
ABSTRACT
Outcomes after long-term injuries such as anterior cruciate ligament reconstruction (ACLR) need improv-
ing. One area which has received limited research attention is the use of aquatic therapy to optimize the 
functional recovery process after injury. There is still limited understanding of what the benefits of the 
pool can bring for rehabilitation and particularly what and when can be done in the pool after injury. This 
clinical commentary describes how the application of the properties of water can support the functional 
recovery process after ACLR. Here it is proposed that the main properties (density, hydrostatic pressure, 
buoyancy and viscosity) of aquatic therapy, if applied correctly to rehabilitation practices, can be used to 
achieve six primary goals after ACLR : 1) assist in the reduction of pain and swelling; 2) support the recov-
ery of gait; 3) support the maintenance and/ or development of cardiovascular fitness; 4) help accelerate 
and optimize motor pattern retraining; 5) allow for earlier introduction of plyometrics and power training 
and 6) support the between session recovery and optimal load management, particularly in the later 
phases of rehabilitation. If implemented correctly, the presented phased protocol can support practitioners 
in implementing or delivering aquatic therapy rehabilitation services to their injured athletes. To support 
implementation, the authors have provided a specific protocol and supplementary videos for the use of 
aquatic therapy after ACLR.

Level of Evidence: 5
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BACKGROUND AND PURPOSE
Despite being perhaps the most discussed rehabilita-
tion topic, there is no consensus on the best way to 
rehabilitate a patient after anterior cruciate ligament 
reconstruction (ACLR). It is well established that 
outcomes after ACLR are not perfect, with 35-45% 
of patients not returning to sport.1,2 Of those who 
do return to sport (RTS), 15% can expect a second-
ary ACL injury, with 30% of young athletes expe-
riencing a re-injury within the first two years after 
RTS.3-5 Furthermore, there are associated long-term 
complications such as accelerated onset of knee 
osteoarthristis.6

Recently, it has been suggested there is a need to 
optimize the rehabilitation process after ACLR in 
order to optimize patient outcomes.7 One area which 
has received limited research attention and may be 
potentially beneficial in optimizing the ACL rehabil-
itation process is aquatic therapy. Aquatic therapy 
does not refer to only different styles of swimming 
in rehabilitation (e.g., crawl, breaststroke etc.), 
rather, it includes all utilization of a water-based 
environment for therapeutic purposes during the 
rehabilitation process. The aquatic environment can 
be extremely beneficial for the rehabilitation of ath-
letes after sports injury, if the properties of water are 
understood and maximized. The biological effects of 
immersion in water are related to the fundamental 
principles of hydrodynamics. Understanding these 
effects and the physical properties of water, such as 
density and specific gravity, hydrostatic pressure, 
viscosity and buoyancy, may help the sports medi-
cine team maximize these properties to contribute 
to an optimized functional recovery program after 
ACLR. The main advantage of aquatic therapy in 
the functional recovery process is that activities or 
exercises can be introduced earlier in the functional 
recovery process than on land, potentially accelerat-
ing the recovery process and reducing the overall 
recovery time. This includes specific targeted exer-
cises for development or maintenance of the neuro-
muscular and cardiovascular (CV) systems, at a low 
risk of injury. 

Despite good theoretical relevance, there is a lack 
actual research assessing whether aquatic therapy 
could support enhanced rehabilitation outcomes 
after ACLR. Research has assessed the short and 

long term benefits of exercise in water in both young 
and old individuals,8,9 assessing the benefits for CV 
training10,11 and muscle strengthening.12-14 In addi-
tion, a systematic review comparing the effects of 
aquatic therapy and land-based exercise for people 
with arthritis found that aquatic therapy was com-
parable to land-based exercise in terms of functional 
outcomes.15 The authors recommended that aquatic 
physical therapy be used as an alternative to land-
based physical therapy when people are unable to 
exercise comfortably on land.15 Given the range of 
limitations seen in athletes after ACLR, there are 
many benefits of aquatic therapy, which could sup-
port improved patient outcomes. Aquatic therapy is 
used regularly during the rehabilitation process after 
ACLR, however, there is a lack of published research 
demonstrating its clinical applicability. As such, this 
clinical commentary will attempt to bridge the gap 
between theory and research (based mostly on other 
injuries besides ACL as well as in un-injured partici-
pants) and rehabilitative practice. This commentary 
will specifically discuss the application and benefits 
of aquatic therapy to the functional recovery process 
following ACLR. In addition, the authors will share 
how aquatic therapy can be applied to the functional 
recovery of injured athletes, particularly after ACLR, 
providing a phased aquatic therapy protocol for use 
during the functional recovery process after ACLR 
through to RTS. 

SIX-APPLICATIONS OF AQUATIC THERAPY 
PRINCIPLES APPLIED TO THE FUNCTIONAL 
RECOVERY PROCESS FOLLOWING ACLR
Utilization of the unique properties of water can 
facilitate optimal planning of rehabilitation sessions 
to support and optimize a functional recovery pro-
gram. The six major applied benefits of aquatic ther-
apy include:

1.  Reduction of pain and swelling and restoration of 
joint range of motion

2.  Recovery of normal gait cycle

3.  Maintenance and/ or development of cardiovas-
cular (CV) fitness

4.  Movement pattern/ coordination training 

5.  Early introduction of plyometric training 
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6.  Between-session recovery and optimal load 
management

Reduction of pain and swelling and 
restoration of joint range of motion
Early joint motion is beneficial when it comes to 
avoiding capsular contractions, reducing swelling 
and pain, and gaining early full passive and active 
extension appears to have no adverse effect on 
joint laxity.16 Unsatisfactory recovery of joint range 
of motion appears to adversely affect subjective 
and objective outcome markers in late-stage reha-
bilitation.17 Use of aquatic therapy can support the 
improvement in both joint swelling and passive and 
active range of motion. When an individual is sub-
merged in water they are subjected to hydrostatic 
pressure. This pressure is directly proportional to 
the density of the liquid (e.g., gravity and depth to 
which the body is immersed).18 As such, this means 
it does not depend on the individuals body shape or 
the size or shape of the container (e.g., swimming 
or aquatic therapy pool), or the volume of water, but 
primarily on the depth of immersion. Water exerts 
a pressure of 22.4 mm Hg/ft of water depth, which 
translates to 1 mm Hg/1.36 cm (0.54 in.) of water 
depth.10 If an individual is immersed to a depth of 
120 cm they are subjected to a force equal to nearly 
90 mm Hg, which is slightly higher than the normal 
diastolic blood pressure.18

If the water pressure is higher than diastolic blood 
pressure this will result in fluid shifts forcing fluid out 
of the joint and supporting optimized venous return 
and lymphatic system drainage (return). This could 
thus help with resolution of inflammation/ swelling, 
facilitate reduced swelling and positively influence 
(increase) joint range of motion. Normal or optimal 
gait biomechanics cannot occur without normal or 
optimal joint motion,19 so resolving impairments as 
early as possible after surgery is important to target 
early gait restoration. 

Immersion in water also desensitizes the injured 
area, as pain perception is diminished, due to an 
elevated pain threshold, which may be due to the 
stimulation of sensory nerve endings in the skin 
and sensory overflow.20,21 As such, this may facilitate 
(alongside the reduction in joint swelling) greater 
possible joint range of motion than possible at the 

same time-point on land, again facilitating the recov-
ery of both passive and active range of motion.

Recovery of normal gait cycle
Following ACLR, a patient cannot typically fully 
weight bear or walk without crutches for a period of 
time, often around four weeks.22 Patients often can 
develop faulty gait patterns after injury, due to move-
ment compensations to protect the injured joint. 
Abnormal gait patterns have been associated with 
joint weakness,23 decreased functional performance,24 
low patient satisfaction with outcome after surgery25 
and post-operative complications, including osteoar-
thritis.26 Re-establishing normal gait early after surgery 
is a key priority of the functional recovery process. 

The properties of water, specifically density and 
buoyancy, can support maintenance and early nor-
malization of optimal walking gait in ACLR patients, 
due to reducing the effects of gravity and allowing 
the practice of walking at lower body weights and 
joint loads. Density is the ratio between the mass of 
a substance (kg) and the space in which it occupies 
(m3). The density of water at 1 atmospheric pres-
sure and 4 degrees C is 1000 kg/m3. The mean den-
sity of the human body is less than water at 950 kg/
m3, although this varies person to person, with men 
averaging higher than women.27 Lean body mass, 
which includes bone, muscle, connective tissue, and 
organs, has a typical density near 1.1, whereas fat 
mass, which includes both essential body fat plus fat 
in excess of essential needs, has a density of about 
0.9.28 The relationship between the density of water 
and human body (with the latter being less) means 
an individual can float in water (although more mus-
cular athletes may have a tendency to sink). Buoy-
ancy is defined as the upward thrust acting in the 
opposite direction to the force of gravity. A human 
with specific gravity of 0.97 reaches floating equi-
librium when 97% of his or her total body volume 
is submerged. As the body is gradually immersed, 
water is displaced, creating the force of buoyancy, 
progressively off-loading immersed joints. The 
greater amount of the body immersed in water, 
the greater the off-load of body weight. A person 
immersed to the symphysis pubis has effectively 
offloaded 40% of his or her body weight; 50% when 
immersed at the umbilicus and 60% at the Xiphoid 
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depending on if the arms are in or out of the water. 
Immersion to neck height, would leave only around 
a 7kg weight (off-load of around 90% body-weight) 
of compressive force (e.g., the weight of the head), 
which would be exerted on the body. 

Thus, during the early stages of the functional recov-
ery period after ACLR, walking gait should be first 
trained in the pool at various water depths (progress-
ing from deeper to shallower), in order to enable the 
removal of a proportion of body weight to facilitate 
optimal gait patterns, as needed. Furthermore, walk-
ing in water can present a challenge to dynamic 
stability and support the retraining of dynamic 
movement control in a safe environment. The walk-
ing gait re-education program should include selec-
tive movement retraining exercises to support the 
motor re-training process (e.g. standing marches in 
place, with optimal lumbar pelvic control and hip, 
knee and ankle flexion).

Maintenance and/or development of 
cardiovascular fi tness 
Preserving CV fitness parameters such as maximal 
aerobic capacity, lactate thresholds and running 
economy during the rehabilitation process is impor-
tant for endurance and game sport athletes (e.g. 
football players) following long-term injuries such 
as ACLR. Recent research indicates that professional 
football players report deficits in aerobic fitness still 
six-months following ACLR,29 indicating a greater 
need to incorporate CV conditioning during the func-
tional recovery process. It has also been suggested 
that exercise based CV training can be a useful tool 
that can allow injured athletes to maintain CV fitness 
and ultimately running performance.30 For example, 
over a 22- month period, Burns and Lauder30 exam-
ined the effects of deep-water running on 181 active-
duty army soldiers with injuries that prevented 
them from undertaking their regular weight-bearing 
exercise and suggested that VO2 max and running 
performance can be maintained while soldiers are 
restricted from weight-bearing aerobic training. 

Water creates a resistance greater than that expe-
rienced during locomotion on land.31 This greater 
resistance is not only due to the water density but 
also its dynamic viscosity. Viscosity refers to the 

magnitude of internal friction specific to a fluid 
during motion. A limb moving relative to water is 
subjected to the resistive effects of the fluid called 
drag force and turbulence when present. Viscos-
ity, as well as buoyancy and density of water mean 
that exercises such as such as deep water running 
or treadmill running (if carried at sufficient speeds/ 
intensities and the right depth of water) can allow for 
the performance of CV exercise, which can result in 
similar CV responses to running on land.32 There are 
numerous studies which have analyzed the effects 
of water-based training, which suggest that improve-
ments in maximal aerobic capacity (VO2 max) from 
12-40% in sedentary or lower physically fit individu-
als;33 while it can support the maintenance of CV 
fitness parameters (running performance, VO2 max, 
lactate threshold) in trained athletes.8,34,35 

It is essential to ensure similar intensities that are 
used during land-based training to ensure an opti-
mal workout and ensure optimal technique during 
exercises such as deep water running.36 A period of 
time to focus on technique during deep water run-
ning is recommended as part of the rehabilitation 
process, prior to focusing on CV responses/ inten-
sity. Optimal technique during deep water running 
would also support the maintenance/ retraining of 
running gait. Monitoring the athlete with appropri-
ate heart rate monitoring systems can facilitate the 
analysis of the CV responses (and as such desired 
exercise intensity). The value of this type of work 
would support the maintenance of CV fitness in a 
non-or low-load bearing manner. Cardiac output has 
been reported to increase by 30–35% when an indi-
vidual is at rest, immersed in water. This increase 
has been attributed to an elevated stroke volume,37,38 
which in turn is due to an enhanced diastolic fill-
ing.37 During exercise in water, an increase stroke 
volume has been reported to be higher at any given 
submaximal or maximal exercise intensity in water 
when compared with values obtained on land.38 As 
such, there is typically a reduction in heart rate at 
equivalent exercise intensities in water versus on 
land, of around 10-15 beats per minute which should 
be accounted for when monitoring and reporting 
exercise intensity and volume in water based train-
ing. Thus, it is advised to implement deep water run-
ning, while simultaneously monitoring heart rate of 
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the athlete, adjusting the HR parameters (e.g., if the 
training goal on land is 80% maximum heart rate at 
160 beats per minute, then the equivalent intensi-
ties in the water would be 150 beats per minute for 
the same relative intensity) to achieve equivalent 
intensities in the water as on land to preserve CV fit-
ness during the functional recovery period. 

Movement patterns/ coordination training 
Targeted movement re-training is important after 
injury to correct at risk biomechanics which may 
have either been prospectively linked to the initial 
injury, have occurred secondary due to changes 
associated with the injury or a combination of both.39 
Altered movement biomechanics and postural con-
trol deficits are associated with heightened risk of 
re-injury upon RTS after ACLR.40,41 Conventional 
rehabilitation practices appear to be ineffective at 
restoring movement quality prior to RTS.39,42,43 Indi-
vidualized movement re-training programs targeted 
at factors which contribute to movement dysfunction 
such as neuromuscular and biomechanical factors 
(arthrokinetic dysfunction, synergetic dominance, 
muscle imbalances, reciprocal muscle inhibition), 
as well as neurocognitive and sensorimotor fac-
tors are required.39,44,45 Failure to correct movement 
impairments could be linked to insufficient quality, 
intensity or volume of movement based training. In 
particular relevance to this commentary, it appears 
that neuromuscular retraining to develop strength 
(e.g. use of isolated exercises such as knee exten-
sion) is insufficient at optimizing movement quality, 
and there is a need to allow for movement practice 
following or during neuromuscular training in order 
to relearn appropriate movement patterning and 
optimize coordination.46 It is necessary to undergo a 
comprehensive movement retraining and coordina-
tion program to retrain optimal motor control and 
‘integrate’ newly achieved muscle strength into the 
motor patterns.46 Thus, stressing the need for a bal-
ance between strength and movement training to 
optimize movement quality. This movement retrain-
ing process after ACLR, without the use of aquatic 
therapy is typically done in systematic manner in 
which the patient has a period of strength training 
to resolve muscle imbalances, followed by coordina-
tion training to relearn optimal movements.47 This is 

because during the early and middle periods of the 
functional recovery process after ACLR the patient 
is typically load compromised and cannot tolerate 
the loading parameters which accompany many 
functional sporting type tasks. The fact that water 
acts as a counterbalance to gravity, means that func-
tional strengthening/ movement exercises (e.g., 
squat, step up, lunge) can be introduced earlier than 
possible on land. This can facilitate earlier introduc-
tion of motor training allowing for the simultane-
ous training of muscle strength (largely in the gym) 
and motor control (in the pool) during the early and 
middle stages of rehabilitation. The same holds true 
for the earlier introduction of running (using buoy-
ancy devices and at various pool depths), jumping, 
landing and plyometric techniques, which can all 
be introduced at lower loading parameters than pos-
sible on land, thus accelerating the motor relearn-
ing process. This would be expected to maximize the 
progress through mid-stage rehabilitation, allowing 
for more appropriate restoration of functional per-
formance, and provide a superior movement quality 
foundation on which to commence late-stage reha-
bilitation. Exercises such as jumping and single leg 
balance training in water have been shown to result 
in similar functional improvements, to the same 
exercises performed on land.48,49 The benefit of been 
able to perform them in water at lower body weight/ 
impact forces means they can be introduced safely 
and earlier in the rehabilitation program. 

Early introduction of plyometric training 
The ability of the neuromuscular system to develop 
force is important to provide dynamic stability to a 
joint, as well as for optimal force propulsion. Typi-
cally, there is an over-reliance on isolated maximal 
muscle strength after ACLR, with less consideration 
of the ability to develop force rapidly.50 There is typi-
cally limited time to develop force during explosive 
sporting movements such as sprint running (80-120 
ms),51 or rapid joint stabilization to prevent joint 
injury after mechanical perturbation (< 50 ms).52 
It takes around 300 ms for the neuromuscular sys-
tem to generate peak force.53 Hence, the capability 
to produce force during rapid sporting tasks (i.e. 
explosive efforts) may be more dependent upon 
the ability to increase force quickly from low levels, 
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termed rate of force development (RFD), than on 
maximal muscle strength. As such, RFD appears 
to be an important aspect of neuromuscular func-
tion and may require additional consideration in 
late-stage rehabilitation programs.50 From the avail-
able evidence, it appears that RFD is not effectively 
restored after injury prior to RTS.54,55 Angelozzi et al. 
identified deficits of RFD of 30% in ACLR patients at 
six months, despite almost full (97%) restoration of 
maximal concentric knee extensor strength.54 RFD 
was restored at 12 months following the incorpora-
tion of a program based on power development.54

As well as RFD, the ability to generate maximal 
power during complex motor skills is also of major 
importance to successful athletic performance 
across many sports.56 Mechanical power is typi-
cally referred to as the rate of doing work57 and is 
determined by multiplying force by velocity.58 Based 
upon this equation, it is evident that the two cen-
tral components that impact the athlete’s ability 
to generate high power outputs are the ability to 
apply high levels of force rapidly and express high 
contraction velocities.59 As such, maximal strength, 
RFD and high velocity strength are important ele-
ments of neuromuscular performance which need 
to be restored following injury. Power is influenced 
by numerous factors including slow velocity muscle 
strength, fast  velocity muscle strength, RFD, ability 
to maximize the stretch-shortening cycle, and intra 
and intermuscular coordination.60 It is important 
that the rehabilitation process utilize a mixed meth-
ods approach to developing power, which should 
include the use of strength training, but also plyo-
metric training, in order to target all the factors which 
may contribute to explosive power capabilities.61

Lower extremity plyometric exercises are com-
monly used by athletes to develop explosive speed, 
strength, and power. They involve stretch-shorten-
ing cycle activity, where eccentric muscle contrac-
tion is quickly followed by concentric contraction 
of the same muscle (or muscles). During the eccen-
tric phase (pre-stretch), the musculotendinous unit 
is stretched, which stores elastic energy, and the 
muscle spindles activate the stretch reflex. Plyo-
metric training has been reported to be superior 
to more traditional resistance training for devel-
opment of explosive lower limb performance62-64 

and can contribute to improvements in lower limb 
strength and power, increased joint awareness, and 
overall proprioception.62,63,65-67 Performance of high-
intensity plyometric exercise often produces muscle 
damage, due mainly to the eccentric component of 
the muscle action, and excessive joint loading (liga-
ment, joint structures, tendon), which could result 
in injury.68 Typical impact forces during plyometric 
exercise on land is between two to six times body 
mass depending upon the specific plyometric task.69-

71 Deficits in functional eccentric muscle strength of 
the lower limbs would mean insufficient neuromus-
cular capacity to eccentrically absorb these forces, 
with greater reliance on joint complexes (tendon, 
ligament and joint structures) for force absorp-
tion.72 This could result in increased injury risk or 
an overload response to the joint. Plyometric train-
ing often forms an important aspect of late-stage 
rehabilitation/ RTS training, once the necessary 
functional capacity to tolerate these high forces has 
been restored. However, in water, the buoyancy 
force controls the downward (landing) movement of 
the body, thus generating higher upward (concen-
tric) and lower downward (eccentric) forces. There 
appears to be a reduction of around 45-60% in peak 
ground reaction forces recorded from plyometric 
exercise in water versus on land.71,73 Furthermore, 
plyometric training in water versus land appears to 
result in reduced joint inflammation and perceived 
pain in the subsequent hours and days after train-
ing.72,74,75 Additionally, similar characteristics in 
terms of power and explosive force production dur-
ing the concentric phase have been reported during 
plyometrics in water versus land,70,71 thus, mimick-
ing the neuromuscular stimulus for adaptation in 
power at a lower level of impact forces and muscle 
soreness/ joint overload. Plyometric exercise in 
water can offer an alternative to land based plyo-
metrics which can be both introduced earlier in the 
program, with lower risk of joint injury and/ or over-
load and use as a supplement to land based exercise 
to limit the impact forces and overall training load 
while maximizing neuromuscular training benefits 
(e.g., introduction to sport-specific on-field training 
and elevated body loading demands). 

There appears to be a large individual variation in 
terms of the load reduction in water versus land,71 
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which can partly be attributed to water depth, 
participant height, body composition, and land-
ing techniques. Koury76  and Miller et al.77 recom-
mended performing aquatic plyometrics in waist 
height water. They suggest that deeper water may 
impair movement control and coordination, making 
it more difficult to maintain stability in an upright 
position, whilst also decreasing the stretch-short-
ening cycle reaction time, and increasing drag due 
to arm swing through the water. Clearly, there is a 
need to use appropriate coaching techniques, obser-
vation and where possible filming (with underwater 
cameras) and providing appropriate feedback (real-
time or delayed) on technique. Furthermore, having 
optimal complexity and load progression as part of 
a structured program (e.g., squat jump – counter-
movement jump – drop jump) is essential to ensure 
optimal learning and adaptation, as well as safe load-
ing progressions. 

The typical ground reaction forces during land-based 
running range from 2-3 times body mass78 meaning 
plyometrics in water may be used prior to (e.g. use 
of bilateral plyometrics) and during (e.g. bilateral 
and unilateral plyometrics) the implementation of 
return to running program, and as preparation for 
plyometric training on land. 

Between session recovery and optimized 
load management
Deep water running has been recommended for 
players to accelerate the recovery process between 
matches.79 It also has relevance for recovery during 
the rehabilitation process, where patient athletes 
are reconditioning their bodies for athletic activity. 
Reilly et al.80 investigated the benefits of deep water 
running in accelerating the recovery process after a 
strenuous bout of plyometric exercise.  Deep water 
running failed to prevent delayed-onset muscle sore-
ness, but appeared to speed the process of recovery 
for leg strength and perceived muscle soreness. Leg 
strength was reduced by 20% on average for other 
groups (rest and/ or treadmill runs) after 48 hours, 
but only by 7% for the deep water running group, 
while soreness was also reduced by 40% in the deep 
water running group. 

Optimal loading may be defined as the load applied to 
structures that maximizes physiological adaptation.81 

Rehabilitative exercise stimulates a series of homeo-
static responses and accompanying adaptations of 
the human body system. It is essential that the reha-
bilitation program incorporates progressive optimal 
loading to facilitate functional recovery without 
overloading the muscle, ligament, tendon or joint 
and as such potentially compromising the regenera-
tion process. Pool based exercise such as CV training, 
movement practice including ballistic and plyomet-
ric training can allow for a higher volume of train-
ing at lower relative loads to if performed on land. 
Therefore, the pool can be used for supplementary 
exercise on recovery days (e.g., a non-strength or on-
field training day), even during the late-stage and 
RTS training stage of the functional recovery process 
after injury. This concept applies especially to the 
elite athlete or professional player after long-term 
injury such as after ACLR.  

Implementation into practice: Practical use 
of aquatic therapy during the functional 
recovery process after ACLR in professional 
athletes
The properties of water (buoyancy, density, hydro-
static pressure and viscosity) can be utilized to 
implement an aquatic rehabilitation program which 
if planned correctly may help optimize patient out-
comes after ACLR. The six discussed benefits of 
aquatic therapy 1) Reduction of pain and swelling 
and restoration of joint range of motion; 2) recov-
ery of normal gait cycle; 3) maintenance and/ or 
development of CV fitness; 4) movement patterns/ 
coordination training; 5) early introduction of ply-
ometric training and 6) between-session recovery 
and optimized load management should be utilized 
effectively to complement an existing functional 
recovery process. 

The functional recovery process: To be able to effec-
tively design the right aquatic therapy program after 
ACLR, it is important to have a well-structured func-
tional recovery process in place. There is no gold 
standard ACL rehabilitation approach, but having 
criterion-based rehabilitation with specific criteria 
to progress through stages or phases is regarded 
as best practice.82 The functional recovery process 
described here can be broadly defined as a series of 
phases or stages,47 including: 
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1. Early stage rehabilitation which is focused on 
resolving pain and swelling, recovering suf-
ficient knee joint range of motion, recovery of 
activities of daily living including the ability 
to walk without crutches, and minimization of 
muscle atrophy.

2. Mid-stage rehabilitation which is focused on 
restoring strength imbalances (to within 20% of 
the contralateral limb), basic motor patterning 
(e.g., functional exercises such as squat and run-
ning gait) and physical re-conditioning.

3. Late-stage rehabilitation which is focused on 
optimising neuromuscular and movement 
performance.

4. Sport-specific re-training and RTS (consisting 
of on-field rehabilitation, return to training and 
return to competition).83

It is important that the aquatic therapy program be 
aligned to this functional recovery approach and the 
specific activity fit with the functional recovery stage 
to optimize its implementation and improved clarity 
amongst all members of the sports medicine/ reha-
bilitation team. This ideal program should always be 
considered as part of a functional recovery approach 
comprising gym-based, pool-based and on-field 
rehabilitation.22 The aquatic therapy program is an 
important element of the process, and should not be 
considered in isolation. It is essential to ensure that 
the correct work is undertaken at the correct time 
and aligned with the activity of the gym based (or 

field) rehabilitation program. As such, considering 
the specific activity outside the pool and the func-
tional limitations are needed to prioritize the activ-
ity within the pool (see Table 1). Of note although 
this program can be utilized for all ACLR patients, it 
is important to recognize that aquatic therapy stages 
2-4 are an adjunct to land-based rehabilitative train-
ing and a minimum volume of land-based work is 
needed prior to considering the addition of aquatic 
therapy. For example, if a patient can only under-
take two to three sessions per week then this time 
should be better prioritized on land-based gym and/
or on-field activity, at least within stages 2-4. For 
these individual’s, aquatic therapy may be particu-
larly beneficial in the early stage of recovery (e.g., 
stage 1– ‘post-op pool’). Those involved in profes-
sional athlete schedules, can have good benefit from 
the incorporation of aquatic therapy throughout 
their functional recovery programs (Figure 1).

Below it is shown how the aquatic therapy program 
can be aligned with this recovery process with dis-
cussion on important concepts for each stage, provid-
ing prescriptive advice for the professional athlete 
after ACLR for each stage. The authors also share 
supplementary video of the type of activity which 
can be undertaken within the aquatic therapy pool. 

1. ‘Post-op pool’ (early-stage rehabilitation)
Post-operative pool typically commences around two 
weeks after ACLR, when a patient is safe to enter 
the water. The main contraindications to its use in 

Figure 1. The use of hydrotherapy in the recovery process after ACLR. Two standard stages have been identifi ed and applied on 
all the ACLR patients in the fi rst phases of recovery. Two other distinct stages may be applied to the elite athletes to optimize late 
phase rehabilitation and return to sport training. ACLR: anterior cruciate ligament reconstruction; ROM: range of motion; CV: 
cardiovascular; OFR: On Field Rehabilitation.
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this stage are wound healing and risk of infection so 
stiches have to be removed and surgery scars should 
be free from the phlogosis signs (Table 1). Early post-
op aquatic therapy is mainly concerned with over-
coming the effects of surgery and complementing 
the activity in the gym. It is focused predominantly 
on supporting the resolution of pain, swelling, joint 
range of motion and recovery of walking gait. Dur-
ing this stage, the athlete often has restricted range 
of motion, is using crutches on land when walking 

and is limited in their movement/ ability to perform 
activities of daily living. It is important to incorpo-
rate active range of motion exercises to facilitate 
active range of motion and avoid joint stiffness. The 
desensitization in the pool and swelling can facilitate 
greater active and passive range of motion than pos-
sible on land. During this early period, the patient 
may not be able to use devices such as the station-
ary bike due to range of motion limitations and thus 
active range of motion on land may be difficult. The 

Table 1. A staged aquatic therapy rehabilitation approach for the athlete after ACL reconstruction. The 
program involves four stages aligned with the functional recovery status of the athlete after ACL reconstruction. 
The particular goal, strategy and approach are outlined. The program outlines a typical approach (and allo-
cated time) for a professional athlete, who was able to return to team training at six months after ACL recon-
struction. Time lines are dependent upon the injury (e.g., concomitant injury, such as cartilage, medial collateral 
ligament), and individual healing and progressions. Criteria and not time should be used to transition between 
phases ensuring entry and exit criteria are achieved. Importantly, aligning the activity in the pool to the activity 
on land is important.
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motor pattern re-training. For example, deep water 
running can be used to support CV fitness training 
and restoration/ development of aerobic endurance, 
but also support running gait re-education with the 
impacts associated with running on land. This holds 
true for other exercises such as important functional 
tasks such as squat and lunging, and high load land-
ing control (jumping and landing exercises). This is 
highly beneficial psychologically for the athlete as 
they can commence ‘performance-based training’ 
in the pool. Introduction of neuroplasticity exer-
cises that can mimic the sport-specific movements 
(without loading the knee joint) can commence at 
this stage. These include exercises such as heading 
a football while seated on a floating device (e.g. rub-
ber ring) to challenge postural control (Figure 2). 

Given the range of complexity of exercises within 
stage 2, the phase as a whole and the pool program 
are typically broken down into two sub-phases (stage 
2.1, stage 2.2). The first half is when the athlete is 
undertaking basic muscle endurance in the gym, as 
well as core corrective exercises performed in a non-
load bearing position (e.g., exercises on the bed) due 
to being too load compromised to practice weight 
bearing functional exercises (e.g., not strong enough 
to commence unilateral functional exercises such as 
single leg squat). During this stage it is highly ben-
eficial to incorporate corrective movement training 
using foundation exercises (e.g., lunging, squatting 
etc.) in the pool, as well as deep water running. As 

patient can typically develop faulty gait patterns due 
to limping and avoiding to load the knee. Walking in 
water at appropriate depth can facilitate restoration 
of optimal gait and support movement confidence. 
Thus, key priorities include exercises such as cycling, 
walking, basic neuromuscular control and passive 
and active range of motion in this stage. See table 1 
for specific exercises and entry and exit criteria.

2. ‘Movement training and aerobic 
conditioning’ (mid-stage rehabilitation)
Following the resolution of basic post-surgical fac-
tors (e.g., pain, swelling, joint range of motion and 
recovery of walking gait) and recovery of activities of 
daily living, the patient can progress to slightly more 
intensive rehabilitation. In addition, the patient can 
now walk on land and typically commence the sta-
tionary bike in the gym. Thus, the specific aims of 
aquatic therapy change. Many clinicians stop aquatic 
therapy at this stage not realizing the additional uses 
and benefits of aquatic therapy. The key aims in mid-
stage rehabilitation in general are the restoration of 
strength and basic movement patterning. However, 
during this stage, the patient is still load compro-
mised for the majority of the stage and so cannot 
undertake many functional type activities optimally 
or safely on land (e.g., single leg squat or jumping 
and landing). The benefits of aquatic therapy can 
allow for the performance of functional exercises 
earlier than possible on land, supporting the earlier 

Figure 2. Neuroplasticity exercise in the pool.
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this stage, patients can practice higher loading 
impact exercises in the pool (allowing for around a 
50% reduction in impact forces),71,73 such as two-leg 
and one-leg landing exercises (also using the tram-
poline as a progression, Figure 3), bilateral jump-
ing exercises to support the development of lower 
body power (Figure 4), and treadmill running at 
the appropriate depth. These movements can be 
performed once the patient is sufficiently strong 
enough and has the desired level of neuromuscu-
lar control (the tasks can still involve around 1.5-2 

the athlete becomes stronger and overcomes many 
of the aspects of neuromuscular dysfunction follow-
ing surgery, they can generally commence higher 
load strengthening in the gym (e.g. transition to 
moderate load resistance training to restore muscle 
hypertrophy and strength),83 and weight-bearing 
exercises on land (generally the second half of this 
stage), including progressions towards treadmill 
running. Thus, when they are able to perform these 
tasks on land, there is less need to perform them 
in the water. Therefore, during the second half of 

Figure 3. Running in place (A), and single leg landing on trampoline (B).

Figure 4. Bilateral jumping for power development with A, countermovement phase, B, fl ight phase and C, landing phase.
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as a useful adjunct to the program to enable some of 
the exercises which cannot be done initially on land 
to be performed in the pool. For example, initially in 
this stage, the patient can run on land and begin a 
landing and jumping progression program, but uni-
lateral plyometrics are typically done towards the 
end of this stage (therefore minimizing the opportu-
nities to train explosive neuromuscular control and 
power under sport-specific movement demands). 
Thus, during the initial period of the stage, the 
patient can perform some of the high load exercises 
on land (e.g., bilateral plyometrics and unilateral 
landing drills) and the remainder in the pool (e.g., 
unilateral plyometrics, Figure 5). Practicing these 
unilateral plyometric exercises in the pool can sup-
port technique learning which can then be applied 
on land. It can also be used to manage the loading of 
the athlete when they commence high load exercise 
on land and support athletic conditioning on land 
by providing an opportunity to perform some of the 
work in the pool at lower loads (the pool will reduce 
impacts loading by around 50%).71,73 Aquatic therapy 
is typically used more sporadically in this phase to 
complement existing programs in conjunction with 

times body mass). Importantly, the athlete should 
not perform unilateral plyometrics in this stage, as 
they involve potentially dangerous knee joint loads, 
even if in water (ground reaction forces of 2-4 times 
body mass). See Table 1 for specific exercise content 
in this stage. Also see supplementary video 1 dem-
onstrating movement-based re-training in the pool. 

3. ‘Intense conditioning and fi eld 
preparation’ (late-stage rehabilitation)
Late-stage rehabilitation and pool training is an 
intense program designed to simulate sport-specific 
training on land to prepare for beginning sporting 
type movement training on the field. In addition, the 
athlete transitions to high load movements on land 
such as running, deceleration, jumping and land-
ing exercises, prior to being able to perform unilat-
eral plyometrics and multi-directional coordination 
exercises on the field. As such, the benefits of the 
pool are less dramatic as the majority of activity can 
be performed on land during this stage and aquatic 
therapy is less essential in this stage than during 
previous stages (and generally not required in non-
professional athletes). However, the pool can used 

Figure 5. Unilateral plyometric exercise involving forward A, step off from step, B, landing followed by immediate jump and 
C, single leg stabilisation on box and lateral drop jumps (D, step off, E, landing and jumping transition and F, lateral landing on 
step). 



The International Journal of Sports Physical Therapy | Volume 14, Number 6 | December 2019 | Page 990

land based ACL functional recovery programs that 
consists of 1) post-operative pool; 2) movement and 
CV conditioning; 3) intense conditioning and field 
preparation and 4) recovery pool. 
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