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I. INTRODUCTION 

 

The Anterior Cruciate ligament (ACL) is one of a 

pair of cruciate ligaments in human Knee.  They are 

also called cruciform ligaments as they are arranged 

in a crossed formation. [6] 

The ACL provides 85% of the restraining forces to 

anterior tibia displacement at 30 degrees and 90 

degrees of knee flexion.[10] Anterior cruciate 

ligament attaches to the end of the femur 

(thighbone), at the back of the joint and passes down 

through the knee joint to the front of the flat upper 

surface of the tibia (Shin Bone).  It passes across 

knee in a diagonal direction and with Posterior 

Cruciate Ligament passing in the opposite 

direction.[31] 

The Role of Anterior Cruciate Ligament is to 

prevent forward movement of tibia from underneath 

the femur.  This ligament is vitally important to the 

stability of the knee joint especially in sports and 

those that involve fast changes in direction and 

twisting and pivoting movements.[5] ,The 

Biomechanical function of the Anterior Cruciate 

Ligament is complex as it provides both mechanical 

stability and proprioceptive feedback to the knee. 

Disruption of the ACL is among the most frequent 

musculoskeletal injuries affecting physically active 

men and women.  ACL serves as a secondary 

restraint to tibial rotation and any Varus / valgus 

angulation that occurs when the knee is at full 

extension.[5]  ACL Prevents hyperextension of the 

knee and acts as a secondary stabilizer to stress, 

Reinforcing the medial Collateral Ligament.  ACL 

controls rotation of the tibia on the femur in femoral 

extensions of 00-300. 

 

The Anterior Cruciate Ligament is most commonly 

injured ligament in trauma victims because of the 

large moments that can be generated through the 

forces acting on long lever arms of the femur and 

tibia.  The injury mechanism is a Valgus/External 

Rotation trauma with a slightly Bend Knee. 

When the Anterior Cruciate Ligament is either 

stretched, partially torn or completely torn, injuries 

are most commonly complete tears. 70% Anterior 

Cruciate ligament injuries occur through Non-

Contact mechanisms, while 30% result from direct 

contact with object. Anterior Cruciate Ligament 

injury may also make the knee more prone to 

develop meniscal and articular cartilage injuries, 

which in turn cause pain in the knee. 

The Prevalence is 48 per 1,000 patients per year.  

Symptoms of ACL include hearing a sudden 

popping sound, swelling, instability of knee. Pain is 

a major symptom in ACL injury and can range from 

moderate to severe.[18] The Anterior Cruciate 

Ligament is responsible for holding the outside 

(Lateral) compartment of the knee together.  When 

the Anterior Cruciate Ligament tears the lateral 

femoral condyle is released, and it then dislocates 

over the back of lateral tibial plateau.  This leads to 

a stretching or tearing of the outside structures of the 

knee. 

Once the Diagnosis of ruptured ACL is made, 

management can be divided into conservative and 

surgical. Correct choice of treatment depends on 

assessment of the patient’s three factors, which 

include age, functional disability and the functional 

requirements of the patient.  
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ACL Reconstruction is a common operation. Aim of 

operation is to restore functional stability to the 

ACL deficient knee.  The functional stability 

provided by normal ACL is both in resisting Antero-

posterior translation as well as in rotational 

subluxation.[4] 

The surgical treatment of the torn ACL usually 

involves an arthroscopic surgical reconstruction of 

injured ligament.  The ACL reconstruction is a 

surgical tissue graft replacement of the ACL injury.  

The torn ligament is removed from the knee before 

the graft is inserted through a hole created by a 

single whole punch.  The surgery is performed 

arthroscopically.[26] The overall rate of disturbance 

of growth after ACL reconstruction was 2.6%, with 

no statistical difference between transphyseal and 

physeal-sparing techniques. Physeal-sparing 

techniques had a lower rate of post-operative 

complications compared with transphyseal 

techniques.[4] 

 

The goals of physical therapy rehabilitation after 

ACL surgery is to build the strength of ACL, reduce 

pain and swelling and to improve stability. Two 

different Regimes have been used in post-operative 

rehabilitation of ACL injuries these include Open 

kinematic chain exercises (OKCE) and Closed 

kinematic chain exercises (CKCE).[16] Open 

kinematic chain exercises are those in which foot is 

not in touch with solid surface.  The resistive loads 

are applied to tibia and are transferred directly to the 

knee.  While Closed kinematic chain exercises are 

those, in which foot is in touch with solid surface.  

The foot is opposed by a ground reaction force, 

which is transmitted to all the joints in the lower 

limb.[30] 

The aim of the study is to find the efficacy of Open 

kinematic chain exercises (OKCE) versus Closed 

kinematic chain exercises (CKCE) on functional 

outcome after Anterior Cruciate Ligament 

Reconstruction Surgery. 

 

II. OBJECTIVES 

 

1. To find effect of Open kinematic chain exercises 

(OKCE) on functional outcome of patients after 

Anterior Cruciate Ligament reconstruction surgery. 

2. To find effect of Closed kinematic chain 

exercises (CKCE) on functional outcome of patients 

after Anterior Cruciate Ligament reconstruction 

surgery. 

3. To compare the effect of Open kinematic chain 

exercises (OKCE) versus Closed kinematic chain 

exercises (CKCE) on functional outcome of patients 

after Anterior Cruciate Ligament reconstruction 

surgery. To know the efficacy of Open kinematic 

chain exercises (OKCE) versus Closed kinematic 

chain exercises (CKCE) on functional outcome after 

Anterior Cruciate Ligament reconstruction surgery. 

 

III. MATERIALS AND METHODOLOGY 

 

All steps performed in the present study involving 

human participation were in accordance to the 

ethical standards and patients’ consent. Informed 

consent was taken from the subjects before 

including into the study. Subjects were explained 

about the interventions they are going to be given.  

They are requested for their persistence and co-

operation during the study. Approval for this study 

was obtained from College’s review board.  

 

This study is an experimental study, where 

randomized controlled sampling method is 

conducted to collect the data. 43 Patients referred to 

the Out-Patient Physiotherapy departments of 

VAPMS College of Physiotherapy and KGH 

Physiotherapy department, Visakhapatnam are 

considered for sampling. Subjects were enrolled 

from September 2015  to November 2016 as 

patients consecutively. Patients (male and female) 

with age ranging 18 to 35 years were enrolled. The 

study was performed prospectively. 

 

Subjects were selected following an inclusion 

criteria and were rejected if falling under exclusion 

criterion. The primary criterion to include for the 

study is that the subject to underwent Anterior 

Cruciate Ligament Reconstruction Surgery with an 

isolated acl injury and where the reconstruction is 

done with quadriceps tendon graft. And the criteria 

which shall exclude the subjects are those suffering 

with joint effusion, severe osteoarthritis, diabetes, 

hypertension skin allergies, malignancies, 

infections, any other associated problems and those 

who are in-cooperative. 

 

The eligible candidates were randomly allocated 

into Group-1 and Group -2. In Group – 1,  subjects 

shall receive Open kinematic chain exercises for a 

period of 6 weeks and subjects in Group – 2 shall 

receive Closed kinematic chain exercises for a 

period of 6 weeks. Both Groups shall receive 
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conventional physiotherapy for 3days post-

operative. 

 

Materials which are used in treating the subjects in 

order to perform the exercises are as followed 

couch, ice packs, towel roll, stepper, pedal cycle, 

balance board, treadmill.  

 

As Conventional Physiotherapy, Cryotherapy is 

used to decrease edema during rehabilitation, as a 

low cost technique. Icepacks wrapped in dry or 

moist towelling is applied between 10 and 20 

minutes from two to four times a day. Post 

cryoapplication, quadriceps isometrics, heel slides, 

patellar mobilization and ankle movements are 

exercised. 

 

This is effective in reducing pain and improving 

knee ROM, during immediate Post-ACL 

Reconstruction surgery. The various physiologic 

effects of Ice application includes decreased 

circulation, local vasoconstriction, decreased 

inflammation, decreased spasm, decreased pain, 

increased tissue stiffness, decreased metabolism. 

 

Open Kinematic Chain Exercises such as Straight 

Leg Raise, Prone Knee Flexion, Leg Extension, 

Prone  Hangs, Passive Knee Bend and Hamstring 

Curls are performed by Group -1subjects. And 

Group - 2 subjects under Closed kinematic chain 

exercises have performed Wall Slides, Partial Squat, 

Pedal Cycle, Step Ups,  Balance Board, Lunges, and 

Treadmill. 

 

Data was collected from each group by using 

Cincinnati knee rating scale. 

This is an accurate rating of knee symptoms on a 

four level scale rating scales assessing pain, 

swelling, partial giving way , and full giving way 

based on the patient perception of the overall 

condition of the knee. This data was collected on 

post OP day 4  and on  the last day of 6th week. 

Mean of all parameters are calculated i.e., of day 4 

and last day of 6th week. t-Test is used to compare 

two different set of values.  

 

Figure 1: Cincinnati Knee Rating scale 

 

The data was collected from both groups on post OP 

day 4 and 42 ( last day of 6th week). Followed by 

mean of all the parameters were calculated. Finally, 

the observed variations in each parameter were 

represented in the graphical format for easy 

understanding. The baseline values prior to the 

treatment i.e., on 3rd day didn’t shown much 

difference in both the groups. 

 

IV. RESULTS 
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 S No. Pain Swelling Partial Giving Way Full Giving Way 

P1 P2 S1 S2 G1 G2 F1 F2 

1 0 4 2 6 2 4 2 4 

2 0 4 2 8 2 4 2 6 

3 2 6 2 6 2 4 2 6 

4 0 4 4 6 0 6 0 6 

5 2 8 2 6 4 4 2 4 

6 2 6 4 8 2 4 2 4 

7 2 4 2 6 2 4 2 6 

8 0 4 2 8 0 4 2 6 

9 0 6 4 6 2 4 2 6 

10 0 6 4 6 2 4 0 2 

11 2 6 2 6 0 6 0 4 

12 0 8 2 6 2 4 2 4 

13 2 4 4 8 2 4 2 6 

14 2 4 4 8 0 4 0 6 

15 2 6 4 10 2 4 2 4 

Table No. 1- Group 1 data collection sheet 

 

 S No. Pain Swelling Partial Giving Way Full Giving Way 

P1 P2 S1 S2 P1 P2 F1 F2 

1 2 6 2 10 2 6 0 4 

2 0 6 2 8 2 8 2 8 

3 2 8 2 8 4 6 2 8 

4 0 8 4 6 2 6 0 4 

5 2 10 4 10 2 6 4 10 

6 0 6 2 8 4 8 0 4 

7 2 8 4 6 2 6 2 8 

8 0 8 4 8 0 4 2 8 

9 2 10 4 6 0 4 2 8 

10 2 6 2 8 2 8 2 6 

11 2 6 4 8 0 4 2 8 

12 0 6 4 8 2 8 2 6 

13 0 4 2 6 2 6 2 8 

14 0 6 4 6 2 8 2 8 

15 0 6 2 8 2 8 2 8 

Table No. 2: Group -2 Data collection sheet 

 

Finally, the observed variations in each parameter 

were represented in the graphical format for easy 

understanding. The baseline values prior to the 

treatment protocol at 3rd day for two groups don’t 

show much difference. 
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Statistical Analysis: 

❖ The formula for t-test  
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Paired t-test is used to compare two population 

means, where two samples of which observation in 

one sample can be paired with observations in the 

other sample. 

Unpaired t-test  the means related to two 

independent Random Samples are tested. 

UNPAIRED t-test 

Knee Rating Scale values - 

Data 

t-value Mean Difference Significance Significant Error 

Pain between 6th week (G-I 

& GII) 

2.8062 1.60 0.01 0.57 

Swelling 1.3868 0.67 0.1765 0.48 

Partial giving way 4.8558 2.13 0.01 0.439 

Full giving way 3.6986 2.113 0.01 0.57 

Table No. 3 - UnPaired   t-Test 

 

Unpaired t-test has been performed between 6th 

week scores of pain, swelling, Partial Giving Way 

and Full Giving Way in Group- 1 & 2. 

t- values of pain, Partial Giving Way and Full 

Giving Way, show that significant difference P< 

0.01 exists between post scores (6th week) of both 

the groups. 

t- Value of swelling indicates that insignificant 

difference exists between the groups. 

PAIN Group – 1 Group – 2 

4th day 1.07 0.93 

6th Week 5.33 6.93 

t-value 9.909 15.37 

Mean difference 4.27 6 

Significance 0.01 0.01 

Table No. 4 - Paired t - Test 

 

Table 4 shows mean of pain on 4th day and 6th week 

of Group – 1, Group – 2 respectively. Paired t-test 

has been performed between 4th day and 6th week 

values in both the Groups separately. t-values shows 

significant difference P< 0.01 between 4th day and 

6th week values in both the Groups. 

SWELLING Group – 1 Group – 2 

4th day 2.93 3.07 

6th Week 6.93 7.6 

t-value 4 4.53 

Mean difference 11.83 9.13 

Significance 0.01 0.01 

Table No. 5 - Paired t Test 

 

The table 5 shows mean of swelling on 4th day and 

6th week of Group – 1 and Group – 2 respectively. 

Paired t-test has been performed between 4th day 

and 6th week values in both the groups separately. t-

value shows significant difference P< 0.01 between 

4th day & 6th week values in both the Groups. 

 

PARTIAL GIVING WAY Group – 1 Group – 2 
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4th day 1.6 1.87 

6th Week 4.266 6.4 

t-value 2.67 4.53 

Mean difference 6.324 14.78 

Significance 0.01 0.01 

 Table No. 6 - Paired t Test 

 

The table 6 shows mean of partials giving way on 

4th day and 6th week of Group- 1, Group – 2 

respectively. Paired t-test has been performed 

between 4th day and 6th week values in both the 

groups separately. t-value shows significant 

difference P< 0.01 between 4th day & 6th week 

values in both the Groups. 

 

FULL GIVING WAY Group – 1 Group – 2 

4th day 1.47 1.73 

6th Week 4.93 7.07 

t-value 3.47 5.33 

Mean difference 9.539 21.16 

Significance 0.01 0.01 

Table No. 7 - Paired t Test 

 

The table 7 shows mean of full giving way on 4th 

day and 6th week of Group – 1 and Group – 2. 

Paired t-test has been performed between 4th day 

and 6th week values in both the groups separately. t-

value shows significant difference P< 0.01 between 

4th day & 6th week values in both the Groups. 

 

SYMPTOMS - KNEE RATING SCALE Group – 1 Group – 2 

Pain 1.06 0.93 

Swelling 2.93 3.06 

PGW 1.6 1.86 

FGW 1.46 1.73 

Table No. 8 -knee rating scale - pre-values means 

 

Table No. 8 shows pre value means of all the variables in the scale.  The baseline values are almost same.  This 

indicates homogenosity among groups. 

 

 
Fig. 1. Mean Pain Scores on 4th  day and 6th week in both the groups 
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Fig. 2. Mean swelling scores on 4th day and 6th week in both the groups 

 

 
Fig. 3. Mean scores of partial giving way on 4th day and 6th week in both the groups. 

 

 
Fig. 4. Mean scores of full giving on 4th day and 6th week in both the groups 
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Fig. 5. 6th week mean scores of pain, swelling, partial giving way and full giving way in both the groups 

 

V. DISCUSSION 

 

As groups were selected and there is no interaction 

between patient selection and two groups were 

selected independently and randomly.  Both groups 

were assessed for Cincinnati Knee Rating scale.  All 

parameters were measured at baseline (4th Day Post 

OP) and at the last day of 6th week following 

completion of  intervention.  All participants 

completed the programme.  The data was collected 

and statistical analysed. Cincinnati knee rating scale 

values significantly improved in Group-2 after 6 

weeks of Closed kinematic chain exercise program. 

The results state that Closed kinematic chain 

exercises have shown better outcome than Open 

kinematic chain exercises. 

Significant improvement is seen in pain, PGW, 

FGW mean valves after 6 weeks in Group – 2 when 

compared to Group – 1. The results of this study 

show that Closed kinematic chain exercise are 

effective when compared to Open kinematic chain 

exercise training. 

In agreement with above discussed results, alternate 

hypothesis is accepted and null hypothesis is 

rejected stating that Closed kinematic chain 

exercises significantly improves functional outcome 

in subjects. Our results showed that for this cohort 

of subjects with Anterior Cruciate Ligament 

Reconstruction six weeks of Closed kinematic chain 

exercise training resulted in improved functional 

outcome. The study result show that the group with 

Closed kinematic chain exercises training had 

improved in pain, partial giving way and full giving 

way this improvement in functional recovery can be 

attributed to parallel improvement in muscle 

strength and stability. 

 

Further studies are needed to be conducted in this 

direction to examine long-term effect of Closed 

kinematic chain exercises.  

 

VI. CONCLUSION 

 

The study result show that the Group with Closed 

kinematic chain exercise training had improved in 

pain, Partial Giving Way, Full Giving Way. 

This improvement in functional recovery can be 

attributed to parallel improvement in muscle 

strength and stability. 

Further studies are needed to be conducted in this 

direction to examine long-term effect of Closed 

kinematic chain exercises. 
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