��)� �6t& ��.%�& �� ����� �� ?/@ ' 5��7� 

����� '� ,���� ���&�@ 5#� �� -#"��(!/2 �� .��"�
SI'� 
� ���#��� � ��2S%%�>�� ���
��s� �����	��� ��� ������ %v"� 

� �� ' -#" y�,��2S ����Q��� ��P���� ���� @2+/2��  ��
 TU6�����%. �- ��6t& ) ��� �� N3B��WMSDs l34 (

� S�V��2S%%�>�� ����7��� )IEA��(, ?"�#(� 5����  ' (� 
)WHO.? � -#" ��w ( �,�B����  �2���? ��'g
  ?��� 0�]

 ��a%M� *��" 1X'?2��� �����.B T���� ' a �!�� ��  $�#��
��]�	�  I'� )? �RULA  ?3:���I'���� REBA  '

OWAS a �!�� .? � �B��
  )I'� S
�?2 �:� ����/2  ��
������
 1X'?2��� .���� h� ' #&�  )'��� RULA  'REBA 

��Q�� ����������@� �P� ����� ��'�/��  '*+!,���� 
� �� -��[� � .#!�:�
S ��Q���� ���
S >�2* ��
q ��� �� ? �
��� 

 ����	�X���� �2��.��2.� � ��
S �� *M�/�>�2* � y�!B
�� 
��'
)g ��"
N ��� ' b��
 v��2�  'Q2� �� ���#��� � $#&� 

]�2l) ���� :�2�� @2{2-#  .? � ���"� '�� ���
��� 1X'2? 
����7��2.� $�#����� ��]�	s� "�� '� 5�7#!���2S ?"���� *��" 

��O �� '���V��2�� ' ��O� U2.� %�& ��2T� =!B  5���
�#B ��� 5����� 1X' �� ��� 5�/�2? ��1]2?  5#�-#!��� 

V�� ��O �� '���2�� ��T#"  ' ? � b�%������ T���#]� 
�68�� ��	� ���� ��2�) ���>���� ��O �� '���� U2.�) 

��(�
S a �!� '�B
S 1X'2? ����7��2.� ��� ���  L���	 �7���
) ��� -���2020, et al.Martins (. �m�
�: �2S  I'� '�RULA 

'REBA JvB ��
� � �� 
=  S���� b�O5�/�  �� ���
RULA I'� ��	�W��������B� ����  ?�6  �� ?�	�W�

��' ��4 �� ��B��@�
g ? � #!�	#� )Micheletti Cremasco 

2019, et al.( .�� �m�
�: I'���� %WB2* ����7�� ���2= 
���� 1X'2?��� ���� %+!, 5��:>�(� 5��7����  �� -��[� � ��

I'� �   *��"REBA) RULA ' OWAS  �� #" I��Q7
 I'�RULA �m� ��
�: I'� ����� OWAS  'REBA 

���
q ]�2l�B� ��-���� ) ����2019Yaylı & Çalışkan, .( 

�1 �B�+�	�2� ��.� �,��2 �Q25� ��  2L�: -�(������� 
*+!,��� �
5�� ��'
-R b�O ?"���� *���� �� a3  ���� 



� #%, 5��
� ���!8 ' *+!, T�m2mWB ��%& �
�/34  -���"2   175 

-�(� i�:W��'�  .? � -#"����2�V)  2L�: %�&2T� ?"���� 
� �� b�O
S *+!,��  *��� ���2'�� ��:�� ����  ��:��'? � 

)2017, et al.Nikooy .( +�:��'� #"
# � ���� ���) 5��7��� 
�� �� r�1� ' T����  �2a %v"� ��)'
-R  TU6�����%. �- 

��6t&( ���] ��#�� � \���� '
��� � ���VB ���#!!� .
���
S'�) ��'R@ @2�'� �� ��� ^#�
��� ]�2l 1X'2?��� 

���� s5#� �
S  �� -��[� � �� 5��7���I'� RULA ' 1B22S 
����7�� T6��#�2.� $�U ���� ��2�!���  �
S %v" T����� 

#" $�V��.  

  

�� � 
��� ��  

�m�!� �1>��� ���� 

��'R@ S
� ��) -�� �7��� �� �X�� �O��B�� 0�] T�2%�&
-�:.
 ���!8 5����� )Populus deltoides W.Bartram ex 

Marshall( �1�] �� 14 M �� $�:27 '� �� � 5627 5�� � b
#" � ���� S
� .! -�'#W� �� �(/���X� 5�� �(" ���" �� �m�

	��v, r�&2��
 37 �,�� )39 ]�2�m '50 ��f2� �>��"  ��4 '
48 �,��) 59 ]�2�m '24 ��f2�  �]�"���] ���� *.") 1.(  

 

  
&�' 1- ��*�+
 ���
 ��+	
 ,��-�
  ��$ .�/	� �� ��*�+
 ���
 �"��$ 0�� ,��-�
 �  

Figure 1. The location of the studied areas and felling worker boy posture during operation  
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Table 1. Specifications of the Stihl MS 382 chainsaw used in this study 

6.2  weight (kg)Net   
0.65  Fuel tank capacity (liters) 
0.36  Oil tank capacity (liters)  
50.8  Bare length (cm)  
72.2  Cylinder displacement (cubic centimeters)  
3.9  Output power (kW)  
106  Sound pressure (dB)  
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Figure2. Steps involved in calculating RULA method score 
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RULA methodTable 2. Final score of  
Score D  

Score C 

+7  6  5  4  3  2  1    
5  5  4  3  3  2  1  1  
5  5  4  4  3  2  2  2  
6  5  4  4  3  3  3  3  
6  6  5  4  3  3  3  4  
7  7  6  5  4  4  4  5  
7  7  6  6  5  4  4  6  
7  7  7  6  6  5  5  7  
7  7  7  7  6  5  5  +8  

Action level 1, with a final score of 1–2, indicates that the working posture is acceptable if it is not maintained for a prolonged period or repeated frequently. Action level 
2, with a final score of 3–4, indicates that further investigation is required and ergonomic changes or interventions may be necessary. Action level 3, with a final score of 

5–6, indicates that further investigation is required and ergonomic changes or interventions should be implemented in the near future. Action level 4, with a final score of 7 
or higher, indicates that further investigation is required and ergonomic changes or interventions should be implemented immediately. 
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Table 3. Frequency of different tree felling components with arm posture analysis 
Moving between trees  Backcut  Undercut  Evaluation  

Code  
Percent  Frequency  Percent  Frequency  Percent  Frequency  Percent  Frequency  

66.7  a10  18.9  a23  47.2  a101 48.1  a38  1  
20  b3  20.5  a25  15.4  b33  13.9  b11  2  
0  b0  26.2  a32  20.1  b43  19  b15  3  

13.3  b2  27.9  a34  12.1  c26  10.1  b8  4  
0  0  6.5  b8  5.2  d11  8.9  b7  Others  

100  15  100  122  100  214  100  79  Total  
 0.00  0.00  0.00  0.00 p 

Different lowercase letters within each column indicate significant differences among code frequencies based on the chi-square test and standardized residuals (P < 0.05). 
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Table 4. Frequency of different tree cutting components in forearm posture analysis
Moving between trees  Backcut  Undercut  Evaluation  

Code  
Percent  Frequency  Percent  Frequency  Percent  Frequency  Percent  Frequency  

53.3  a8 52.5  a64  61.2  a131  43  b34 1  
46.7  a7  32  b39  32.7  b70  51.9  a41  2  

0  0  15.6  c19  6.1  c13  5.1  c4  3  
100  15  100  122  100  214  100  79  Total  
 0.00  0.00  0.00  0.00 p 

Different lowercase letters within each column indicate significant differences among code frequencies based on the chi-square test and standardized residuals (P < 0.05). 
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trunk components in wrist posture analysis-Table 5. Frequency of different tree 
treesMoving between   Backcut  Undercut  Evaluation  

Code  
Percent  Frequency  Percent  Frequency  Percent  Frequency  Percent  Frequency  

33.3  5  1.6  b2  6.5  b14  11.4  b9  1  
53.3  8  60.7  a74  53.3  a114  49.4  a39  2  
13.3  2  37.7  b46  40.2  b86  39.2  a31  3  

0  0  0  0  0  0  0  0  4  
100  15  100  122  100  214  100  79  Total  
 0.05>  0.00  0.00  0.00 p 

Different lowercase letters within each column indicate significant differences among code frequencies based on the chi-square test and standardized residuals (P < 0.05). 
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trunk components in wrist rotation posture analysis-Table 6. Frequency different tree 
Moving between trees  Backcut  Undercut  Evaluation  

Code  
Percent  Frequency  Percent  Frequency  Percent  Frequency  Percent  Frequency  

33.3  5  1.6  b2  5.1  a11  10.1  b8  1  
66.7  10  98.4  a120  94.9  b203  89.9  b71  2  
100  15  100  122  100  214  100  79  Total  
 0.197  0.00  0.00  0.00 p 

.square test and standardized residuals (P < 0.05)-frequencies based on the chiDifferent lowercase letters within each column indicate significant differences among code  
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analysisTable 7. Frequency of different tree cutting components in neck posture  
Moving between trees  Backcut  Undercut  Evaluation  

Code  
Percent  Frequency  Percent  Frequency  Percent  Frequency  Percent  Frequency  

20  3  21.3  b26  23.8  b51  49.4  a39  1  
40  6  50.8  a62  34.6  a74  44.3  a35  2  

33.3  5  15.6  b19 16.4  f35  5.1  b4  3  
6.7  1  10.7  c13  19.6  c42 1.3  b1  4  
0  0  1.6  c2  5.6  c12  0  0  5  

100  15  100  122  100  214  100  79  Total  
 0.05>  0.00  0.00  0.00 P 

Different lowercase letters within each column indicate significant differences among code frequencies based on the chi-square test and standardized residuals (P < 0.05). 
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analysisTable 8. Frequency of different tree felling components in trunk posture  
Moving between trees  Backcut  Undercut  Evaluation  

Code  
Percent  Frequency  Percent  Frequency  Percent  Frequency  Percent  Frequency  

53.3  8  37.7  46  50  107  0  0 1  
6.7  1  15.6  19  18.7  40  13.9  11  2  
20  3  9  11  11.2  24  20.3  16  3  
6.7  1  13.1  16  15.4  33  65.8  52  4  

13.3  2  24.6  30  4.7  10  0  0  5  
0  0  0  0  0  0  0  0  6  

100  15  100  122  100  214  100  79  Total 
Different lowercase letters within each column indicate significant differences among code frequencies based on the chi-square test and standardized residuals (P < 0.05). 
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Table 9. Frequency of different tree cutting components in legs posture analysis 

Moving between trees  Backcut  Undercut  Evaluation  
Code  

Percent  Frequency  Percent  Frequency  Percent  Frequency  Percent  Frequency  
93.3  a14  86.1  a105  76.2  a163  93.7  a74  1  
6.7  b1  13.9  b17  23.8  b51  6.3  b5  2  
100  15  100  122  100  214  100  79  Total  

.square test and standardized residuals (P < 0.05)-the chiDifferent lowercase letters within each column indicate significant differences among code frequencies based on  
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Figure 3.The distribution of the frequency Percentage of action levels resulting from the RULA method in  
different components of tree cutting, overall (total) and separately  
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