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Purpose: We evaluated the clinical and radiological outcomes of double-bundle anterior cruciate ligament (ACL) reconstruction using an outside-in 
technique with a follow-up of two- to six-years, especially in terms of the sports activity level and radiological degeneration.
Materials and Methods: Sixty-seven patients who were available for a minimum two-year follow-up after double-bundle ACL reconstruction using 
an outside-in technique were retrospectively evaluated. The mean follow-up period was 43.7 months. The knee function and stability were evaluated 
before the operation, one year after the operation (short-term follow-up), and more than two years after the operation (last follow-up).
Results: Regarding the knee function, the Lysholm score, International Knee Documentation Committee (IKDC) evaluation, and hop test showed 
significant improvement. Regarding the stability, the Lachman test, pivot shift test, KT-2000 arthrometer data, and anterior drawer radiographs 
using Telos showed significant improvement. Regarding the sports activity level, the patients who returned to pre-injury level activity was 68.7% 
according to the Tegner activity score and 76.1% according to the Cincinnati sports activity scale score. The incidence of aggravated degeneration or 
development of greater than IKDC grade A degeneration after surgery was 10.4%.
Conclusions: Double-bundle ACL reconstruction using an outside-in technique showed favorable clinical and radiological outcomes with respect to 
the knee function and stability, joint degeneraion, and, especially, return to pre-injury sports activity.
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and only 44% of patients were able to perform competitive sports 
activity2). However, in the study, many surgical procedures were 
mixed up and it was difficult to determine which method was 
better to accomplish the goals of ACL reconstruction. The mid-
term follow-up of non-anatomical single-bundle ACL recon-
struction showed relatively satisfactory clinical results; however, 
the incidences of return to sports activity were relatively low3-7). 

Many researchers have reported that non-anatomical single-
bundle ACL reconstruction caused degenerative arthritic changes 
because normal knee kinematics was not recovered6,8-11). Recent 
techniques for ACL reconstructions focus on the restoration 
of anatomic double-bundle with the goal of better replicating 
the anatomy of the native ACL12-14). Some studies have reported 
similar or superior results of double-bundle ACL reconstruction 
compared to those of single-bundle ACL reconstruction. These 
strategies are also supported by evidence showing that superior 
clinical outcomes occur when graft placement is aligned with the 

Introduction

The goals of anterior cruciate ligament (ACL) reconstruction 
are the relief of symptoms, improvement of function, and return 
to pre-injury sports activity1). According to a recent meta-anal-
ysis, 63%–75% of patients returned to pre-injury sports activity 
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native ACL14-16). 
The purpose of this study was to evaluate the clinical and radio-

logical outcomes of double-bundle ACL reconstruction using an 
outside-in technique with a follow-up of two- to six-years, espe-
cially from the standpoint of sports activity and radiological de-
generation. The hypothesis of this study was that double-bundle 
ACL reconstruction using an outside-in technique would show 
favorable results in terms of clinical outcomes and degenerative 
changes.

Materials and Methods

1. Demographics
From 2004 to 2010, 67 patients who underwent double-bundle 

ACL reconstruction using an outside-in technique were enrolled 
in this retrospective study. Patients who had multiple ligamen-
tous injury (combined posterior cruciate ligament injury or at 
least three ligamentous injuries), moderate or severe cartilage 
damage, history of cartilage repair procedure, and ACL revision 
reconstruction were excluded. Fifty-nine patients were male 
and eight patients were female. Their average age was 29.6 years 
(range, 15 to 56 years). The mean time from injury to surgery 
was 7.2 months (range, 0.25 to 96 months) and the mean follow-
up period was 43.7 months (range, 24.5 to 76.9 months). The 
mean body mass index was 25.9 kg/m2 (range, 18.7 to 36.0 kg/m2). 
Institutional Review Board approval was obtained prior to initia-
tion of the study. 

2. Accompanying Injuries
There were 11 medial collateral ligament injuries. Conserva-

tive treatment was performed in 5 cases and repair was done in 
6 cases. Four lateral collateral ligamentous injuries were treated 
by conservative treatment in 1 case, repair in 2 cases, and aug-

mentation in 1 case, respectively. When patients had conservative 
treatment for concomitant collateral ligamentous injury, delayed 
ACL reconstruction was performed after obtaining full range of 
motion. Repair or augmentation was simultaneously performed 
with ACL reconstruction.

Twenty-six medial meniscus tears and 16 lateral meniscus tears 
were combined with ACL injury. The medial meniscus tears were 
treated with conservative treatment in 4 cases, repair in 8 cases, 
partial meniscectomy in 8 cases, subtotal meniscectomy in 5 cas-
es, and total meniscectomy in 1 case. The lateral meniscus tears 
were treated with conservative treatment in 2 cases, repair in 4 
cases, partial meniscectomy in 8 cases, subtotal meniscectomy in 
1 case, and total meniscectomy in 1 case. In the case of concomi-
tant meniscal operation, ACL reconstruction was performed 
simultaneously.

There was one non-displaced patella fracture treated by screw 
fixation combined with ACL reconstruction.

3. Surgical Technique and Rehabilitation
Three-strand semitendinosus tendon was used for anterome-

dial (AM) bundle graft (mean diameter, 8 mm; range, 8 to 10 cm) 
and four-strand gracilis tendon extended by 2 Mersilene tape 
(Ethicon Inc., Somerville, NJ, USA) was used for posterolateral 
(PL) bundle graft (mean diameter, 7 mm; range, 5 to 7 cm)17,18). 
The two types of grafts underwent pre-tensioning until ACL re-
construction. 

The centers of femoral tunnels were placed in those of ACL 
stump or fossae divided by lateral intercondylar ridge and bifur-
cate ridge6) (Fig. 1). Unless two osseous landmarks were distinctly 
shown, the center of the AM bundle tunnel was located at 6 mm 
distal from the back wall of the femur, and that of the PL bundle 
tunnel was positioned at 5 mm anterior to the edge of the joint 
cartilage on the vertical line at 90o of flexion14). The centers of tibial 

A B
Fig. 1. The centers of femoral (A) and tibial 
(B) tunnels.
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tunnels were also placed in those of the ACL stump (Fig. 1). When 
there was no stump, the center of the PL bundle tunnel was lo-
cated at the center or slightly lateral between two tibial eminences 
or on the extended line 2 to 3 mm anterior to the posterior mar-
gin of the lateral meniscus insertion, and that of the AM bundle 
tunnel was positioned at 8 mm anterior to the center of the PL 
bundle tunnel or on the extended line slightly lateral to the me-
dial tibial eminence.

After insertion of guide pins, we checked the position of the 
tunnel centers on the lateral view using an image intensifier. Both 
tibial and femoral tunnels were made by an outside-in technique 
and reamed according to the diameter of grafts, respectively. In 
order to prevent mismatch between the diameter of the graft and 
that of the tunnel, grafts were inserted from the larger side to the 
smaller side. Femoral fixation was performed using the Ligament 
Plate (Solco Biomedical Co., Seoul, Korea) and tibial fixation was 
performed by two post-tie using 5–0 Etibond (Ethicon Inc.) in 
15o of flexion17,18). 

The knee was immobilized in full extension immediately post-
operatively. Full passive range of motion and straight leg raising 
exercise were permitted two days after surgery. For patients who 
underwent meniscal repair, partial weight bearing was allowed 
only for eight weeks, the other patients who did not undergo 
meniscal repair tried full weight bearing as tolerated and closed 
chain exercise immediately after surgery. All patients wore a 
brace for 12 weeks after the operation. When the patient did not 
feel instability anymore and the pivot shift test was negative and 
hop test recovered more than 85% of that of the contralateral 
normal knee, light exercise such as jogging was allowed for six 
months after surgery. Strenuous sports such as soccer were al-
lowed 12 months after the operation.

4. Evaluations
Patients were evaluated before the operation, one year after the 

operation (short-term follow-up), and more than two years after 
the operation (last follow-up).

1) Clinical evaluation
For functional outcome assessment, the Lysholm score, Inter-

national Knee Documentation Committee (IKDC) evaluation19), 
range of motion measurement, the difference of mid-thigh cir-
cumference measured at 10 cm above the upper pole of the pa-
tella compared to the contralateral side, and hop test were used. 
For the stability testing, the Lachman test, pivot shift test, KT-
2000 arthrometer testing, and anterior drawer radiographs using 
Telos (Telos, Weterstadt, Germany) were performed.

2) Radiological evaluation of degenerative changes
The standing anteroposterior view and standing tunnel view 

were used for evaluation of degenerative changes in the medial 
and lateral compartments of the femorotibial joint. The Merchant 
view was used for evaluation of degenerative changes in the patel-
lofemoral joint. Degenerative arthritic changes were evaluated 
and categorized into four groups according to the IKDC recom-
mendations: A (normal), B (minimal changes and barely detect-
able joint space narrowing), C (minimal changes and joint space 
narrowing up to 50%), and D (more than 50% joint space nar-
rowing). In this study, IKDC grade B, C, and D were regarded as 
degenerative arthritic changes. In addition, we also compared the 
occurrence of degeneration between groups divided according 
to age (younger than 43.1 years vs. older than 43.1 years), time 
from injury to surgery (less than one month vs. more than one 
month), existence of accompanying ligament injuries, and treat-
ment of meniscus injuries (repair, partial meniscectomy, subtotal 
meniscectomy, or total meniscectomy). 

3) Sports activity evaluation
The Tegner activity score20) and Cincinnati sports activity scale 

score21) were used in the evaluation of sports activity. Return to 
pre-injury sports activity was considered obtained if the postop-
erative sports activity scores were the same as those of the pre-
injury sports activity.

5. Statistics Analysis
SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) was used for the 

analysis of the data. The range of motion, the difference of mid-
thigh circumference, hop test results, KT-2000 arthrometer data, 
and anterior drawer radiographs were analyzed by paired t-test. 
The Lysholm score, IKDC objective grade, Lachman test, pivot 
shift test, Tegner activity score, and Cincinnati sports activity 
scale score were analyzed by Wilcoxon signed ranks test. Fisher`s 
exact test was performed in order to determine the relationship 
between development of degenerative changes and factors. A p-
value less than 0.05 was considered statistically significant.

Results

1. Clinical Results
In terms of the functional outcome, the Lysholm score and 

IKDC objective grade showed significant improvement at the 
short-term and last follow-ups compared to the preoperative 
level (Table 1). No significant difference was observed between 
the short-term and the last follow-up Lysholm score and IKDC 
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objective grade. The range of motion and the difference of mid-
thigh circumference compared to the contralateral side were 
slightly improved at the short-term and the last follow-ups com-
pared to the preoperative values, but the difference was not sta-
tistically significant (Table 1). Hop test results showed significant 
improvement at the last follow-up compared to the short-term 
follow-up (Table 1).

With regard to the stability, the Lachman test, pivot shift test, 
KT-2000 arthrometer testing, and 30o and 90o anterior drawer 
radiographs using Telos showed significant improvement at the 
short-term and last follow-ups compared to the preoperative 
values, and no significant difference was observed between the 
short-term and last follow-up results (Table 2).

2. Radiological Degenerative Changes
There were 5 patients (7.5%) with preoperative degenerative 

arthritic changes (Table 3). Among them, 1 patient did not show 
any difference between the short-term and the last follow-up 
period. The other 4 patients (6.0%) showed aggravation. In three 
patients (4.5%) who had no preoperative degenerative arthritic 
changes, newly developed degenerative changes were observed 
at the last follow-up (Fig. 2). Among them, degenerative changes 
occurred since the short-term follow-up in 2 patients. Therefore, 
7 patients (10.4%) had aggravated or newly developed degenera-
tion (greater than IKDC grade A) at the last follow-up. There 
were 3 patients with IKDC grade B and 4 patients with IKDC 
grade C (Table 3).

On comparison of degeneration between groups, 6 of 26 pa-

Table 2. Stability Assessment

Variable Preoperative (A) Short-term follow-up (B)a) Last follow-up (C)a) p-valueb)

A and B A and C B and C

Lachman test +++, 13 (19.4);  
++, 18 (26.9); +, 36 (53.7)

++, 3 (4.5); +,  
5 (7.5); –, 59 (88.1)

++, 2 (3.0); +,  
4 (6.0); –, 61 (91.0)

<0.001 <0.001 0.157

Pivot shift test +++, 9 (13.4); ++, 15 (22.4);  
+, 27 (40.0); –, 16 (23.9)

++, 1 (1.5); +,  
8 (11.9); –, 58 (86.6)

++, 1 (1.5); +,  
5 (7.5); –, 61 (91.0)

<0.001 <0.001 0.083

KT-2000 arthrometer (mm) 3.7±2.2 1.2±1.2 1.0±1.4 0.001 0.004 0.527

30o anterior drawer  
  radiographs (mm)

4.6±3.0 1.1±2.0 1.2±2.1 <0.001 <0.001 0.822

90o anterior drawer 
  radiographs (mm)

4.5±3.1 0.9±2.8 0.9±2.8 < 0.001 < 0.001 0.684

Values are presented as number (%) or mean±standard deviation.
a)Significant difference compared to preoperative values.
b)Paired t-test and Wilcoxon signed ranks test. 

Table 1. Functional Evaluation

Variable Preoperative (A) Short-term follow-up (B) Last follow-up (C)
p-valuea)

A and B A and C B and C

Lysholm score (point), 
  median (range)

70 (30–90) 94 (49–100)b) 95 (64–100)b) 0.001 0.001 0.531

IKDC category, no. (%) B, 18 (26.9); C, 32 (47.8); 
D, 17 (25.4)

A, 40 (59.7); B, 17 (25.4); 
C, 10 (14.9)b)

A, 46 (68.7); B, 16 (23.9); 
C, 5 (7.5)b)

<0.001 <0.001 0.075

Range of motion (o), 
  mean±SD

115.4±16.2 133.1±6.0 135.6±5.7 0.500 0.108 0.356

The difference of mid-thigh 
  circumference (cm), mean±SD

1.8±1.8 1.2±1.3 0.7±1.0c) 0.593 0.197 0.005

Hop test (%), mean±SD - 88.4±16.9 98.0±5.3c) - - <0.001

IKDC: International Knee Documentation Committee, SD: standard deviation.
a)Paired t-test and Wilcoxon signed ranks test.
b)Significant difference compared to preoperative values. 
c)Significant difference compared to short-term follow-up values.
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tients (23.1%) who were older than 43.1 years of age and 2 of 
49 patients (4.1%) who were younger than 43.1 years of age had 
degenerative arthritic changes at the last follow-up, showing sig-
nificant difference between groups (p=0.018). Four of 8 patients 
(50.0%) with subtotal or total meniscectomy and 4 of 67 patients 
(6.0%) without subtotal or total meniscectomy had degenera-
tive arthritic changes at the last follow-up, showing significant 
difference between groups (p=0.003). There was no significant 
difference in the appearance of degenerative arthritic changes 
between groups divided according to time from injury to surgery, 
accompanying ligament injury, meniscus repair, and partial men-

iscectomy (Table 4).

3. Return to Sports Activity
The Tegner activity score was not restored at the short-term fol-

low-up (p<0.001), but was restored at the last follow-up (p=0.833) 
(Fig. 3). Significant difference was also observed between the 
short-term and the last follow-up period (p<0.001). At the last 
follow-up, 46 of 67 patients (68.7%) returned to pre-injury sports 
based on the Tegner activity score. Cincinnati sports activity scale 
score was not restored at the short-term follow-up (p<0.001), but 
it was restored at the last follow-up (p=0.125) (Fig. 3). Significant 

Table 3. Arthritic Changes Evaluated According to International Knee Documentation Committee Recommendations 

Case
Preoperative Short-term follow-up Last follow-up

Patello-femoral Medial Lateral Patello-femoral Medial Lateral Patello-femoral Medial Lateral

1 B B A B C A B C A

2 A A B A B B A B C

3 A B A A C A A C A

4 B B A B C B B C B

5 B B A B B A B B A

6 A A A A A B A A B

7 A A A A B B A B B

8 A A A A A A A B A

Grade B and C indicate arthritic changes.
A: normal, B: minimal changes and barely detectable joint space narrowing, C: minimal changes and joint space narrowing up to 50%, D: more than 
50% joint space narrowing.

A

B

Fig. 2. A 17-year-old male underwent 
double-bundle anterior cruciate ligament 
reconstruction with lateral meniscus sub-
total meniscectomy. (A) Preoperative X-
ray showed no degenerative change. (B) 
Last follow-up X-ray revealed International 
Knee Documentation Committee grade B 
degenerative change in the lateral compart-
ment (arrow).
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difference was also observed between the short-term and the last 
follow-up period (p<0.001). At the last follow-up, 51 of 67 pa-
tients (76.1%) returned to pre-injury sports activity based on the 
Cincinnati sports activity scale score.

Discussion

The principal finding of this study is that double-bundle ACL 
reconstruction using an outside-in technique showed satisfactory 
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Fig. 3. Sports activity evaluation. a)Significant difference compared to preinjury. b)Significant difference compared to short-term follow-up. p-value 
was determined by Wilcoxon signed ranks test.

Table 4. Relationship between Development of Osteoarthritis (OA) and Factors at Last Follow-up

Variable
OA

p-valuea) Odds ratio Confidence interval
+ –

Age (yr)

    >43.1 6 20
0.018b) 6.900 1.281–37.178

    <43.1 2 47

Time from injury to surgery (day)

    <30 3 30
0.475 1.852 0.404–8.491

    >30 5 27

Associated ligament injury

    + 5 42
1.000 0.992 0.218–4.511

    – 3 25

Meniscus repair

    + 1 11
1.000 0.727 0.081–6.516

    – 7 56

Partial meniscectomy

    + 5 21
0.117 3.651 0.797–16.719

    – 3 46

Subtotal or total meniscectomy

    + 4 4
0.003b) 15.750 2.834–87.539

    – 4 63
a)Fisher’s exact test. 
b)Indicate a significant difference.
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results in the aspect of knee function and stability at the two- to 
six-year follow-up. Only 10.4% of the patients showed aggrava-
tion or development of degenerative changes of greater than 
IKDC grade A. In addition, 76.7% of the patients returned to pre-
injury sports activity according to the Cincinnati sports activity 
scale.

Single-bundle ACL reconstruction has been associated with 
not only good clinical outcomes but also degenerative changes 
and low rates of return to pre-injury sports activity3-7). Suoma-
lainen et al.22) recently reported that there was only 5%–10% 
osteoarthritis during a five-year follow-up after double-bundle 
ACL reconstruction. Such low incidence of osteoarthritis after 
double-bundle ACL reconstruction can be explained by the fact 
that it is more effective for anatomical restoration of normal knee 
kinematics than single-bundle ACL reconstruction22,23). Lee et 
al.17) who evaluated the changes of cartilage status after double-
bundle ACL reconstruction using a magnetic resonance imag-
ing reported that 68% had no changes and only 16.8% showed 
advancement at 26-month follow-up. In our study, only 10.4% of 
the patients exhibited greater than IKDC grade A degenerative 
changes. Considering that IKDC grade C and D are commonly 
regarded as indicators of arthritis, the incidence of degeneration 
among our patients was only 6.0%, similar to that in other stud-
ies.

Risk factors for arthritis after ACL reconstruction include sex, 
age, body mass index, time from injury to surgery, cartilage in-
jury, meniscus injury, ligament injury, and follow-up period24-26). 
Our study showed no significant difference in degenerative 
arthritic changes according to time from injury to surgery, ac-
companying ligament injury, meniscus repair and partial men-
iscectomy. However, patients who were older than 43.1 years of 
age showed significant difference in degenerative changes com-
pared to those younger than 43.1 years of age. Dempsey et al.25) 
reported that partial meniscectomy resulted in altered knee joint 
biomechanics and morphological degeneration was observed in 
the patellofemoral and femorotibial compartments as patients 
progressed from surgery. However, Bai et al.24) reported that 
total meniscectomy increased the contact pressure in the patel-
lofemoral joint, which was not observed in patients with partial 
meniscectomy. They insisted that total meniscectomy resulted in 
high contact pressure, which might be the cause of postoperative 
degenerative arthritis24). In our study, we found no significant 
difference in degenerative changes between the meniscus repair 
group, partial meniscectomy group, and no meniscal injury 
group. However, degenerative changes were observed in all of the 
patients who underwent accompanying subtotal or total menis-

cectomy with ACL reconstruction.
The rate of return to pre-injury sports activity was reported as 

54%–59% after single-bundle ACL reconstruction27-29). However, 
69%–72% of patients returned to pre-injury sports activity after 
double-bundle ACL reconstruction27,30). In our study, 69.8% of 
the patients according to the Tegner activity score and 76.7% of 
the patients according to the Cincinnati sports activity scale re-
turned to pre-injury sport activity. However, return to pre-injury 
sports activity was thought to take longer than one year because 
there was a difference between the one-year follow-up and the 
last follow-up on the hop test, a predictor of muscular function, 
and the mid-thigh circumference, an indicator of muscular vol-
ume. 

This study includes some limitations. First, there was no control 
group and the study results were compared only with other pre-
vious studies; therefore, further comparative series are necessary. 
Second, cartilage status was not examined for the evaluation of 
degenerative changes. Third, the muscular volume and function 
were not assessed by objective quantification. 

Conclusions

Double-bundle ACL reconstruction using an outside-in tech-
nique showed favorable clinical and radiological outcomes in 
terms of function and stability, degenerative changes, and, espe-
cially, return to pre-injury sports activity. However, studies in-
volving comparisons with other techniques and longer follow-up 
periods are needed to confirm the superiority of this technique.
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