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Training methods for Paralympic swimmers must take into account dif-
ferent pathologies, competitions classes, athlete’s individual circum-
stances and peculiar physical adaptation mechanisms, hence general 
guidelines cannot be found in literature. In this study we present a 
training program, implemented for the physical preparation of a top lev-
el Paralympic swimmer. The athlete under study, affected by infantile 
cerebral palsy within a clinical picture of a spastic tetraparesis, by the 
end of 2016 was holder of Italian, European, world and Paralympic titles 
in the 400-m freestyle competition, S6 class. The training macrocycle 
was structured in a 3-fold periodization (three mesocycles), in view of 
the preparation to three international competitions. The 4-month train-
ing mesocycles prior to each competition differed substantially in terms 
of mileage load, intensity and recovery times. The first mesocycle was 
characterized by a sizeable low-intensity mileage load, the second one 
was shifted to lower mileage load, carried out at middle-to-high intensi-

ty levels, the third one entailed increased effort intensity, counterbal-
anced by lower mileage load. In all cases, recovery times were bal-
anced to obtain optimized performance through physical adaptation to 
training stimuli, keeping into account the physiopatological response. 
Tapering phases were adjusted to maximize performance at competi-
tion. As an assessment of the effectiveness of the training method, cor-
respondence between chronometric and technical parameters in the 
three competitions and the respective mesocycle training programs 
was found. The results of the present study may support the develop-
ment of training guidelines for athletes affected by upper motor neuron 
lesions.

Keywords: Sports for the disabled, Physiopathological adaptation,  
Cerebral palsy spastic, Physical training human, Lactic acid, Anaerobic 
threshold

INTRODUCTION

Paralympic swimming is one of the sporting disciplines man-
aged by the International Paralympic Committee (IPC) and in-
volves a sizeable number of athletes. As many as 4,337 athletes, 
out of which 593 swimmers, took part in the 2016 Rio de Janeiro 
Paralympic Games (www.paralympic.org/results/historical), at-
tracting extensive media coverage. Training prescription for 
Paralympic swimmers must take into account the different health 
conditions, the IPC classes (measuring the degree of physical or 

intellectual impairment, according to the International “Func-
tional Classification System” [Gehlsen and Karpuk, 1992]) and 
the individual circumstances of Paralympic swimmers (Fulton et 
al., 2010). 

In swimming, the training load is the overall amount of work 
required by an athlete to develop short- and long-term adaptive 
responses, eventually yielding to performance improvement (Cos-
till et al., 1991; Hellard et al., 2005; Mujika, 1998; Mujika et al., 
1996b).

In any training program targeted to a specific competition, it is 
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crucial that peak physical performance be achieved at a precise 
moment (i.e., competition). Indeed, a tapering stage prior to the 
competition is designed in such a way that the athlete recovers 
from previous heavy training loads through a progressive reduc-
tion of the load, without undermining the improvements in phys-
ical adaptation (Mujika and Padilla, 2003; Mujika et al., 1996a). 
This goal is obtained by reducing the mileage load, but not the 
intensity of the training (Mujika and Padilla, 2003; Neary et al., 
2003b; Shepley et al., 1992). The effectiveness of the tapering 
method depends on a number of factors, namely duration, amount 
of load reduction, type of load reduction, size of previous load 
(Kubukeli et al., 2002).

To our knowledge, there are no publications on training meth-
ods for Paralympic swimmers, and a case study of a high-level 
Paralympic swimmer training program can contribute to the un-
derstanding of training adaptation and its effects on competitive 
performance. Thus, in the present study, we present the training 
program of an elite Italian swimmer preparing and wining World, 
European and Paralympic competitions. 

MATERIALS AND METHODS

Participant characteristics
The athlete under study is Francesco Bocciardo. He was born in 

Genoa (Italy) on March 18th 1994, 70 kg of body mass, 1.71-m 
height, 9% of body fat, affected by infantile cerebral palsy spastic 
tetraparesis. He belongs to the Nuotatori Genovesi civil sport 
club and to the Guardia Forestale military institution. His IPC 
categories in the time period analyzed in this work were S6, SM6, 
and SB5. In 2014–2015, prior to the time period analyzed in this 
work, his syndrome underwent a severe worsening, involving de-
creased strength and coordination in the upper limbs, and accen-
tuation of the typical positive effects of upper motor neuron le-
sions. Consequently, the IPC class was lowered by one unit. 

In 2015, he obtained his first international gold medal at the 
IPC Swimming World Championships held in Glasgow, in the 
400-m freestyle race. In 2016 he took part in the IPC Swimming 
European Open Championships in Funchal, where he obtained 
gold and bronze medals. On September the 13th 2016 he was 
gold medalist at the Paralympic Games in Rio de Janeiro, in the 
S6 class 400-m freestyle competition.

The athlete signed an informed consent document to authorize 
the publication of his personal details in the present work. 

The present study has been carried out in accordance with The 
Code of Ethics of the World Medical Association (Declaration of 

Helsinki) for experiments involving humans. The project was ap-
proved by the local Ethics committee CER-Liguria, date of ap-
proval March 29th, 2013, protocol number 46/2012. 

Study design 
In this case study, carried out between February 13th 2015 and 

September 7th 2016, the athlete performed a training macrocycle 
made up of three successive mesocycles (M1, M2, and M3), each 
one lasting four months, preparing to three international compe-
titions: M1 for the Glasgow 2105 IPC Swimming World Cham-
pionships, July 13th–19th, (T1), M2 for the 2016 Funchal IPC 
Swimming European Open Championships, April 30th–May 7th 
(T2), M3 for the 2016 Rio de Janeiro Paralympic Games, Sep-
tember 7th–18th (T3). In turn, each mesocycle was subdivided 
into four 1-month microcycles (Fig. 1). In the 6-month gap be-
tween the T1 competition and the beginning of the M2 training, 
the athlete and the training staff arranged a program of low-inten-
sity and low-mileage load maintenance training, to allow for a 
psycho-physical break. Between the T2 competition and the be-
ginning of the M3 training, only a few days gap occurred. 
Throughout the four months of each training mesocycle, the ath-
lete took part in several regional and national competition events, 
which did not alter the planned training, but instead can be con-
sidered as racing speed sessions of the training program itself. 

Technical details
In the training sessions, the heart rate was monitored by means 

Fig. 1. Upper panel: diagram of competitions and respective training methods, 
with relevant dates. Lower panel: scaled time axis of the training macrocyle. 
IPC, International Paralympic Committee. 
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of a bluetooth chest heart rate monitor (Polar V800 GPS, Polar, 
Kempele, Finland), which also detects and records distance, speed, 
number of strokes and rest times. At the end of each training ses-
sion, data were downloaded, registered and analyzed using the 
Polar Flow application (Polar, Kempele, Finland). In selected 
training sessions, the blood lactate concentration [La] was mea-
sured by a blood lactate analyzer (Accutrend Plus, Roche Diag-
nostics GmbH, Mannheim, Germany), by drawing a drop of 
blood from the earlobe a few seconds after the training test; the 
muscle hypertonia was assessed in terms of resistance to passive 
movement of joints and limbs on the basis of the modified Ash-
worth scale (MAS); the limb pain was assessed by self-perception 
on the basis of the numeric rating scale (NRS); the body layout 
and coordination while swimming and clonus were evaluated by 
visual observation. More precise information on the body layout, 
with overall as well as detailed view, was obtained by placing ad-
hesive markers on the lower limb joints and on the head, whose 
position versus time was recorded by four underwater videocam-
eras placed at regular intervals along the pool. Video analysis was 
carried out with the freeware “The digital coach” (Longomatch 
“The digital coach,” Fluendo, Barcelona, Spain).

As for the analysis of the three races, several studies carried out 
on able-bodied swimmers demonstrated that the stroke length 
and the stroke rate (or equivalently stroke count) are suitable pa-
rameters to assess the swimming velocity and consequently the 
race time (Craig and Pendergast, 1979; Craig et al., 1985). Simi-
lar results have been obtained on nonexpert swimmers (Pelayo et 
al., 1997) and swimmers with physical impairments (Pelayo et al., 
1999). The stroke index (Costill et al., 1985), defined as the prod-

uct of average velocity and stroke length, is considered an indica-
tor of the swimming efficiency. In the present study, the parame-
ters split times, average stroke length, stroke count, stroke rate, 
and stroke index were monitored throughout the races at even in-
tervals and analyzed. 

The measurements of the race parameters were carried out us-
ing a videotape footage (software Windows Media Player, Micro-
soft, Redmond, WA, USA), recorded through three fixed vid-
eo-cameras recording (GoPro Hero 4, GoPro, San Mateo, CA, 
USA), placed at either ends of the swimming pool and at the 
middle point (25th m). The split times were acquired using a 
chronometer (Finis 3×300M stopwatch, Finis, Livermore, CA, 
USA). As for the stroke parameters, although it is customary to 
assess them from the 15th to the 45th m of each 50-m pool 
length, so as to consider just the free-swimming segments, ex-
empt of dive, turn and apnea stages, for the athlete under study 
assessing stroke parameters over the whole 50-m pool length 
gives a more representative and precise evaluation of the swim-
ming performance, because the specific impairment of the athlete 
affecting mainly lower limbs entails no dive at start, almost no 
thrust from the pool walls at turns and very limited apnea seg-
ments. Hence, the stroke count was measured by counting the 
number of strokes and the stroke length was calculated as the ra-
tio of swum space (50 m) to the corresponding number of strokes. 
For the stroke count, it is assumed that the cycle from the start of 
one arm pull to the start of the next arm pull made by the same 
arm (for example from the right-hand entry to the next right-
hand entry) corresponds to two strokes. Stroke rate and stroke in-
dex were calculated from the above parameters. 

Table 1. Classification of the training paces, based on guidelines of the FIN and adapted to match the physical characteristics of the Paralympic athlete under exam-
ination

Pace Regime Total time
(min)

Total mileage load 
(m)

Fractional distances 
(m) Rest time between repetitions Heart rate 

(bpm)
Blood lactate [La] 

(mmol/L)

Aerobic endurance A1 Variable 2,500–3,500 100-150-200-300-400 10-15-20-25-25 sec 120–130 ≤ 2
A2 45–60 2,500–3,000 100-150-200-300 10-15-20-25 sec < 150 ≤ 3

Aerobic capacity  
(anaerobic threshold)

B1 20–35 1,500–2,500 100-150-200-250 10-10-20-30 sec 160–170 3–5

Aerobic capacity  
(maximum stimulus  
of aerobic system)

B2 10–20 800–1,600 200 and 400 split into 
25-50-100

3–5 min between 200 and 400 
blocks, 3-5-10 sec between  
fractions

> 180 4–8

Anaerobic capacity C1 ≤ 8 ≤ 600 50-100-150 45-75-120 sec Maximum 8–10
Blood lactate peak C2 3–4 ≤ 300 50-75 2–4 min or active recovery in 

A1 pace
Maximum Maximum

Anaerobic alactic power: 
maximum speed

C3 2–3 200–300 10-15-20 3 min or active recovery in A1 
pace

Below maximum 
threshold

≤ 3

Racing pace D 5 400 25-50-75-100-150 Variable Maximum 5–8
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RESULTS

Training method
Load parameters of the macrocycle

The training program is described hereafter in terms of load pa-
rameters in the macrocycle (Table 1), their effect on the physio-

pathologic response of the athlete (Table 2) and their relative dis-
tribution throughout the three mesocycles (Fig. 2). Typical exam-
ples of training sessions are also presented (Fig. 3). 

The load parameters are expressed in terms of: volume, total 
and split mileage load in training sessions; time, total duration of 
the training session and density (expressed in terms of duration of 

Table 2. Physiopathological response of the athlete in the different training paces

Pace Lower limb hypertonia 
(MAS)

Lower limb pain  
(NRS) Lower limb clonus Head coordination Body layout

A1, A2, C3 2 0 Absent Under control

 

B1, B2 3 4–6 Possibly present and exhaustible Under control

 

C1, C2 4 9 Likely present and inexhaustible Dystonic motion

MAS, modified Ashworth scale; NRS, numeric rating scale.
In the body layout sketches, markers placed on the head and on the lower limb joints are indicated by red dots.

ankles hips shoulders head

ankles hips shoulders head

ankles hips shoulders head

Fig. 2. Pie histograms of swum kilometers in the three mesocycles, subdivided into training paces.

Mesocycle M1
Microcycle 1.1

130 km

85%

13%
1%

1%

Microcycle 1.2
170 km

78%

20%

1%
1%

Microcycle 1.3
200 km

58%

39%

2%
1%

Microcycle 1.4
100 km

61%

30%

5%
4%

Total
600 km

70%

26.5%

2%
1.5%

Mesocycle M2
Microcycle 2.1

120 km

43%

55%

1%
1%

Microcycle 2.2
150 km

40%

52%

5%
3%

Microcycle 2.3
150 km

42%

47%

8%
3%

Microcycle 2.4
80 km

26%

13%

10%
51%

Total
500 km

43.1%

47.1%

6.2%
3.6%

Mesocycle M3
Microcycle 3.1

100 km

37%

52%

10%
1%

Microcycle 3.2
130 km

42%

45%

9%
4%

Microcycle 3.3
100 km

38%

32%

15%

15%

Microcycle 3.4
70 km

52%

14%

21%

13%

Total
400 km

41.5%

38.08%

12.85%
7.58%

A1, A2 B1, B2 C1, C2, C3 D
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recovery times between split exercises); intensity, heart rate and 
[La] at different paces; frequency of the training sessions.

The load parameters are classified into different pace regimes, as 
reported in Table 1, which was prepared by adapting the guide-
lines of the Italian Swimming Federation (FIN), so as to comply 
with the characteristics of the Paralympic athlete under examina-
tion. The pace regimes are: aerobic endurance (A: A1, A2), aerobic 
capacity (B: B1, B2), anaerobic system pathways (C: C1, C2, C3), 
racing pace (D).

The A1 regime was characterized by slow paces and was used in 
exercises aimed at improving the swimming technique, as well as 
in warm-up, cool-down, and recovery stages. In the A2 regime, 
paces were aimed at improving aerobic endurance. The [La] and 
heart rates in A1 and A2 paces were ≤3 mmol/L and 120–140 
bpm, respectively. In these regimes, 2 MAS hypertonia, nul NRS, 
absence of clonus, head coordination under control, and regular 
body layout were observed. The B1 regime was characterized by 
middle-to-high levels of physical exertion close to the anaerobic 
threshold, aimed at improving such threshold, with [La] of 3–5 
mmol/L and heart rates of 150–160 bpm. B1 was the limiting 
pace that the athlete was able to keep up steadily for 25–30 min. 
In the B2 regime the aerobic system was maximally stimulated, 
with [La] of 4–8 mmol/L and heart rates larger than 160 bpm. In 
this regime, the athlete was able to keep up a pace speed which 

was higher than the B1 speed by 5%, for a typical duration 
around 7 minutes. The physiopathologic response in the B1 and 
B2 regimes was characterized by 3 MAS hypertonia, 4–6 NRS, 
clonus possibly present, yet exhaustible, head coordination under 
control and regular body layout. In the C1, C2, and C3 regimes, 
physical performances of short duration and high-intensity deter-
mined maximum or close to maximum heart rates and, for C1 
and C2, maximum [La]. The C1 and C2 regimes were the most 
critical in triggering the effects of his syndrome, namely muscle 
hypertonia (4 MAS), likely appearance of inexhaustible clonus, 
muscle pain (9 NRS), dystonic motion of the head. The body lay-
out was negatively affected by all these effects, specifically lower 
limbs sank and the ankles were bent at 90°. These effects mani-
fested in the latest stages of the C1 and C2 training sessions and 
increased in intensity up to the end of the session. They typically 
extinguished after ~25–30 minutes of complete rest. A specific 
study of the correlation between [La] and such effects is unad-
dressed so far in literature. The C1 regime is defined as anaerobic 
capacity, which is the ability to maintain a pace speed with mus-
cles in conditions of acidosis, without negative effects on the tech-
nical performance. The C2 regime is defined as [La] peak, which is 
the maximum amount of [La] that the athlete can accumulate. 
The intensities of training sessions at C2 pace were higher than 
those at C1, hence the mileage loads were nearly halved (≤300 m) 
and the split distances were reduced (typically 50–75 m). As for 
the C1 pace, the recovery between repetitions had to be complete, 
possibly carried out as active recovery by swimming at slow pace. 
The C3 pace was aimed at pursuing the improvement of the max-
imum swimming speed through the improvement of the swim-
ming mechanics and the enhancement of the muscular power. In 
this case, the maximum split distances were 20 m, swum in times 
smaller than 10 sec and with complete recovery between repeti-
tions. From the metabolic point of view, C3 corresponds to the 
phosphagens system, which was less invasive for the effects of the 
athlete’s health condition as compared to glycolytic paces. The 
physiopathologic response was analogous to that of the aerobic A1 
and A2 regimes. The D pace, differently from the other paces, did 
not correspond to a specific metabolic stimulus, but rather consist-
ed of simulation of racing paces along split distances. The D pace 
represents a key and innovative concept, since throughout a single 
repetition the athlete alternated medium-to-low intensity paces 
and racing paces, with intervals for complete rest between succes-
sive repetitions. We refer to this method as “pace chance training”. 
For example, a typical succession of consecutive paces was A2-D-
A2-D-A2-D-A1 (Table 1, Fig. 3). Herein, A2 paces were used to 

Fig. 3. Examples of typical training sessions.

A1
400 m+4× 100 m	 × 1
300 m+2× 150 m	 × 2
300 m+2× 150 m	 × 2
200 m+2× 100 m	 × 3

C1
150 m	 × 1
100 m	 × 2
50 m	 × 3

C2
75 m	 × 1
~25 m active recovery (A1)

B1
250 m	 × 1
200 m	 × 2
150 m	 × 3
100 m	 × 6

B2
100 m	 × 4
~200 m (5’) active recovery (A1)
50 m	 × 4
~100 m (3’) active recovery (A1)
100 m	 × 4
~200 m (5’) active recovery (A1)
25 m	 × 8

C3
10 m	 × 6
~40 m active recovery (A1)
15 m	 × 4
~35 m active recovery (A1)
20 m	 × 2
~30 m active recovery (A1)

D
100 m at A2 pace
50 m at D pace
50 m at A2 pace
25 m at D pace
25 m at A2 pace
15 m at D pace
35 m at A1 pace
~100–200 m (3’–5’) active recovery (A1)

A2
300 m+2× 150 m	 × 1
200 m+2× 100 m	 × 2

× 2

× 3

× 4
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preactivate the athlete prior to the pace change to D, while A1 
paces were used for active recovery. The peculiar features of this 
method were: (a) the athlete started each split distance at D pace 
from a condition of fatigue, that progressively increased, making 
it more challenging to sustain the required pace; (b) the athlete 
could not make full use of his phosphocreatine supply, which 
would be the case if the exercise was alternated by rest intervals 
instead of being continuous. The potential target of the D pace 
was improving the ability of the athlete to perform different pace 
changes in the 400-m freestyle competition, without detrimental 
effects on the performance in the latest stages of the competition. 

Fig. 3 presents typical training sessions associated to each of 
these paces, whereas Fig. 2 describes pie chart histograms repre-
senting the mileage load used in the three training mesocycles, 
subdivided into 1-month microcycles and into pace regimes.

Tapering phase
In this training program, the tapering phase lasted about 30 

days for all the three mesocycles and was visualized in the pie 
charts of the microcycles 1.4, 2.4, and 3.4 (fourth column of pies 
in Fig. 2). Significant mileage reductions from 30% to 50% were 
applied in these tapering microcycles. Contextually to the mileage 
load reduction, the intensity of training at C and D paces was in-
creased in all the tapering phases 1.4, 2.4, and 3.4 by 3% to 8% 
with respect to the immediately previous microcycles. 

Summary of quantitative differences among mesocycles M1, M2, 
and M3

In the last column of pies in Fig. 2, we present total mileage 
load swum in the three mesocycles, subdivided into paces. These 
data are summarized below for easy comparison:

∙ �M1: total mileage load 600 km, of which 70% for aerobic en-
durance (A1, A2), 26.5% for aerobic capacity (B1, B2) and 
only 3.5% for anaerobic regimes (C1–3, D).

∙ �M2: total mileage load 500 km, of which 43.1% for aerobic 
endurance (A1, A2), 47.1% for aerobic capacity (B1, B2) and 
9.8% for anaerobic regimes (C1–3, D).

∙ �M3: total mileage load 400 km, of which 41.5% for aerobic 
endurance (A1, A2), 38.1% for aerobic capacity (B1, B2) and 
as much as 20.4% for anaerobic regimes (C1–3, D), mainly 
C1 and C3.

Hence the three mesocycles differed from one another in terms 
of total mileage load (M1: 600 km, M2: 500 km, M3: 400 km), 
relative amount of aerobic endurance paces (M1: 70%, M2: 
43.1%, M3: 41.5%), relative amount of aerobic capacity paces 

(M1: 26.5%, M2: 47.1%, M3: 38%), relative amount of anaero-
bic paces (M1: 2%, M2 6.2%, M3: 12.9%), relative amount of 
racing paces (M1: 1.5%, M2: 3.6%, M3: 7.6%). 

Chronometric parameters of races T1, T2, and T3
Fig. 4 presents speed, average stroke length, number of strokes, 

stroke rate and index over 50 m split distances recorded in the 
three competitions (T1, T2, and T3). The overall race times and 
average speeds of the three competitions are summarized below:

∙T1: 5 min 06.49 sec (speed: 1.31 m/sec).
∙T2: 5 min 03.02 sec (speed: 1.32 m/sec).
∙T3: 5 min 02.15 sec (speed: 1.33 m/sec).
The analysis of the split times, stroke length, stroke count, 

stroke rate, and Costill stoke index are rich in information and 
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useful to test the effectiveness of the training methods and of the 
race strategies of pace change (Fig. 4). Stroke length and stroke 
count both contribute to the swimming speed and the combina-
tion of variables that is right for an athlete depends on several fac-
tors. Among these factors, the predominant one was the body lay-
out while swimming, which was modified depending on [La] 
(compare Tables 1, 2). For [La] ~10 mmol/L, typical of races, the 
body layout departed from the streamlined position, so that the 
athlete experienced a significantly larger drag force and conse-
quently a decrease of the propulsion efficiency. Indeed, it is clearly 
seen (Fig. 4) that the propulsion effectiveness of the stroke (see the 
trends of stroke length and stroke index) decreased steadily 
throughout T1, T2, and T3 competitions, as a consequence of the 
increased fatigue.

DISCUSSION

Assessment of the race performances
From the presented chronometric results, it turns out that the 

equivalent yearly improvement of the performance time calculat-
ed over the three competitions was 1.2%, well above the average 
0.5%, resulting from the statistical analysis carried out by Fulton 
et al. (2009) on 242 top level Paralympic swimmers. Moreover, 
this 1.2% improvement of the performance time is also within 
the range indicated by the same authors for athletes aiming at in-
creasing substantially their medal prospects. Thus, it can be con-
cluded that the training method was effective in improving the 
athlete’s performance. 

From the race analysis (Fig. 4), the steadily decreased propul-
sion effectiveness of the stroke (stroke length and stroke index) 
throughout the T1, T2, and T3 competitions was much larger 
than what observed in able-bodied athletes (Schnitzler et al., 
2009). In T2, the best stroke length was recorded, with an aver-
age value of 0.11 m and a decrease from the first to the last length 
as low as 0.08 m. This improvement was due to the fact that the 
athlete conducted the race with a more steady and gradual devel-
opment of the pace, thus delaying the [La] accumulation. In T1 
and T3, the fast split times in the second and first 50-m lengths 
were responsible for accumulation of [La] and consequent decrease 
of average stroke length from the first to the last length by 0.25 
m. However, in T3, oppositely to what happened in T1, the ath-
lete managed to keep a fairly good propulsion effectiveness up to 
the end of the race (Costill stoke index), due to proper training 
aimed at enduring high [La] and performing pace changes in the 
M3 mesocycle (see percentages of C1, C2, and D paces in M3 in 

Fig. 2, third row).

Comparison of the training method of the athlete under 
study with methods for able-bodied athletes

With respect to the load parameters designed for able-bodied 
athletes by the FIN (available from didactic material for base lev-
el, I level and II level coaches, sector technical training), the com-
mon aspects are: split distances in training sessions, duration of 
recovery times, intensity defined by paces. Conversely, the total 
mileage volume in the training sessions, and consequently also 
their durations, were different:

∙ -50% mileage volume at A2 pace
∙ -36% mileage volume at B1 pace
∙ -20% mileage volume at B2 pace
∙ -40% mileage volume at C1 pace
∙ similar mileage volume at C2 and C3 paces
∙ -78% mileage volume at D pace
In training programs for able-bodied athletes, the stage of max-

imum load is recommended around four weeks in advance of the 
competition and the beginning of the tapering phase is recom-
mended between the third-to-last and the second-to-last weeks 
prior to the competition (Trappe et al., 2001), while for our ath-
lete the phase of maximum load was scheduled between 6 and 5 
weeks in advance of the competition, followed by the beginning 
of the tapering phase at the fourth-to-last weeks.

It has been shown that for able-bodied athletes, the best results 
are obtained by a mileage load reduction of 31% in case of no pre-
vious overload and by 39% in case of previous overload, and with 
a tapering phase duration of 14–28 days, depending on the char-
acteristics of the previous training (Thomas and Busso, 2005). For 
our athlete the tapering phase was 2 days longer than what is rec-
ommended for able-bodied athletes and the mileage reduction 
was larger than able-bodied values in the first two mesocycles, 
even larger than 24%, which has been recommended for Paralym-
pic swimmers (Fulton et al., 2010). Indeed, this extra mileage re-
duction was necessarily applied due to the specificity of the spastic 
tetraparesis pathology. However, in some qualitative aspects the 
used tapering method was consistent with that applied to 
able-bodied athletes. In particular, it was characterized by a larger 
amount of base endurance training at low-intensity paces (A) and 
lower amount of base endurance training at high-intensity paces 
(B). Indeed, training at pace A was the most suitable to maintain 
the optimal performance level up to the time of the race, taking 
advantage of the metabolic adaptation and of the muscle fiber 
contractile properties generated by the short high-intensity train-
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ings typical of the tapering phases (Mujika et al., 2004; Neary et 
al., 2003a; Shepley et al., 1992; Trappe et al., 2001).

Physical response to training of an athlete affected by 
upper motor neuron lesions

Although the presented year-long macrocycle training had a 
3-fold periodization targeted at three specific competitions, the 
three 4-month mesocycles were interdependent and contributed 
to the overall steady improvement of the athlete performance, cul-
minating in the success at the T3 competition. Indeed, due to the 
physical adaptation induced by the stimulation of the aerobic me-
tabolism, which occurred throughout the first two training mac-
rocycles (70% and 43% of aerobic activity in M1 and M2, respec-
tively), training mesocycles M1 and M2 could have contributed 
to the physical preparation of the athlete, allowing him to tackle 
higher intensity trainings in M3. 

In the mesocycle M3, with high anaerobic content, special care 
was taken regarding recovery times and high-intensity efforts, 
planning a suitable balance between these two factors. Indeed, the 
positive effects typical of his pathology turned out to be very sen-
sitive to the stresses induced by the glycolytic metabolism, caus-
ing increased spastic hypertone, pain, stiffness and clonus in the leg 
muscles. Specific studies to get insight into the role of intense and 
prolonged physical activity in modifying the neuro-physio-patho-
logical mechanisms of the upper motor neuron syndrome and ad-
aptation processes should be carried out. In this work, we ob-
served that the development of the adaptation mechanisms in-
duced by the physical exertion occurs in four stages (Issurin, 
2009), which differ in the cases of an able-bodied athlete and a 

spastic para-athlete (Fig. 5). The first stage is characterized by a 
decreased athletic efficiency occurring throughout and just after 
the training session; for equal amounts of physical exertion and 
duration of workout, the performance decrement is more evident 
in the para-athlete. In the second stage, at rest, it takes longer to 
the para-athlete to recover the initial performance level as com-
pared to the able-bodied athlete. In the third stage, the supercom-
pensation mechanism yields an improvement of the performance 
at rest, with respect to the initial level, yet the edge of improve-
ment in the para-athlete is smaller as compared to the able-bodied 
athlete. The fourth stage describes an occurrence which was not 
explored in this study, namely in absence of a new training stimu-
lus the performance level of the para-athlete or able-bodied athlete 
alike tends to go back to its value prior to the stress induced by 
the physical training. A key factor for the observed successful 
achievements was the precise determination of the optimized tim-
ing in the second and third stages of physical preparation (Siff, 
2004). In particular, in the second stage, whenever the para-ath-
lete was subject to a racing pace training before full recovery from 
the previous training session, the adaptive response did not keep 
up with expectations and an abrupt performance drop was ob-
served, causing a physical and psychological overload in the worst 
cases. In the third stage, the identification of the supercompensa-
tion peak was of utmost importance, as this is the optimal physi-
cal state for the para-athlete to get a new training stimulus and 
maximize the cumulative effects of successive training sessions. 
The curves sketched in Fig. 5 are merely qualitative, as the quan-
titative details depend on multifold variables such as the physical 
and psychological states of the para-athlete and external elements 
such as water temperature and ventilation of the swimming pool 
environment.

In conclusion, assuming that the excellent competitive achieve-
ments are closely related to the effectiveness of the adopted train-
ing protocol, guidelines can be extracted for athletes affected by 
upper motor neuron lesions. In a year-long training program, 
high mileage loads aiming at improving endurance should be 
preponderant in the first 4-month mesocycle. In this phase, aero-
bic regimes should be targeted at improving the swimming tech-
nique. In the following 4-month mesocycle, the total mileage 
load should be decreased by around 15%. In this second phase, 
the relative fraction of anaerobic regime should be increased, 
while maintaining at the same time a relatively large fraction of 
endurance regime. In the last 4-month mesocycle, just prior to 
the competition event, the mileage load should be further de-
creased by 20%, planning middle-to-short distance training ses-

Fig. 5. Sketch of the physical adaptation curves for an able-bodied athlete and 
a para-athlete affected by spastic tetraparesis, across three successive cycles 
of training and rest phases.
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sions, characterized by speeds at racing pace or larger, and longer 
rest times. Throughout the whole macrocycle, but even more im-
portantly in the last phase, mild aerobic sessions and intervals of 
passive recovery must be steadily introduced after high-intensity 
sessions. The subtle adjustment of such recovery and rest times is 
the key issue to the successful outcome of any training method 
that must take into account the physical peculiarities of any pa-
ra-athlete affected by upper motor neuron lesions.
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