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Abstract

Rehabilitation following anterior cruciate ligament (ACL) reconstruction is a criti-
cal and core process for restoring normal physiological function of the knee joint,
reestablishing joint stability, and facilitating the patient’s return to daily activities
and sports. It directly affects the quality of postoperative knee recovery and long-
term functional outcomes. Hydrotherapy, leveraging the unique physical properties
of water such as buoyancy, resistance, and hydrostatic pressure, serves as a highly
advantageous and significant form of rehabilitation intervention after this surgery.
The buoyancy of water effectively offsets a portion of body weight, substantially
reducing the load borne by the knee joint, thereby minimizing the risk of secondary
joint injury during rehabilitation training at its source. Meanwhile, the dynamic re-
sistance of water enables progressive and controllable training of muscle strength
around the knee, balance ability, and joint range of motion, adapting to the rehabil-
itation needs at different postoperative stages. Additionally, hydrostatic pressure
acts on the local limb, effectively improving blood circulation around the knee joint
and promoting the elimination of metabolic waste, which in turn alleviates common
postoperative symptoms such as swelling and pain. As a safe, efficient, and highly
adaptable rehabilitation modality, aquatic rehabilitation provides an important bio-
mechanical and exercise physiological theoretical basis for the scientific design of
personalized rehabilitation programs following ACL reconstruction. It also
strengthens the theoretical foundation for optimizing postoperative rehabilitation
pathways in clinical practice and enhancing overall rehabilitation outcomes.
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1. Postoperative Rehabilitation Following Anterior Cruciate Ligament Reconstruction

The anterior cruciate ligament (ACL) is located within the knee joint, connecting the femur and tibia. Its primary
function is to restrict excessive anterior displacement of the tibia. In conjunction with other intra-articular structures,
it contributes to knee joint stability, enabling the performance of various complex and demanding lower limb move-
ments [1].

1.1 Incidence of Anterior Cruciate Ligament Injury

According to literature reports, the incidence of anterior cruciate ligament (ACL) tears in the general population of
the United States is approximately 1 in 3,000. Among soccer players, the annual incidence of ACL tears is about 60
per 100,000 individuals. A survey of active athletes in China revealed an ACL tear incidence rate of 0.43%. The
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primary cause of ACL tears is sports-related injuries, accounting for over 70% of cases, with basketball and soccer
being the sports associated with the highest number of affected individuals. Additionally, ACL tears are relatively
common among professional athletes in judo, wrestling, and track and field, as well as among recreational participants
in skiing, badminton, and volleyball. Non-sports-related injuries, including traffic accidents and accidents in daily
life or work, constitute approximately 27% of cases. ACL injuries can also occur in non-contact sports, particularly
during pre-adolescence and adolescence. During these stages, imbalances in quadriceps and hamstring strength, lig-
amentous laxity, and skeletal differences can lead to hip weakness and malalignment upon heel strike, thereby in-
creasing stress on the ligament. The quality of recovery following ACL reconstruction surgery directly impacts the
patient's future work and quality of life [2].

1.2 Rehabilitation Goals for Anterior Cruciate Ligament Reconstruction

In fact, rehabilitation for ACL injury can commence prior to surgery. Preoperative rehabilitation goals include: alle-
viating pain, swelling, and inflammation; maintaining normal joint ROM and ambulation ability; and preventing
muscle atrophy. Furthermore, the primary rehabilitation goals following ACL injury encompass: ensuring full active
and passive ROM of the knee joint; restoring patellar mobility; reducing postoperative inflammatory responses; re-
activating quadriceps control over the knee joint; and regaining the capacity for daily activities [3].

1.3 Three Major Factors Influencing the Rehabilitation Progression After Anterior Cruciate Ligament
Reconstruction

Graft Type for Injury Repair: Patellar tendon grafts typically require an 8-10 week rehabilitation cycle, whereas
hamstring tendon grafts necessitate a 10-14 week cycle.

Graft Source: Autografts versus allografts. Some surgeons opt for allografts; however, this can significantly prolong
the rehabilitation process.

Concomitant Injuries: Approximately 13% of ACL injuries are accompanied by medial collateral ligament (MCL)
injury, which increases the risk of scar tissue formation and complicates the restoration of full knee ROM. About 1%
of ACL injuries involve lateral collateral ligament (LCL) injury, usually necessitating surgical intervention and de-
laying weight-bearing training and hamstring isotonic contraction exercises. Nearly 80% of traumatic ACL injuries
are associated with articular cartilage contusions, which mostly require a rehabilitation cycle of up to 42 weeks.
Additionally, another frequent concomitant injury is a meniscal tear, occurring in over 75% of cases, substantially
slowing the rehabilitation progress.

Through research and synthesis of the goals, progression, and prescription recommendations for postoperative
rehabilitation training following ACL reconstruction, combined with case analysis, it has been found that aquatic
rehabilitation can yield significant breakthroughs that are often “impossible” with traditional land-based rehabilita-
tion [4]. Based on the unique physical properties of water and fully integrating exercise training methods and tech-
niques, along with medical supervision, assessment, and evaluation systems, aquatic rehabilitation can promote ear-
lier patient recovery [5].

2. Characteristics and Techniques of Aquatic Rehabilitation

Aquatic rehabilitation is a therapeutic method that utilizes the properties of water to enable patients to perform exer-
cise rehabilitation in an aquatic environment, aiming to alleviate symptoms or improve function. Sports rehabilitation
has evolved into an actively developing advanced science, and aquatic rehabilitation stands as one of its effective
means, often resulting in shorter rehabilitation cycles compared to traditional physical therapy.

2.1 Characteristics of Aquatic Rehabilitation

With advancing age and declining physical function, some previously excellent land-based exercise methods carry
an increased risk of sports injury. Aquatic exercise can help avoid unnecessary movement risks. Buoyancy allows for
maintaining relatively high exercise intensity while preventing injuries caused by impact and collision [6]. For in-
stance, individuals with elbow pain preventing tennis or those feeling exhausted can engage in activities in water.
Performing simple stretching, kicking, or walking exercises in water can quickly help alleviate fatigue. An increasing
number of sports are now incorporating aquatic environments for specialized training, utilizing water's properties and
overcoming its resistance to enhance technique and physical conditioning, thereby reducing the risk of joint and
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muscle injuries [7].

Buoyancy: Buoyancy exerts an upward force on the body. As human tissues have varying densities, maintaining
balance and stability in water requires an adaptation period. This is highly beneficial for training patient balance. As
body parts submerge, water is displaced, generating a buoyant force that gradually counteracts the normal gravita-
tional load on immersed joints [8]. Thus, for a person immersed to the neck, only approximately 15 pounds of pressure
is exerted on the spine, hips, and knees. Immersion to the level of the pubic symphysis effectively offsets about 40%
of body weight; to the umbilicus, 50%; and to the xiphoid process, 60%. This reduces the need for therapists to
provide as much support as on land, lessening the burden for both practitioner and patient. Buoyancy is the most
extensively applied and crucial physical property in aquatic exercise therapy. It effectively reduces intra-articular
pressure, facilitates earlier initiation of weight-bearing therapy for postoperative fracture patients, and expands ROM
for patients with neurological impairments. However, since land-based activities occur under gravity, underwater
training primarily focuses on eliciting patient movement. Simultaneously, flowing water stimulates the skin, enhanc-
ing proprioceptive input, which can also facilitate movement training. Ultimately, training must be completed on land.

Pressure: When a fluid is incompressible, pressure is proportional to its density and depth. Therefore, greater
depth results in increased pressure on the body. Hydrostatic pressure can effectively assist in reducing edema, partic-
ularly in the lower limbs, promote lymphatic drainage, and accelerate blood circulation. At certain depths, water
pressure on the abdominal muscles and diaphragm can enhance cardiopulmonary function.

Viscosity: Viscosity refers to the magnitude of internal friction within a specific fluid during motion. Limbs mov-
ing in water encounter resistive effects due to the fluid. Friction of water flow against the skin means that a greater
surface contact area results in increased viscous force. This resistive effect is also termed drag or pulling force. The
pulling force of water on the skin, along with traction on the joints, not only reduces joint pressure during movement
but also provides more proprioceptive stimulation. Training in water affords patients more time and sensory input to
adjust their movement strategies, enhancing coordination during motor learning.

Resistance: When swimming, one feels that as speed increases, resistance also rises. Doubling the speed requires
an eightfold increase in resistive force. However, resistance immediately drops to zero when movement ceases. This
allows for effective control over activities based on patient comfort. During land-based exercise, due to minimal
interference and the stabilizing assistance of gravity, it is often challenging to sufficiently engage the core muscles.
Yet, underwater at a certain depth, forces of varying magnitudes continuously push the body from all directions,
necessitating the recruitment of core muscles to stabilize the body. Therefore, even simple standing in water activates
more muscle groups to maintain bodily stability, which significantly contributes to improving postural control and
overall bodily stability.

Temperature: Appropriate water temperature aids in muscle relaxation. The recommended temperature for ther-
apeutic pools is 32-34°C, slightly higher than that of typical swimming pools. This prevents patients with spasticity
from experiencing increased tone due to cold stimulation, but it should not reach temperatures as high as hot springs.
As exercise generates body heat, excessively high temperatures can reduce achievable exercise intensity in water and
easily induce neuromuscular fatigue. Classified by temperature, there are cold baths (below 25°C), cool baths (25-
32°C), indifferent baths (33-35°C), warm baths (36-38°C), and hot baths (above 38°C).

2.2 Techniques of Aquatic Rehabilitation

Ai Chi: Ai Chi is an active exercise consisting of 19 sets of slow, gentle, choreographed movements performed
without external assistance. It emphasizes coordinated breathing, simple upper and lower limb movements, trunk
stability, body balance, and overall coordination. The difficulty of the 19 movements progressively increases, with
the base of support becoming smaller and greater demand placed on breathing frequency coordination (14-16 breaths
per minute). It is not necessary to complete all movements in one session. Based on rehabilitation goals, therapists
can select from the 19 movements, formulate different exercise sets, and create targeted therapeutic prescriptions.
Aqua-T-Relax: Aqua-T-Relax is an aquatic relaxation technique requiring patients to perform multiple sets of gentle,
slow movements while relaxing in water. These movements promote smooth vestibular system operation and help
reduce connective tissue tension, stretching the fascia to make the body more flexible and less prone to injury. The
body acts as an integrated whole; movements conform to biomechanical principles of force transmission. Excessive
force or deviated movements can easily lead to injury. However, after a period of Aqua-T-Relax training, changes in
the viscoelasticity of connective tissues allow for more graceful and stable force transmission during daily activities,
thereby protecting the body from harm.
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3. Progression and Goal Design for Aquatic Rehabilitation Following Anterior Cruciate Liga-
ment Reconstruction

The aquatic environment can provide a safe and effective therapeutic setting for patients both preoperatively and
postoperatively following ACL injury, significantly shortening the rehabilitation cycle and enabling early engagement
in the rehabilitation process. Buoyancy reduces joint loading; water viscosity facilitates early strength training for
peri-articular knee muscles; the thermodynamic effect of water helps alleviate knee stiffness and enhance the flexi-
bility of peri-articular muscles and ligaments; hydrostatic pressure reduces edema in the affected limb and promotes
distal blood return.

Weeks 1-3: Alleviate pain, reduce swelling, restore knee joint ROM.

Weeks 4-5: Adjust water depth, starting with minimal weight-bearing. Gait training on an underwater treadmill,
balance and proprioception training using Ai Chi and WST techniques.

Weeks 6-8: Initiate jogging in the therapeutic pool while continuing to restore full joint ROM exercises.

Weeks 9-10: Strengthening exercises for peri-articular knee muscles, lower limb neuromuscular control training
using BRRM techniques.

Week 11-12 and beyond: Continue aquatic gait and conditioning recovery training, along with all skills and phys-
ical activity amplitudes required for land-based training.

The above progression and goal design for aquatic rehabilitation following ACL reconstruction are for reference
only. Specific rehabilitation plans must be tailored and executed based on individual physical condition, recovery
feedback, and assessment by medical professionals.

4. Conclusion

In summary, the rehabilitation methods, cycle, and outcomes following knee anterior cruciate ligament (ACL) surgery
inevitably impact the patient’s future quality of life and work. Aquatic rehabilitation not only demonstrates a superior
positive effect compared to land-based rehabilitation for postoperative ACL recovery but also provides patients with
richer and more scientific options.
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