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Abstract
Purpose This study was conducted to compare the efficacy between the oval femoral tunnel technique and the conventional 
round femoral tunnel technique in ACL reconstruction using an autologous hamstring tendon on the basis of the postopera-
tive clinical outcomes and ACL graft tendon maturity. The hypothesis was that ACL reconstruction performed using the 
oval femoral tunnel technique was better than that performed using the round femoral tunnel technique in clinical functions 
and graft maturity.
Methods One hundred and eight patients who underwent anatomical single-bundle ACL reconstruction were included in 
this study and the follow-up period was at least 2 years. Thirty-nine patients admitted between February and August in 2016 
were included in the oval femoral tunnel group and 69 patients admitted between September 2016 and March 2017 were 
included in the round femoral tunnel group. The Lachman test result, pivot-shift test result, Lysholm score, IKDC score, and 
VAS score were used for the clinical evaluation. An objective assessment of anteroposterior stability was performed using 
a KT1000 arthrometer. Postoperative MRI was conducted to compare the ACL graft maturity differences between the oval 
femoral tunnel group and round femoral tunnel group, where the signal/noise quotient (SNQ) was calculated. In addition, 
second-look arthroscopy was conducted to compare the graft status and synovial coverage at 24 months postoperatively.
Results All the patients presented with significant improvement in all clinical scores from the preoperative period to the 
24-month follow-up. During the postoperative follow-up period, no statistically significant differences were found between 
the two groups in terms of the VAS score, knee ROM, Lachman test results, and graft status determined in the second-look 
arthroscopic evaluation. The Lysholm score was 97.1 ± 3.9 and 94.8 ± 5.6 in the oval femoral tunnel group and round femoral 
tunnel group, respectively, at the 24-month follow-up (p = 0.031). The IKDC subjective score was 92.0 ± 2.6 and 89.0 ± 3.6 
in the oval femoral tunnel group and round femoral tunnel group, respectively, at the end of the follow-up period (p < 0.001). 
Significantly more patients with 1-degree positive pivot-shift test results were observed in the round femoral tunnel group 
(10/65) than in the oval femoral tunnel group (1/37) at the end of the follow-up period (p = 0.048). The mean SNQ of the oval 
femoral tunnel group was 2.7 ± 0.9, which was significantly lower than that of the round femoral tunnel group (3.6 ± 1.1) at 
the 24-month postoperative follow-up (p < 0.001).
Conclusions Based on the clinical evaluations, MRI findings and second-look arthroscopy results of the two groups, the 
oval femoral tunnel technique yielded significantly better knee function and knee laxity restoration and more mature ACL 
grafts than the round femoral tunnel technique, whereas no significant differences were found at the second-look arthroscopy.
Level of evidence III.
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Introduction

Anterior cruciate ligament (ACL) reconstruction sur-
gery has been widely performed worldwide to treat ACL 
injuries [12, 31]. In recent years, numerous studies have 
indicated that conventional single-bundle ACL reconstruc-
tion cannot fully restore rotatory stability, biomechani-
cal properties, and functional knee kinematics [15, 22]. 
The goal of ACL reconstruction is to achieve anatomi-
cal restoration of the native ACL footprint and functional 
knee kinematics [7, 10, 20, 30]. However, the technical 
details of ACL reconstructions still remain controversial, 
especially the tunnel placement, which has been shown 
to be a critical factor for ACL reconstruction [8, 10, 36]. 
Previous studies have reported that an ACL consists of 
an anteromedial bundle and a posterolateral bundle and 
double-bundle ACL reconstruction has been performed 
to restore the ACL anatomy [2, 11, 17], but the clinical 
results are controversial. Several studies have also showed 
no superiority of double-bundle ACL reconstruction over 
the single-bundle technique, when the graft was placed 
in the proper anatomical position at the ACL insertion 
point [1, 3, 5, 13, 19]. In addition, there are more concerns 
about the double-bundle technique than the single-bundle 
technique due to its highly invasive nature, high surgical 
skill requirements, and complex revision surgery [1, 15, 
32]. Therefore, the focus has shifted back to anatomical 
single-bundle ACL reconstruction, where grafts are placed 
at the anatomical footprint. Recently, some studies have 
introduced the flat ribbon concept for the femoral insertion 
of the ACL, which has been gaining popularity [35, 36]. 
Sasaki et al. [29] showed that the proximal ACL fibres 
spread in a fanlike manner on the medial aspect of the 
lateral femoral condyle and that the femoral insertion is 
shaped like an oval. In recent studies, the oval femoral 
tunnel (OFT) technique used in ACL reconstruction has 
been attempted to restore the ACL anatomic structure and 
precisely mimic the femoral footprint [23, 24, 26].

Thus, the surgical methods used in previous studies 
were suboptimal and some studies did not include com-
prehensive postoperative follow-ups and evaluations. The 
signal/noise quotient (SNQ) has been used to evaluate 
ACL graft maturity in recent years. The lower the SNQ 
value is, the lower the water content of the graft and the 
higher the maturity of the ACL graft is [18, 37]. This non-
randomized prospective controlled study was conducted to 
compare the differences in ACL graft maturity and clinical 
outcomes between a conventional round femoral tunnel 
(RFT) group and an OFT group. The OFT technique was 
considered biomimetic to the native ACL and the hypoth-
esis was that the OFT group had better clinical outcomes 
and graft maturity than the RFT group. The OFT technique 

provided a better option for ACL reconstruction and has 
the potential to replace the RFT technique as an ideal sur-
gical procedure for ACL reconstruction.

Materials and methods

Ethical approval was obtained from the Institutional Review 
Board (IRB) of the First Affiliated Hospital of Chongqing 
Medical University (ID 2016-178). In this prospective non-
randomized controlled study, informed consent was obtained 
from all the patients regarding the details of the study and 
all possible complications related to the study.

The subjects included in the study were selected from a 
group of patients who underwent ACL reconstruction in the 
First Affiliated Hospital of Chongqing Medical University 
between February 2016 and March 2017. The inclusion cri-
teria were as follows: individuals who were aged between 
16 and 60 years; had isolated ACL injuries; had no previ-
ous history of knee surgery; and were scheduled to undergo 
arthroscopic single-bundle ACL reconstruction with ham-
string tendon autografts. The exclusion criteria were as fol-
lows: patients who had an Outerbridge classification [34] 
of cartilage damage more severe than grade II; underwent 
a total meniscectomy; were obese and had a significantly 
restricted flexion angle; had a mental disorder; or had sig-
nificant co-morbidities.

Forty-two patients admitted between February and 
August in 2016 were assigned to the OFT group (group 
1) and 74 patients admitted between September 2016 and 
March 2017 were categorized as the RFT group (group 2). 
A total of eight patients were excluded from this study. In 
group 1, one patient had grade III cartilage damage and two 
patients underwent a total meniscectomy. In group 2, two 
patients declined to participate, while three other patients 
underwent a total meniscectomy. All the above factors were 
part of the exclusion criteria. Therefore, of the remaining 
108 patients, 39 were included in group 1 and 69 were 
included in group 2. Two participants in group 1 and four 
in group 2 were lost to follow-up due to the inaccessibility 
of the follow-up center. Only 19 patients in group 1 and 
31 in group 2 underwent second-look arthroscopy at the 
end of the follow-up period. No significant differences with 
regards to the demographic characteristics were detected 
between the two groups (ns). Thirty patients were female 
and 78 were male. The age of the participants ranged from 
16 to 57 years, with an average age of 31.3 years in group 
1 and 29.8 in group 2. The average body mass index (BMI) 
was 23.4 kg/m2 and 23.3 kg/m2 in group 1 and group 2, 
respectively. There were no significant differences between 
the two groups in concomitant injuries and co-morbidities. 
The mean diameter of the grafts was 8.2 ± 0.5 mm in group 
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1 and 8.2 ± 0.5 mm in group 2, with no significant difference 
(Table 1).

Surgical technique

Diagnostic knee arthroscopy was performed under epi-
dural anesthesia. A 3-cm oblique incision was made on the 
medial aspect of the tibial tubercle and it was used to harvest 
both the gracilis and semitendinosus tendons with a tendon 
harvester. The end of each graft was reinforced with No. 
2 Ethibond sutures to 30 millimeters using the whipstitch 
technique. The two strands of the grafts were looped over 
the RIGIDLOOP to create the 4-strand construct.

Femoral tunnel creation

The anterior medial approach was established prior to femo-
ral tunnel drilling. In the RFT group, the anatomical land-
marks for femoral tunnel drilling were based on the ACL 
femoral footprint and Petersen and Zantop’s study [27]. 
The footprints of the ACL were accurately visualized, a 
4.5 mm hollow drill aided by a femoral guide pin was used 
to drill the lateral femoral cortex, and then a special reamer 

(6–10 mm, dependent on the graft diameter) was used to 
create the blind round tunnel (Fig. 1).

OFT creation: To create the oval-shaped tunnel, special 
oval dilatators that are available in different sizes were used 
and this technique was similar to the technique used by 
Peterson et al. [26]. The OFT was gradually dilatated by 
percussive compression. The femoral guide pin was drilled 
through the lateral femoral cortex via the anteromedial por-
tal aimer. The specially selected and matched oval dilatator 
was gradually hammered into the femur to an approximate 
depth of 25–30 mm over a guide pin. The lateral femoral 
condylar cortex was then drilled with a 4.5 mm hollow drill, 
while the guide pin was held in position (Fig. 2, Video 1).

Tibial tunnel placement

The remaining part of the ACL was preserved to promote 
graft growth and localize the tibial tunnel. The anteromedial 
approach was used to position the anchor point of the tibial 
guide arm aimer in the center of the ACL stump. Details 
from Petersen and Zantop’s study [27] were used to identify 
the ACL tibial footprints, if no residual ACL was available. 
A guide pin was inserted and a 6–10 mm hollow reamer was 

Table 1  Comparison of the 
demographic characteristics 
between the two groups

ns No significant difference
a Values were expressed as mean ± SD and evaluated by student’s t test
b Values were expressed as number and compared using Chi-squared test

Variables OFT group (n = 39) RFT group (n = 69) p value

Age (years)a 31.4 ± 9.9 29.8 ± 9.0 ns
Sex (female/male)b 11/28 19/50 ns
BMI (kg/m2)a 23.4 ± 1.5 23.3 ± 2.3 ns
Injury side (left/right)b 21/18 33/36 ns
Injury–operation interval (days)a 15.8 ± 15.3 14.8 ± 16.4 ns
Follow-up (months)a 23.3 ± 2.8 23.6 ± 2.4 ns
Follow-up  uncompletedb 2 4 ns
Graft diameter(mm)a 8.2 ± 0.5 8.2 ± 0.5 ns
Meniscus  tearb 14 21 ns
Meniscal  sutureb 4 6 ns
Partial  meniscectomyb 10 15

Fig. 1  Round femoral tunnel creation
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introduced through the initial graft harvest incision to create 
the tibia round tunnel.

Graft fixation

Once the two tunnels were created, the ACL graft was 
passed through the tibial tunnel to the femoral tunnel with 
the help of the graft line that was attached to the ACL graft. 
The RIGIDLOOP and the ACL graft were inserted into the 
femoral tunnel via the tibial tunnel. The RIGIDLOOP was 
inverted and fixed, after it was passed through the lateral 
femoral cortex. Once the RIGIDLOOP was fixed, the knee 
joint was adjusted to 20 degrees of flexion, while the tibial 
end of the graft was retracted for manual tensioning. The 
tibial side of the graft was tightened at 20–30° of knee flex-
ion, and Bio-Intrafix was inserted in the middle of the four 
tendons to a depth of 30 millimeters and fixed with a Mila-
gro screw (Video 2).

Clinical evaluations

All the clinical evaluations were performed preoperatively 
and at 3 months, 6 months, 1 year, and 2 years after surgery. 
The clinical follow-ups were conducted by an independ-
ent examiner who was blinded to the study design. Passive 
knee ROM, which was expressed as a deficit in extension 
and flexion compared with the contralateral side, was meas-
ured with a goniometer preoperatively and at the 24-month 
follow-up. All participants were asked to complete the self-
reported knee function surveys, including the Lysholm knee 
score questionnaire [38, 40] and the International Knee 

Documentation Committee (IKDC) questionnaire [9, 39]. 
Anteroposterior stability was objectively evaluated with 
the Lachman test and laxity was assessed using a KT1000 
arthrometer and formulas to calculate the side–to-side ante-
rior tibial translation difference (STSD) on the operative and 
contralateral knee at manual maximum tension and at 30° 
of flexion; the STSD results were categorized according to 
the IKDC guidelines (A 0–2 mm; B 3–5 mm; C 6–10 mm; 
D > 10 mm) [4, 28]. Rotational instability was evaluated by 
the pivot-shift test before surgery and at the 3-, 6-, 12-, and 
24-month follow-ups after surgery [6].

Radiographic evaluation and magnetic resonance 
imaging evaluation

The position and shape of the femoral and tibial tunnels 
were evaluated by the 3D-CT reconstruction images 1 day 
after surgery.

MRI was necessary to assess the maturity of the graft; 
the SNQ between the two groups at the 6-month, 1-year, 
and 2-year follow-ups was compared. All patients underwent 
MRI examinations using the same 1.5 T MRI scanner (GE 
Healthcare, USA) and the examinations were performed by 
the same technician. Signal intensity in three regions-of-
interest (ROIs) of the ACL graft was measured indepen-
dently in the sagittal oblique MR images: a. the proximal or 
femoral region, b. the middle or intra-articular region, and 
c. the distal or tibial region (area of each ROI circle = 0.05 
 cm2 by freehand). The background site was placed approxi-
mately 2 cm anterior to the patellar tendon. Each SNQ of 
the three ROIs was calculated by the following formula: 

Fig. 2  Oval femoral tunnel creation
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SNQ = (signal of ROI – signal of quadriceps tendon)/sig-
nal of background. In addition, the mean SNQ of the graft 
was calculated by the following formula: SNQ g = (SNQ 
a + SNQ b + SNQ c)/3, which represented the maturity of the 
graft. A lower SNQ g value indicated lower water content in 
the graft, which indicated a more mature ACL graft [18, 37].

Second‑look arthroscopic evaluation

Second-look arthroscopy was suggested at 2 years after sur-
gery to compare the graft status and synovial coverage. The 
ACL graft evaluations were performed in accordance with 
the classification system described by Kondo and Yasuda 
[14], where the status was classified as A (intact), B (partial 
tear), or C (total tear) and the synovium coverage of the graft 
was graded as A (completely covered), B (partially covered), 
or C (barely covered).

Statistical analysis

Dichotomous or categorical variables were compared using 
the Chi-squared test. Student’s t-test was used for the analy-
sis of the continuous variables after it was confirmed that the 
data met the normal distribution and homogeneity of vari-
ance assumptions. SPSS 24.0 (IBM SPSS Statistics 24) and 
bilateral test were used for the statistical analysis (p < 0.05). 
The results were expressed as the mean ± standard deviation 
(SD) or number (percent). An a priori sample size calcula-
tion was performed using software G-Power 3.1 (effect size 

0.8, α-error 0.05, power 0.95) and a minimum of 35 subjects 
per group were recommended. To reach the recommended 
value, the size of the control group was increased consider-
ably and the total sample size was also increased to account 
for any losses to follow-up.

Results

The clinical scores and knee stability in the two groups 
were significantly improved at the last postoperative fol-
low-up, but there were some differences observed between 
the two groups. No significant difference was found in the 
preoperative IKDC score and Lysholm score between the 
two groups (ns). At the end of the follow-up period, the 
average Lysholm score was 97.1 in group 1, which was 
better than that in group 2 (94.8) (p = 0.031). The aver-
age IKDC subjective score was 92.0 and 89.0 in groups 
1 and 2, respectively, at the end of the follow-up period 
(p < 0.001). Even though the preoperative KT1000 showed 
no significant difference between the two groups, the post-
operative outcome was better in group 1 than in group 2 
(p < 0.05). Both the preoperative and postoperative pain 
scores (visual analog scale, VAS) showed no statistically 
significant differences between the two groups and there 
was no use of analgesics among the participants in both 
groups during the follow-up period. At 1-year postopera-
tively, all the patients were able to flex their knees beyond 

Table 2  Comparison of the 
clinical scores and KT1000 
results between the two groups

VAS visual analog scale for pain scores, lysholm lysholm knee score questionnaire, IKDC International 
Knee Documentation Committee subjective score, Preop preoperative, STSD KT1000 measurement: side-
to-side anterior tibial translation differences, 3M, 6M, 12M, 24M 3, 6, 12, 24-month post-operative, ns no 
significant difference
a Values were expressed as mean ± SD and evaluated by Student’s t test

Variables Preop 3M 6M 12M 24M

VASa

 OFT group 4.0 ± 1.6 2.4 ± 0.6 1.1 ± 0.7 0.7 ± 0.4 0.2 ± 0.4
 RFT group 3.7 ± 1.5 2.4 ± 0.8 1.9 ± 0.7 0.9 ± 0.3 0.4 ± 0.5
 p value ns ns 0.000 ns ns

Lysholma

 OFT group 42.8 ± 18.9 62.6 ± 6.8 80.1 ± 5.5 89.8 ± 4.0 97.1 ± 3.9
 RFT group 43.8 ± 16.8 59.1 ± 5.8 72.7 ± 5.3 86.4 ± 4.8 94.8 ± 5.6
 p value ns 0.006 0.000 0.000 0.031

IKDCa

 OFT group 40.8 ± 16.9 60.6 ± 6.1 76.5 ± 4.3 86.5 ± 3.3 92.0 ± 2.6
 RFT group 41.6 ± 15.3 57.8 ± 5.5 71.4 ± 4.1 83.3 ± 3.7 89.0 ± 3.6
 p value ns 0.013 0.000 0.000 0.000

STSDa

 OFT group 4.9 ± 1.2 − 0.1 ± 0.9 0.8 ± 0.8 1.4 ± 0.8 1.7 ± 0.7
 RFT group 4.8 ± 1.2 0.4 ± 1.2 1.4 ± 0.9 1.9 ± 0.9 2.2 ± 0.9
 p value ns 0.025 0.001 0.002 0.002
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120 degrees and achieve full extension. At 2 years postop-
eratively, the ROM was same as that of the contralateral 
knee (ns) (Table 2).

No statistically significant differences were found in 
relation to the Lachman test between the two groups, even 
though there were more 1 + positive patients in group 2. 
More patients with 1-degree positive pivot-shift test results 
were observed in group 2 (10/65) than in group 1 (1/37) 
at the end of the follow-up period (p = 0.048) (Table 3).

While, the MRI scans showed no significant difference 
between the two groups at 6 months, significant differ-
ences were observed at 12 months and 24 months post-
operatively. At the last postoperative follow-up, the mean 
SNQ of group 1 was 2.7 ± 0.9, which was significantly 
lower than that of group 2 (3.6 ± 1.1) (p = 0.000). A lower 
SNQ value indicated a more mature graft (Table 4).

Second‑look arthroscopic evaluation

With respect to the graft status, in group 1, the ACL graft 
was graded as an A in 18 patients (94.7%) and a B in one 
patient (5.3%), while in group 2, it was graded as an A in 
27 patients (87.1%) and a B in four patients (12.9%). The 
synovium coverage of group 1 was graded as an A in 17 
patients (89.5%) and a B in two patients (10.5%) and in 
group 2, it was graded as an A in 24 patients (77.4%), a 
B in six patients (19.4%), and a C in one patient (3.2%). 
No significant differences between group 1 and 2 were 
found when evaluating the graft status or synovium cov-
erage since some patients refused to receive second-look 
arthroscopy.

No complications, such as posterior femoral tunnel frac-
tures, wound infections, cartilage lesions, difficult graft 
passage, or neurovascular injuries, occurred in either of 
the two groups. Two patients in group 1 and five in group 
2 presented with redness and swelling of the surgical site 
and were managed conservatively. One patient in group 2 
sustained a tibial tunnel fracture, which was immobilized 
with plaster and resumed rehabilitation 4 weeks later. One 
patient in group 1 had postoperative stiffness that later 
resolved with physiotherapy. There were no re-rupture 
cases at the last follow-up, as confirmed by the MRI scans. 
The entrance of the femoral tunnel in both groups was 
within the ACL anatomical footprint, as confirmed by 
3D-CT (Fig. 3).

Table 3  Comparison of knee stability between the two groups

Preop preoperative, 3M, 6M, 12M, 24M 3, 6, 12, 24-month postop-
erative, ns no significant difference
a Values were expressed as number and compared using Chi-squared 
test

Grade OFT group RFT group p value

Lachman  testa

 Preop 0 2 3 ns
1 + 9 15
2 + 20 33
3 + 8 18

 3M 0 37 61 ns
1 + 2 8

 6M 0 36 61 ns
1 + 3 8

 12M 0 36 60 ns
1 + 3 9

 24M 0 34 56 ns
1 + 3 8
2 + 0 1

Pivot-shift  testa

 Preop 0 4 9 ns
1 + 22 30
2 + 11 25
3 + 2 5

 3M 0 39 67 ns
1 + 0 2

 6M 0 39 66 ns
1 + 0 3

 12M 0 38 61 ns
1 + 1 8

 24M 0 36 55 0.048
1 + 1 10

Table 4  Comparison of the SNQ values between the two groups

a: the proximal region, b: the middle region, c: the distal region; 
mean SNQ (SNQ g) = (SNQ a + SNQ b + SNQ c)/3
SNQ signal/noise quotient, 6M, 12M, 24M 6, 12, 24-month postop-
erative
a Values were expressed as mean ± SD and evaluated by student’s t test

OFT group RFT group p value

6M  SNQa

 SNQ a 3.3 ± 2.0 4.5 ± 2.0 0.003
 SNQ b 4.4 ± 1.8 5.0 ± 1.9 0.076
 SNQ c 4.0 ± 2.0 4.3 ± 2.0 0.337
 SNQ g 3.9 ± 1.3 4.6 ± 1.5 0.007

12M  SNQa

 SNQ a 2.8 ± 1.9 3.7 ± 1.8 0.014
 SNQ b 3.3 ± 1.5 4.3 ± 1.8 0.002
 SNQ c 3.1 ± 1.9 3.8 ± 1.6 0.023
 SNQ g 3.0 ± 1.4 4.0 ± 1.3 0.001

24M  SNQa

 SNQ a 2.3 ± 1.3 3.3 ± 1.7 0.004
 SNQ b 3.0 ± 1.3 4.0 ± 1.4 0.000
 SNQ c 2.8 ± 1.5 3.5 ± 1.5 0.030
 SNQ g 2.7 ± 0.9 3.6 ± 1.1 0.000
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Discussion

The main finding of the present study was that the OFT 
technique was significantly superior to the conventional RFT 
technique regarding both the clinical outcomes and the MRI 
evaluations. The patients in the OFT group had better knee 
function and knee stability, which were consistent with the 
research findings of Noh et al. [24]. A lower SNQ value 
indicated a more mature graft in this study and the SNQ in 
group 1 was significantly lower than that in group 2.

In recent years, extensive research on ACL anatomy 
has been conducted; consequently, the flat ribbon concept 
for ACL and oval femoral footprints has been introduced. 
This is closely related to anatomical ACL reconstruction 
[22, 25, 29, 35, 36]. Siebold et al. found that the ACL has 
a flat and thin appearance and its cross section resem-
bled a ribbon-like ligament with a mean width of 9.9 mm 
and thickness of 3.9 mm [33]. Sasaki et al. found that the 
proximal ACL fibers spread in a fanlike manner on the 
medial aspect of the lateral femoral condyle and that the 
femoral insertion had an oval shape [29]. Mochizuki et al. 
also reported that these fanlike extension fibers adhere to 
the femoral surface, on which the oval attachment margin 
is located [22]. Oshima et al. conducted a cadaveric study 
on semitendinosus tendon grafts and found that the cross-
sectional shape of the femoral insertion side of the graft 
was an oval; therefore, the oval-tunnel technique proved 
to be superior to the round tunnel technique [25]. Studies 
have been conducted on the oval-tunnel technique in recent 
years to find a simple, safe, and effective surgical method 
for anatomical ACL reconstruction. Nakase et al. intro-
duced an elliptically rounded rectangle femoral dilator 
used in single-bundle anatomic ACL reconstruction and 
the femoral tunnel entrance was confined within the ACL 
anatomical footprint [23]. Petersen et al. also presented a 
medial portal aimer and oval dilatators in the oval-tunnel 
ACL reconstruction technique. They found that the oval-
tunnel matched the ACL anatomic insertion better than 
the round tunnel, but the authors did not include a clinical 

control group [26]. Noh et al. research showed that the 
Lysholm score in the oval-tunnel group was better than 
that in the conventional group at the end of the follow-up 
period; however, the precision to which the oval-tunnel 
technique was performed was not adequate [24].

In comparison to previous studies, this research has 
improved the surgical procedures and provided better fol-
low-up information on clinical outcomes, MRI evaluations, 
and second-look arthroscopy. The clinical functional scores, 
knee stability, and ACL graft maturity were statistically 
superior in the oval-tunnel group than in the round-tunnel 
group at the 2-year postoperative follow-up. For graft matu-
rity, the early follow-ups showed no significant difference 
between the two groups; however, the 1-year and 2-year 
follow-ups showed better graft maturity in the oval group 
than in the round group.

The following four theories were inferred and summa-
rized to explain the superiority of the OFT technique to the 
conventional RFT technique. First, for the same diameter 
graft, the circumference of an oval graft is longer than a 
round graft, which provides a larger surface area for bet-
ter blood supply from adjacent cancellous bone surround-
ing the femoral tunnel. Second, OFT closely resembles 
ACL anatomic femoral insertion and restores natural ACL 
morphology, as confirmed by the previous studies. Third, 
according to the principles of geometry, the grafts used in 
OFT should not easily rotate like the grafts used in RFT 
do, which can lead to instability and affect the tendon-
bone healing process. This can be avoided by adapting 
the OFT to provide better rotational stability of the knee, 
as confirmed by the pivot-shift test results in this study. 
Forth, fixation of hamstring tendon grafts in the femo-
ral tunnel is not only dependent on the RIGIDLOOP, but 
also on the compression of the graft against the cancellous 
bone of the femoral tunnel. OFT was gradually dilated by 
percussive compression, which ensured maximum pres-
ervation of cancellous bone, which was not supported by 
RFT. Because of the technical differences, the grafts used 
in OFT acquired better compression against the peri-tunnel 

Fig. 3  Postoperative CT evaluation
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cancellous bone and hence, there was better mechanical 
stability and a smaller possibility of tunnel widening [16, 
21].

However, there were still some limitations in this 
study. First, this trial was a prospective non-randomized 
controlled study and the allocation of participants to 
groups was based on their hospital arrival time, which 
can increase the risk of bias. Second, the postoperative 
follow-up period was 2 years and did not account for long-
term complications such as osteoarthritis and other pos-
sible complications. Third, the number of participants was 
relatively small, which reduces the reliability of the results 
of the experiment, especially for the graft evaluation in 
second-look arthroscopy. Forth, the graft tunnel position 
and shape were not identical to the ACL natural anatomy, 
even though the oval footprint was better than the round 
footprint in restoring the ACL femoral anatomy. Finally, 
although fractures of the posterior femoral tunnel did not 
occur in any of the participants, the gradual dilation of the 
oval tunnel by percussive compression was still a concern 
with the oval technique.

Conclusions

The hypothesis was supported by the results in this study; 
the oval femoral tunnel technique was superior to the 
round femoral tunnel technique clinically and radiologi-
cally. The results showed statistically significant differ-
ences between groups; nevertheless, both techniques pro-
vided good clinical and radiological outcomes. Based on 
the clinical evaluations, MRI findings and second-look 
arthroscopy results of the two groups, the oval femoral 
tunnel technique yielded significantly better knee func-
tion and knee laxity restoration and more mature ACL 
grafts than the round femoral tunnel technique, whereas 
no significant differences were found at the second-look 
arthroscopy.
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