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Abstract
Objectives: The necessity of cyclic exercise to pre-stretch the autograft before tibial fixation during ACL reconstruction is unknown. In this study, we evaluated whether there was a statistically significant difference between the results of patients who
underwent cyclic exercise by way of physical examinations, knee joint stability tests, and functional evaluation tests, compared
with the patients who underwent ACL reconstructions with or without cyclic exercise.
Methods: Between March 2016 and May 2018, 59 patients with at least eight months’ follow-up of an ACL reconstruction were
identified. Thirty patients (Group 1) who underwent cyclic exercise before tibial fixation and 29 patients (Group 2) who did not
undergo cyclic exercise were evaluated and compared.
Results: The mean age of the patients in Group 1 and Group 2 was 25.9 (range, 18-36) years and 25.2 (range, 18-35) years, respectively. The mean follow-up period in Group 1 was 14.6 (range, 8-22) months and 13.5 months in Group 2 (range, 8-21 months).
The mean Lysholm scores of Group 1 and 2 were 95.1 (range, 83-100) and 87.1 (range, 78-100), respectively. The modified Cincinnati scores of Groups 1 and 2 were 28.7 (range, 24-30) and 26.2 (range, 21-30). The mean IKDC subjective knee evaluation scores
in Groups 1 and 2 were 91.9 (range, 83-100) and 86.7 (range, 75-100). The mean thigh atrophy was 1.5 cm in Group 1 and 2.5 cm in
Group 2. In Group 1, 23 patients jumped 85% of the distance compared with the intact side in the single-legged hop test, and 12
patients in Group 2 were able to hop this distance successfully.
Group 1 had statistically significantly better results in Lysholm activity scores, modified Cincinnati scores, IKDC subjective knee
assessment scores, two-time IKDC activity scale results, comparison of thigh diameters, and single-legged hop tests (p<0.05). No
significant difference was found in other examinations and tests.
Conclusion: Cyclic exercise during the operation had a positive effect on functional scores. We believe that cyclic exercise should
be added to the operative procedure.
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A

nterior cruciate ligament (ACL) rupture occurs most
frequently after a sports injury, but many etiologic
factors cause these ruptures.[1] According to the tibial adhesion site, the ACL is described as two bundles,[2] but
anatomically, it consists of three bundles.[3-4] These are the
anteromedial (AM), posterolateral (PL), and intermediate
bundle. However, the functional ACL is divided into AM and
PL bundles. The AM bundle is stretched in flexion and is primarily prevents anterior to posterior displacement, and the
PL bundle is stretched in extension and is a structure that
prevents rotation of the knee.[2] These bundles act synergistically during index movement.[4] The intermediate bundle
supports the AM and PL bundles to resist rotational forces
during the knee movement.[5]
The ideal treatment option for ACL reconstruction is the
subject of debate concerning the perfect time of surgery.
[6]
New methods have been attempted in the reconstruction of the ACL. During both single and double-bundle ACL
reconstruction, grafts are fixed to the femoral tunnel, and
maximum flexion and full extension movements are repeated 20 times before the tibial fixation and the grafts are
stretched.[7,8] This movement is called cyclic exercise. This
exercise has two purposes; the first is to stretch the graft to
a certain extent, and the second is to ensure that the graft
is fully inserted into the femoral tunnel.
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postoperative period. Patients with less than eight months
of follow-up, those with other lesions concomitant with
ACL lesions, those aged younger than 16 years, patients
with arthrosis, ACL ruptures in both knees (with or without
treatment from the other knee), meniscus and cartilage lesions in the other knee (treated), and those who could not
perform the single-legged hop test in the current evaluation were excluded.
Fifty-nine patients with appropriate follow-up were detected. Thirty patients (Group 1) who underwent cyclic
exercise before tibial interference screw fixation during
their operation and 29 patients (Group 2) without cyclic
exercise were evaluated and compared. Informed consent
was obtained from all individual participants included in
the study. When patients came to the outpatient clinic
controls, they were evaluated directly by taking radiographs (Figs. 1-4).
The results of thigh atrophy, active and passive range of
motion, and stability evaluation were evaluated in the
patients' knee examination. The Lachman test, which was

In the study, the graft was removed from the tibial tunnel
through the endobutton of the graft in patients in Group
1, and the maximum flexion and full extension movement
were repeated 20 times. In Group 2, after the femoral fixation with endobutton, the graft was removed and stretched
through the tibial tunnel but no string flexion and extension movements were performed.
Patients who underwent ligament reconstruction were retrospectively evaluated. This study aimed to investigate the
effect of exercise and cyclic exercise on the results of physical examination, knee joint stability tests, and functional
evaluation tests.

Methods
One hundred seven patients who underwent ACL reconstruction between March 2016 and May 2018 were evaluated. The surgery of these patients was carried out by two
experienced orthopedists involved in sports injury surgery.
ACL reconstruction was carried out using an anatomical
single-bundle method. Hamstring tendons were used as
grafts. In this method, an endobutton for the femoral fixation of grafts, and interference screws were applied for
tibial fixation. A staple screw was used to fixing the residual
tendon in the vicinity of the distal tibial tunnel. The same
rehabilitation program was applied to all patients in the

Figure 1. Ap radiography of a 21-year-old male patient for 1 year outpatient follow-up in Group 1.
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Figure 2. Lateral radiography of a 21-year-old male patient for 1 year
outpatient follow-up in Group 1.

used to evaluate the postoperative stability of the patients,
was evaluated as negative, 1 (+), 2 (+), and 3 (+) as the anterior-posterior drawer test.[9,10] Thigh atrophy was also evaluated by measuring 15 cm proximal of the patella's upper
border around both thighs.[11]
In order to compare the findings of both groups, the International Knee Documentation Committee (IKDC) standard
knee joint healing form, two-time IKDC activity scale, IKDC
subjective knee form, Lysholm activity scores, and modified Cincinnati scores were used. A single orthopedist accomplished postoperative examinations of the patients.
The necessity of cyclic exercise to pre-stretch the autograft before tibial fixation during ACL reconstruction is unknown. As a result of these evaluations, it was evaluated
whether there was a statistically significant difference between patients who did and did not undergo cyclic exercise before the tibial fixation of the graft, according to the
results of knee joint stability tests, physical examinations,
and functional evaluation tests.

Figure 3. Ap radiography of a 23-year-old male patient for 1 year outpatient follow-up in Group 2.

Statistical Analysis
Statistical analyses were performed using the SPSS 23.0
package program. In addition to descriptive statistical
methods, Mann-Whitney U test, the t-test, and analysis of
variance (ANOVA) were used to compare the data. Statistical significance was accepted as p<0.05.

Results
The mean age of patients in Groups 1 and 2 were 25.9
(range, 18-36) years and 25.2 (range, 18-35) years in Group
2. The mean follow-up period was 14.6 (range, 8-22)
months in Group 1 and 13.5 (range, 8-21) months in Group
2 (Table 1). The mean age (p=0.59) and duration of followup (p=0.45) were not statistically significantly different between the groups.
Twenty-nine patients (96.6%) in Group 1 were male. Fifteen (50%) of these patients underwent ligament recon-
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struction in the right knee and 15 (50%) in the left knee. In
Group 2, 26 (89.6%) patients were male. Fifteen (51.7%) of
these patients underwent surgery on the right knee and
14 (48.2%) had surgery on the left knee. The distribution of
sex (p=0.58) and sides (p=0.89) was not statistically significantly different between the groups.
The mean Lysholm activity score of Group 1 was 95.1±4.73
(range, 83-100), and 87.1±7.4 (range, 78-100) of the Group
2. The mean Lysholm activity score of patients who had cyclic exercise was higher. The mean Lysholm activity scores

of patients who had cyclic exercise were statistically significantly higher than those of patients who did not undergo
cyclic exercise (p<0.01) (Fig. 5).
The modified Cincinnati scores of patients in Groups 1 and
2 were 28.7±1.44 (range, 24-30) and 26.1±3.27 (range, 2130). The great majority (96.6%, n=29) of patients in group
1 were found to be at an excellent level compared with
58.6% (n=16) of patients in Group 2. The modified Cincinnati scores of patients who had cyclic exercise were statistically significantly higher than those of patients who did not
undergo cyclic exercise (p<0.01) (Fig. 6).
The mean IKDC subjective knee assessment score was
91.9 (range, 83-100) in Group 1 and 86.7 (range, 75-100) in
Group 2. In Group 1, it was found that 46.6% (n=14) of patients were excellent, and 50% (n=15) were good, whereas
20.6% (n=6) of Group 2 were excellent, and 65.5% (n=15)
had good results. The mean IKDC subjective knee assessment scores of patients who underwent cyclic exercise
were statistically significantly higher than those of patients
who did not undergo cyclic exercise (p<0.01) (Fig. 7).
According to the IKDC score, 70% (n=21) had normal and
30% (n=9) had near-normal results in Group 1 patients and
Lysholm activity scores
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Figure 5. The results of the patients with and without cyclic exercise
according to the comparative Lysholm activity scores.
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Figure 4. Lateral radiography of a 23-year-old male patient for 1 year
outpatient follow-up in Group 2.
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Table 1. Assessment of age and follow-up duration of patients
with and without cyclic exercise

Age (year)
Follow-up duration (month)

with Cylic
exercise (n=30)

without Cylic
exercise (n=29)

25.9±4.69
14.6±4.41

25.2±4.68
13.5±4.23

5
0

26-30
(Excellent)

21-25
(Good)

16-20
(Moderate)

15 and
below
(Poor)

Figure 6. The results of the patients with and without cyclic exercise
according to the comparative Modified Cincinnati scoring.
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Figure 7. The results of the patients with and without cyclic exercise according to the comparative IKDC subjective knee evaluation
scoring.

58.6% (n=17) had normal and 41.4% (n=12) had near-normal results in Group 2 patients. All patients in both groups
who had IKDC scoring during the last follow-up were included in A and B scores (Table 2). There was no statistically
significant difference in IKDC scores between the groups
(p=0.36).
Although there was no statistically significant difference
between the two-time IKDC activity scale ratios in the preinjury period (p=0.43), the activity of patients in Group 1
was better than in those in Group 2 in the post-treatment
period (p=0.04) (Fig. 8).
The mean degree of flexion was 136.6° (range, 120-160°)
Table 2. The results of the patients with and without cyclic
exercise according to the comparative IKDC knee examination
scoring
IKDC Score

A (Normal)
B (Near-Normal)
C (Abnormal)
D (Poor)

With Cylic
exercise (n=30)
% (n)

Without Cylic
exercise (n=29)
% (n)

70 (21)
30 (9)
0
0

58.6 (17)
41.4 (12)
0
0

Two-cycle IKDC activity scale

25
20

Intensive activity
Moderate activity
Low activity

15

in patients in Group 1. In Group 2, it was 134.4° (120-150°)
(p=0.43).
Anterior drawer tests and passive Lachman were applied to
the patients during their final follow-ups. The results were
evaluated as 0-2 mm: (-), 3-5 mm: (+), 6-10 mm: (++), and
11-15 mm (+++) as suggested by the American Medical
Association (Table 3-4). Anterior-drawer test and Lachman
test (+++) of one patient undergoing Group 1 and three
patients in Group 2. The ACL stability tests results were not
statistically significantly different the groups (p>0.05).
In the evaluation of thigh atrophy, 15 cm proximal of the
patella's upper limit was measured by comparing the two
thigh circles and divided into three degrees according to
the determined length differences. The mean thigh diameters' difference was 1.56±0.91 cm in Group 1 and 2.51±1.13
cm in Group 2 (Fig. 9). The results of thigh atrophy were
found to be statistically significantly different between the
groups (p<0.01).
The patients were asked to jump as far as they could on a
single leg, and the test results of the non-operated and operated sides were compared for both knees. In Group 1, 23
patients were detected on 85% and in Group 2, 17 patients
were found below 85% (Fig. 10). The single-legged hop test
results were statistically significantly different between the
groups (p<0.01).
The results of Lysholm activity scores, modified Cincinnati
scores, IKDC subjective knee scores, two-time IKDC activity
scale results, the difference between thigh diameters, and
single-legged hop tests were statistically significantly better among patients who had cyclic exercise (p<0.05). No
statistically significant differences were found in other examinations and tests. In addition, functional scoring results
Table 3. The ACL stability test results of the patients with cyclic
exercise
Stability test

Anterior Drawer
Passive Lachman

(–)
Negative
% (n)

(+)
Positive
% (n)

(++)
Positive
% (n)

(+++)
Positive
% (n)

0
0

50 (15)
46.7 (14)

46.7 (14)
50 (15)

3.3 (1)
3.3 (1)

10
5
0

With
Cylic
Exercise
(n=30)

Without
Cylic
Exercise
(n=29)

Pre-traumatic period

With
Cylic
Exercise
(n=30)

Without
Cylic
Exercise
(n=29)
Post-treatment period

Figure 8. The results of the patients with and without cyclic exercise
according to the comparative two-cycle IKDC activity scale ratios.

Table 4. The ACL stability test results of the patients without cyclic
exercise
Stability test

Anterior Drawer
Passive Lachman

(–)
Negative
% (n)

(+)
Positive
% (n)

(++)
Positive
% (n)

(+++)
Positive
% (n)

0
0

37.9 (11)
41.4 (12)

51.7 (15)
48.2 (14)

10.4 (3)
10.4 (3)
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Figure 9. The comparative results of the difference between the diameters of the two thigh circumferences of the patients with and
without cyclic exercise.
Jump Percentage

60

With Cyclic
Exercise (n=30)
Without
Cyclic Exercise
(n=29)

50
40
30
20
10
0
More than
95%

Between
85-95%

Between
75-85%

Less than
75%

Figure 10. The comparative results of the single-legged hop test of
the patients with and without cyclic exercise.

and physical examinations were found to be worse in patients who did not undergo cyclic exercises as the followup period increased.

Discussion
As the number of people interested in sports increases, the
frequency of ligament damage seen in the knee increases.
Among the bundles, the ACL has an important place. The
ACL index prevents forward rotation and rotation of the
knee by counteracting rotational forces.[2] Although the
frequency of ACL injury varies by population.[12-13] Treatment of ACL tears is performed conservatively or surgically.
Treatment aims are to return patients to their daily and
sportive activities, and as well as to protect them from new
traumas. Each repeated trauma is the basis for new chondral, meniscal, and ligament damage, and thus the knee
happens more unstable.[14-15]
ACL reconstruction is carried out using many methods and
techniques. Such as single-bundle, double-bundle, and
even triple-bundle reconstruction methods via using ham-

string grafts, have been described in recent years.[16,17] Many
graft options are used in ACL reconstruction for patients.
Patellar tendon, hamstring, quadriceps, iliotibial as autologous grafts, allografts, and synthetic grafts are commonly
used graft options.[18-19] Studies suggest that the anatomic
method is the best for ACL reconstruction, but successful
results have been obtained with the trans-tibial method.[20]
There have been studies indicating that reconstruction of
anterolateral (AL) ligament, a recently described ligament,
should be performed together with ACL reconstruction.[21]
In all these studies, it was concluded that the ideal treatment option for ACL reconstruction, the ideal graft selection, and the ideal fixation method were not fully identified
and that these issues were still controversial, thus further
research should be performed.[6]
Significant advances have been made in ACL reconstruction, especially with the techniques' progression over the
last 40 years.[22] In a study, patients were divided into 3
groups, the single-bundle reconstruction group, the double-bundle reconstruction group, and the AL reconstruction with the single-bundle reconstruction group. As a result, it was concluded that concomitant ACL reconstruction
with anatomic ALL reconstruction would increase postoperative clinical outcomes.[20] Many AL ligament reconstruction techniques have been described, and good earlystage results have been published in clinics.[23-25] However,
it is emphasized that many studies are needed to clarify the
ideal technique.
The failure rate of ACL reconstruction in the general population is between 1.5% and 15.3%.[26-27] There are several
reasons affecting the success of ACL reconstruction. These
are meniscus and cartilage injuries, limb alignment, surgical technique, postoperative rehabilitation, and patient
motivation and expectations. Johnson and Fu described
failure as knees with recurrent instability, or stable but
painful and limited motion.[28] In a multicenter study, the
failure of ACL reconstruction was found to be the cause of
failure as a result of trauma in 32% of cases, technical error in 24%, biologic in-conformability disorder in 7%, infection (<1%), and the coexistence of these causes in 37% of
cases.[29] The most common reason for recurrent instability
after ACL reconstruction is technical errors during the first
surgery.[30] The main technical faults include inadequate
tunnel placement, preliminary graft detection, high graft
tension or insufficient stretching. Most (70-80%) recurrent
instability is due to inadequate tunnel location.[31] Another
reason is that the graft does not regress with appropriate
tension, the factors affecting the graft length, graft elasticity, graft applied force, physiologic joint laxity, and index
position at the time of detection.[32] In single-bundle ACL
reconstruction, the interference screw is applied with the
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knee in 30 degrees of flexion to fix the graft to the tibial
tunnel. For double-bundle reconstruction, the interference
screw for fixing to the AM bundle tibial tunnel is applied
with knee flexion at 30 degrees. The interference screw for
fixing the PL bundle to the tibial tunnel is applied when the
knee is in full extension.[20]

Conclusion

After ACL reconstruction, patients are advised to undergo
rehabilitation and thus their muscles are strengthened. In
a review, Janssen et al. investigated the effect of an accelerated rehabilitation program on clinical outcomes after
ACL reconstruction with hamstring tendons, and the need
for further investigation to determine the best balance between graft loading and graft healing at various rehabilitation stages after ACL reconstruction, as well as the need to
focus on assessments based on valid criteria for safe return
to sports.[33]

Disclosures

If no additional surgical intervention was performed, such
as meniscus and cartilage repair in the patients in the study,
no brace was used in the postoperative period. They were
allowed to mobilize with a double crutch in the early period. If additional surgical procedures were performed like
meniscus repair or cartilage repair, they have used braces
and they were allowed to be mobilized with a load restriction for 1 month.
In the present study, we investigated whether cyclic exercise was necessary before tibial fixation during ACL reconstruction, functional evaluation test results, knee joint
stability tests, and physical examinations were taken into
assessment; thus, whether cyclic exercise would prevent
early graft loosening was evaluated. No other publications
have examined this issue.
The functional outcomes of our patients were judged retrospectively, from among those with sufficient follow-up.
We found that patients with poor functional scores had not
undergone cyclic exercise.
The study has some limitations. The study's first deficiency
is the pivot-shift test, the results of which were not included
in the study because the test was not carried out under anesthesia before and after surgery. The second deficiency is
functional scoring; thigh diameters and the single-legged
hop test will change with treatment of the meniscus and
cartilage lesions undergoing ACL reconstruction and these
points are not examined in detail. The third deficiency was
the retrospective evaluation of the study; the postoperative follow-up of the patients did not evaluate each patient
in a predetermined period. The examination and functional
scoring were performed when the patients arrived at the
outpatient clinic. Finally, the lack of long-term follow-up of
patients is another deficiency of the study.
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It was determined that cyclic exercise before tibial fixation of the graft had a positive effect on functional results.
Therefore, we believe that cyclic exercise should be added
to ACL reconstruction procedures.
Ethics Committee Approval: The study was approved by the
Namık Kemal University of Medicine non-invasive clinical research ethical committee dated 27/12/2018 and numbered
2018/152/11/02.
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