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2 Abstract
3 Purpose: To assess the effect of five-week training cessation period on performance and 
4 load-velocity profile related variables. Methods: Twenty-four competitive swimmers (15 
5 males and 9 females: 19.2 ± 3.7 and 17.3 ± 2.3y; 50m front-crawl 550 ± 70 and 572 ± 51 
6 World Aquatics points, respectively) performed a 50 m front-crawl all-out swim, a load-
7 velocity profile, and a pull-up tests before and after a five-week off-season period. 
8 Kinematic variables, blood lactate concentration ([La−]) and rate of perceived exertion 
9 were monitored during the load-velocity profile tests. Results: Performance was impaired 

10 1.3% for males (p<0.01) and 3.8% for females (p<0.01). Neither anthropometric changes 
11 (males: r2 = 0.277, females: r2 = 0.218, p>0.05) nor the physical activity performed during 
12 the off-season (males: r2 = 0.329, females: r2 = 0.094, p>0.05) attenuated performance 
13 impairments. While males counteract the stroke rate decline (p<0.05) by increasing stroke 
14 length (p<0.05) in the majority of the race, females did not, leading to a decline in clean 
15 swimming speed (p<0.05). The maximum load at zero velocity decreased (p<0.05) during 
16 the load-velocity profile test. In addition, males showed an increased in [La−] (p<0.05), 
17 while females decreased the maximum velocity at zero load (p<0.01) and stroke rate 
18 (p<0.01). No change in the slope was observed for either sex (p>0.05). Conclusion: 
19 Following a five-week off-season period sprint swimming performance declines (males: 
20 0.34s; females: 1.15s). The load velocity profile and related variables evidenced 
21 deterioration, showing changes in [La−], maximum load at zero velocity, average velocity 
22 during the third trial, and stroke rate.
23
24 Keywords: semi-tethered, strength, training cessation, testing, off-season.
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26 Introduction
27 Sprint swimming performance is a multifactorial phenomenon largely dependent on the 
28 muscular force production while stroking1, swimming technique2 and anaerobic/aerobic 
29 energy production3. Due to the aquatic environment, it is not possible to directly measure 
30 the whole-body propulsive forces exerted in the water1. Over the years, several estimation 
31 methods like hand pressure sensors or tethered swimming have emerged to estimate 
32 propulsive forces4,5. However, each of these methods has its own inherent limitations5. 
33 Currently, despite these constraints, the technological development has also enabled the 
34 reliable and ecologically valid evaluation of velocity and force simultaneously via semi-
35 tethered swimming6.

36 In semi-tethered swimming, the swimmer propels forward while being subjected 
37 to an external load. The velocity achieved against different external loads follows a linear 
38 relationship (r2 > 0.98)6,7 that allows to create the swimmers’ load-velocity profile. Key 
39 features of this profile include the maximum velocity at zero load (V0), maximum load at 
40 zero velocity (L0) and steepness of the regression line (slope), which together provide 
41 insights into an athlete’s maximum velocity, the ability to produce propulsive forces, and 
42 the ability to minimize resistance force6–9. These factors reflect both individual velocity 
43 and strength capabilities during swimming6–9. Indeed, positive associations between these 
44 parameters and sprint performance has been observed across the four swimming 
45 strokes7,8,10,11. Consequently, the load-velocity profile is considered a practical tool for 
46 monitoring changes in swimmers’ performance over the course of a season. However, 
47 most studies to date are cross-sectional and the longitudinal effects of the profile have yet 
48 to be demonstrated.  

49 During the off-season, swimmers typically spend four to six weeks out of the pool, 
50 depending on the individual coaches and/or national calendars, with no regular swimming 
51 training sessions12,13. Although this period is necessary for recovery and relief from 
52 training stress, it also leads to a partial or complete loss of training adaptations, a process 
53 known as detraining14. The detraining effect is clearly observed in the cardiorespiratory 
54 function, which is characterized by a rapid decline in maximal oxygen uptake and blood 
55 volume14. This has led to the research in swimming being primarily focused on middle- 
56 and long-distance events, due to the importance of physiological changes that occur even 
57 after short periods of training cessation12–14. With regards to sprint swimming, recent 
58 studies have begun to emerge13,15,16; however, given the importance of muscular force 
59 production, the in-water forces and related aspects require further in-depth investigation 
60 in sprint swimming13,15,16.

61 Given the utility of the load-velocity profile for assessing individual velocity and 
62 strength capabilities, along with the need to better understand the effects of detraining on 
63 sprint and in-water forces, this research aimed to evaluate the impact of a five-week 
64 training cessation period on performance and load-velocity profile related variables. The 
65 physical activity undertaken during the five-week off-season was monitored. A reduction 
66 in performance and load-velocity profile related variables was expected after a five-week 
67 training cessation period.

68 Methods
69 Participants
70 Twenty-four swimmers, 15 males and 9 females (19.2 ± 3.7 and 17.3 ± 2.3y; 50m front-
71 crawl 550 ± 70 and 572 ± 51 World Aquatics points, level 417, respectively) (competing 
72 mainly in 50 and 100 m events, volunteered to participate in the current study. All 
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73 swimmers had more than six years of regional and/or national competitive experience and 
74 participated in at least six water and four dryland training sessions per week. The protocol 
75 was explained to the swimmers and their parents (swimmers under 18 years) prior to 
76 signing an informed written consent form. The study was conducted according to the 
77 Code of Ethics of the World Medical Association (Declaration of Helsinki) and the 
78 protocol was approved by the University of ANONIMITY ethics committee.

79 Design
80 A longitudinal single-cohort study was carried out assessing swimmers before and after 
81 a five-week off-season period. During that period, the swimmers did not follow a specific 
82 swimming or dryland training program, but were encouraged to stay physically active 
83 and participate in any type of physical activity. The first testing (pre) was conducted the 
84 week prior to the initiation of the final peak performance of the season, based on the 
85 swimmers’ coaches’ recommendations in relation to the competition calendar and the 
86 general training regime. The second testing (post) took place just before the beginning of 
87 training for the following competitive season. Both testing sessions were conducted 
88 identically. Given the long periods of rest among trials and the swimmers’ availability, 
89 the tests were conducted on a single day. To enhance the reliability of the measurements, 
90 a three-fold approach was implemented: 1) to avoid bias due to circadian variation, pre 
91 and post testing were conducted at the same time of the day18, 2) the tests were performed 
92 in the exact same order, with identical rest intervals between them, and 3) swimmers were 
93 instructed to refrain from strenuous exercise and maintain similar dietary habits on the 
94 day before and the day of the tests. Moreover, during the testing sessions, participants 
95 were verbally encouraged to exert their maximum effort.

96 Swimming tests were carried out in a 25m swimming pool (25-m length × 16.5-
97 m width × 2.07-m depth with 27.6, 28.8°C, and 51% water, air temperature, and humidity 
98 in the pre and 28.2, 30.0°C, and 50% water, air temperature, and humidity in the post). 
99 Anthropometric measurements and pull-ups were assessed in an adjacent room directly 

100 connected to the testing swimming pool.

101 Methodology
102 During the season, before the pre testing session, swimmers followed their specific 
103 training program. Swimmers belonged to two different swimming clubs (19 and 5 
104 swimmers) with the same competitive calendar and similar training methodologies 
105 employing the 5-zone system proposed by Mujika et al.19. In the testing session, upon 
106 arrival at the facilities, anthropometric variables were measured following standardized 
107 techniques adopted by the International Society for the Advancement of 
108 Kinanthropometry (ISAK)20. Body height and body mass were measured using a 
109 stadiometer/scale (Seca 799, Hamburg, Germany) by the same ISAK Level 2 accredited 
110 researcher. Body mass index was calculated as body mass [kg]·height [m]−2. 

111 Swimmers then completed their standardized dry-land warm-up, which primarily 
112 consisted of joint mobility, dynamic stretching, and elastic band exercises. Moreover, as 
113 part of the warm-up, swimmers performed 2-3 submaximal pull-ups (i.e., not maximal 
114 intended velocity). Once the swimmers confirmed their readiness to exert their maximum 
115 effort, five pull-ups with two min of rest in-between were executed. Swimmers were 
116 required to start the pull-ups hanging from the bar with pronated grip and with their 
117 elbows fully extended; then, at the researcher’s signal, they were requested to perform as 
118 quickly as possible.  Performance was measured using an isoinertial dynamometer (T- 
119 Force Dynamic Measurement System, Ergotech, Murcia, Spain) attached to the subjects’ 
120 hips via a harness. Pull-up movements were monitored by the same researcher to ensure 
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121 vertical displacement. If any horizontal movement was observed and/or the swimmers’ 
122 chin did not reach the bar, the pull-up was not considered as correct, an additional trial 
123 was performed21. The trials with the highest and lowest mean velocity values of the 
124 propulsive phase were excluded, and the average of the remaining three was calculated22. 
125 Average propulsive velocity, force, and power were obtained (PUvavg, PUfavg, and PUpavg, 
126 respectively).

127 The participants then headed to the water and performed an in-water warm-up 
128 comprising 200 m (100 m usual breathing and 100 m breathing every five strokes), 2 × 
129 100 m (2 × [25 m flutter + 25 m increased stroke length]) on 1:50 min, 6 × 50 m (2 × 50 
130 m drill; 2 × 50 m building up swimming speed; and 2 × [25 m race pace + 25 m easy]) on 
131 1:00 min, and 100 m easy swim. This warm-up was adapted from previous literature 23, 
132 aligning with the coaches' requirements for their swimmers' in-water warm-up routine 
133 before competitions. 

134 The swimmers rested for 10 min and performed a load-velocity profile test, which 
135 consisted of three 20 m front-crawl semi-tethered swims from a push-off start with 
136 maximal effort, without undulatory underwater swimming and 6 min of total recovery 
137 between each sprint6,24. The loads used in the three trials were 1, 5, and 7 kg for males, 
138 and 1, 3, and 5 kg for females. Initially, the loads were selected based on previous research 
139 (males: 1, 5, and 9 kg; females: 1, 3, and 5)6. However, during a pilot study, two males 
140 struggled with the 9 kg load. Besides, since measurements were to be taken also after a 
141 five-week off-season period, the 9 kg load was replaced by a 7 kg load to ensure that 
142 swimmers could handle the same loads in both the pre and post testing sessions. This 
143 adjustment has been also performed in this kind of testing9 and prevented potential 
144 protocol changes in the post session, which would have resulted in different testing 
145 conditions. The external load was applied using the 1080 Sprint 2, a robotic resistance 
146 device (1080 Motion, Lidingö, Sweden) which measured the swimming velocity and the 
147 force simultaneously with a recording frequency of 200 Hz. The device was positioned 
148 and secured on the wall at 0.63 m between the water surface and the origin of the cord in 
149 the device. The cord was attached to the back of the swimmers' waists using the 
150 manufacturer's belt to prevent the wire from interfering with their kicking motion. 

151 From the 1080 motion web app (https://webapp.1080motion.com), data was 
152 downloaded for further analysis within a customized script in Python (V3.11.5). First, 
153 given the fact that the device was placed at 0.63 m above the water level, the following 
154 correction was applied to obtain the horizontal component of the velocity8:

155

(1) 𝑉𝐻 = 𝑉 × cos[ 𝑠𝑖𝑛―1
0.63
𝐿𝐶

]

156

157 Where V and VH represent the average velocities before and after correction, respectively. 
158 The value 0.63 refers to the height (m) of the device (i.e., the cord's origin) above the 
159 water level, while LC is the length (m) of the cord extending from the device to the 
160 swimmer. Data analysis was restricted to the 10-15m section and the average velocity 
161 (SLVP) of the three strokes performed in this section was used. This area was chosen to 
162 ensure that all the swimmers were analyzed in the same section during the pre and post 
163 measurements, thus controlling for the effect of the push-off, fatigue or stroke 
164 adjustments25.
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165 The calculated average VH was plotted as functions of the corresponding external 
166 load and a linear regression line was established for each load-velocity plot 6–8,25. The 
167 theoretical maximal values of VH (V0) and load (L0) were calculated using the intercept 
168 of the regression line with the vertical and horizontal axes, respectively and where V0 
169 represents the theoretical maximal velocity and L0 represents the theoretical maximal load 
170 the swimmer can pull (without being towed backward). The slope is the steepness of the 
171 linear regression line for the load-velocity relationship and was computed as Slope = – 
172 V0/L0

 6–8,25. The coefficient of determination (r2) was also calculated individually with a 
173 mean value of 0.99. Moreover, given the inherent changes that may occur during the load-
174 velocity tests, the swimming kinematics (stroke rate, length, and index [SR, SL, and SI, 
175 respectively]) may also be influenced during each trial, and thus were also included in 
176 this study13.

177 During the load-velocity profile test, blood lactate concentration [La−] was 
178 analyzed. Capillary blood samples (25 μL) were collected from the same fingertip 1 min 
179 before the first semi-tethered trial, immediately after each effort, and at minute 1, and 
180 every 2 min until the peak was reached after the third trial ([La−]peak). The samples were 
181 analyzed using Lactate Pro 2 analyzer (Arkray, Inc., Kyoto, Japan). Rate of perceived 
182 exertion (RPE) was asked immediately after each semi-tethered trial using the 0 – 10 
183 scale with which the swimmers were already familiar26. Moreover, all the trials were 
184 recorded with a Sony FDR-AX53 (Sony Electronics Inc., Tokio, Japan) at 100 Hz 
185 sampling rate.  

186 Finally, swimmers rested for 10 min and perform 50 m front-crawl all-out with 
187 in-water start with restricted underwater duration (i.e., swimmers were asked to avoid 
188 performing undulatory underwater swimming). The time taken to complete the given 
189 distance was considered as T50 and SR, SL, SI and clean swimming speed were also 
190 obtained 13. All the videos were analyzed by one expert evaluator on an in-house 
191 customized software for race analysis in competitive swimming27 with an intraclass 
192 correlation coefficient > 0.975. The variables were collected as previously explained in 
193 the literature13. 

194 During the five-week off-season period, swimmers were instructed to self-assess 
195 their weekly physical activity by the International Physical Activity Questionnaire 
196 (IPAQ) 12,13,28 and complete the corresponding online formulary. The information was 
197 summarized according to the registered physical activities (i.e., low, moderate, and 
198 vigorous activities). The swimmers’ questionnaires results were transformed into units of 
199 metabolic equivalent of task following the IPAQ specifications12,13,28. In addition, 
200 swimmers were asked to provide the specific type of activity conducted (e.g., basketball, 
201 running, cycling, etc.).

202 Statistical analysis
203 The normality of all distributions was assessed using the Shapiro–Wilk test. Napierian 
204 logarithms were calculated for analytical purposes. All analyses were stratified by sex29. 
205 To examine the impact of growth on performance changes, a multiple regression analysis 
206 was performed. The change in performance (i.e., relative change) served as the dependent 
207 variable, while the relative change for height and body mass were included as predictor 
208 variables. The same procedure was applied using off-season physical activity data to 
209 assess the effects of non-swimming-specific physical activities. Paired sample t test was 
210 used to compare differences between pre and post off-season for each variable. Effect 
211 sizes (d) of the obtained differences were calculated and categorized as follow: small if 0 
212 ≤ |d| ≤ 0.5, medium if 0.5 < |d| ≤ 0.8, and large if |d| > 0.830. Pearson correlation was used 

Page 6 of 19

Human Kinetics, 1607 N Market St, Champaign, IL 61825

International Journal of Sports Physiology and Performance



For Peer Review

7

213 to quantify the degree of association between deltas (Δ, i.e., post−pre values) for each 
214 variable and the change in T50. Statistical procedures were conducted with the Jamovi 
215 software package version 2.3.28.0 (Jamovi Project 2022, retrieved from 
216 https://www.jamovi.org) with the level of statistical significance set at 0.05.

217 Results
218 The mean volume and training load per week over the las 15 weeks immediately before 
219 the off-season were 27 ± 5 km·wk-1 and 55 ± 11 T.U.·week-1. While females increased 
220 their height (p < 0.05), no other anthropometric change was observed in males or females 
221 after the five-week training cessation (Table 1). In this regard, neither anthropometric 
222 variations (males: r2 = 0.277, p > 0.05; females: r2 = 0.218, p > 0.05) nor off-season 
223 physical activity (males: r2 = 0.329, p > 0.05; females: r2 = 0.094, p > 0.05) influenced 
224 the total variance in performance change. The swimming performance of both male and 
225 female was found to be impaired by 1.3% and 3.8%, respectively, after the off-season. 
226 Furthermore, the clean swimming velocity was markedly slower at the end of the race at 
227 the post condition (p < 0.01), evoked by a reduction in the SR in both sexes (p < 0.05) 
228 (Table 2). Following each semi-tethered trial, males exhibited an increase in [La−], while 
229 this increase was only evident in the third trial for females (p < 0.05). Additionally, both 
230 sexes demonstrated a decline in L0, with females displaying a deterioration in V0 and no 
231 alterations in the Slope in any of the sexes (Figure 1; Table 3). The third semi-tethered 
232 trial exhibited the most pronounced impact of the training cessation period, manifesting 
233 a discernible decline in velocity, SR, and SI (p < 0.05) (Table 3). The specific effects of 
234 the five-week off-season on swimmers’ anthropometrics, physical activity, upper-body 
235 strength, kinematics, and load-velocity profile related variables are presented in Tables 
236 1-3. 

237

238 [please insert Figure 1 and Tables 1-3 near here]

239

240 Discussion
241 Our study aimed to assess the effect of five-week training cessation period on 
242 performance and load-velocity profile related variables. As hypothesized, the results 
243 showed an impairment in both males (1.3%) and females (3.8%) sprint swimming 
244 performance, with neither anthropometric changes nor physical activity accounting for 
245 the differences in performance decline. A deterioration in the load-velocity profile was 
246 evidenced in both sexes ([La−] especially in males, L0, SLVP3T, SR), with females 
247 showing a particularly strong negative association between changes in V0 and 50 m sprint 
248 performance.

249 After the training cessation period, swimmers evidenced a clear decline in overall 
250 sprint performance. This impairment was associated with declines in both 25-m splits, 
251 turn (males only) and finish phases (females only), findings consistent with previous 
252 research13

, confirming the negative consequences of detraining in sprint swimming 
253 events. Furthermore, after the off-season, SR decreased in both sexes, which has been 
254 previously suggested as a consequence of anaerobic energetic impairments13,31. Indeed, 
255 to counteract the decline in SR, swimmers exhibited higher SL during the clean 
256 swimming phase of the first and second split (not in the finish). This augmented SL in 
257 males prevented a reduction in clean swimming speed during the first split, and even 
258 increased it during the second half of the race. Based on the evident impairment in the 
259 finish, this higher clean swimming speed seems to be the consequence of a race strategy 
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260 in which the swimmers boosted all their energy after the turn, without being able to 
261 maintaining it to the end. Indeed, these results are supported by the SI behavior, which 
262 dramatically dropped at the end of the race, likely as result of higher fatigue32. On the 
263 contrary, females’ increase in SL was not enough to counteract the SR decline and, thus, 
264 clean swimming speed impaired throughout the race. The impairment during the first half 
265 and end of the race presented association with overall performance, which is in agreement 
266 with previous research13. Finally, it is important to note that given the established 
267 relationship between SR and SL, it is reasonable to expect that declines in SR would result 
268 in increases of SL, as a consequence of longer stroke duration33; nevertheless, these 
269 increases must be sufficiently substantial to prevent a reduction in swimming speed.

270 After the off-season, L0 was reduced in both sexes. Considering that L0 
271 corresponds to a fully tethered swimming condition8, these results are in line with those 
272 previously presented for mean fully tethered swimming13 and indicate a decline in 
273 swimmers in-water maximum strength. While the reduction in SLVP in females was 
274 evident in all three loads (Table 3), the greatest decline was observed at the heaviest load, 
275 which was significantly reduced in males. On the other hand, the slope, which is a strong 
276 indicator of active drag9, was unaffected in both sexes. Thus, based on the changes in 
277 velocity across the different loads and the lack of variation in the slope (Table 3), 
278 swimmers manifested a reduction in the applied force in the water34, especially at high 
279 loads, with no apparent change in hydrodynamic resistance. Furthermore, the pull-up 
280 results seem to support the aforementioned statement. In this case, the changes in pull-up 
281 performance among the male participants were not significant. Since the pull-up is a 
282 bodyweight exercise22, it is possible that a reduction in maximal strength (defined as the 
283 maximal load lifted for one repetition) occurred, which may have affected swimming 
284 velocity at higher loads. Indeed, maximal upper-body dry-land strength has been 
285 suggested as the main predictor of in-water forces35. In contrast, the female participants 
286 exhibited a significant decline in pull-up performance (in particular, two females were 
287 unable to complete the pull-up in the post test), and this decay was accompanied by a 
288 significant reduction in swimming velocity across all load conditions. Overall, despite the 
289 lack of association between deltas, the results suggest that the decline in performance of 
290 the swimmers may be partly attributed to neuromuscular impairments likely including a 
291 reduction in maximal strength and altered muscle activation patterns, which would have 
292 affected force production35, especially at higher loads.

293 From the performance perspective, the V0 could be considered the most important 
294 parameter, as it represents the maximum velocity a swimmer can achieve without any 
295 load (i.e., free swimming). In this respect, no changes were observed in males’ V0, as well 
296 as their clean swimming speed remained unchanged. In fact, the highest clean swimming 
297 speed in males corresponded to V0 (1.79 vs. 1.79 m·s-1, respectively), thus, given that no 
298 changes were observed in one, a lack of change in the other would be expected8. On the 
299 other hand, the opposite behavior was observed in females, who showed a significant 
300 reduction in V0 associated with the T50 impairment, i.e., the higher the reduction in V0, 
301 the higher the increase in T50. These results confirm that this method is useful for 
302 monitoring changes in swimmers’ performance over time.

303 To gain a clearer understanding of the changes in the load-velocity profile, it is 
304 interesting to consider the intrinsic variations that occur during the test 36. There was an 
305 evident reduction in SR after the off-season in every semi-tethered trial (Table 3). This 
306 SR reduction has been previously associated with impairments in the anaerobic 
307 capacity13,31, which was more pronounced in female swimmers. On the other hand, males’ 
308 swimmers counteracted the SR reduction by increasing their SL during the first semi-
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309 tethered trial. This specific increase in SL led to a higher SI, suggesting that the 
310 swimmers, in an attempt to reach greater speeds, adopted a SR during the pre testing 
311 session (i.e., before the off-season) that exceeded the optimal33. This not only fails to 
312 translate into higher speeds, but also diminishes propulsive efficiency, ultimately leading 
313 to greater energy expenditure for the same swimming speed37,38. On the contrary, females 
314 were not able to counteract the SR decline by increasing their SL. To better understand 
315 this offsetting effect, it is important to recognize that SR and SL present a negative 
316 association (i.e., an acute increase in SR results in an immediate decrease in SL)33, but 
317 also that SL has been associated with strength levels21. Hence, despite the decrease in SR, 
318 which should have resulted in a greater SL, females’ strength impairment led to the 
319 similar SL after the off-season. This may be a consequence of the low level of vigorous 
320 activity performed during the off-season, as discussed below. Moreover, the SL 
321 invariance was translated into a decline in SI, which, as discussed in males, reduced their 
322 propulsive efficiency and likely increased the energy expenditure.

323 The males’ [La−] during the load-velocity profile test increased following the 
324 training cessation period (Table 3). However, this does not necessarily indicate an 
325 improvement in anaerobic capacity, as it reflects the balance between lactate production 
326 and removal39. In fact, given the changes in SR, the physical activity reported during this 
327 period, and based on previous studies that have found impairments of cardiac and aerobic 
328 capacity functions in swimmers12,13,40,41, it is likely that the males managed to mitigate 
329 their impairment of anaerobic function to a greater extent compared to the aerobic 
330 function, leading to higher [La−] after the off-season. Unfortunately, no aerobic indicators 
331 were measured to corroborate this. On the other hand, females’ [La−] remained unaltered 
332 (except after the third trial), which aligns with previous findings13. In this case, the 
333 amount of physical activity conducted during the off-season was considerably lower than 
334 males, especially, the vigorous activity was almost a third (Table 1) which is likely to 
335 induce an impairment in both aerobic and anaerobic functions39. Furthermore, the 
336 changes in energy production might have influenced also the L0, given the relationship 
337 between the pure capacity to produce power at a higher rate and higher capacity to apply 
338 force to the water3. 

339 Finally, the amount of physical activity did not seem to have a linear effect on the 
340 change in performance. However, it is clear that females who were less physically active, 
341 especially in terms of vigorous activities, had greater impairments than males. Moreover, 
342 it is important to note the reported activities in males were mainly resistance training, 
343 basketball, football, or racket sports, whereas for females it was running, or cycling. 
344 Given the nature of these activities, it is important to consider their different effects on 
345 neuromuscular adaptations Moreover, this difference in training modalities may have 
346 contributed to the higher RPE reported by females compared to males in all three trials 
347 (Table 3). This raises the question of whether the chosen activities were appropriate for 
348 maintaining the specific demands of sprint swimming, particularly in terms of 
349 neuromuscular conditioning.

350 Practical applications
351 The off-season is an essential part of the training process, providing recovery and relief 
352 from training stresses to support the athlete's long-term development and prevent burnout. 
353 However, after five-week of training cessation, sprint performance is clearly impaired. 
354 Given the time needed to regain these capacities, such impairments could potentially 
355 compromise performance in the upcoming competitive season. The use of the load-
356 velocity profile allows to assess the maximum velocity, the ability to produce propulsive 
357 forces, and the ability to minimize resistance force in a single test, providing valuable 
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358 insights into the causes of performance changes. This deeper understanding is essential 
359 for guiding the training program at the beginning of the following competitive season, 
360 potentially reducing the time to reach the peak performance. Finally, coaches and future 
361 research should explore strategies during the detraining period to minimize these 
362 declines. Based on the evidence and observed sex differences, it may be beneficial to 
363 implement more tailored activities. In particular, the inclusion of vigorous, high-intensity 
364 exercise (e.g., resistance training or team sports) may help to maintain strength and 
365 neuromuscular capacities, especially in female sprinter swimmers.

366 Conclusion
367 After a five-week off-season period both males (1.3%) and females (3.8%) sprint 
368 swimming performance declined, primarily compromised by a reduction in SR. The load-
369 velocity profile and related variables evidenced deterioration, showing both sexes 
370 changes in [La−], L0, SLVP₃T, and SR. Notably, females displayed a negative association 
371 between changes in V0 and 50 m sprint performance.
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523 Figure 1. Individual and average load-velocity profiles obtained during pre and post 
524 testing for male (left panel) and female (right panel) swimmers.
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526 Table 1. Effects of five-week off-season on swimmers’ anthropometrics, physical 
527 activity, and upper-body strength. The pre and post mean ± standard deviation values are 
528 presented, along with corresponding p-values, mean differences, 95% confidence 
529 intervals (CI), relative changes (Δ%), effect sizes, and correlations between deltas and 
530 delta performance (Δ).

531

532 Table 2. Effects of a five-week off-season on swimmers’ race kinematics. The pre and 
533 post mean ± standard deviation values are presented, along with their corresponding p-
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534 values, mean differences, 95% confidence intervals (CI), relative changes (%Δ), effect 
535 sizes, and correlations between changes in kinematics (Δ) and changes in performance 
536 (Δ).

537

538 Table 3. Effects of five-week off-season on swimmers’ load-velocity profile related 
539 variables. The pre and post mean ± standard deviation values are presented, along with 
540 the corresponding p-values, mean differences, 95% confidence intervals (CI), relative 
541 changes (%Δ), effect sizes, and correlations between changes in the load-velocity profile 
542 (Δ) and changes in performance (Δ).

543
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Table 1. Effects of five-week off-season on swimmers’ anthropometrics, physical activity, and upper-body strength. The pre 

and post mean ± standard deviation values are presented, along with corresponding p-values, mean differences, 95% 

confidence intervals (CI), relative changes (Δ%), effect sizes, and correlations between deltas and delta performance (Δ).

Variable Pre Post Difference [95%CI]; ∆% p-value Effect size (d) ΔvsΔT50

Height (cm) 175.4 ± 7.0 175.8 ± 6.7 0.4 (0 to 0.9); 0.3% 0.075 0.50, small 0.106

Body mass (kg) 71.7 ± 6.9 72 ± 7.5 0.3 (-0.6 to 1.1); 0.3% 0.489 0.18, small 0.155

BMI (kg·m-2) 23.3 ± 1.3 23.3 ± 1.5 0 (-0.4 to 0.3); -0.2% 0.846 0.05, small 0.081

Low intensity 

(MET-min·wk−1)
- 927 ± 604 - - - -0.519*

Moderate intensity 

(MET-min·wk−1)
- 506 ± 487 - - - -0.346

Vigorous intensity 

(MET-min·wk−1)
- 1553 ± 1310 - - - 0.146

Total physical activity 

(MET-min·wk−1)
- 2986 ± 1757 - - - -0.165

PUvavg (m·s-1)a 0.89 ± 0.19 0.92 ± 0.2 0.02 (-0.05 to 0.1); 3.5% 0.587 0.14, small -0.271

PUfavg (N) 725.02 ± 74.75 728.4 ± 72.86 3.38 (-7.46 to 14.21); 0.5% 0.515 0.17, small -0.403

M
A

LE
S 

(n
 =

 1
5)

PUpavg (W)a 634.18 ± 151 647.82 ± 151.04 13.64 (-39.59 to 66.88); 3.4% 0.619 0.13, small -0.348

Height (cm) 167.8 ± 6.8 168.4 ± 7 0.6 (0 to 1.2); 0.4% 0.038# 0.83, large -0.388

Body mass (kg) 58.7 ± 5.6 59.4 ± 6.2 0.7 (-0.5 to 1.8); 1.1% 0.202 0.46, medium -0.420

BMI (kg·m-2) 20.8 ± 1.1 20.9 ± 1.4 0.1 (-0.3 to 0.4); 0.4% 0.560 0.20, small -0.314

Low intensity 

(MET-min·wk−1)
- 1206 ± 855 - - - -0.234

Moderate intensity 

(MET-min·wk−1)
- 314 ± 324 - - - -0.209

Vigorous intensity 

(MET-min·wk−1)
- 640 ± 567 - - - 0.034

Total physical activity 

(MET-min·wk−1)
- 2160 ± 1265 - - - -0.197

PUvavg (m·s-1)a$ 0.52 ± 0.21 0.50 ± 0.12 -0.09 (-0.16 to -0.02); -14.4% 0.002# 1.94, large 0.441

PUfavg (N)a$ 627.92 ± 147.97 558.95 ± 42.41 -59.23 (-209.54 to 91.09); -5.8% 0.379 0.36, small -0.148

FE
M

A
LE

S 
(n

 =
 9

)

PUpavg (W)a$ 331.72 ± 222 276.75 ± 62.56 -101.3 (-265.68 to 63.08); -18.2% 0.064 0.86, large 0.078

T50: time taken to complete 50-m; BMI: body mass index; MET: metabolic equivalent of task; PUvavg: average propulsive velocity; PUfavg: average propulsive 

force; PUpavg: average propulsive power; a: Raw data is presented, but Napierian logarithm transformed data was used in the analysis; $: n=7, two swimmers 

were unable to complete the pull-up in the post test; #significant difference; *significant correlation.
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Table 2. Effects of a five-week off-season on swimmers’ race kinematics. The pre and post mean ± standard deviation values 

are presented, along with their corresponding p-values, mean differences, 95% confidence intervals (CI), relative changes 

(%Δ), effect sizes, and correlations between changes in kinematics (Δ) and changes in performance (Δ).

Variable Pre Post Difference [95%CI]; ∆% p-value Effect size (d) ΔvsΔT50

T50 (s) 27.13 ± 1.33 27.47 ± 1.20 0.34 (0.15 to 0.53); 1.3% 0.002# 0.98, large -

T25 (s) 13.34 ± 1.00 13.48 ± 0.59 0.15 (0.04 to 0.25); 1.1% 0.009# 0.78, medium 0.826*

T25-50 (s) 13.79 ± 0.68 13.98 ± 0.64 0.19 (0.07 to 0.31); 1.4% 0.004# 0.88, large 0.870*

Turn(20-30) (s) 8.12 ± 0.41 8.39 ± 0.42 0.27 (0.17 to 0.37); 3.3% < 0.001# 1.50, large 0.728*

Finish(45-50) (s) 2.75 ± 0.15 2.87 ± 0.15 0.12 (0.05 to 0.18); 4.3% 0.002# 1.00, large 0.304

SR0-25 (Cyc·min-1) 54.65 ± 2.66 52.68 ± 3.94 -1.97 (-3.49 to -0.46); -3.6% 0.014# 0.72, medium -0.126

SR25-50 (Cyc·min-1) 51.19 ± 2.80 49.13 ± 3.55 -2.06 (-3.18 to -0.94); -4.0% 0.001# 1.02, large -0.431

SRFin (Cyc·min-1) 50.17 ± 2.88 48.96 ± 3.27 -1.21 (-2.3 to -0.11); -2.4% 0.033# 0.61, medium -0.300

SL0-25 (m) 1.97 ± 0.15 2.05 ± 0.14 0.08 (0.02 to 0.15); 4.4% 0.019# 0.69, medium -0.132

SL25-50 (m)a 1.95 ± 0.14 2.07 ± 0.16 0.11 (0.06 to 0.17); 5.9% < 0.001# 1.21, large 0.164

SLFin (m) 1.97 ± 0.14 1.94 ± 0.19 -0.03 (-0.09 to 0.04); -1.5% 0.374 0.24, small 0.011

SI0-25 (m2·s-1) 3.53 ± 0.42 3.68 ± 0.33 0.15 (0 to 0.3); 4.8% 0.047# 0.56, medium -0.294

SI25-50 (m2·s-1) 3.25 ± 0.39 3.49 ± 0.37 0.23 (0.13 to 0.34); 7.5% < 0.001# 1.20, large -0.035

SIFin (m2·s-1) 3.23 ± 0.36 3.06 ± 0.44 -0.17 (-0.34 to -0.01); -5.3% 0.042# 0.58, medium -0.120

Clean swimming 
speed0-25 (m·s-1)

1.79 ± 0.09 1.79 ± 0.08 0.01 (-0.02 to 0.03); 0.4% 0.681 0.11, small -0.543*

Clean swimming 
speed25-50 (m·s-1)

1.66 ± 0.10 1.69 ± 0.08 0.02 (0 to 0.04); 1.5% 0.037# 0.60, medium -0.462

M
A

LE
S 

(n
 =

 1
5)

Clean swimming 
speedFin (m·s-1)

1.64 ± 0.09 1.57 ± 0.08 -0.07 (-0.1 to -0.03); -4.0% 0.002# 0.99, large -0.303

T50 (s) 30.39 ± 1.10 31.55 ± 1.23 1.15 (0.8 to 1.51); 3.8% < 0.001# 2.48, large -

T25 (s) 14.89 ± 1.00 15.34 ± 0.50 0.45 (0.28 to 0.61); 3.0% < 0.001# 2.09, large 0.557

T25-50 (s) 15.50 ± 0.62 16.21 ± 0.79 0.71 (0.41 to 1.01); 4.5% < 0.001# 1.81, large 0.892*

Turn(20-30) (s) 9.14 ± 0.32 9.59 ± 0.30 0.45 (0.35 to 0.55); 4.9% < 0.001# 3.45, large 0.499

Finish(45-50) (s) 3.11 ± 0.17 3.34 ± 0.19 0.23 (0.13 to 0.33); 7.5% < 0.001# 1.71, large 0.776*

SR0-25 (Cyc·min-1) 53.37 ± 2.50 49.23 ± 2.90 -4.15 (-5.83 to -2.47); -7.7% < 0.001# 1.90, large -0.330

SR25-50 (Cyc·min-1) 48.82 ± 2.45 45.74 ± 2.57 -3.08 (-4.63 to -1.52); -6.3% 0.002# 1.52, large -0.471

SRFin (Cyc·min-1) 47.64 ± 2.84 43.96 ± 2.69 -3.68 (-5.95 to -1.41); -7.6% 0.006# 1.25, large -0.618

SL0-25 (m) 1.81 ± 0.13 1.92 ± 0.11 0.11 (0.04 to 0.17); 5.9% 0.005# 1.29, large 0.033

SL25-50 (m) 1.84 ± 0.12 1.90 ± 0.12 0.06 (0.03 to 0.1); 3.5% 0.005# 1.26, large -0.078

SLFin (m) 1.83 ± 0.15 1.85 ± 0.09 0.01 (-0.07 to 0.09); 1.0% 0.706 0.13, small 0.096

SI0-25 (m2·s-1) 2.93 ± 0.29 3.02 ± 0.22 0.09 (-0.02 to 0.2); 3.5% 0.096 0.63, medium -0.248

SI25-50 (m2·s-1) 2.75 ± 0.27 2.76 ± 0.30 0.01 (-0.08 to 0.11); 0.4% 0.771 0.10, small -0.540

SIFin (m2·s-1) 2.67 ± 0.31 2.50 ± 0.21 -0.17 (-0.33 to -0.01); -5.8% 0.045# 0.79, medium -0.355

Clean swimming 
speed0-25 (m·s-1)

1.61 ± 0.06 1.57 ± 0.06 -0.04 (-0.06 to -0.02); -2.4% 0.003# 1.44, large -0.762*

Clean swimming 
speed25-50 (m·s-1)

1.49 ± 0.07 1.45 ± 0.09 -0.04 (-0.08 to -0.01); -3.0% 0.025# 0.92, large -0.639

FE
M

A
LE

S 
(n

 =
 9

)

Clean swimming 
speedFin (m·s-1)

1.45 ± 0.07 1.35 ± 0.07 -0.10 (-0.15 to -0.05); -6.8% 0.001# 1.67, large -0.784*

T: time taken to complete the given distance; SR, SL and SI: stroke rate, length and index; FIN: last five meter section.  a:Raw data is 
presented, but Napierian logarithm transformed data was used in the analysis; *significant correlation; #significant difference.
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Table 3. Effects of five-week off-season on swimmers’ load-velocity profile related variables. The pre and post mean ± 

standard deviation values are presented, along with the corresponding p-values, mean differences, 95% confidence intervals 

(CI), relative changes (%Δ), effect sizes, and correlations between changes in the load-velocity profile (Δ) and changes in 

performance (Δ).

Variable Pre Post Difference [95%CI]; ∆% p-value Effect size (d) ΔvsΔT50

[La−]basal (mmol·L-1) 2.3 ± 0.7 3.2 ± 1.3 0.9 (0.3 to 1.7); 49.7% 0.011# 0.76, medium 0.193

[La−]1T (mmol·L-1) 2.3 ± 0.8 3.3 ± 1.3 1.0 (0.3 to 1.7); 54.8% 0.010# 0.77, medium -0.191

[La−]2T (mmol·L-1) 4.1 ± 0.9 5.5 ± 2 1.4 (0.2 to 2.6); 42.5% 0.025# 0.65, medium -0.307

[La−]3T (mmol·L-1) 5.7 ± 1.5 7.7 ± 2.8 2.0 (0.8 to 3.2); 36.5% 0.003# 0.93, large -0.307

[La−]peak (mmol·L-1) 10.7 ± 4.1 11.9 ± 3.7 1.2 (0.3 to 2.2); 14.6% 0.014# 0.72, medium -0.653*

[La−]net (mmol·L-1) 8.5 ± 4.1 8.7 ± 3.2 0.2 (-1.1 to 1.6); 11.4% 0.674 0.11, small -0.568*

RPE1T
a 4 ± 2 5 ± 2 0 (-1 to 1); 21.8% 0.539 0.16, small -0.185

RPE2T 7 ± 1 7 ± 1 0 (-1 to 0); -1.5% 0.486 0.18, small -0.100

RPE3T
a 9 ± 1 9 ± 1 0 (0 to 1); 2.5% 0.467 0.19, small -0.366

V0 (m·s-1) 1.79 ± 0.12 1.79 ± 0.09 0.00 (-0.05 to 0.05); 0.0% 0.896 0.03, small 0.055

L0 (kg) 18.43 ± 3.29 16.48 ± 2.38 -1.95 (-3.56 to -0.34); -8.9% 0.021# 0.67, medium 0.006

Slope -0.10 ± 0.02 -0.11 ± 0.02 -0.01 (-0.02 to 0); 13.6% 0.328 0.44, small 0.105

SLVP1T (m·s-1) 1.68 ± 0.11 1.66 ± 0.09 -0.02 (-0.06 to 0.01); -1.4% 0.164 0.38, small 0.054

SLVP2T (m·s-1) 1.30 ± 0.13 1.29 ± 0.12 -0.01 (-0.06 to 0.03); -0.8% 0.526 0.17, small -0.071

SLVP3T (m·s-1) 1.07 ± 0.15 0.98 ± 0.15 -0.10 (-0.15 to -0.05); -8.7% 0.001# 1.05, large -0.008

SR1T (Cyc·min-1) 57.48 ± 4.30 56.52 ± 4.63 -0.96 (-2 to 0.08); -1.7% 0.067 0.51, medium 0.399

SR2T (Cyc·min-1) 56.45 ± 4.63 55.81 ± 4.87 -0.64 (-1.73 to 0.45); -1.1% 0.228 0.33, small 0.349

SR3T (Cyc·min-1) 55.94 ± 5.37 54.87 ± 4.33 -1.08 (-2.02 to -0.14); -1.8% 0.028# 0.63, medium -0.459

SL1T (m) a 1.75 ± 0.16 1.84 ± 0.15 0.09 (0.02 to 0.15); 5.2% 0.009# 0.78, medium -0.239

SL2T (m) 1.41 ± 0.15 1.45 ± 0.15 0.04 (-0.05 to 0.12); 3.2% 0.223 0.25, small -0.032

SL3T (m) 1.18 ± 0.16 1.14 ± 0.19 -0.05 (-0.1 to 0); -3.9% 0.068 0.51, medium 0.179

SI1T (m·s-1) a 2.95 ± 0.44 3.18 ± 0.36 0.23 (0.01 to 0.45); 9.3% 0.038# 0.59, medium -0.119

SI2T (m·s-1) 1.88 ± 0.35 1.95 ± 0.35 0.07 (-0.14 to 0.28); 6.3% 0.478 0.19, small 0.015

M
A

LE
S 

(n
 =

 1
5)

SI3T (m·s-1) 1.32 ± 0.29 1.20 ± 0.34 -0.12 (-0.22 to -0.02); -8.4% 0.025# 0.65, medium 0.107

[La−]basal (mmol·L-1) 2.2 ± 0.4 2.5 ± 0.8 0.3 (-0.6 to 1.2); 24.2% 0.420 0.28, small 0.244

[La−]1T (mmol·L-1) 2.4 ± 0.2 2.3 ± 0.6 -0.1 (-0.6 to 0.5); -1.3% 0.776 0.10, small 0.121

[La−]2T (mmol·L-1) 4.1 ± 0.7 4.3 ± 1.1 0.2 (-0.9 to 1.3); 10.9% 0.622 0.17, small -0.274

[La−]3T (mmol·L-1) 5.0 ± 1.5 5.8 ± 1.6 0.9 (0 to 1.7); 23.5% 0.046# 0.79, medium -0.180

[La−]peak (mmol·L-1) 9.7 ± 2.5 9.4 ± 2.3 -0.3 (-2 to 1.5); -3.0% 0.739 0.12, small 0.026

[La−]net (mmol·L-1) 7.5 ± 2.3 6.9 ± 2.5 -0.6 (-2.1 to 0.9); -6.0% 0.387 0.31, small 0.105

RPE1T 4 ± 1 5 ± 2 1 (0 to 2); 35.7% 0.035# 0.84, large -0.398

RPE2T 6 ± 1 7 ± 1 1 (0 to 2); 17.3% 0.028# 0.89, large -0.182

RPE3T
a 9 ± 1 9 ± 1 0 (0 to 1); 4.9% 0.035# 0.84, large 0.041

V0 (m·s-1) 1.64 ± 0.09 1.56 ± 0.09 -0.08 (-0.12 to -0.03); -4.7% 0.004# 1.31, large -0.791*

L0 (kg) 11.12 ± 1.03 10.17 ± 0.98 -0.95 (-1.68 to -0.22); -8.3% 0.017# 1.00, large 0.337

Slopea -0.15 ± 0.02 -0.15 ± 0.02 -0.01 (-0.02 to 0.01); 0.9% 0.328 0.35, small -0.531

SLVP1T (m·s-1) 1.49 ± 0.08 1.4 ± 0.08 -0.09 (-0.12 to -0.05); -5.7% < 0.001# 2.13, large -0.814*

SLVP2T (m·s-1) 1.21 ± 0.09 1.13 ± 0.08 -0.09 (-0.14 to -0.05); -7.7% 0.002# 1.69, large -0.504

SLVP3T (m·s-1) 0.89 ± 0.08 0.78 ± 0.09 -0.11 (-0.15 to -0.07); -12.5% < 0.001# 2.18, large 0.089

SR1T (Cyc·min-1) 52.78 ± 3.01 49.19 ± 2.48 -3.59 (-5.89 to -1.29); -6.6% 0.007# 1.20, large -0.253

SR2T (Cyc·min-1) 52.84 ± 2.93 49.39 ± 3.02 -3.45 (-5.19 to -1.7); -6.5% 0.002# 1.52, large -0.180

SR3T (Cyc·min-1) 51.78 ± 2.72 48.89 ± 3.3 -2.89 (-4.53 to -1.25); -5.6% 0.004# 1.35, large 0.113

SL1T (m) a 1.69 ± 0.17 1.75 ± 0.11 0.06 (-0.05 to 0.16); -20.8% 0.223 0.44, small 0.298

SL2T (m) 1.42 ± 0.14 1.41 ± 0.15 -0.01 (-0.04 to 0.04); -0.2% 0.848 0.07, small 0.135

SL3T (m) 1.07 ± 0.10 1.03 ± 0.14 -0.04 (-0.1 to 0.02); -3.7% 0.159 0.52, medium -0.033

SI1T (m·s-1) 2.53 ± 0.43 2.52 ± 0.26 -0.02 (-0.28 to 0.24); -4.0% 0.881 0.05, small -0.311

SI2T (m·s-1) 1.77 ± 0.29 1.65 ± 0.29 -0.12 (-0.21 to -0.04); -6.9% 0.011# 1.10, large 0.040

FE
M

A
LE

S 
(n

 =
 9

)

SI3T (m·s-1) 0.99 ± 0.18 0.87 ± 0.20 -0.12 (-0.2 to -0.04); -12.3% 0.008# 1.17, large -0.013

T50: time taken to complete 50-m; [La−]: blood lactate concentration; basal: basal blood lactate concentration; peak: peak blood lactate concentration; net: 

blood lactate concentration difference between the [La−] peak and basal values; RPE: rate of perceived exertion; V0: maximum velocity at zero load; L0: 
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maximum load at zero velocity; Slope: steepness of the linear regression line for the load-velocity relationship; SLVP: speed during load-velocity profile trials 

; SR, SL, SI: stroke rate, length and index, respectively; 1T, 2T, 3T: first, second, and third semi-tethered trial, respectively; a: Raw data is presented, but 

Napierian logarithm transformed data was used in the analysis; *significant correlation; #significant difference. 

Page 18 of 19

Human Kinetics, 1607 N Market St, Champaign, IL 61825

International Journal of Sports Physiology and Performance



For Peer Review

 

Figure 1. Individual and average load-velocity profiles obtained during pre and post testing for male (left 
panel) and female (right panel) swimmers. 
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