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Abstract  

Background:  Impaired hip strength may underlie abnormal  
movement patterns, suggesting that diminished hip strength  
may increase the risk of ACL injury and re injury after anterior  

cruciate ligament reconstruction.  

Aim of Study:  To investigate the effect of strengthening  

of hip extensors and ankle plantar flexors in early Anterior  

Cruciate Ligament reconstruction on knee effusion, knee  

function, hip, knee and ankle muscles strength.  

Methods:  The study was conducted on 30 male patients  

referred from the orthopedic surgeon with early post operative  

Anteior Cruciate Ligament reconstruction by hamstring graft  

or patellar tendon graft after acute injuries, their age range  

from 18-40 years and were randomly assigned into two groups.  

Group A: Consisted of fifteen patients who had received open  

kinetic chain strengthening exercises for hip extensors and  
ankle plantar flexors in addition to the traditional accelerated  

program. Group B: Consisted of fifteen patients who had  
received the traditional accelerated program for 6 weeks (three  

sessions per week), effusion grading scale for effusion to  

assess effusion, handheld dynamometer to assess muscle  
power, Westen Ontario and MACmaster universities score  
and Time Up and Go test for functional assessment.  

Results:  There was no significant difference between  

both groups for, hip extensors force and (TUG at 3 weeks).  

There was no significant difference between both groups for  

knee extensors torque between base line and 3 weeks and  
the same for plantar flexors force and WOMAC at 3 weeks.  

There was significant difference between both groups for  
knee extensors torque between 3 and 6 weeks, WOMAC at  
6 weeks, TUG at 6 weeks and plantar flexors force between  

3 and 6 weeks.  

Conclusion:  Adding strengthening exercises of hip exten-
sors and plantar flexors to the traditional accelerated protocol  

added more beneficial outcomes in relation to function after  

6 weeks.  
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Introduction  

INJURY  to the anterior cruciate ligament (ACL)  
is associated with knee instability, altered knee  
joint loading and impaired neuromuscular control,  

defined as the ability to produce well controlled  
movements through coordinated muscle activity  

[1,2] . Anterior cruciate ligament reconstruction  

(ACLR) is often performed to reproduce the func-
tion of the original ligament and restore functional  

stability of the knee joint after ACL injury [3] .  

Jaramillo et al., (1994) [7]  reported hip flexor  
and extensor and hip-abductor and adductor weak-
ness after knee surgery, but their results were not  

limited to a population that had ACL reconstruction.  

The presence of both hip-flexor and adductor  
weakness has been confirmed after ACL recon-
struction [8-10] . When the hip, ankle, and foot  
segments are not effective in synergistically reduc-
ing ground-reaction forces, the leg is converted  
into a 2-segment column, which may be incapable  
of adequately absorbing the energy from the ground  

reaction forces [11] .  

The accelerated rehabilitation protocol is based  

on scientific evidence regarding complications  

such as graft elongation or rupture. An optimal  
rehabilitation program includes preoperative patient  

education and training to create a realistic view,  

enhance independence and facilitate an optimal  
timing of surgery [2,12-16] . The effect of an accel-
erated rehabilitation protocol with regard to the  
most used fixation methods (interference screws  

and endobutton) has been documented extensively  

[15,17] .  
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Whether hip flexion in combination with a flat-
footed position increases the axial forces on the  

knee with landing and deceleration, these findings  
may due to weakness in these muscles [11] .  

The current study may provide a more conclu-
sive program for treatment the patients after ACL  

reconstruction, this program may be able to improve  

symptoms, shock absorption and weight bearing  
during functional activities, within a short period  

of time and may be more efficient than the conven-
tional approach alone.  

Patients and Methods  

Upon approval of Cairo University's supreme  
council of postgraduate studies and research. The  

study was conducted on 30 male patients referred  

from orthopedic surgeon with early post ACL  

reconstruction by hamstring graft or patellar tendon  
graft after acute injuries, their age range from 18- 
40 years and each subject was examined by the  

researcher for the inclusive and exclusive criteria  

were randomly assigned into two groups. All pa-
tients participating in the study were signed an  
informed consent form. This study was conducted  
at the outpatient clinic at El-Hadra University  
Hospital at Alexandria. The study extended from  

October 2017 to March 2018.  

Group A:  Consisted of fifteen patients who had  
received open kinetic chain strengthening exercises  

for hip extensors and open kinetic chain exercises  

for ankle plantar flexors in addition to traditional  

accelerated program (faradic stimulation, ice, quad-
riceps drill exercises, hamstring drill exercises,  

short arc knee extension, hamstring curl exercise,  

knee slide and straight leg raising) for 6 weeks  

(three sessions per week).  

Group B:  Consisted of fifteen patients who had  
received traditional accelerated program for 6  

weeks (three sessions per week), and both groups  

were assessed for effusion (effusion grading scale  

at base line, after 3 weeks and after 6 weeks)  

WOMAC (The Western Ontario and McMaster  
Universities) Score (Appendix I) and Timed Up  
and Go test (TUG) for function at 3 weeks and 6  
weeks and the assessment of hip extensors muscles  
force, plantar flexors muscles force and knee ex-
tensors torque by hand held dynamometer at base  

line, after 3 weeks and after 6 weeks (Appendix  
II).  

Statistical analysis:  

Descriptive statistics and t-test was conducted  
for comparison of the subject characteristics be-
tween both groups. Mixed MANOVA was conduct-
ed to compare the effect of time and the effect of  

treatment, as well as the interaction between time  

and treatment on mean values of TUG, WOMAC,  
hip extensors force, knee extensors torque and  

ankle planter flexors force. The level of significance  

for all statistical tests was set at p<0.05. All statis-
tical measures were performed through the statis-
tical package for social studies (SPSS) version 19  
for windows.  

Results  

General characteristics of the subjects in both  

groups for their mean ±  SD age, weight, height  
and BMI were shown in Table (1).  

Table (1): Descriptive statistics and t-test for comparing the mean age, weight, height and  

BMI of group A and B.  

Group A  
X ±  SD  

Group B  
X ±  SD  

MD  t-value  p-value  Sign  

Age (years)  
Weight (kg)  
Height (cm)  
BMI (kg/m2)  

24.61 ±5.78  
85.61 ± 11.02  
177.15±6.33  
27.23 ±2.62  

26.38±5.47  
81.07± 11.09  
174.07±6.66  
26.66±2.35  

–1.77  
4.54  
3.08  
0.57  

–0.8  
1.04  
1.2  
0.58  

0.43  
0.3  
0.23  
0.56  

NS  
NS  
NS  
NS  

X  
SD  

: Mean.  
: Standard deviation.  

MD : Mean difference.  
t-value : Unpaired t-value.  

p-value: Probability value.  
NS : Non significant.  

Effect of treatment on effusion grading scale:  

There was a significant improvement in the  

effusion grading scale at 3 weeks in group A com-
pared with that at base line (p=0.0001). There was  
a significant improvement in the effusion grading  
scale at 6 weeks compared with that at base line  

(p=0.0001). There was a significant improvement  
in the effusion grading scale at 6 weeks compared  

with that at 3 weeks (p=0.006) (Table 2).  

There was a significant improvement in the  

effusion grading scale at 3 weeks in group B  

compared with that at base line (p=0.0001). There  
was a significant improvement in the effusion  
grading scale at 6 weeks compared with that at  

base line (p=0.0001). There was a significant  
improvement in the effusion grading scale at 6  

weeks compared with that at 3 weeks (p=0.002)  
(Table 3).  
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Table (2): Frequency distribution and marginal homogeneity test for comparison of effusion  
grading scale between base line, 3 and 6 weeks in group A.  

Effusion grading  
scale  

Base line  3 weeks  MH Statistic  p-value  Sig.  

Trace  
1 + 

 

2+ 
 

3+ 
 

0  (0%)  
2 (13%)  
4 (27%)  
9 (60%)  

8 (53%)  
4 (27%)  
3 (20%)  
0 (0%)  

38.5  0.0001  S  

Base line  6 weeks  MH Statistic  p-value  Sig.  

0  0 (0%)  5 (33%)  31.5  0.0001  S  
Trace  0 (0%)  9 (60%)  
1 +  2 (13%)  1 (7%)  
2+ 

 4 (27%)  0 (0%)  
3+ 

 9 (60%)  0 (0%)  

3 weeks  6 weeks  MH Statistic  p-value  Sig.  

0  0 (0%)  5 (33%)  15  0.006  S  
Trace  8 (53%)  9 (60%)  
1 +  4 (27%)  1 (7%)  
2+  3  (20%)  0 (0%)  
3+ 

 0 (0%)  0 (0%)  

MH: Marginal homogeneity test value. p-value: Probability value.  S: Significant.  

Table (3): Frequency distribution and marginal homogeneity test for comparison of effusion  
grading scale between base line, 3 and 6 weeks in group B.  

Effusion grading  
scale  

Base line  3 weeks  MH Statistic  p-value  Sig.  

Trace  
1 + 

 

2+  
3+ 

 

0 (0%)  
0 (0%)  
8 (53%)  
7 (47%)  

5 (33%)  
7 (47%)  
3  (20%)  
0 (0%)  

40  0.0001  S  

Base line  6 weeks  MH Statistic  p-value  Sig.  

0  0 (0%)  4 (27%)  32  0.0001  S  
Trace  0 (0%)  10 (66%)  
1 +  0 (0%)  1 (7%)  
2+ 

 8 (53%)  0 (0%)  
3+ 

 7 (47%)  0 (0%)  

3 weeks  6 weeks  MH Statistic  p-value  Sig.  

0  0 (0%)  4 (27%)  15  0.002  S  
Trace  5 (33%)  10 (66%)  
1 +  7 (47%)  1 (7%)  
2+ 

 3  (20%)  0 (0%)  
3+ 

 0 (0%)  0 (0%)  

MH: Marginal homogeneity test value. p-value: Probability value.  S: Significant.  

There was no significant difference in effusion  

grading scale between group A and B at base line,  
3 weeks and at 6 weeks (Table 4).  

Effect of treatment on TUG:  

There was a significant decrease in TUG score  
in group A at 6 weeks compared with that at 3 weeks  

(p=0.0001). There was a significant decrease in  
TUG score in group B at 6 weeks compared with  

that at 3 weeks (p=0.0001). Multiple pairwise com-
parison showed that there was no significant differ- 

ence in the mean values of TUG score at 3 weeks  

between group A and B (p=0.06). However, there  
was a significant decrease in the mean values of  
the TUG score of the group A post treatment com-
pared with that of group B ( p=0.002) (Table 5).  

Effect of treatment on WOMAC:  

There was a significant decrease in WOMAC  

score in group A at 6 weeks compared with that at  

3 weeks (p=0.0001). There was a significant de-
crease in WOMAC score in group B at 6 weeks  
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compared with that at 3  weeks (p=0.0001). Multiple  
pairwise comparison showed that there was no  

significant difference in the mean values of WOM-
AC  score at 3  weeks between group A and B  

(p=0.22). However, there was a significant decrease  

in the mean values of the WOMAC score of the  
group A post treatment compared with that of group  

B (p=0.009) (Table 6).  

Table (4): Frequency distribution and chi-squared test for comparison of effusion grading  

scale at base line, 3  and 6 weeks between group A and B.  

Effusion grading scale  
Base line  

Group A Group B  χ 2  p-value  Sig.  

1 +  
2+  
3 + 

 

2 (13%) 0 (0%)  
4 (27%) 8 (53%)  
9 (60%) 7 (47%)  

3.58  0.16  NS  

3  weeks  Group A Group B  χ 2  p-value  Sig.  

Trace  
1 +  
2+  

8 (53%) 5 (33%)  
4 (27%) 7 (47%)  
3 (20%) 3 (20%)  

1.51  0.47  S  

6 Weeks  Group A Group B  χ 2  p-value  Sig.  

0  
Trace  
1 +  

5 (33%) 4 (27%)  
9 (60%) 10 (66%)  
1 (7%) 1 (7%)  

0.16  0.92  NS  

χ 2: Chi squared value. p-value: Probability value. S: Significant.  

Table (5): Mean TUG score at 3  and 6 weeks of group A and B.  

3  weeks  
TUG (sec)  

X ±  SD  
6 weeks  

MD  
X ±  SD  

% of change  p-value  Sig.  

Group A 10.06±2. 19  
Group B 11.53± 1.6  
MD –1.47  
p-value 0.06  
Sig. NS  

6.89± 1.04 3.17  
8.43± 1.2 3.1  
–1.54  
0.002  
S  

31.51  
26.88  

0.0001  
0.0001  

S  
S  

X : Mean. p-value: Probability value.  
SD : Standard deviation. S : Significant.  
MD : Mean difference. NS: Non significant.  

Table (6): Mean WOMAC score 3  and 6 weeks of group A and B.  

3  weeks  
WOMAC  

X ±  SD  
6 weeks  

MD  
X ±  SD  

% of change  p-value  Sig.  

Group A 33.3± 12.75  
Group B 38.69±9.12  
MD –5.39  
p-value 0.22  
Sig. NS  

1 0.3 8±5.82 22.92  
17.69±7.14 21  
–7.31  
0.009  
S  

68.82  
54.27  

0.0001  
0.0001  

S  
S  

X 
 

: Mean. p-value: Probability value.  
SD  : Standard deviation. S : Significant.  
MD 

 

: Mean difference. NS: Non significant.  

Effect of treatment on hip extensors force:  

There was a significant increase in hip extensors  
force at 3  weeks compared with that at base line  

(p=0.0001). There was a significant increase in  
hip extensors force at 6 weeks compared with that  
at base line (p=0.0001). The mean difference in  
hip extensors force between 3  and 6 weeks was - 
2.9kg and the percent of change was 13.78%. There  

was a significant increase in hip extensors force  
at 6 weeks compared with that at 3  weeks (p=0.01).  
There was a significant increase in hip extensors  

force at 3  weeks compared with that at base line  

(p=0.007). There was a significant increase in hip  
extensors force at 6 weeks compared with that at  

base line (p=0.0001). The mean difference in hip  
extensors force between 3  and 6 weeks was –3.21  
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kg and the percent of change was 16%. There was  
a significant increase in hip extensors force at 6  
weeks compared with that at 3 weeks (p=0.005).  

Multiple pairwise comparison showed that there  
was no significant difference in the mean values  
of hip extensors force at base line between group  
A and B (p=0.19). Also, there was no significant  
difference in hip extensors force between groups  
at 3 and 6 weeks (p<0.05) (Table 7).  

Effect of treatment on knee extensors torque:  
There was a significant increase in knee exten-

sors torque at 3 weeks compared with that at base  
line (p=0.0001). There was a significant increase  
in knee extensors torque at 6 weeks compared with  

that at base line (p=0.0001). There was a significant  
increase in knee extensors' force at 6 weeks com-
pared with that at 3 weeks (p=0.004). There was  
a significant increase in knee extensors force at 3  
weeks compared with that at base line (p=0.0001).  
There was a significant increase in knee extensors  

force at 6 weeks compared with that at base line  
(p=0.0001). There was no significant difference  
in knee extensors force between 3 and 6 weeks  
(p=0.1).  

Multiple pairwise comparison showed that there  
was no significant difference in the mean values  

of knee extensors' force at base line between group  

A and B (p=0.37). Also, there was no significant  
difference in knee extensors force between groups  
at 3 and 6 weeks (p<0.05) (Table 8).  

Effect of treatment on ankle planter flexors force:  
There was a significant increase in ankle planter  

flexors force at 3 weeks compared with that at base  
line (p=0.002). There was a significant increase in  
ankle planter flexors force at 6 weeks compared  
with that at base line (p=0.0001). There was a  
significant increase in ankle planter flexors force  
at 6 weeks compared with that at 3 weeks  
(p=0.0001). There was no significant difference  
in ankle planter flexors force between base line  
and 3 weeks (p=0.06). There was a significant  
increase in ankle planter flexors force at 6 weeks  
compared with that at base line (p=0.0001). There  
was a significant increase in ankle planter flexors'  
force at 6 weeks compared with that at 3 weeks  
(p=0.007).  

Multiple pairwise comparison showed that  
there was no significant difference in the mean  
values of ankle planter flexors' force at base line  
between group A and B (p=0.85). Also, there was  
no significant difference in ankle planter flexors'  

force between groups at 3 and 6 weeks (p<0.05)  
(Table 9).  

Table (7): Mean hip extensors' force at base line, 3 and 6 weeks of group A and B.  

Hip extensors' force (kg)  

 

Group A  
X  ±  SD  

   

Group B  
X ±  SD  

 

Base line  3 weeks  6 weeks  

 

Base line  3 weeks  6 weeks  

       

14.52±3.12 21.03±5.42  23.93±5.36  16.85±5.4 20.07±5.09 23.28±2.95  

Within group comparison  

MD  % of change p-value  Sig.  

Group A:  
Base line vs. 3 weeks  
Base line vs. 6 weeks  
3 weeks vs. 6 weeks  

Group B:  
Base line vs. 3 weeks  
Base line vs. 6 weeks  
3 weeks vs. 6 weeks  

–6.51  
–9.41  
–2.9  

–3.22  
–6.43  
–3.21  

44.83 0.0001  
64.8 0.0001  
13.78 0.01  

19.1 0.007  
38.16 0.0001  
16 0.005  

S  
S  
S  

S  
S  
S  

Between group comparison  

MD  p-value  Sig.  

A vs B:  
Base line  
3 weeks  
6 weeks  

–2.33  
0.96  
0.65  

0.19  
0.64  
0.7  

S  
S  
S  

X : Mean.  
SD : Standard deviation.  

MD : Mean difference. S : Significant.  
p-value: Probability value. NS: Non significant.  



Group A  
X ±  SD  

Group B  
X ±  SD  

Base line  3 weeks  6 weeks  Base line  3 weeks  6 weeks  

255.91 ±95.22  494.34± 172.77  634.34± 144.21  299.93± 149.31  516.87± 186.27  604.07± 124.38  

Sig.  MD  p-value  % of change  

0.0001  
0.0001  
0.004  

S  
S  
S  

93.16  
147.87  
28.32  

–238.43  
–378.43  
– 140  

Group A:  
Base line vs. 3 weeks  
Base line vs. 6 weeks  
3 weeks vs. 6 weeks  

72.33  
101.4  
16.87  

0.0001  
0.0001  
0.1  

S  
S  
NS  

–216.94  
–304.14  
–87.2  

Group B:  
Base line vs. 3 weeks  
Base line vs. 6 weeks  
3 weeks vs. 6 weeks  

Group B  
X ±  SD  

Group A  
X ±  SD  

Base line  3 weeks  6 weeks  Base line  3 weeks  6 weeks  

16.67±4.53  20±5.58  24.4±4.06  16.35±4.56  18.46±5  21.73±5  

Sig.  MD  p-value  % of change  

Sig.  MD  p-value  

X  
SD  

: Mean.  
: Standard deviation.  

S : Significant.  
NS: Non significant.  

MD : Mean difference.  
p-value: Probability value.  

S  
S  
S  

S  
S  
NS  

–3.33  
–7.73  
–4.4  

–2.11  
–5.38  
–3.27  

19.97  
46.37  
22  

12.9  
32.9  
17.71  

0.002  
0.0001  
0.0001  

0.06  
0.0001  
0.007  

Within group comparison  

Sig.  MD  p-value  

0.37  
0.75  
0.57  

NS  
NS  
NS  

–44.02  
–22.53  
30.27  

A vs B:  
Base line  
3 weeks  
6 weeks  

X  
SD  

: Mean.  
: Standard deviation.  

S : Significant.  
NS: Non significant.  

MD : Mean difference.  
p-value: Probability value.  

Between group comparison  

Within group comparison  

Group A:  
Base line vs. 3 weeks  
Base line vs. 6 weeks  
3 weeks vs. 6 weeks  

Group B:  
Base line vs. 3 weeks  
Base line vs. 6 weeks  
3 weeks vs. 6 weeks  

Between group comparison  

A vs B:  
Base line  
3 weeks  
6 weeks  

NS  
NS  
NS  

0.85  
0.46  
0.14  

0.32  
1.54  
2.67  
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Discussion  

This study was designed to investigate the effect  
of strengthening of hip extensors and ankle plantar  
flexors in early ACL reconstruction on knee func-
tion, hip, knee and ankle muscles strength.  

Effect of early hip extensors and ankle plantar  
flexors training on knee effusion:  

There were significant improvement of effusion  

and these results disagreed with Garrison et al.,  
[18]  who found that isolated hip strengthening ex-
ercises may not influence early outcome measure-
ments such as patient outcome forms, effusion,  

pain levels but they may be beneficial for the  

development of single limb function during the  

first three months of a rehabilitation program  

following ACL reconstruction although use same  

method in assessment of knee effusion.  

In support with the current study Balki & Gök-
taş  [19]  investigated that early activation of hip  
muscles in the early rehabilitation of ACLR had  

provided important improvements in isometric  
strength of the hip flexor, extensor, abductor, and  

adductors in addition to leg swelling, pain and  
knee strength symmetry so postoperative thigh  

swelling, and knee flexors and extensors weakness  

as determinants in ACLR-Hip Strength Deficit  

values were improved with the Activation of hip  

strengthening exercises [19] .  

In support to the current study Bynum et al.,  
[20]  confirmed the findings of immediate full mo-
tion and early weight bearing and strength training  
of hip muscles reduced the incidence of stiffness  
and knee effusion.  

Effect of early hip extensors and ankle plantar  
flexors muscles training on knee function:  

In support to the current study there was a study  
that investigated the importance of hip strength in  

balance and lower limb performances [18] . Baldon  
et al., [21]  also agreed the current study and dem-
onstrated that increased hip strength improved  

lower extremity kinematics. The findings of current  
study agree with Omi et al., [22]  who demonstrated  
that a hip-focused injury prevention program dem-
onstrated significant reduction in the incidence of  

ACL injury or re-injury after ACL reconstruction  

[22] . The HIP program was designed to progres-
sively enhance hip joint function through jump-
landing maneuvers, hip strength training, and bal-
ance exercises [22] .  

The results of the present study were supported  

by the results of the study by Harput et al., [23] .  
As they revealed the effect of strengthening of hip  

muscles on hop performance and balance in patients  
who underwent hamstring tendon ACLR six months  
before.  

In support to the current study Boden et al.,  

[11]  demonstrated that the hip, knee, ankle, and  
foot help absorb forces during landing and decel-
eration activities. During the normal weight-
acceptance phase of landing, the hip muscles assist  

in the absorption of reaction force from the upper  

body weight, and the ankle and foot help absorb  

the ground-reaction forces. When the hip, ankle,  

and foot segments are not effective in synergisti-
cally reducing ground-reaction forces, the leg is  

converted into a 2-segment column, which may be  

incapable of adequately absorbing the energy from  

the ground-reaction forces. The lack of motion at  

the ankle and the exaggerated hip flexion in inter-
vention group compared with control group may  

indicate that the hip and ankle joints did not absorb  
sufficient energy in injury situations [11] , this  
support the current study of the additional effect  

of strengthening of hip extensors and ankle plantar  
flexors early post ACL reconstruction to minimize  

load on the knee and improve functional perform-
ance.  

The results of the current study agreed with  

Nguyen et al., [24]  who demonstrated that the  
resulting asymmetry of force producing capabilities  
of the hip muscles during dynamic activities could  

negatively influence the neuromuscular control of  
the hip, contributing to altered lower extremity  

mechanics known to increase the risk of ACL  
injuries and re-injuries after ACL reconstruction.  
In contrast to the results of the current study Risberg  

et al., [25]  there were small differences between  
the neuromuscular training program and the  

strength training program, the neuromuscular pro-
gram was superior to the strength program(The  

strength program consisted mainly of Strengthening  

exercises of the lower-extremity muscles, with  

emphasis on the quadriceps femoris, hamstring,  
gluteal muscles, and gastrocnemius) in improving  
knee function after ACL reconstruction but did not  

give any information related to muscle power and  
effusion [25] . Subjects who developed pain, swelling  
underwent treatments until these impairments were  
resolved.  

In contrast to the results of the current study  

to date, there are no prospective cohort studies  

addressing hip strength as a potential risk factor  
for ACL injury or re-injury after ACL reconstruction  

that addressed that hip strength has no additional  
effect after ACL reconstruction [26]  and this had  
confirmed by Barber & Noyes [27]  the risk of a  
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noncontact ACL injury or re-injury after ACL  
reconstruction include decreased hip and knee  
flexion and this disagreed with Khayambashi et  

al., [28]  that investigated that a significant relation-
ship does exist between baseline hip strength and  
future noncontact ACL injury status or re-injury  
after ACL reconstruction. Specifically, increased  

hip strength had a protective effect against future  

injury (or diminished strength increased injury  
risk), and this disagreed with Boden et al., [11]  who  
stated that Initial ground contact flatfooted or with  

the hindfoot, knee abduction and increased hip  

flexion may be risk factors for anterior cruciate  
ligament injury or re injury after ACL reconstruc-
tion [11] .  

In contrast to results of the current study Lep-
pänen et al., [29]  investigated that a landing strategy  

that includes hip extension and knee extension  
may increase the risk of ACL injury in young  

female team-sport players. So hip and knee flexion  

produce soft landings might reduce knee loading  
and ACL injury risk and this disagreed with the  

results of the current study that concentrated on  

the strengthening of hip extensors to improve  

functional performance and prevent re-injury after  

ACL reconstruction.  

In contrast with the results of the current study  
Hooper et al., [30]  designed a study to assess the  
biomechanical differences in knee function before  
and after physical therapy based on either open or  

closed kinetic chain exercises of the hip and knee  

extensor muscles and studied in a gait analysis  

laboratory 2 weeks after ACL reconstruction sur-
gery, they found that there was no significant  
improvement related to functional performance  
in the early period in the 6 weeks after ACL recon-
struction and this may be due to Plantar flexor  

resistance exercise was excluded from this study  

and this differed from the current study that used  

plantar flexors strengthening combined with hip  

extensors strengthening. Hooper et al., [30]  also  
used gait analysis laboratory to assess gait but the  
current study used WOMAC and Timed up and  

Go test to asses function.  

The results of the current study disagreed with  

Elias et al., [31]  demonstrated that applying the  
soleus and gastrocnemius muscle forces together  

tended to translate the tibia anteriorly with respect  

to the femur and this was similar to another study  

in which ACL strain was measured while different  
muscles were activated, showed that the gastroc-
nemius acts as an ACL antagonist [32] . The anterior  
translations produced by applying a gastrocnemius  
force was unexpected finding in which combined  

loading of the soleus and gastrocnemius produced  

tibial translations similar to loading the gastrocne-
mius alone to act as antagonists to ACL [32] .  

In support to the current study Shelbourne &  

Nitz and Kramer et al., [33,34]  observed that func-
tional performance and knee extensors torque  

returned much more quickly after hip extensors  

strengthening but additional emphasis should be  
directed to strengthening knee flexors and extensors  
using both concentric and eccentric muscle actions.  

Effect of early hip extensors and ankle plantar  
flexors muscles training on hip, knee, and ankle  
muscles strength:  

The findings of present study agreed with Ny-
land et al., [35]  that observed that hip extensors  
(including the hamstring muscle group) and ankle  

plantar flexor activation may compensate impaired  

knee extensor torque in the early period after ACL  

reconstruction and they act as weight acceptance  

during landing as the hip muscles assist in the  
absorption of reaction force from the upper body  

weight, and the ankle and foot help absorb the  
ground-reaction forces [11] . In a normal landing  
pattern, the gastrocnemius-soleus complex contracts  

to help absorb ground-reaction forces [36] .  

Bell et al., [37]  demonstrated that hip strength  

was higher in individuals with quadriceps strength  

asymmetry after ACL reconstruction and the most  

important finding of this study was that patients  
in the low quadriceps group had greater hip exten-
sion strength in both limbs compared with the high  

quadriceps and control groups and the results of  
this study agreed with the current study and expand  

our understanding of the long-term consequences  

of ACL reconstruction and this is the reason to  
develop strategies that can be implemented early  
in the rehabilitation process to address quadriceps  

strength asymmetry [37] . The results of this mode-
ling study demonstrated that the gluteus maximus  
and soleus were muscles that had the greatest  

potential to compensate for a reduction in quadri-
ceps weakness [33] . Specifically, the gluteus max-
imus was more likely to compensate in the landing  
phase of foot strike and acts to slow the body  

during gait [37] .  

Findings of present study supported by Thomp-
son et al., [38]  that confirmed that the low quadriceps  

group had greater bilateral hip extensor strength  

compared with the high quadriceps and control  

groups and these results agreed with previous  
research that modeled quadriceps weakness in  
healthy individuals.  
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A variety of reasons may exist as to why a  

patient with poor quadriceps strength may develop  
increased hip strength over time. Several studies  

have observed patients with ACL reconstruction  

utilize proximal and distal strategies during squat-
ting [39] , hopping [40,41] , and gait [42,43] . Noehren  
et al., [43]  observed that patients with ACL recon-
struction had smaller hip flexion angles during  

walking and tended to utilize larger hip extensor  
moments. Altered kinematics and kinetics occur  

bilaterally and could theoretically result in increased  

hip muscle utilization in the short term that may  

translate into increased strength over time.  

In contrast to the results of the current study  

Dingenen et al., [44]  showed significantly delayed  
muscle activation onset times not only at muscles  

surrounding the operated knee joint, but also at  

the gluteal muscles during the transition from  

double leg stance to single-leg stance in subjects  

with ACL reconstruction compared to non-injured  

control subjects, despite completion of rehabilita-
tion. Furthermore, no significant different muscle  

activation onset times were found between the  

operated and non-operated leg in the ACLR group.  
These findings provide evidence that neuromuscular  

control deficits after ACL reconstruction are not  

limited to the operated knee joint, and indirectly  
support the role of Central Nervous System adap-
tations after ACL reconstruction. Clinicians should  

focus on relearning anticipatory multi-segmental  
neuromuscular strategies after ACL reconstruction  

based on Central Nervous System re-education  
approaches and this disagreed with the current  

study that had provided early return and activation  

of muscles power of hip extensors, ankle plantar  

flexors and knee extensors torque.  

The findings of the current study agreed with  

Harput et al., [45]  investigated that during different  

phases of weight bearing tasks between individuals  
who had undergone ACLR and healthy controls  
and found that Gluteal muscles activation were  

variable. The individuals who had undergone ACLR  

demonstrated lower Gluteal muscles activation  
compared to healthy individuals so Gluteal muscles  
activation should be evaluated in persons who have  

undergone ACLR and consideration should be  

given for including Gluteal muscles activation  

exercises as part of post ACLR rehabilitation.  

In support to the results of the current study  

Thomas et al., [10]  investigated that the ACL-
injured participants presented with hip-extensor,  

adductor, and ankle-plantar-flexor weakness that  

appeared to be countered during postoperative  

rehabilitation. Improving rehabilitation strategies  
to better target this weak muscles.  

Conclusion:  
Addition of strengthening of hip extensors and  

plantar flexors to traditional accelerated protocol  

added more beneficial outcomes in relation to  

function after 6 weeks.  
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Appendix I  

Western Ontario McMaster Index  

WOMAC index  
0: Not any.  
1: A little.  
2: Moderate.  
3: Important.  
4: Very important - extreme.  

P Subscale:  
How much pain do you have?  

1: Walking on flat surface.  
2: Going up or down stairs.  
3: At night while in bed.  
4: Sitting or lying  
5: Standing upright.  

S Subscale:  
How severe is your stiffness?  

1: After first wakening in the morning.  

2: After sitting lying or resting later in the day.  

PF Subscale:  
What degree of difficulty do you have?  

1: Descending stairs.  
2: Ascending stairs.  
3: Rising from sitting.  
4: Standing.  
5: Bending to floor.  
6: Walking on flat.  
7: Getting in / out of car.  
8: Going shopping.  
9: Putting on socks/stockings.  
10: Rising from bed.  
11: Taking off socks/stockings.  
12: Lying in bed.  
13: Getting in/off bath.  
14: Sitting.  
15: Getting on/off toilet.  
16: Heavy domestic duties.  
17: Light domestic duties.  

English and Arab versions of WOMAC index  
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Appendix II  

Traditional accelerated program De Carlo et al., [46]:  

1st day Post-Op.:  

Compression & Cold to prevent hemarthrosis.  

Gently maintains available ROM (0-90).  

Electreical stimulation.  

Discharge day to day 7.  

Bedrest except for bathroom.  
• Heel prop extension exercises.  
• Flexion exercises  
• SLR  
• Quad Sets  

Cryo/Cuff worn continually except during ex-
ercises to prevent a hemarthrosis.  

2nd  Week Postoperative:  
Full hyperextension is achieved by:  

1- Heel Prop Exercise  
2- Prone Hang Exercise  
3- Hamstring Stretching Exercise.  

Flexion 110 degrees is is isaccomplished through:  
1- Wall Slide Exercise.  
2- Heel slide exercise.  
3- Hamstring curl exercise.  
4- Multiple angle hamstring isometric exercise.  

Gait training:  
Subjects ambulated with 2 crutches for the first  

2 weeks postoperatively.  
• The heel-to-toe gait pattern was taught to the  

subject.  

Quadriceps muscle leg control is enhanced by:  
1- Quadriceps setting exercise.  
2- SLR exercises.  

3- Short-arc quadriceps exercise.  
4- Quadriceps isometrics with the knee at 90  

degrees.  

Weeks 3-6 Postoperative:  
• Full ROM in the knee is achieved with:  

1- Continued Heel Slide Exercise  
2- Exercise on a Stationary Bicycle  
3- Kneeling Stretch.  

Normal gait pattern was gradually achieved as  
following:  

Subjects ambulated with one crutch for the 2 nd  

2 weeks postoperatively, and finally discontinued  

crutch use by 4 weeks postoperatively.  

Maintaining a normal gait pattern and avoiding  
the habit of limping was emphasized.  

• All exercises previously described will be con-
tinued, and weighted resistance was applied from  
the third week beginning with 1 lb. and progress-
ing by 1 lb. per week.  

Strengthening exercises of hip and ankle plantar  

flexor performed for 10 repetitions with 3 sec rest  

between the repetitions for 2 sets then the patient  

had a rest for 1 minute after each set. Each patient  

was trained at 60% of 10-repetition maximum (the  
amount of weight that could be lifted and lowered  

through available range of motion exactly 10 times).  

A new 10 repetition maximum will be established  
at the end of a week of training. Kisner and Colby  

[47] .  
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