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Introduction
�
Post-activation potentiation (PAP) is acknowl-
edged as a short-term enhancement in muscle 
strength and power after performing a high-
intensity conditioning activity [35]. It has been 
demonstrated that such high-intensity exercises 
during warm-up routines may improve perfor-
mance in speed and power events [9]. Even 
though mechanisms responsible for PAP are not 
��������	
����
	���	������	���	��������	����-
lated by regulatory myosin light chain phospho-
rylation, motoneuron excitability, motor units 
synchronization, and short-term changes in the 
���������	�����	��	������	�����	���
	�!
	�"#$
Post-activation potentiation has been docu-
������	��	��������	����%�����	���	������	���&	��	
������	 ��	 �&����	 ��	 '���	 ���#
	 �	***	�	 ������	
���������	 �����������	 �"#
	 ���	 !*+	 ���	 �**	�	
�������	 �����	 ��*
	6!#$	 8�	 ��������
	 ���+����	
exercises induced PAP in peak vertical and hori-
:�����	�����	��	�&�	��������	����
	��"#
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�<	��"#	���	<*	�	���������	�����������	��=#$	��	
it has been demonstrated that conditioning 
activities should be similar to the desired task 
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	�&�	���
	��	���	��	�&�	�����	���&�	��	�	���-
sequence of the exercise selection for a condi-
tioning activity (pull-ups and jumps), which did 
not resemble the complexity of swimming 
�������	 ��6#$	>&��
	 ��	 ��	������%����	 �&��	��	 ��+
water strength exercise might serve as a possible 
����	�������	�������	���	���	��	��������$
8�	�&��	�����
	&���	�������	���	�����&����	���	�	
��	�&�	����+����	����������	��	��������	�������	
�������&	 ��	 ��������$	 8�����
	 �&�	 ���������	
enlargement of hands’ surface area provided by 
paddles, and the additional drag created by para-
chutes, lead swimmers to generate a greater pro-
�����%�	 �����	 ��	 ���&	 ����
�	 �6
	��
	��#	 ���&���	
meaningful changes in trajectory, pitch, and 
��������
	������	��	�&�	&���	��*
	��#$	>&�������
	
it is conceivable that these implements represent 
�	����	�������	��������	��	������	���	������	��	
swimming, and the combined use of both pad-
dles and parachute would increase the need for 
strength production during swimming compared 
to the use of either of them alone.
Considering that dry-land exercises failed to 
�&��	���	������	��	��������	�����������
	�&�	
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Abstract
�
We investigated whether a conditioning activity 
?"	@	��$<	�	���&	�$<	���+�����%��	�����	���&	&���	
paddles and parachute) induced post-activation 
potentiation in swimming propulsive force and 
�&��&��	�	�������B�	�����	��%��	�������	�	����+
����%�����	 ������������	 ��������$	 "	 ���������%�	
��������	?<	�����	���	6	�������
	���D	�"$!	F	�$6	
�����G	8�H	K	�L=	F	<=N	���������	�	�*	�	��O����	
���&����	��������	����	"	���	!	���	������	?�&�	
&��&���	 %����	 ���	 ����������	 ��	 �QRN
	 ���	 �$<	
���	 =$<	���	 �����	 ?�TH>�	 ���	 �TH>�
	 ������-
tively) the conditioning activity. Rate of force 
��%��������	���	���	�������
	���	���
	�����	��	
�TH>�	 ?�	K	*$*�N	 ���	 �������	 ��	 ���&	 �TH>�	

(p	K	*$**�N	 ���	 �TH>�	 ?p	K	*$**!N	 ����	 �������$	
Possibly the conditioning activity induced 
greater fatigue than post-activation potentiation 
�������$	V��	��������
	�&�	������	��	�����������	
might have been excessive, and rest intervals 
�������	 �&�	 ������������	 ����%���	 ���	 �TH>�	
���	�TH>�	����	��������	 ���	�&���$	>&���	����	
positive correlations between PRE peak force and 
changes in peak force and rate of force develop-
ment. Although conditioning activity was detri-
mental, positive correlations suggest that weaker 
swimmers experience a deterioration of perfor-
�����	����	�&��	�&�	��������	����$	>&��	�����-
tioning activity is not recommended for 
swimmers with the current competitive level 
before a competitive event.
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�������	��������	��������%�	�����	��	��������
	�&�	����	��'��-
tive of this study was to investigate if an in-water strength train-
ing set performed with hand paddles and parachute would 
������	���	��	��������	��������%�	�����$	>��&����	��������	
���	 ����	 ��	 ��������	 ��������	 �����	 ������	 ��	 ��	 ����������	 �	
valid, sensitive, reliable and widely-used method to assess spe-
����	�����	��	��������	��
	<X�#
	���	����	��������	����	�������-
����	���&	��������	%�������	��
	�L
	��#$	��
����������	�&��	�&�	
������������	����%���	�&����	��	���
+�������
	�������	���	����-
���
	 ���	 ������	 �������	 �������
	 ��	 &����&���:��	 �&��	 ��	 ��+
water strength training set would improve swimming propulsive 
force.
We also assumed that PAP is more likely to be attained in highly-
�������	��&�����	 �!#
	�������	��	 �&���	�������	 �������	����������	
��!#	���	�������	��	�������	�&�	&��&��+�����	�����	�����	�&��	���	
����	�������%�	��	���	���&������	��!
	�<#$	H�������
	�&��	��%��-
tigation aimed to verify if possible pre-to-post changes would be 
related to athletes’ propulsive force levels, hypothesizing that 
swimmers with a higher initial force level would be more likely 
��	�O��������	���	������$

Methods
�
Subjects
"	 ����+�������	 ��������	 ���������%�	 ��������	 ?���D	 �"$!	F	�$6	
�����G	 8�H	K	�L=	F	<=	 ������N
	 <	 �����	 ?����	 ����D	 �6$6	F	!$=	
�G	
&���&�D	 �$"�	F	*$*�	�G	 ���	 ����������D	 L$6	F	6$L	YN	 ���	 6	 �������	
?����	����D	=*$=	F	L$�	
�G	&���&�D	�$=L	F	*$*�	�G	 ���	����������D	
�L$6	F	!$�	YN
	���
	����	��	�&��	�����$	>&��	����	�����+�����	���-
cialists and experienced with in-water strength training, as 
informed by their coach. After an explanation about experimen-
���	 ���
�	 ���	 �������	 ��	 �&�	 �������&
	 ������������	 ��	 �&���	
responsible signed the written informed consent. All procedures 
received approval from the university’s ethics committee where 
�&��	 �����	 ���	 �������	 ���	 ?�������	 ������D	 LL�Z�**"N$	 >&��	
study complies with all ethical standards put forth by the Inter-
��������	\������	��	H�����	^�������	��=#$

������
��
�������������
>&�	 �O����������	 ��������	 ���	 ���������	 ��	 �&�	 �����������	
period of the second macrocycle of the year, in which training 
���_�����	%�����	����	=	��	L	��������	���	���
	���	����	���
��	
%�����	?�����������	�&�	�&���	������N	����&��	6L	!<=	F	L	6=*	�$	
`�����	�&�	�������	���

	��&�����	����	�"	<**	�	��	�	�����	��	=	
��������	��������$	�����	�&�	����+��	?�	***	�	��	���+��+�����-
���	 ���������	 ��������	K	!**	�	 ��	 ����	 ��������	{	�**	�	

��
	{	�**	�	 ������	{	�**	�	 ��	 ����	 ��������N
	 ��������	 ���-
formed a tethered swimming test (which will be described later) 
�����	������	?�QR�	�	�QR�N	���	�����	�����	?�TH>�	���	�TH>�N	�	
conditioning activity ( ��� ����� �N$	 �TH>�	 ���	 �TH>�	 ����	 ���-
������	�$<	���	=$<	���	�����	 �&�	������������	����%���
	 ������-
��%���$	�QR�	���	�QR�	�����	����	����	��	��%��������	�&��&��	�&�	

����	 ������	�����	������	���	���	����	���������	��	!	���$	V���	
�������	 �����	 �QR�
	 ��������	 ���������	 �&�	 ������������	
����%���
	�&��&	���������	��	"	��O����	������	��	��$<	�	�����-
���	�%���	�$<	���	�����	���&	&���	�������	?�!<	���) and para-
�&���	?!**	���N$	�TH>�	���	�TH>�	����	����	��	������	��������	
PAP over time. Hand paddles surface area was assessed by com-
������:��	 ����������	 �����	 �&�	 8����\	 ��������	 ?%$	 �$!6
	
;�������	 8��������	 ��	 }����&
	 ~��&����
	 �H�N$	 �����&���	 ����	 
���	��������	��	�����������	�&�	�����&	��	���	�����	?�$	�$
	�*	��	@	 
�*	��N$	`�����	�&�	��+�����	�������&	��������	���
	�&�	&���	���-
����	����	�O��	��	�&�	�������B�	&����	��	�	��'�������	������
	
����������	 �����	 ��	 �&�	 �����	 ���	 ������	 �����
	 �&�����	 �&�	
parachute was tethered to a belt around the waist of each swim-
���	���	
���	�����O�������	�	�	����	����	�&�	�������B�	����$
All testing procedures were carried out during one session, 
�������	�D**	���	!D**	�^
	��	��	������	����	?�����	�������-
����D	��	��N	�����	�����+�����	����	���&��_��	?�$	�$
	���	����
�	���	
leg kick). Propulsive force was evaluated by means of a fully-
���&����	��������	������	?�RV8HR
	;�%�	T�����
	~��:��N	���-
�����	��	�	����	����	���&	!	������	�����	���	�	***	;	��	��O����	
��������$	 T��	 ��	 ���	 �O���������	 ���	 �����&��	 ��	 �	 �������	
��������	�������	�O��	��	�&�	��������	����
	�&���	�&�	��&��	���	
connected to an inextensible cable system, in which the swim-
mer was tethered on the waist through an adjustable belt. Defor-
�������	��	�&�	����	����	���������	��	�������B�	������	������	
�������	 ����������	 ����	 �������:��	 ��	 ��	 �Z`	 ���������	 ���	
������	��	�**	}:$
>&�	����	���������	��	�	�*+�	��O����	��������	�����	���&	����+
��������	 ����
�	 ����$	 >&�	 ���������	 ?�����	 �����O�������	 <	�	 ��	
moderate swimming) and the end of the test protocol were sig-
�����	 ��	 �	 �&�����$	 >�	 �%���	 ��������	 ������
	 �	�	 ���	 ��%��	
between the whistle and the start of data acquisition, as adopted 
��	���%����	��%�����������	�6
	��#$	H�������	����	��_������	��	
&���	 �&���	 �����&	 ��	 �%���	 ��'��	 ������������	 ��	 ����
�	 
���-
������	 ���#$	 ��&�����	 ����	 ��������	 ���&	 �&�	 ����	 �����	 ��	 &��	
been performed during their training sessions with the aim of 
monitoring training responses.
Individual force-time curves were smoothed using a fourth-
�����	 ~���������&	 ���+����	 �������	 �����	 ���&	 �	 ���+��	 ���-
_�����	 ��	 "	}:
	 ������	 �&����&	 ��������	 ��������	 �66#$	 >&��
	
main points shown in  ��� ����� �	 ����	 ���
��	 ��	 "	 ���������%�	

Warm-up 4 min 4 min 4 min 8 x 12.5 m maximum efforts 2.5 min 4 min

Tethered swimming test

������ Timeline of experimental procedures with rest interval between 
warm-up, tests and conditioning activity.
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��������	������	 ?�$	�$
	 �&�	 �����%��	�������	�	��������%�	 ������	
points) for the assessment of:
�$	 ���
	�����	?�O�������	��	;ND	�&�	&��&���	�����	%����	�������	

�	���������%�	�������	�����	%�����	?8��	K	*$L<
	�8	L<	Y	K	*$��X
*$LL
	p	�	*$***�G	��	K	6$�	Y
	�8	L<	Y	K	*$LX=$=	YNG

�$	 8������	?�O�������	��	;	�	�ND	�&�	�����	�������	��	�	��%��	����$	
8�	�&��	����
	�&�	����	�����	�&�	�����+����	���%�	�������	�	
��������%�	 �������	 �����	 %�����	 ?8��	K	*$LL
	 �8	 L<	Y	K	*$L6X
�$**
	p	�	*$***�G	��	K	�$�	Y
	�8	L<	Y	K	*$LX6$=	YNG

6$	 Q���	 ��	 �����	 ��%��������	 ?QV`
	 �O�������	 ��	 ;	�	�	�	�): ratio 
�������	 �����	 %��������	 ?�V	K	���
	 �����	 �����	 ���	 ���%����	
�������	�����	%����N	���	�&�	����	%��������	?��	K	����	�&��	
peak force was reached minus time at its previous minimum 
�����	 %����N
	 ���������	 ��D	 QV`	K	?�VZ��N	 ?8��	K	*$"6
	 �8	
L<	Y	K	*$6�X*$L=
	p	K	*$**6G	��	K	"$*	Y
	8�	L<	Y	K	6$<X��$<	YN$

Statistical analysis
>&�	�����������	��	��������	�����������	�������	���	��&�������	
����	 %������	 �����	 H&�����+���
	 ���	 ^���&��	 �����
	 ������-
��%���$	�	������	�+����	���	����	��	�������	�QR�	���&	�QR�	%��-
���$	 T���	 �&���	 ���	 ��	 ���������	 �������	 �&���	 �����
	 �&�	
highest value represented PRE and was used for further analysis. 
Q�������	��������	�;T��	��������	��������	�����	������	��	
�&�	���������	��������	���	��	���������	�QR
	�TH>�	���	�TH>�$	
If sphericity was violated the p-values were adjusted by the epsi-
lon Greenhouse-Geisser correction factor. Multiple pairwise 
�����������	����	����	��	~���������	����$	^����%��
	�;T��B�	
�����	 ��:�	 ���	 ��������	 �&����&	 �&�	 �������	 ���	 �_�����	 ?��) 
�&���	 ����+&��	 �����������B	 �����	 ��:��	 ?RHN	 ����	 ����������	
through Cohen’s d$	 ���	 ����	 ���	 �O�������	 ��	 �����	F	��������	
��%�������	 ?^	F	HN$	 �QR+��+�TH>�	 ���	 �QR+��+�TH>�	 �������	
�&�����	?�	YN	��	���	�����+����	���%�	����������	����	����������	
and the highest value was retained for further analysis. Pearson 
�������+������	�����������	����������	����	����	��	�����:�	
�&�	���������&��	�������	�������	�&�����	���	�QR	%�����$	V��	���	
����������	�&�	�����������	��%��	���	���	��	p	�	*$*<$	��������	����	
���������	�����	H�HH	���	�������	?�������	��$*G	H�HH
	8��$
	�&�-
����
	8�
	�H�N$

Results
�
>&�	��+�����	�������&	��������	���	������%���	�������	���
	�����	
( ��� �������
	V�
�!	K	�$L6
	p	K	*$**<
	��	K	*$<6N	���	�������	?	��� ������!, 
V�
�!	K	�"$�*
	 p	�	*$***�
	 ��	K	*$��N
	 ���	 &��	 ��	 �����	 ��	 QV`	
( ��� �������
	V�
�!	K	�$=L
	p	K	*$�6
	��	K	*$�*N$	 8�����
	��������	���-
�������	��%�����	�	�����	���
	�����	��	�TH>�	?p	K	*$*�
	RH	K	*$�6N
	
���	����	�������	��	���&	�TH>�	?p	K	*$**�
	RH	K	*$6=N	���	�TH>�	
(p	K	*$**!
	RH	K	*$6�N	��������	��	�QR$	>&���	���	��	���������	
�������	�TH>�	���	�TH>�$
 ��� ��!����	��������	���	 �&�	�����������	����������	�����	 �����+
time curve parameters in PRE and pre-to-post percent changes.

Discussion
�
>&�	 ����	 ���	 ��	 �&��	 �����	 ���	 ��	 ��%��������	 �&��&��	 ��	 ��+
water strength training set performed with hand paddles and 
parachute would induce PAP in tethered swimming force. Post-
activation potentiation, which is also known as an activity-
dependent potentiation, refers to an enhanced muscle contractile 
response (i. e., increased strength production) induced by a prior 
������������	����%���$	>&�	����	���������	���&������	������-
sible for PAP are phosphorylation of myosin regulatory light 
chains, increased recruitment of higher order motor units, and 
�&���+����	 �&�����	 ��	 �&�	 ���������	 �����	 ��	 ������	 �����$	
Regulatory light chain phosphorylation increases the sensitivity 
of the actin-myosin interaction to Ca�	{	, and alters the structure 
of the myosin head, resulting in a higher force-producing state of 
cross-bridges. Regarding the second mechanism, previous con-
tractions elevate the excitation potential across synaptic junc-
tions at the spinal cord and, as a result, postsynaptic potentials 
increase as well as the recruitment of higher order motor units 
increase during subsequent activity, enhancing force production 
���	����	��	�����	��%��������$	���������	�����	��	������	�����	
���������	�����	���	�����	����������
	��	�&�	�����	��������	��	
the muscle and applied to the tendon is corrected by angle 
cosine. Consequently, a smaller pennation angle provides a 
mechanical advantage to force transmission to the tendon. In 
addition, PAP has already been observed in animal, ex-vivo and 
human models, following both electrical and voluntary stimula-
����
	 ���	 ��	 ��������	 ��%������	 ���	 ������$	 >&��
	 ��	 �&����
	
any type of conditioning activity could enhance contractile 
response during swimming.
However, previous muscle contraction produces both fatigue 
���	���
	���	�&�	���	������	��	�&���	�	�%����	����������	�&��&��	
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r P-value r P-value r P-value

Peak Force 0.71 0.04 0.10 0.80 0.79 0.02
Impulse 0.76 0.03 0.20 0.63 0.76 0.03
RFD 0.58 0.13 0.07 0.86 0.70 0.06
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the performance in a subsequent task is positively, negatively, or 
���	�������$	^�����	�����������	�������
	����	��������
	�������	
on the time courses of fatigue recovery and PAP decline rate. 
>&��
	 �	 ������%�	 �������	 ��	 �&�	 ���O�������	 ��	 ���	 ���	 �������	
�������	��	�	�����������	������	�����������	�������	��<#$	������-
���	��	>�����	�	~��&��	��"#
	�������	�����	�	������%�	�����	��	���	
and “…seems more dominant in the early stages of recovery 
and, consequently, performance of subsequent voluntary activ-
���	 ��	�������&��	��	���&������	?�$	�<=N$	�����_������
	���	��	
more likely to be achieved in highly-trained athletes due to their 
greater fatigue resistance resulting from intense training regimes 
��!#
	��	����	��	�&���	�������	��	�������	&��&��+�����	�����	�����	
����	 �������%�	 ��	 ���	 ���&������	 ��!
	�<#$	 ;�%���&�����
	 ���	
results demonstrated that the in-water training set used herein 
did not enhance force production capacity neither rate of force 
��%��������	��	��	=$<	���$	8�	����
	�&�	������������	����%���	���	
consistently detrimental for impulse and peak force, which 
���������	 ���	"	���	�	������������
	 ��������%���
	 ����������	��	
important role played by fatigue.
>&�	���
	��	���B�	���������	������	���	��	����������	��	�������	
characteristics of the conditioning activity (i. e., high number of 
�����������
	�&���	����	�����%��N	�&��&	8;`��R`	�	�������	�������

�����_������
	 �;`	 ^�H�R`	 �&�	 ������	 ��	 ���$	 8�	 ��	 ��������
	
though, that another training set that provides the appropriate 
balance between neuromuscular activation and fatigue could be 
���������	 ���	 �&���	 �&�	 �O���������	 �����������	 ������	 ���	
�����	��+�����	���
	�����	���	QV`	��%���$
Practically, the optimal balance between fatigue and neuromus-
cular activation could come from twofold: a) the reduction of 
�&�	 ������	 ���&������	 ���
	 ���Z��	 �N	 �	 �������	 ����	 �����%��	
between the conditioning activity and subsequent exercise. 
����������	�&�	����
	��	��	��%����	�&��	�	&��&��	��������	%�����	
induces greater fatigue, especially in high-intensity resisted 
exercises as seen in the current in-water strength training set. 
Considering that there is no current consensus regarding the 
������	%�����	���	����&���	���
	���&	��	���+����	����%�����	��6#	
and in aquatic sports, as well as no recommendation regarding 
conditioning activity for swimming, we chose to use a tradi-
tional in-water training set for such purpose.
H�������
	��	��	����	��������	�&��	����	�����%��	����������	������	
���	���������	��6#$	�	������	����+��������	��������	�&��	�&��	
����	 �����%���	 �����	 �&�	 ������������	 ����%���	 �����	 ����	 "	 ��	
��	���
	��������	�����%������	��	%�������	'���	�����������	
are observed, whereas only small changes can be noticed for rest 
�����%���	����	!	��	�	���	���	����	�&��	�=	���	��6#$	�������-
nately, due to organizational and schedule limitations of the 
club, we were not able to continue testing swimmers greater 
�&��	=$<	���$	>&�������
	�������	����������	����	�����%���	������	
in-water strength training sets are warranted.
Additionally, the present study also aimed to verify if possible 
pre-to-post changes would be related to swimmer’s propulsive 
force levels. Even though most subjects decreased force-time 
curve parameters after the conditioning activity, we found posi-
tive correlations between both peak force and impulse, and the 
�QR+�TH>	 �������	 �&�����	 ���	 ���
	 �����	 ?�	K	*$��	 ���	 *$�=
	
��������%���N	���	QV`	?�	K	*$�L	���	*$�=
	��������%���N$	>&��	����-
cates that swimmers with lower peak force and impulse were 
also those with the greater reduction in tethered swimming per-
formance. Due to a same absolute resistance (same size of pad-
dles and parachute), a higher relative intensity in swimmers 
with lower initial force levels may have resulted in greater 

�������$	>&��	���&���:��	�&�	����������	��	�&�	����%������:�����	
��	�&�	��������	���	���	��������	���	������$
8������������
	���	���'���	���������	���
	�����	���	QV`	��	�TH>�	
�&���	 ����&��	 �O���������	 ������%�	 ������	 ��	 QV`	 ��	 �TH>�$	
~��&	���������	����	����	��������	���&	�&�	&��&���	���
	�����	
���	QV`	%�����	��	�QR$	>&��	���������	�&��	�&�	�������	��������	
���	����
	��	����
	������%�	���	����	��&�����	���&	�	�������	�������	
to mobilize their neuromuscular system during swimming. 
~������	��	�&��
	��	���	��	���������	�&��	�&�	���������	��	������	
contractions induced by paddles and parachute herein was suf-
������	 ��	 ������	 ���
	 ���&���&
	 ��	 �&��	 ����
	 �&�	 ����	 �����%��	
�&����	 ��	 ���������$	 8�	 ����������
	 >�����	 ��	 ��$	 �6�#	 ����	
�����%��	 ���	 ������	 ��	 �*	 ���	 �*	�	 �������	 ������	 ������-
�����	 �����	 �	 ����������	 ���	 ��	 '����	 ���&	 ����	 �*	Y	 ��	 ����	
����&�$	 ������������
	 >����	 �	 `���&���	 ��L#	 �������	 �����%�-
ments in jump height and peak force after a plyometric set.
V������
	 ��	 ��	 ���������	 ��	����	 �&��	��������	������%�	������	 ��	
tethered swimming do not necessarily generate greater swim-
ming velocity. Although this is a valid, sensitive and reliable 
���&��	 ��
	<X�#
	 ���	 �����������	 ���&	 ��������	 �����������	
���	�����	����	*$"�	��	*$L�	���#
	 ����������	�&��	��&��	�������	
���&	 ��	 ���&��_��	 �6*#	 ���	 �������	 ��������	 �6�#	 ����	 ����	 ��	
���������	����	���	�&�	����	���������%�	�������$

Practical Application
�
>&�	�������	���������	&���	��������	�&��	�&�	�������	&���	���-
dles and parachute-based conditioning activity should not be 
used before main competitive events, at least for swimmers with 
�&�	�������	���������%�	���Z��	��������%�	�����	��%���$

)��*��
��+���
����
/	>&�	���&���	&�%�	��	�������	��	��������	��	
declare.
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