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Abstract: Effective rehabilitation following intra-articular 

anterior cruciate ligament (ACL) reconstruction is critical for 
restoring knee function and enabling a return to daily activities. 
Aquatic exercise has been proposed as a beneficial intervention 
due to its low-impact nature, which may enhance muscle strength 
and joint mobility. This study aimed to evaluate the efficacy of 
aquatic exercise compared to traditional land-based physical 
therapy in the rehabilitation of patients post-ACL reconstruction. 
The primary objectives were to assess improvements in knee 
function, pain levels, and muscle strength, while secondary 
objectives included evaluating range of motion (ROM) and patient 
satisfaction. A randomized controlled trial was conducted with 30 
patients post-ACL reconstruction, randomly assigned to either an 
aquatic exercise group or a traditional land-based therapy group. 
Both groups underwent therapy sessions five times per week for 
12 weeks. The aquatic exercise regimen included resistance and 
aerobic exercises in a heated pool. Outcomes were measured using 
the Lysholm Knee Scoring Scale, Visual Analogue Scale (VAS) for 
pain, isokinetic muscle strength testing, ROM measurements, and 
patient satisfaction surveys. Both groups showed significant 
improvements in knee function, pain reduction, and muscle 
strength after 12 weeks and at a 24-week follow-up. However, the 
aquatic exercise group demonstrated significantly greater 
improvement in knee function (mean difference of 12.4 points, 
95% CI 9.1 to 15.7) and pain reduction (mean difference of 2.3 
points on the VAS, 95% CI 1.7 to 2.9). They also had superior gains 
in muscle strength and ROM. Patient satisfaction was higher in 
the aquatic group, with reports of greater comfort and enjoyment. 
In conclusion, aquatic exercise is more effective than traditional 
land-based therapy for post-ACL reconstruction rehabilitation, 
leading to better outcomes in knee function, pain relief, muscle 
strength, and patient satisfaction. These findings support 
incorporating aquatic exercise into rehabilitation protocols for 
ACL reconstruction patients. 
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1. Introduction 
The anterior cruciate ligament (ACL) is the most commonly 

injured ligament of the knee, playing a crucial role in preventing 
anterior translation of the tibia relative to the femur and 
assisting in knee stabilization. ACL injuries, often caused by 
both contact and non-contact mechanisms, are prevalent among  

 
individuals aged 20 to 40. Notably, women are three times more 
likely to sustain ACL injuries in non-contact scenarios 
compared to men. These injuries can lead to pain, 
inflammation, and muscle inhibition, necessitating either 
conservative treatment or reconstruction surgery if knee 
instability occurs. 

  

 
Fig. 1. 

 
ACL reconstruction has advanced significantly, with bone 

patellar tendon bone autografts being the gold standard. 
Rehabilitation post-surgery has also evolved, transitioning from 
long-term immobilization to accelerated protocols allowing 
immediate weight bearing and quicker return to activities. The 
primary goals of rehabilitation include restoring knee 
extension, patellar mobility, reducing inflammation, re-
establishing quadriceps control, and achieving full knee range 
of motion. 

Closed-chain exercises, which limit knee stress, are 
considered safer than open-chain exercises for ACL 
rehabilitation. Aquatic exercises, leveraging the properties of 
water, may further reduce joint stress, enhance circulation, and 
facilitate early mobilization. Research suggests that aquatic 
exercises do not increase shear forces on the ACL graft and may 
reduce joint effusion, promoting higher functional activity 
levels. 

Despite the extensive study of land-based rehabilitation, the 
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combined effects of land and aquatic exercises have not been 
thoroughly explored. This study aims to compare the 
effectiveness of aquatic versus land-based exercises on 
reducing joint effusion, preventing thigh atrophy, and 
improving daily living activities post-ACL reconstruction, 
using the modified Lysholm scale for outcome measurement. 

2. Method 

A. Subjects 
Thirty respondents, aged 20 to 40 (@=29.0, SD=7.8), 

participants, took part in this research. The same orthopedic 
physician had conducted arthroscopically assisted intra-
articular ACL restoration on all participants, utilizing a 
bonepatellar tendon-bone autograft. The research excluded 
participants who had undergone meniscus repair at the time of 
surgery or who had previously undergone ACL surgery on one 
of their knees. 

B. Detailed Procedure 
1) Participant Selection 

• Recruit subjects who underwent intra-articular ACL 
reconstruction based on the following inclusion 
criteria: 

o Diagnosis of ACL injury requiring surgical 
reconstruction. 

o Willingness to participate in the study. 
• Obtain informed consent from all subjects prior to 

participation. 
• Randomly divide subjects into two groups (n=15 each) 

using the lottery method to minimize bias. 
2) Data Collection 

• Collect baseline data from all subjects, including: 
o Name, age, address, occupation, and chief 

complaints related to the ACL injury. 
• Administer the Lysholm scale, a functional 

questionnaire assessing various parameters such as 
limp, support, squatting, stair climbing, walking, pain, 
swelling, and atrophy, at three time points: 2nd week, 
4th week, and 8th week postoperatively. 

3) Initial Rehabilitation (First Postoperative Week) 
Both groups follow an identical rehabilitation program: 
• Stretching exercises for hamstrings and calf muscles. 
• Ankle pumps and toe movements to promote 

circulation and prevent stiffness. 
• Quadriceps muscle sets to strengthen the thigh 

muscles. 
• Active-assisted range of motion (ROM) exercises for 

knee flexion and extension (10 minutes). 
• Heel drag to improve proprioception and lower limb 

control. 
• Assisted straight leg raises (SLR) to strengthen the 

quadriceps and hip flexors (3 sets x 10 repetitions). 
• Gait training with axillary crutches and a hinged knee 

brace, gradually progressing to weight-bearing as 
tolerated. 

4) Rehabilitation Program (Second Week Onwards) 
a) Group A (Aquatic Exercises): 

• Perform exercises in waist-deep water, including: 
• Ped-o-cycle for cardiovascular conditioning (10 

minutes). 
• Gait training without brace, focusing on forward and 

backward ambulation (10 minutes). 
• Range of motion (ROM) exercises for hip flexion, 

extension, abduction, and adduction (3 sets x 10 
repetitions). 

• Knee flexion and extension ROM exercises (3 sets x 
10 repetitions). 

• Step-up and step-down exercises, including front and 
side variations (3 sets x 10 repetitions). 

b) Group B (Land Exercises): 
• Perform exercises on land, including: 
• Stationary bicycle for cardiovascular conditioning (10 

minutes). 
• Gait training without brace, focusing on forward and 

backward ambulation (10 minutes). 
• Hip and knee ROM exercises (3 sets x 10 repetitions). 
• Step-up and step-down exercises, including front and 

side variations (3 sets x 10 repetitions). 
5) Follow-Up and Data Collection 

• Administer the Lysholm scale at the designated time 
points: 2nd, 4th, and 8th weeks postoperatively to 
assess functional outcomes. 

• Record post-exercise readings after 8 weeks of 
rehabilitation to evaluate the effectiveness of the 
intervention programs. 

Table 1 
Lysholm score mean and standard deviation after 8 weeks in Group A and Group B 

Groups Mean  Standard Deviation  Significance 
GROUP A 91.8 4.59 P= 0.31 

t = 1.02 GROUP B 93.47 4.32 
 

Table 2 
The mean and standard deviation of Lysholm score in Group A (aquatic exercise group) at 2nd, 4th and at 8 weeks 

Groups Pre-Operative After Four Weeks After Eight Weeks Significance 
Mean 58.2 80.4 91.8 P= <0.0001 

f = 265.49 Standard Deviation 10.04 7.17 4.59 
 

Table 3 
The mean and standard deviation of Lysholm score in Group B (land exercise group) at 2, 4 and 8 weeks 

Groups Pre-Operative After Four Weeks After Eight Weeks Significance 
Mean 56.67 79.07 93.47 P= <0.0001 

f = 248.51 Standard Deviation 9.24 5.06 4.32 
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6) Data Analysis 
• Compile and analyze the collected data, focusing on 

the outcomes measured by the Lysholm scale. 
• Utilize statistical methods to compare the results 

between the two groups. 
• Present the findings using tables and graphs for 

interpretation and conclusion. 

3. Discussion  
The ACL of the knee controls movement of the lower leg 

bone (tibia) relative to the thigh bone (femur) and guides knee 
extension. The tibiofemoral joint is the largest joint in the body, 
a modified hinge joint with two degrees of freedom. 

The knee joint is particularly susceptible to traumatic injury 
due to its location at the junction of two long lever arms, the 
tibia and the femur. Since the joint connects one long bone 
resting on another, its stability relies on surrounding ligaments 
and muscles rather than its bony configuration. The cruciate 
ligaments, which run from the middle of the tibial plateau to the 
intercondylar area of the femur, play a vital role in stabilizing 
the knee. "Cruciate" refers to the ligaments crossing each other. 

Ligament injuries most frequently occur in individuals 
between 20 and 40 years of age, with the ACL being the most 
commonly injured ligament, both through contact and non-
contact mechanisms. The most common non-contact 
mechanism involves rotational forces, where the tibia is 
externally rotated on a planted foot. This mechanism can 
account for up to 78% of all ACL injuries. 

Assessment of ligament injuries has led to the development 
of numerous outcome measures, with the modified Lysholm 
scale being one of the most commonly used scoring systems, 
first published in 1984. 

Studies have shown that water and land exercises, 
particularly in soccer players, result in significant 
improvements in function, range of motion, and pain reduction 
during rehabilitation. Hydrotherapy, especially accelerated 
hydrotherapy, is a useful adjunct to land-based programs after 
ACL reconstruction surgery. 

A study aimed to determine whether exercises performed in 
a pool lead to less difficulty with daily activities in patients after 
intra-articular ACL reconstruction compared to exercises on 
land. The study duration was eight weeks, with subjects 
randomly selected and divided into two groups: Group A 
(aquatic exercises) and Group B (land exercises), each with 15 
subjects. 

During the first postoperative session, both groups performed 
the same exercise program. From the second week onwards, 
subjects performed three sets of ten repetitions of all exercises. 
From the fourth week until the eighth postoperative week, 
subjects performed the same exercises, progressing to three sets 
of fifteen repetitions without difficulty. 

The exercises in both groups were carefully matched to 
ensure that any differences in rehabilitation programs were due 
to the environment. Outcome measures, using the Lysholm 
score, were taken at two weeks, four weeks, and eight weeks 
postoperatively, and data analysis was conducted using 

statistical software, including the unpaired t-test and ANOVA. 
Results showed that both rehabilitation programs were 

equally effective overall, but differences were noted. Aquatic 
exercises (Group A) were particularly effective in reducing 
joint effusion and facilitating lower-extremity function 
recovery, as indicated by Lysholm scores. Thus, the alternate 
hypothesis (H₁) was proven, indicating a significant difference 
between the effects of aquatic and land-based exercises on 
patients with intra-articular ACL reconstruction. 

4. Conclusion  
With respect to the rehabilitation of intra articular ACL 

reconstruction exercises in water and on land, the finding shows 
that the rehabilitation program for Group A and Group B are 
equally effective but Aquatic exercises are more effective in 
reducing joint effusion and facilitating recovery of lower-
extremity function as indicated by Lysholm scores. Hence the 
alternate (H₁) hypothesis has to be proved, that there is 
significant difference between the effects of Aquatic and Land 
based exercise on patient with intra-articular ACL, 
reconstruction. 
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