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Abstract 

Over the past few years, aquatic cycling has become a trending fitness activity. However, the literature 

has not been reviewed exhaustively. Therefore, using scoping review methodology, the aim of this review 

was to explore the current state of the literature concerning aquatic cycling. This study specifically 

focused on study designs, populations and outcomes. A comprehensive search of seven databases 

(PubMed, MEDLINE, Cinahl, Embase, PEDro,Web of Science, WorldCat) was conducted up to 

30
th
 September 2016. GoogleScholar, World Cat, ResearchGate, specific aquatic therapy websites and 

aquatic therapy journals were searched to identify additional literature. Full-text publications in English, 

German or Dutch were included. Studies were included when the intervention involved head-out cycling 

carried out in 10° to 35° Celsius water. Exclusion criteria were the use of wet suits or confounding 

interventions that would affect participants’ homeostasis. 63 articles were included and the study 

parameters of these studies were summarized. Using three grouping themes, included studies were 

categorised as 1) single session tests comparing aquatic versus land cycling, or 2) aquatic cycling only 

sessions investigating different exercise conditions and 3) aquatic cycling intervention programmes. 

Although the experimental conditions differed noticeably across the studies, shared characteristics were 

identified. Cardiovascular parameters were investigated by many of the studies with the results 

suggesting that the cardiac demand of aquatic cycling seems similar to land-based cycling. Only six 

studies evaluated the effect of aquatic cycling interventions. Therefore, future research should investigate 

the effects of aquatic cycling interventions, preferably in individuals that are expected to gain health 

benefits from aquatic cycling. Moreover, this comprehensive outline of available literature could serve as 

a starting point for systematic reviews or clinical studies on the effects of aquatic cycling on the 

cardiovascular responses. 

 

Introduction 

Water-based fitness equipment has gained popularity within aquatic fitness leading to a development of 

dryland training machines, such as stationary exercise bikes and treadmills, into water-proof exercise 

gear. Although aquatic cycling has become a trending fitness activity, the modification of standard 

ergometer bicycles for aquatic programs is nothing new and stems from the late sixties. Researchers 

used water immersion as an effective simulation of prolonged weightlessness, moreover, the utilization of 

the aquatic environment has been recognized as useful in rehabilitation [1, 2]. Similar to land-based 

cycling, the repetitive circular movement of pedalling against the water resistance ensures a use of a 

large range of motion (ROM) of the lower limbs to improve cardiovascular fitness and muscle strength. 

The fact that individuals are sitting on the aquatic bike can be beneficial for those who have problems with 

balance and independent gait. However, in contrast, while the sitting position and hydrostatic pressure 

assist with postural control, the loss of free movement i.e. reduced challenges to balance, and the few 

variation of the exercises may limit its effect on functional capacity. A shared characteristic with other 

types of aquatic exercise is the decrease of joint loading due to the buoyancy of the water. During aquatic 
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cycling participants are immersed in water up to the chest and the buoyancy of the water unloads the 

joints of the lower extremities and the lower spine, a condition appealing for patients experiencing pain or 

problems with physical functioning during exercising on land [3, 4]. Despite the potential benefits of 

aquatic cycling and its long history, the application of aquatic cycling in an exercise and clinical context 

still appears to be low. Limitations that might prevent clinicians using aquatic cycling for therapeutic 

purposes could include the investment costs, storage space requirements, and the elaborate set-up of the 

aquatic bikes. In particular, getting the bikes in and out of the pool, without an adjustable floor, is 

demanding. 

The scientific evidence on the potential benefits of aquatic cycling seems to be scarce as well. Obvious 

search terms like aqua(tic) cycling, aqua(tic) bike or water cycling yield very few relevant results from 

scientific search engines. Moreover, the small number of references about aquatic cycling, used in 

previously published reviews on aquatic exercise, further emphasizes the impression of a scarcity of 

literature [5–7]. These reviews summarize the effects on head-out aquatic exercise, including aquatic 

cycling, or compared physiological responses of different types of aquatic exercise and swimming with 

each other [5–7]. Further, the aquatic cycling interventions were not described in detail in these prior 

reviews with these reviews only including cross-over studies. 

Thus, the questions remain how has aquatic cycling been investigated in previous research, and whether 

a search effort solely on “aquatic cycling” would reveal additional publications and research investigating 

the effects of aquatic cycling intervention programmes. A systematic review with a meta-analysis would 

not suit this aim and therefore a scoping review study design was chosen. Systematic reviews are guided 

by specific research questions leading to strict in- and exclusion criteria. The primary aim for performing a 

scoping review is to map the available literature that meet a comprehensive research question combined 

without restricting inclusion criteria [8]. Where systematic reviews evolve out of an initial understanding of 

the research field, scoping reviews are employed to identify research and explore their features such as 

target populations, interventions, study designs and outcomes [8, 9]. As a result scoping reviews help to 

develop an understanding of the extent and possible gaps and uncertainties in the existing literature. 

Furthermore, a scoping review might identify a sufficient amount of studies that would facilitate a 

systematic review [9]. 

 

Discussion 

This is the first review to scope the available literature on head-out aquatic cycling exercise. The aim of 

this review was to describe the study parameters of available research utilising aquatic cycling as an 

exercise modality. Sixty-three publications were identified and the review provides a full summary of the 

set-up of aquatic interventions and possible comparisons, core outcomes, involved participants and the 

study designs utilised in current literature. The exploration of the intervention parameters revealed great 

variety on the use and execution of aquatic cycling. 

Land-based cycling versus aquatic cycling 

The main body of the current research on aquatic cycling focuses on cardiovascular outcomes and the core findings 

for the comparison between land-based and water-based cycling showed similar trends. These latter studies [17–

23, 26] reported comparable VO2max values of aquatic and land-based cycling and therefore, the cardiac demand of 
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aquatic cycling seems similar to land-based cycling. The results for HR were less consistent with a tendency for a 

lower HR during aquatic cycling compared to land-based cycling [20–23, 26, 29, 30]. Further, cardiac output and 

stroke volume was reported to be higher during aquatic cycling [15, 21, 29, 30]. These results are in line with the 

general understanding concerning the effects of water immersion on the human body. Hydrostatic pressure exerts 

external pressure on the immersed body, which increases with increased depth [2, 74]. Due to the hydrostatic 

pressure exerted there is a shift of blood from the extremities to the chest cavity, increasing arterial filling, and thus 

cardiac output and stroke volume are increased [2, 74]. Because cardiovascular parameters are modified by 

immersion, this could explain why the literature is inconclusive on the optimal recommendations for exercise 

prescription during aquatic cycling. Another explanation maybe as most aquatic bikes are not equipped with an 

electronically controlled pedalling resistance mechanism and approaches to estimate VO2 from aquatic cycling are 

often based on pedalling frequency, with or without additional resistance. However, these equations cannot be used 

for all aquatic bikes, as the design and drag resistance created by pedals and resistance fins vary considerably across 

the aquatic bikes. 

Aquatic cycling under different conditions 

Due to the heterogeneous nature of aquatic cycling, many variables are involved when studying its impact on 

individuals, for example device-specific factors [44, 63–65] or environmental parameters as water temperature 

[12, 23, 43, 48, 49, 51, 52, 56–61]. Thus explaining why the cardiovascular response to different exercise conditions 

was frequently investigated. For example, it seems that VO2max is comparable across different water temperatures 

and that participants perceived exercising in warm water as more exhaustive [23, 48, 49]. Further, included studies 

concluded that exercise intensities up to maximal limits are achieved by an increase in pedalling frequency and that 

VO2peak does not differ between the different types of aquatic bikes [44, 64]. However, high-pedal frequencies are 

difficult to maintain during longer exercise sessions with a continuous character [44, 64]. To avoid discomfort with 

maintaining high pedal frequencies, exercise intensity can be modified by an increase in pedalling resistance or by 

utilising an interval training [45]. The latter was perceived less exhaustive than a continuous protocol [45]. 

Aquatic cycling as an intervention 

Only six studies investigated the effect of multiple aquatic cycling sessions [66–73]. In four studies aquatic cycling 

was used in a clinical context for patients with multiple sclerosis and as exercise training for older adults and obese 

individuals. Research showed that aquatic cycling was equally effective than land-based cycling for improving 

cardiovascular fitness [66, 68, 71–73]. Furthermore, none of the included studies reported adverse events related to 

the training, suggesting that aquatic cycling is a safe exercise modality. 

Most of the exercise protocols of the aquatic cycling intervention programmes consisted of steady cycling in a 

seated position with moderate intensity. Only Boidin et al. used an interval protocol for the training of obese 

individuals [71]. It seems that the full potential of aquatic cycling including out-of-saddle positions and arm and 

trunk exercises is not published yet in peer-reviewed journals [7]. Addition of these elements might prevent 

monotony especially in multiple session programmes [75] and results from supportive literature suggest that a full 

spectrum aquatic cycling programme is effective in patients with musculoskeletal disorders [76]. 

This scoping review has identified a number of areas for further research. Most of the included studies have a cross-

over design with few cycling sessions and investigated the exercise response in young healthy males, because 

gender, body mass and morphology are known to affect the response to aquatic cycling [59, 77, 78]. Further, only 

six studies investigated the effect of an aquatic cycling intervention programme. To improve the use of aquatic 

cycling in healthcare, future studies, preferably RCTs, should investigate the effects of aquatic cycling interventions 

in different populations and on outcomes such as (joint) pain, muscle strength or physical functioning, which are yet 
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to be investigated. Of specific interest may also be the biomechanics of aquatic cycling and differences of seated and 

out-of saddle cycling. Furthermore, the identified literature seems suitable for more systematic reviews. For example 

it seems worthy to synthesize the available evidence on cardiovascular responses to aquatic cycling. 

To further improve the understanding of acute and long-term physiological adaptions to aquatic cycling training and 

facilitate between study comparisons, consistent reporting of the following parameters is recommended. Studies 

should describe the type of aquatic bike, body position, level of immersion, water temperature, methods used to 

control and assess exercise intensity i.e. training frequency, duration, rpm and pedalling resistance. Furthermore, it 

should be stated whether or not adverse events occurred. In addition to an accurate description of the aquatic cycling 

intervention, an agreement of experts on uniform keywords to describe the exercise activity is also strongly advised 

since this would improve the search in scientific databases. In this review the terms “aquatic cycling” and “aquatic 

bike” were used, as these expressions nowadays are commonly associated with this type of exercise. 

This review has strengths and weaknesses. The extensive search procedure in this review resulted in more than sixty 

publications on aquatic cycling only, which were summarized and displayed. However, the presented studies should 

be interpreted with caution, because no quality assessment of the internal validity of the included studies was made 

in order to cover a broad spectrum of literature. Furthermore, this review provides a very general overview of the 

research on aquatic cycling without focusing on certain details of the included studies. For example, only the main 

outcomes reported in the abstract of the included studies were reported in this review. Yet, this comprehensive 

outline of available literature in this scoping review could serve as a starting point for systematic reviews or clinical 

studies on the effects of aquatic cycling on the cardiovascular responses. 

 

Conclusion 

This is the first scoping review to summarise the literature on head-out aquatic cycling. There are 

numerous variables related to aquatic cycling e.g., the type of aquatic bike or environmental factors e.g., 

water temperature or immersion level. As a result, the objectives of the identified studies in this review are 

heterogeneous. Most of the included studies compared aquatic cycling with land-based cycling or 

examined how to quantify and modify exercise intensity. Very few studies evaluated the effect of aquatic 

cycling interventions. Cardiovascular parameters were investigated by many of the studies and the results 

suggest that the cardiac demand of aquatic cycling seems similar to land-based cycling. Therefore, 

further research should synthesize the effects of aquatic cycling on cardiovascular parameters in a 

systematic review. Future studies should evaluate the effects of aquatic cycling interventions in a clinical 

and rehabilitative context. 

 

 


