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The aim of the study was to evaluate cardiac autonomic acƟ vity during recreaƟ onal scuba 
diving by analyzing heart rate variability (HRV) in individuals with paraplegia following 
spinal cord injury (SCI) compared to healthy controls (C). 

The study was conducted in 38 men, comprising 19 able-bodied individuals serving as 
controls and 19 parƟ cipants with paraplegia. Heart rate variability was assessed using 
a Polar Vantage heart rate recording system during three phases: rest, self-contained 
underwater breathing apparatus (SCUBA) diving and recovery. 

Increased modulaƟ on of the cardiac parasympatheƟ c nervous system was found before 
diving in SCI divers compared to the able-bodied group. As expected during diving, both 
groups were demonstrated increased cardiac sympatheƟ c acƟ vity. However, during SCUBA 
diving acƟ vity, higher cardiac sympatheƟ c modulaƟ on was observed in the SCI group 
compared to the C group. The recovery of HRV indices to baseline values was similar for 
both groups. 

Heart rate variability spectral and Ɵ me domain analysis proved to be a useful tool for 
monitoring changes in cardiac autonomic system balance during recreaƟ onal SCUBA 
diving for those with paraplegia. This study demonstrates that HRV analysis can be a 
helpful indirect indicator for the evaluaƟ on of the effi  ciency of recovery and progression 
of rehabilitaƟ on.
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In the able-bodied populaƟ on, SCUBA 
diving provides a strong sƟ mulant for both 
parasympatheƟ c and sympatheƟ c components 
of the ANS [12,31,35]. Lund et al. [20,21] have 
shown that SCUBA diving resulted in an increase 
in parasympatheƟ c acƟ vity. Given the disturbances 
in cardiac funcƟ on caused by the ANS dysfuncƟ on 
resulƟ ng from a SCI, the responses to SCUBA diving 
of the parasympatheƟ c and sympatheƟ c systems 
could diff er from those found in the able-bodied 
[26]. In fact, Graczyk et al. demonstrated altered 
acƟ vity of cardiac ANS modulaƟ on in those with 
SCI as compared to the able-bodied controls during 
SCUBA diving [13].

T he impact of repeated diving on the circulatory 
system in healthy individuals has been the subject 
of many studies. AŌ er a training cycle, benefi cial 
changes in cardiac indicators have been observed, 
such as an increase in stroke volume and a decrease 
in resƟ ng blood pressure, which have been 
associated with posiƟ ve changes in the regulaƟ on 
of the circulatory system by the autonomic nervous 
system [6,26].

No studies have been found in the literature 
regarding the eff ects of repeatedly performed 
diving on the circulatory system in individuals with 
spinal cord injury. 

In the SCI populaƟ on, the use of Ɵ me or frequency 
domain analysis methods to evaluate HRV has 
been reported to improve cardiac autonomic 
modulaƟ on of athletes aŌ er the implementaƟ on 
of a well-designed training program [6,8]. Work 
with able-bodied athletes has shown that physical 
training increased parasympatheƟ c modulaƟ on 
and reduced sympatheƟ c modulaƟ on at rest and 
during submaximal eff orts [1,32,38]. As with the 
able-bodied populaƟ on, there is evidence to 
suggest that those with SCI will experience similar 
adaptaƟ ons in cardiac autonomic modulaƟ on 
to a training program, such as an accelerated 
recovery to baseline values aŌ er an exercise bout 
[22]. The literature has demonstrated that HRV 
is a potenƟ al tool for quanƟ fying the assessment 
of sympathovagal regulaƟ on of the cardiovascular 
system following SCI [27,34].

B ased on the authors’ own research 
on individuals with hemiparesis under SCUBA 
condiƟ ons [13] and data from the literature, the 
authors propose the hypothesis that SCUBA diving 
by individuals with hemiparesis caused by spinal 
cord injury is a safe form of rehabilitaƟ on that may 
have a benefi cial eff ect on the emoƟ onal state and 
physical fi tness of people with SCI. ComparaƟ ve 
HRV analysis between healthy individuals and 

INTRODUCTION

During diving, the diver is aff ected by various 
physical and emoƟ onal factors. The most important 
of these include: the hydrostaƟ c pressure 
of the water column, which increases with depth; 
breathing a gas mixture under elevated pressure; 
and the infl uence of the aquaƟ c environment, 
associated with reduced temperature, limited 
visibility, and altered voice communicaƟ on.

Variable environmental condiƟ ons lead to an 
increased level of stress and various adapƟ ve 
physiological responses, controlled primarily by 
the autonomic nervous system (ANS) [27,35]. The 
autonomic nervous system fulfi lls an important 
funcƟ on in regulaƟ on cardiovascular homeostasis 
in health as well as in people with various diseases. 
HRV is the tool oŌ en used for evaluaƟ on of cardiac 
autonomic funcƟ on. Analyzing HRV at rest, during 
exercise, and under diff erent environmental 
condiƟ ons allows for an indirect assessment 
of cardiac autonomic modulaƟ on in maintaining 
homeostasis.

Individuals with physical disability who parƟ cipate 
in SCUBA diving together with friends and family 
members are becoming increasingly popular. 
SCUBA diving can be a safe and benefi cial form 
of physical acƟ vity for those with spinal cord 
injuries similar to their able-bodied counterparts 
[7,40]. The ease of movement in water creates 
a feeling of independence, reveals hitherto unknown 
capabiliƟ es, fosters self-effi  cacy, and allows the 
individual with SCI to overcome some of the perceived 
barriers of their physical disability [39].

TraumaƟ c injuries to the spinal cord 
at the lumbar level can result in incomplete or 
complete paraplegia. A complete lesion results 
in a predictable level of motor and sensory 
impairments. Whereas, incomplete paraplegia 
is characterized by an infi nite variaƟ on of motor 
and sensory impairments, ranging from minimal 
to severe dysfuncƟ ons of motor-sensory funcƟ on. 
The impairments found in both complete and 
incomplete lesions include potenƟ al dysfuncƟ on 
of the autonomic nervous system provoking 
funcƟ onal changes in many organs, including the 
heart [18]. Overall, decreased sympatheƟ c acƟ vity 
is a well-documented observaƟ on for those with 
paraplegia [2,17]. Grimm et al.  emphasized that 
total sympatheƟ c-parasympatheƟ c ANS acƟ vity is 
lower in individuals with paraplegia compared to 
those with an intact spinal cord [14]. These authors 
also note that decreased funcƟ onal ability of one 
aspect of the ANS will result in the limited funcƟ on 
of the other.
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1. Rest phase – directly before diving, at rest, 
siƫ  ng comfortably in a chair, while on the dive 
boat for 10 minutes.

2. Dive phase – during 20 minutes of recreaƟ onal 
diving.

3. Recovery phase – immediately aŌ er the dive, 
at rest, siƫ  ng comfortably in a chair, while 
on the dive boat for 10 minutes.

The data were stored in a standard computer 
memory card and then analyzed using HRV Analysis 
SoŌ ware v.1.1 developed by the Department 
of Applied Physics, Kuopio University, Finland, and 
Polar Precision Performance [10]. The HRV Analysis 
SoŌ ware v.1.1 program scanned the tachograms 
for any arƟ facts or arrhythmias; these were 
idenƟ fi ed and removed.

In accordance with the guidelines of the Task 
Force of the European Society of Cardiology 
and the North American Society of Pacing 
and Electrophysiology [41], the following HRV 
parameters for Ɵ me domain and frequency 
analysis were calculated: average normal R-R 
interval Ɵ me (RR ms); standard deviaƟ on of all 
normal N-N intervals (SDNN ms); the square root 
of the mean squared diff erences of successive NN 
intervals- (RMSSD ms); low frequency component 
in normalized units (n.u.) - 0.05-0.15 Hz (LF), 
high frequency component in n.u. - 0.16-0.40 Hz 
(HF) using the very low frequency component 
(up to 0.04 Hz) for normalizaƟ on, and the LF/
HF raƟ o. According to the above-menƟ oned 
recommendaƟ on of the Task Force of the 
European Society [41], an increase of R-R and HF 
describes cardiac autonomic parasympatheƟ c 
sƟ mulaƟ on, whereas SDNN and LF are mediated 
both sympatheƟ cally and parasympatheƟ cally. 
Moreover, the LF/HF raƟ o was calculated as 
a measure of autonomic balance. Spectral analysis 
was performed using the nonparametric method 
of evaluaƟ on of power spectral density (PSD). The 
minimum window width for the PSD method was 
256 samples.

Statistical analysis
Two-way ANOVA for repeated measures was 

used for means comparisons. Repeated factor (pre-
diving, diving, and post-diving) as well as group 
eff ect (experimental, control) was considered for 
analysis. The Kolmogorov-Smirnov test was uƟ lized 
in order to assess the normality of the variables. 
Logarithm transformaƟ on was applied to those 
of skewed distribuƟ on. Post-hoc comparisons were 
done using the Bonferroni test. ANOVA results 
were confi rmed using non-parametric Fiedmann 
ANOVA (Wilcoxon test for post-hoc comparisons), 

those with hemiparesis may be used to track 
rehabilitaƟ on progress in individuals with SCI. 

This study aimed to evaluate the heart rate 
variability in SCUBA divers with paraplegia 
compared to healthy divers, using HRV 
measurements during recreaƟ onal diving.

METHODS

Subjects
Thirty-eight male, Caucasian, novice recreaƟ onal 

SCUBA divers volunteered to parƟ cipate in the 
study: 19 divers with traumaƟ c injury on the level 
T6-L1 and paraplegia (SCI) and 19 able-bodied 
divers to act as a control group (C). At minimum, 
each study parƟ cipant had undergone a basic 
diving course in a swimming pool according to the 
standards of HSA-Handicapped Scuba AssociaƟ on 
[34]. PotenƟ al parƟ cipants were excluded if 
they presented with any other condiƟ on and/
or treatment that could infl uence ANS funcƟ on. 
All parƟ cipants received a medical clearance and 
provided informed consent prior to parƟ cipaƟ ng 
in this study. The study obtained permission from 
the Regional Ethics Commission (no. 001/09-
1/2006).

Study design
The research carried out was of an experimental 

nature. The study was performed during the 
summer in open water on CroaƟ a’s AdriaƟ c Sea 
coast. The condiƟ ons for diving are presented 
in Table 1. All parƟ cipants dived in typical diving 
gear consisƟ ng of: wetsuit, standard mask, 
snorkel, fi ns, buoyancy control device & weight 
system, a breathing regulator, and air tank. The 
mixture for breathing was compressed room air. 
ParƟ cipants with SCI dived with two aƩ endants, 
one of whom was a cerƟ fi ed instructor. The able-
bodied parƟ cipants dived in pairs and provided 
the safety protocols for each other. In case 
of emergency, a paramedic was on duty. The dive 
session lasted 20 minutes at 6m of depth. Prior 
to the dive session, parƟ cipants were required to 
refrain from intensive physical acƟ vity, smoking, 
coff ee, and other sƟ mulaƟ ng beverages. 

HRV analysis
Heart rate variability analysis was performed 

on the basis of measurements of R-R intervals from 
conƟ nuous registraƟ on of heart rate frequency 
using the heart rate monitor of the Polar Vantage 
recorder [26,27,33]. There were three phases 
of measurements:
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the changes in body posiƟ on between phases and 
alteraƟ ons in breathing paƩ ern and depth during 
diving, which could have an eff ect on HRV.

Table 1 provides the general characterisƟ cs 
of the parƟ cipants in this study and the open 
water diving condiƟ ons. No adverse symptoms 
or complicaƟ ons were reported for any of the 
parƟ cipants during their 20-minute dive. Tables 2 
and 3 presented, respecƟ vely, frequency and Ɵ me 
analysis of HRV during rest, diving, and recovery 
phase.

Prior to the dive, rest phase, the R-R interval 
values were greater for those in the SCI group 
as compared to the C group. Lower values of the 
LF/HF raƟ o were noted for those with paraplegia 
in the rest state, which could indicate higher 
parasympatheƟ c modulaƟ on and a tendency for 
overall lower ANS sƟ mulaƟ on.

During the dive phase, the HRV indices driŌ ed 
in a similar direcƟ on in both comparison groups. 
It was noted that the increased sympatheƟ c 
modulaƟ on (increased LF, LF/HF) and a reducƟ on 
in parasympatheƟ c modulaƟ on (decreased HF, R-R, 
and RMSSD), were greater in the SCI group. During 

and U-Mann Whitney test was used for assessing 
diff erences between measures and groups, 
respecƟ vely. The signifi cance level of α=0.05 was 
adopted. All analyses were carried out using the 
SPSS StaƟ sƟ cal SoŌ ware program.

RESULTS

T he research results are presented as 
a comparison of the values of individual spectral 
and Ɵ me-domain parameters before the dive, 
during the dive, and in the recovery period aŌ er 
the dive. These data were compared between 
the two groups of divers studied: individuals with 
hemiparesis resulƟ ng from spinal cord injury and 
a control group of healthy individuals.

Results from the able-bodied parƟ cipants were 
treated as a point of reference in relaƟ on to the 
HRV values recorded for the individuals with 
paraplegia. In addiƟ on, the HRV responses of the 
C group to diving were considered to be within 
normal limits. Results of HRV recorded during the 
diving phase were analyzed independently from 
the rest and recovery phases. This was done due to 

Groups Numer of 
participants

Age [years] Body heigh
[cm]

Body mass
[kg]

Number of 
diving

Air temp.
[ºC]

Water temp.
[ºC]

Water clarity
[m]

SCI 19 32 ± 5.95 178 ± 5.56 78 ± 10.77 1 ± 05 25 ± 1.9 22 ±1.3 7 ± 2.89

C 19 33 ± 7.14 178 ± 7.08 82 ±14.03 13 ±10.35 23 ±2.6 21 ±0.8 15± 6.65

Tab. 1.  General characterisƟ cs of parƟ cipants and diving condiƟ ons (X±SD).

Tab. 2. Indices of frequency analysis HRV in rest, diving, and recovery phases in paraplegic persons (SCI) and nondisabled 
controls (C) (X ± SD).

Tab. 3.  Indices of Ɵ me analysis HRV in rest, diving and recovery phases in paraplegic persons (SCI) and nondisabled controls 
(C) (X ± SD).

SCI- divers with spinal cord injuries T6-L1 with paraplegia
C - nondisabled divers, control group

* signifi cant staƟ sƟ c diff erence (p<0.05) between rest and diving phases 
n.u. – indices in normalized units

* signifi cant staƟ sƟ cal diff erence (p<0.05) between rest and recovery phases

Indices SCI C

Rest Diving Recovery Rest Diving Recovery

LF n.u. 26.63±18* 46.81±23 31.37±21 28.87±16* 39.92±18 36.45±23

HF n.u. 73.37±18* 53.19±23 68.63±21 71.13±16* 60.08±18 63.55±23

LF/HF 0.34±0.6* 0.83±1.69 0.57±0.89 0.51±0.56* 0.76±0.49 0.49±1.14

Indices SCI C

Rest Diving Recovery Rest Diving Recovery

HR 87±14* 116±19 93±12 94±10 94±10 90±12

R-R (ms) 720±126* 508±69 661±87 654±85 * 574±65 685±92

SDNN (ms) 52±43 26±8 53±58 40±25 31±13 50±29

RMSSD (ms) 14±9 7±4 23±33 12±7 8±3 13±8
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demonstrated an increase in both sympatheƟ c 
and parasympatheƟ c acƟ vity during diving (16). 
It has also been reported that parasympatheƟ c 
modulaƟ on dominated during the dive; however, 
aŌ er returning to the surface, the autonomic 
balance shiŌ ed toward increased sympatheƟ c 
acƟ vity (5).

Once the 20-minute dive was completed, the 
shiŌ  of HRV indices towards resƟ ng values was 
observed in both groups. By the end of the recovery 
phase, all HRV indices had returned to near resƟ ng 
values (no signifi cant diff erences). These fi ndings 
suggest that there is a similar reacƟ on of the ANS 
regardless of whether or not the individual has 
a SCI. This result is important in supporƟ ng the 
jusƟ fi caƟ on that SCUBA diving is a safe acƟ vity for 
those with SCI.

Results of athleƟ c studies showed signifi cant 
diff erences for respecƟ ve HRV markers in the early 
recovery period. Some HRV markers (RMSSD, LF/
HF) return to rest values directly aŌ er physical 
eff ort, while others (RR, SDNN) maintain changed 
values up to 20 minutes aŌ er eff ort [5,9,22].

In our results, the observed feature of increased 
sympatheƟ c modulaƟ on during diving, as 
determined by the HRV changes, increase of LF, LF/
HF as well as an increase of HR and decrease of R-R. 
Those changes could be caused by diff erent factors, 
including the following: greater physiological costs 
of work performed by persons with SCI under 
water, greater emoƟ onal tension following diving, 
and lower physical capacity of persons with SCI, as 
well as diff erent ANS funcƟ on as a result of spinal 
cord injury.

An important aspect infl uencing ANS balance is 
diff erences in work loading during diving in persons 
with SCI and able-bodied divers. RecreaƟ onal 
diving performed by the able-bodied individuals 
was connected with a small load of relaƟ vely 
low-intensity physical work. SCI divers performed 
greater work than able-bodied divers because 
of the lack of funcƟ on in their lower extremiƟ es. 
SCI divers mainly used their upper extremiƟ es 
and trunk muscles to maintain body stability and 
move underwater. The work performed by smaller 
groups of muscles in the SCI group compared to the 
C group was connected with greater physiological 
costs and probably more extensive adjustment 
reacƟ ons from the venƟ laƟ on and circulaƟ on 
systems. These reacƟ ons included an increased 
heart rate, which was closely associated with 
higher ANS sympatheƟ c modulaƟ on.

In   the present study, it was assumed that 
changes in HRV refl ect a physiological and 
expected direcƟ on of change, consistent with the 

the recovery phase, the values of R-R and RMSSD 
were signifi cantly increased similarly in both 
groups, as compared to the diving phase. This could 
be interpreted as an increase in parasympatheƟ c 
modulaƟ on. There was also a non-signifi cant trend 
noted in both groups – an increase in LF and SDNN, 
which could be an indicaƟ on of generalized ANS 
sƟ mulaƟ on.

In summary, during the dive, the values for HF 
and R-R interval, associated with parasympatheƟ c 
modulaƟ on, were lower in the SCI group, and the 
values of LF/HF raƟ o, associated with sympatheƟ c 
modulaƟ on, were higher in the SCI group than the 
C group.

DISCUSSION

Heart rate variability describes the cyclic 
variaƟ ons in heart rate and can be applied as a non-
invasive tool to examine the modulatory eff ects 
of the autonomic nervous system on intrinsic 
heart rate. Physiological changes of HRV during 
immersion are adapƟ ve and a fl exibility mechanism 
caused by a haemodynamic shiŌ  in cardiovascular 
system. Scuba diving is characterised by relaƟ vely 
high heart rates just before submersion, an 
individually variable but signifi cant bradycardic 
dive response [27,34].

In our invesƟ gaƟ on, it was found that before 
recreaƟ onal diving, persons with SCI were 
characterized by signifi cantly greater values 
of R-R interval and smaller, though non-signifi cant, 
values of LF/HF, which suggest a higher level 
of the parasympatheƟ c part of ANS modulaƟ on as 
compared to the C group. Though the magnitude 
diff ered, the HRV variables measured during the 
dive indicated a similar direcƟ on of HRV adaptaƟ ons 
in both groups. During the 20-minute dive, there 
was an increase in HRV indicators that characterize 
sympatheƟ c modulaƟ on and general autonomic 
nervous system  acƟ vity (LF, LF/HF), and a decrease 
in the values that characterize parasympatheƟ c 
modulaƟ on (R-R, HF). The observed signifi cant 
diff erences of R-R between the SCI and C groups 
while diving suggest a stronger sƟ mulaƟ on of the  
part of the ANS in the SCI group during SCUBA 
diving.

The literature is inconsistent about the expected 
changes in autonomic nervous system  acƟ vity 
during SCUBA diving, and most of the research 
comes from studies of able-bodied people 
[12,19]. As in this study, some have reported that 
autonomic nervous system  parasympatheƟ c 
modulaƟ on decreases during diving, primarily due 
to a decrease in the R-R interval [9]. Others have 
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tone, a decrease in muscle pain, and an increase 
in vital lung capacity [4,15]. Therefore diving 
should be recommended for disabled persons 
as a benefi cial part of social rehabilitaƟ on. We 
did not observe symptoms or disorders limiƟ ng 
parƟ cipaƟ on of persons with SCI in diving, and we 
found that all parƟ cipants completed the research 
program. The results suggest that SCUBA diving 
is a safe acƟ vity for people with SCI in terms 
of physiological adaptaƟ on, as well as emoƟ onal 
and social benefi ts. HR V monitoring, as a marker 
of changes in the autonomic nervous system (ANS), 
has found applicaƟ ons in various professional 
groups, including aviaƟ on personnel. In pilots, HRV 
analysis has been used to assess health status, 
stress load, and physical eff ort during fl ight-related 
acƟ viƟ es — for example, during parachute jumps 
[23], training on fl ight simulators, and actual fl ights 
[3,20].

The limitaƟ ons in interpreƟ ng the results of the 
present study stem primarily from the relaƟ vely 
small number of divers included. A review of the 
literature on diving among people with disabiliƟ es 
indicates that it is extremely diffi  cult to recruit 
more than a few to a dozen individuals for such 
studies.

Another limitaƟ on was the variability in the Ɵ me 
elapsed since spinal cord injury and the diff erences 
in psychomotor rehabilitaƟ on among individuals 
with SCI. As a result, the parƟ cipants diff ered in their 
general physical condiƟ on and psychosomaƟ c 
status.

The emoƟ onal state of the parƟ cipants, which 
could have infl uenced their responses—also 
within the scope of ANS reacƟ ons to diving—was 
not analyzed in this study. Such an assessment 
exceeded the objecƟ ves set for the present work.

SUMMARY

In persons with spinal cord injury on the level 
T6-L1, in rest condiƟ on, HRV markers indicated 
a higher level of parasympatheƟ c ANS modulaƟ on 
in relaƟ on to able-bodied parƟ cipants. During 
diving, both the able-bodied and persons with 
SCI, HRV markers indicated a shiŌ  of autonomic 
balance to predominance of the sympatheƟ c part. 
The divers with a SCI were characterized by greater 
total ANS acƟ vity, greater modulaƟ on of the 
sympatheƟ c part, and smaller modulaƟ on of the 
parasympatheƟ c part during diving in relaƟ on to 
able-bodied divers. In terms of recovery, aŌ er the 
20-minute dive, there was no diff erence between 
the groups in the ability of the measured HRV 
indices to return to resƟ ng levels.

literature discussing HRV responses during diving 
in healthy individuals. In contrast, the diff ering HRV 
responses observed in the group of divers with 
traumaƟ c spinal cord injury may be interpreted as 
a result of the higher physiological cost of eff ort 
and dysfuncƟ on of the autonomic nervous system 
due to the injury.

The profi le of HRV changes reported by other 
authors is oŌ en qualitaƟ vely and quanƟ taƟ vely 
varied, which may be explained by the 
heterogeneous condiƟ ons of the studies conducted, 
the varying degrees of spinal cord injury, as well as 
individual variability in HRV parameters [8,17].

A comparison of the training eff ects in individuals 
with SCI and healthy subjects indicates that post-
exercise recovery is prolonged in individuals 
with SCI [14]. The Ɵ me needed for exercise 
recovery refl ects an organism’s overall ability to 
tolerate various acƟ viƟ es. The similarity in Ɵ me 
and magnitude of recovery between the two 
experimental groups in terms of returning cardiac 
autonomic system balance to resƟ ng values could 
indirectly indicate good funcƟ onal fi tness and 
proper cardiorespiratory capacity in persons with 
spinal cord injury compared to controls.

It should be considered that the parasympatheƟ c 
part of the reacƟ on to environmental sƟ mulaƟ on 
is generally faster than the sympatheƟ c part. 
It is related to the regulaƟ on of the ANS by the 
central nervous system, which primarily infl uences 
vasomotor and venƟ laƟ on centers. The CNS 
also infl uences peripheral receptors that iniƟ ate 
changes in blood pressure and venƟ laƟ on variability 
[28,32]. Longer monitoring of recovery aŌ er diving 
would be useful for defi ning the reversion Ɵ me 
of HRV markers to rest values.

Fut ure studies on this topic are recommended 
for divers with spinal cord injuries  aŌ er a complete 
training cycle. These studies could provide addiƟ onal 
informaƟ on that would be helpful in evaluaƟ ng 
the infl uence of diving training on the effi  ciency 
of cardiac autonomic acƟ vity in paraplegic divers, as 
well as on improvements in funcƟ onal fi tness and 
physical capacity. Our observaƟ ons, connected with 
many years of cooperaƟ on with disabled persons, 
revealed the posiƟ ve infl uences of diving training 
and underwater expediƟ ons on persons with SCI. 
Persons with high lesion level SCI engaged in diving 
quite oŌ en modify their posiƟ on from parƟ cipants 
of diving courses to leaders and organizers of diving 
acƟ vity. Persons with spinal cord injuries who 
pracƟ ce diving reap many benefi ts, such as improved 
funcƟ onal fi tness, beƩ er socializaƟ on, increased 
acƟ vity, and enhanced self-evaluaƟ on [33]. Diving 
training results in a reducƟ on of pathological muscle 
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effi  ciency of recovery aŌ er diving and the progress 
of rehabilitaƟ on. RecreaƟ onal diving could be 
recommended as a safe form of rehabilitaƟ on for 
persons with posƩ raumaƟ c spinal cord injury and 
has profi table infl uences on their psychological 
well-being and self-evaluaƟ on.

CONCLUSIONS

QualitaƟ ve and quanƟ taƟ ve analyses of HRV 
are a useful tool for monitoring cardiac autonomic 
acƟ vity in paraplegic divers with posƩ raumaƟ c 
injury of the spinal cord. HRV analyses could be 
used as an indirect marker for the evaluaƟ on of the 
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