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Abstract: Conventional anatomical single bundle anterior cruciate ligament (ACL) reconstruction technique with
round tunnels could not simulate morphology of native insertion, while studies about ACL reconstruction technique
with modified tunnels based on morphology of anatomical insertion are rare. The purpose of this study was to dem-
onstrate an ACL reconstruction technique with rounded rectangle tibial tunnel and oval femoral tunnel and compare
clinical outcomes with conventional technique. A prospective comparative study was performed in 80 consecutive
subjects who underwent ACL reconstruction with the conventional round tunnels (RT-Group, n=40) or modified tun-
nels (MT-Group, n=40). For the modified surgery, the tunnel was modified with a bone file based on the anatomical
direction and area of the remnant insertion fibers. Graft maturity were evaluated by MR images at 12 months post-
operatively and patients were examined for functional scores, physical examinations at 2-year follow-up. The pri-
mary variable was the pivot-shift test. No serious complications were experienced in either group. Seventy patients
(87.5%) were examined at 2-year follow-up, significant improvements were seen in both groups compared with the
preoperative values in terms of all clinical assessments. Tegner scores, pivot-shift test results and SNQ value in the
MT-Group were significantly better than RT-Group (P=0.04, P=0.03 and P=0.001, respectively). There were no sig-
nificant differences in Lysholm scores, IKDC scores, KT-2000 measurements and Lachman tests. We successfully
developed the ACL reconstruction technique with rounded rectangle tibial tunnel and oval femoral tunnel, which was
superior to conventional technique in terms of postoperative Tegner scores, pivot-shift tests and early graft maturity.

Keywords: Anatomical ACL reconstruction, rounded rectangle tunnels, oval tunnels, pivot-shift, signal/noise quo-
tient (SNQ)

Introduction

Anterior cruciate ligament (ACL) reconstruc-
tion has moved to an emphasis on restoring
native insertion and location recently to better
reconstruct the anterior-posterior and rotation-
al stability function of the knee joint [1-3].
During the past decade, several studies have
shown that the anatomical double bundle tech-
nique achieve better stability of A-P translation
measured with KT-1000 and restore a better
pivot shift stability compared to single bundle
technique [4-7]. The advantage of the double
bundle reconstruction is that with this tech-
nique the two round tunnels match the oval
area of the ACL insertion much better than a
single round tunnel does [8]. Several anatomic

ACL studies indicated that the femoral inser-
tions were oval or semicircular shape and the
tibial insertions were oval or “C” shape [9-12],
besides, the cross-sectional shape of quadru-
pled semitendinosus and gracilis tendons
appear to be oval, rather than circular [13].
Restoring the shape of the tibial and femoral
insertion has been of great interest coupled
with the shape of the graft to reconstruct the
ACL [14]. According to the oval shaped anatomi-
cal footprints and the better stability of double
bundle ACL reconstruction, several researchers
have suggested that it will be more anatomical
to do the single bundle ACL reconstruction with
oval or rounded rectangle shaped tunnel [15-
17]. We found that the tibial insertion was flat-
ter than an oval shape along the medial inter-
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Material and methods

Figure 1. Participant flowchart. ACL, anterior cruciate ligament; RT, round

tunnel; MT, modified tunnel.

condylar ridge posterior to the anterior ridge,
therefore, we designed an ACL reconstruction
technique with a rounded rectangle tibial tun-
nel and an oval femoral tunnel, which mimic the
anatomical orientation and shape of the foot-
print zone better than the single round tunnel.

MRI was a useful noninvasive tool for evaluat-
ing ACL graft remodeling and maturation after
ACL reconstruction surgery, several studies
investigated the biological healing process of
reconstructed ACL using MRI [18-20]. Ntoulia
et al. [21] found revascularization of the graft
occurs gradually along its length according to
signal/noise quotient (SNQ) values on 1.5T MRI
after surgery. Tanaka et al. [22] evaluated the
entire course of ACL grafts on coronal oblique
MR images by the calculation of SNQ between
single-bundle (SB), double-bundle (DB), and tri-
ple-bundle (TB) reconstructions. In addition,
several investigations showed that the lower
signal intensity of reconstructed ACL graft is
correlated with better clinical outcome [19, 23].
Thus, we calculated the SNQ of MR images to
evaluate graft maturity of both technique
postoperatively.

The purpose of the present study was to dem-
onstrate an ACL reconstruction technique with
rounded rectangle tibial tunnel and oval femo-
ral tunnel and compare the early clinical out-
comes and graft maturity with conventional
technique. The tunnel was firstly drilled with a
small diameter drill bit and then adjusted with
the bone file to rounded rectangle shape or
oval shape step by step according to the indi-
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Patients

In this prospective comparative study, Patients
diagnosed with ACL rupture between July 2015
and July 2016 were included in this study. The
diagnosis of ACL injury was reached based on a
history of knee injury and the results of the
Lachman and pivot-shift tests, as well as a
side-to-side difference of > 3 mm when mea-
sured using the KT-2000 arthrometer (MED
metric, San Diego, USA). All patients underwent
magnetic resonance imaging (MRI) to confirm
the diagnosis of an ACL tear. The inclusion crite-
ria were unilateral complete ACL tear, age older
than 16 years with closed physes and younger
than 50 years, the exclusion criterion included
multiple ligament injury or previous knee liga-
ment surgery. There were 84 patients met the
inclusion criteria, and 4 patients were excluded
according to the exclusion criteria (Figure 1).
The allocation was conducted in a serial con-
secutive manner, not by randomization: 80
patients were divided into modified tunnel
(MT-Group, n=40) or round tunnel (RT-Group,
n=40) (Table 1). All surgeries were conducted
by a single surgery team with uniform standard-
ized procedure. Written informed consent was
obtained from all subjects. This study’s design
was reviewed and approved by ethics commit-
tee of our hospital.

Theoretical value calculation

Theoretical values of the minor and major axes
were calculated by assuming good fit between
the bone tunnels and the graft. The cross-sec-
tional areas of the bone tunnels, either of
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Table 1. Patient demographics?

Parameter RT-Group (n=40) MT-Group (n=40) X2/t p value
Male (%) 25 (62.5) 28 (70) 0.503 0.478 n.s
Average age in years (range) 29.3+7.2 29.2+8.0 0.088 0.930n.s
Affected side (%) 1.270 0.260 n.s
Left 15 (37.5) 20 (50.0)
Right 25 (62.5) 20 (50.0)
Time from injury to surgery, mo, (range) 2.0 (0.25-60) 4.0 (0.5-561) 1.431 0.152 n.s
Cause of Injury (%) 0.833 0.361n.s
Contact sport 22 (55.0) 26 (65.0)
Noncontact sport 18 (45.0) 14 (35.0)
Associated injuries (%) 1.926 0.639 n.s
Meniscal (medial and/or lateral) 15 (37.5) 11 (27.5)
Meniscal and cartilage lesions 12 (30.0) 16 (40.0)
Cartilage lesions 3(7.5) 5(12.5)
None 7 (25.0) 8 (20.0)

@Data as mean (range or standard deviation); categorical variables as frequencies (percentages).

Table 2. Theoretical values and distance expanded by bone file

of modified bone tunnels

Surgical technique

Distance expanded

Graft harvesting: The patient

D (mm) Minor  Major (mm) Major/Minor by bone file (mm) was _p05|t|oned in thg supine
(mm) —— — — position on the operation table.
Tibial Femoral Tibial Femoral Tibial Femoral . .
- 5 8.77 98 175 196 377 48 A tourniquet was placed high on
’ ’ ’ ) ’ ’ the thigh. The knee could be
7 6 8.04 8.2 1.34 1.36 2.04 2.2 flexed at an angle from 0° to
7.5 5 9.91 11.25 1.98 2.25 4,91 6.25 130°.
75 6 9.38 8.65 1.56 1.44 3.38 2.65
8 5 1112 128 224 256  6.12 7.8 Autologous semitendinosus and
8 6 966 1067 161 178 366  4.67 gracilis (STG) tendons were har-

rounded rectangle or round shape, would then
be equal to that of the graft, the diameters of
which are often 7 mm, 7.5 mm and 8 mm.
According to the area formula of circle, rounded
rectangle and oval, we calculated the major
axis when the minor axis was defined as 5

mm or 6 mm. (Table 2) Acm=rr(%)2 (A0 IS the
area of the round tunnel. D is the diameter of

Min .
the round tunnel) A_ rwangle=rr(7)2+(Maj-
Min)xMin (A, e rectangle is the area of the
rounded rectangle tunnel. Maj means major

. . . . MajxMin

axis. Min means minor axis). A, =m(— z )
(A, 1s the area of the oval tunnel. Maj means
major axis. Min means minor axis.) When A

is equal to A

circle
, we can deduce calcu-
rounded rectangle )
7(D?-Min?)
4AMin

we can deduce cal-

lation formula Maj= +Min. Similarly,

when A

circle

isequalto A, .,
2

culation formula Maj="7g:7 (Figure 2).
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vested via a 3 cm oblique inci-
sion 2 cm medial and distal to
tibial tuberosity with a close tendon stripper
(Karl Storz, Tuttlingen, Germany). No. 2 Ethibond
nonabsorbable sutures (Ethicon) were used to
weave the grafts into 4 strands, and the graft
diameter was measured with a 1 mm interval
round-shaped measuring device, after that, the
grafts were prepared by hooking and looping to
an Endobutton (Fliptack, Karl Storz, Tuttlingen,
Germany).

Tibial tunnel: A tip-to-elbow tibial guide (Acufex)
was used to establish tibial tunnel for both
groups. The drill guide was set at an 45° angle.
For anatomical tunnel placement, the tip of the
aimer was positioned according to the anterior
ridge and medial intercondylar ridge through
the anteromedial portal. The anterior horn of
the lateral meniscus was used as the landmark
in cases with no remnants. In the RT-Group, the
tunnel was then drilled according to the diame-
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Figure 2. Diagram of tunnel aperture. A. The diagram of rounded rectangle
tunnel. B. The diagram of oval tunnel. Major represents the long axis of the
tunnel, Minor equals to the diameter of smaller round tunnel.

total tunnel. To create the oval
shaped aperture, similarly as
tibial tunnel creation, about
10 mm long at the articular
side of the femoral tunnel was
modified. Firstly, 5 mm or 6
mm diameter drill was used
to create a tunnel, then the
major axis of the oval tunnel
was expanded to the theo-
retical value step by step wi-
th a bone file by transtibial
approach. During the adjust-
ment, usually 2 mm was left
between the tunnel posterior
wall and lateral femoral con-
dyle cortex to avoid posteri-
or wall blowout. Arthroscopic
measurement was also ap-
plied during the process of
tunnel creation (Figure 4).

Graft passage and fixation:
The graft was passed from

ter of the graft with a drill bit. In the MT-Group,
the tunnel was drilled with a smaller size drill bit
(5 mm or 6 mm), to guarantee the distal intra-
fixation, we modified about 10 mm long at the
articular side of the tibial tunnel, the major axis
of the rounded rectangle tunnel was then
expanded to the theoretical value step by step
with a 4-mm diameter bone file. To confirm that
the length was equal to the theoretical value,
arthroscopic measurement was made manual-
ly (Figure 3).

Femoral tunnel: Femoral tunnels of both groups
were created with transtibial technique. The lat-
eral intercondylar ridge and remnant fibers of
the ACL were used as landmarks on the femur,
the knee was flexed to 90° when creating the
femoral tunnel, then a 6-mm femoral guide
(Smith & Nephew Endoscopy) was inserted
through the tibial tunnel and positioned over
the native ACL footprint at posterior aspect of
the lateral femoral condyle. The guide pin was
introduced and drilled through the lateral femo-
ral condyle, after that, a 4.5 mm drill bit was
first used to penetrate the thin femoral tunnel
and the whole length of the tunnel was mea-
sured. To create a round tunnel, drill bit of the
same size as the graft diameter was drilled to a
suitable length depending on the length of the
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the tibial tunnel to the femoral

tunnel with the help of 2 lead-
ing sutures after the tunnel was created. At the
femoral side, the grafts were secured with an
Endobutton. At the tibial side, the grafts were
fixed with a bioabsorbable intra-fix screw (Smith
& Nephew Endoscopy, Andover, MA, USA). The
fixation was performed at 30° of knee flexion
with the proximal tibia pushed backward.
Arthroscopic evaluation was made to ensure
the absence of impingement between graft and
intercondylar notch before and after fixation.

Rehabilitation: The rehabilitation program for
patients of both groups followed a uniform
standardized procedure. Each patient wore a
brace to keep the leg in full extension after the
operation. On the first postoperative day, quad-
riceps-setting exercises and ankle pump exer-
cises were initiated. The brace was removed at
4 weeks, but patients were allowed partial
weight on first postoperative day and full weight
bearing thereafter. Range of motion (ROM) was
gradually increased to 90° after 1 week, 120°
after 1 month and full range of motion within 2
months. Running was allowed after 4 months
and returning to contact sports was not recom-
mended until 8 months.

Clinical evaluation: All the clinical evaluations
of the subjects were performed preoperatively
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Figure 3. Tibial tunnel creation. A. The tunnel was positioned in the center of the ACL remnants with a tip-to-elbow
tibial guide. B. To show the round shaped aperture of the tibial bone tunnel. C. A bone file was used to expand the
major axis of the tunnel. D. Arthroscopic measurement was made to confirm the length equal to the theoretical
value.

Figure 4. Femoral tunnel creation. A. The femoral guide was placed at the center of femoral insertion. B. To show
the round shaped aperture of the femoral bone tunnel. C. To expand the major axis of the tunnel according to ana-
tomical direction with the bone file. D. Arthroscopic measurement was performed to ensure appropriate length of
the tunnel.
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Figure 5. Signal intensity was measured for the intra-articular part of the graft in the coronal oblique image. A. Three
regions-of-interest (ROI, area of the circle =0.1 cm?) were measured independently: the proximal site, the middle site
and distal site. B. PCL ROl and background ROl were measured as shown above.

and at 2-year follow-up by an independent, uations, patients were asked about their activ-
experienced observer. The observer was blind- ity levels referring to Tegner score [24] before
ed to the surgery methods. For subjective eval- operation and at last follow-up. Lysholm scores
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Table 3. Analysis of clinical outcomes preoperatively and at 2-year follow-up between two groups?®

. Preoperative 2-Year Follow-up p value

Variables RT (n=36) MT (n=34) RT (n=36) MT (n=34) Preoperative 2-Year
Tegner score 3.0+0.8 3.1+0.9 5.61£0.9 6.1+0.9 0.55 0.04
Lysholm score 69.7+14.7 75.0+10.4 91.545.7 93.3%4.5 0.08 0.16 n.s
IKDC score 70.4+9.7 68.1+10.0 90.2+5.6 90.6+4.4 0.34 0.74 n.s
Manual Lachman, n (%) 0.63 0.22n.s

0 0(0) 24(66.7) 28(82.4)

1+ 2 (5.6) 4(11.8) 11(30.6) 6 (17.6)

2+ 30(83.3) 27(79.4) 1(2.8) 0(0)

3+ 4(11.1) 0(0) 0(0)
Pivot-Shift Tests, n (%) 0.45 0.03

0 0(0) 23 (65.6) 30(88.2)

1+ 4(11.1) 12 (31.3) 4 (11.8)

2+ 30(83.3) 32(94.1) 1(3.2) 0(0)

3+ 2 (5.6) 0 0
KT-2000 Arthrometer SSD (132 N) 4.4+2.2 4.7+2.3 1.3+1.3 1.2+1.0 0.62 0.67 n.s

2Data as mean (standard deviation); categorical variables as frequencies (percentages).

Table 4. Multivariable analysis of factors as-
sociated with pivot-shift (n=70)
N .
Variables 0dds ratio 95/0. confidence p value
interval

0.056-0.757 0.02

Group 0.21

[25] and IKDC subjective scores [26] were also
evaluated at the same time. In terms of objec-
tive evaluations, KT-2000 arthrometer test
(MEDmetric, San Diego, CA) at 132N were per-
formed to measure the side-to-side difference
(SSD) with the knee positioned at 20° of flex-
ion. The Lachman test and the pivot-shift test
were also assessed. The Lachman test was
graded as O (negative) (SSD < 3 mm and hard
endpoint), 1+ (SSD of 3to 5 mm), 2+ (SSD of 5
to 10 mm), or 3+ (SSD > 10 mm). The pivot-shift
test was graded as O (negative), 1+ (glide), 2+
(clunk), or 3+ (gross) [27].

Radiological evaluation: Postoperative 3-di-
mensional (3D) computed tomography are per-
formed to evaluate the morphology of modified
tunnels within 1 week. MRI images were ob-
tained at 12 months after surgery for each
subject with a 1.5-T MRI scanner (GE, Optima
MR360, USA). The grafts were evaluated focu-
sing on signal intensity of the MRI. Measure-
ments were performed on PD-FSE images
(PACS website, GE Medical System) using the
region of interest (ROI) technique. Three intra-
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articular aspects of the graft were observed in
the oblique coronal plane (Figure 5): proximal
site (close to femoral tunnel), middle site (mid-
point of other two sites), distal site (close to
tibial tunnel). Area of circular ROIs were 0.1
cm?. The PCL signal was measured with the
region of interest being placed in its mid-
substance. The background ROl was placed
approximately 1 cm medial and 2 cm distal to
the medial joint line. The SNQ of each graft site
was calculated with the following equation:
SNQ=[signal (specific site of the graft) - signal
(PCL)]/signal (background) [28].

All MRI measurements were performed three
times by 2 observers who were blinded in terms
of patient information and groups, Intra-ob-
server and inter-observer agreement for MRI
measurements were evaluated by intra-class
correlation coefficient with 95% confidence
interval (95% Cl).

Statistical analysis

The primary variable in the study was the pivot-
shift test. Sample size of each group was deter-
mined beforehand by using statistical power
analysis. The study was powered to reveal a dif-
ference of 1 grade which was assumed clini-
cally important on the pivot-shift test [29]. With
a power of 80% and an a of 0.05, calculation
results showed that a sample size of 36
patients at least in each group was needed.
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Figure 6. Postoperative 3-dimensional (3D) computed tomography scan showing the morphology of tibial and femo-
ral tunnels. A. A 3D reconstructive view showing the round tibial tunnel. B. Rounded rectangle tibial tunnel. C. Round
femoral tunnel. D. Oval femoral tunnel.

Table 5. SNQ Analysis of Coronal Oblique MRI 12

months postoperatively

Neither intraoperative nor postoperative
complications were observed. According

to the subjective and objective evalua-
tions summarized in Table 3, the mean

Variables R(Tr;(j;c;u)p M(L—S;oil;p X%/t pvalue?
Proximal site 4.62+2.76 2.13+1.42 4.514 <0.001
Middle site 3.62+2.51 2.41+1.63 2.261 0.027
Distal site 4.20+2.80 3.24+2.07 1.545 0.127 n.s
Mean SNQ 414+1.93 2.59+1.39 3.648 0.001
Missing values 8 9

postoperative Tegner scores, Lysholm
scores, and IKDC scores were significant-
ly improved in both groups compared with
preoperative values (P < 0.001), among
which the Tegner scores reached statisti-

ap value of corresponding site ROl or mean SNQ between different

groups.

Categorical variables between the groups were
compared using the X? test and Fisher exact
test. The independent Student t test was used
for comparisons of the preoperative and post-
operative data within the study groups, as well
as signal/noise between two groups. Regard-
ing pivot-shift as dependent variable, patient
demographics were evaluated with uncondi-
tional multivariate logistic regression analysis.
Statistical analysis was performed with SPSS
software, version 24.0 (SPSS, Chicago, IL). P <
0.05 was considered significant.

Results
Clinical outcomes

Between July 2015 and July 2016, a total of 80
patients were included in this study, 10 pa-
tients were lost to follow up, 36 patients in
RT-Group and 34 patients in MT-Group were
available for the 2-year follow-up and all the
postoperative clinical outcomes were evaluat-
ed at the last appointment. There were no dif-
ferences between the two groups regarding
sex, age, affected side, time from injury to sur-
gery, cause of injuries, preoperative subjective
scores, or KT-2000 tests, or associated injuries
including meniscal and cartilage lesions. Demo-
graphic data of patients are presented in Table
1.
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cal difference between two groups (P=

0.04). However, no intergroup differences

were found for the Lysholm scores, and

IKDC scores (P=0.16 and 0.74, respective-
ly). Regarding to manual Lachman test, the
MT-Group performed better with 28 (82.4%)
patients being negative compared to the RT-
Group with 24 (66.7%) patients being negative,
but there was no statistical difference (P=0.22).
Postoperative KT-2000 tests of both groups
were significantly improved compared with pre-
operative outcomes (P < 0.001) though there
was no statistical difference between two
groups (P=0.67). As for pivot-shift tests, 23
(65.6%) patients in RT-Group and 30 (88.2%)
patients in MT-Group had negative result, 12
(31.3%) patients and 4 (11.8%) patients turned
out to be glide (1+) respectively, in addition, the
RT-group had 1 (3.1%) patient with grossly posi-
tive (2+), these findings are significantly differ-
ent with univariate analysis P=0.03 and multi-
variate analysis P=0.02 (Table 4).

CT observations and signal intensity of grafts

We found that we have changed the round tibial
tunnel into rounded rectangle shape and round
femoral tunnel into oval shape on postopera-
tive 3-dimensional (3D) computed tomography
scan as we expected (Figure 6).

Thirty-two patients in the RT-Group and 31
patients in the MT-Group were obtained for the
MRI images. Intra-observer and inter-observer
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agreement were relatively strong for all pa-
tients, with both ICC > 0.85. The SNQ values of
the grafts 12 months postoperatively were
summarized in Table 5. The MT-Group showed
a significantly (P < 0.001) lower mean SNQ
value (2.59+1.39) of the ACL grafts than
the RT-Group (4.14+1.93). In terms of indepen-
dent ROI, The MT-Group had significant lower
mean SNQ when comparing with the RT-Gro-
up at proximal site (2.13+1.42 vs 4.62+2.76, P
< 0.001) and middle site (2.41+1.63 vs 3.62+
2.51, P=0.027). In addition, the MT-Group also
revealed a lower SNQ than RT-Group at distal
site (3.2442.07 vs 4.20+2.80) though without
statistically difference (P=0.127).

Discussion

In this study, we successfully developed a new
method to create the rounded rectangle shaped
tibial tunnel and oval femoral tunnel for ana-
tomical ACL reconstruction. We did not experi-
ence any serious intraoperative or postopera-
tive complications during the operation and
until the 2-year follow-up. The outcomes
showed our technique could restore higher
sports activity level revealed by Tegner scores,
better rotational stability evaluated by pivot-
shift tests and better early graft maturity
assessed by signal intensity on MR images
than the conventional technique.

Recently anatomical studies have shown that
the direct femoral insertion, tibial insertion and
mid-substance of ACL are considered to be
oval-shaped, narrow but long “C”-shaped like a
belt and a flat ribbon-like structure [30-32],
respectively. Several biomechanical studies
had reported the importance of matching
native ACL footprints as close as possible [33,
34]. Investigations have shown that the ana-
tomical double bundle techniques achieve bet-
ter stability of anterior-posterior translation and
restore better pivot-shift stability compared to
the single bundle technique [4, 7], suggesting
that two round tunnels would match the oval-
shaped or “C”-shaped insertion zone better
compared to one round tunnel [17]. However,
double bundle technique demands more com-
plicated operating procedure and expensive
costs, besides, there still remains controversial
about the long-term clinical outcomes com-
paring to single bundle technique and the mac-
roscopic separation of the ACL into bundles.
Emphasis have moved to anatomical ACL re-
construction technique. Several studies report-
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ed the creation of oval-like tunnels. Wolf Pe-
tersen et al. reported that they developed a
technique of anatomical ACL footprint recon-
struction with oval tunnels and medial portal
aimers [15]. Junsuke Nakase et al. developed a
technique of anatomical single bundle ACL
reconstruction with rounded rectangle femoral
dilator [16]. The key surgery skill of these stud-
ies was that they created the oval or rounded
rectangle femoral bone tunnel with oval or
rounded rectangle dilators, but neither of the
above techniques had made an effort to modify
the shape of tibial tunnel. Besides, one disad-
vantage of their dilator expansion was that
once the bone tunnel was created with the dila-
tor, it was impossible to adjust the location and
the shape of the tunnel. Another disadvantage
was that the dilator may magnify the risk of
breaking the posterior wall of the bone tunnel
[35], but bone file was able to decrease the risk
and avoid the heat injury to the tunnel, which
was advantageous to tendon-bone healing pro-
cess. However, with our new technique, the
anatomical bony landmarks of anterior ridge
and medial intercondylar ridge provide us a
rule-based and repeatable procedure and sur-
geons would be able to adjust the tunnel loca-
tion and major axis direction with the bone file
according to individualized insertion site, we
changed the femoral tunnel into oval-shaped
and tibial tunnel into rounded rectangle-shaped
to match the native oval or “C” shaped inser-
tion. To our knowledge, the tibial plateau and
oblique tunnel form a angle in sagittal plane,
which made the orifice of tunnel oval-shaped,
so does the femoral side. However, the major/
minor rate of native ACL insertion is larger than
convention round tunnel with oval orifice, and
the conventional technique could not change
the ACL mid-substance into flat form which
count against restoring rotational stability.

Recent cadaveric and histologic studies have
found that ACL tibial insertion was closely relat-
ed to anterior horn of lateral meniscus [3, 31,
36]. We also observed that the conventional
round tunnel was easy to injure the insertion of
anterior horn of lateral meniscus, especially
when the round tunnel is not anatomical posi-
tioned or the diameter of round tunnel is large.
However, our rounded rectangle bone tunnel
could theoretically make less injury to the
meniscus as it is rather flat or narrow along the
medial intercondylar ridge and matched the
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footprint much better than the single round
tunnel.

The evaluation at 2-year follow-up showed bet-
ter Tegner scores and pivot-shift results with
the MT-Group. We have created a more ana-
tomic insertion morphology, more importantly,
we have changed the round form of ligament
into flat shaped which fit more closely to the
native morphology form along with the chang-
ing of tunnels. Similar as the flat shaped design-
ment of paddle, increasing the water contact
area to obtain more strength, the flat graft was
superior to resisting rotational force, these may
explain the higher sports activity level and less
positive pivot-shift tests in our new technique.

Better early graft maturity are important for
fast recovery and return to sports of injured
athletes. Coronal obligue MRI scans made it
possible to visualize the entire course of the
ACL in vivo [22, 37]. We compared signal inten-
sity of the two groups on the coronal oblique
MRI images 12 months postoperatively which
supposed to be the early stage of remodeling
process but have reached the vascular status
of the native ACL [38, 39]. It was believed that
the difference in revascularization have a direct
influence on the signal intensity changes of the
reconstructed graft. The MT-Group showed
lower signal intensity at the 12 months follow-
up. According to previous studies [18, 28, 40],
lower signal intensity indicates less water con-
tent and theoretically better maturity and heal-
ing of the graft. Besides, it's correlated with
patient’s good surgical outcome. Restoring the
rotational stability was the keystone to suc-
cessful maturation of the ACL graft. The results
of our study indicated that our new technique
possessed advantages in terms of early graft
remodeling process. Compared with the round
tunnel of equal area, increased perimeter of
rounded rectangle or oval shape bone tunnel
could improve the contact area between the
graft and wall of the tunnel. This may facilitate
tendon-to-bone healing and nutrients exchange
between graft and synovial fluid during remold-
ing process.

Conclusion
We successfully developed a novel ACL recon-

struction technique with rounded rectangle
shaped tibial tunnel and oval shaped femoral

1916

tunnel, which could mimic the anatomical ori-
entation and shape of the tibial and femoral
footprints better than round tunnels. The
new technique was superior to conventional
technique in terms of sports activity level, rota-
tional stability and early graft remodeling pro-
cess. Long-term follow-up of clinical outcomes
and MRI evaluations or biomechanical experi-
ment in vitro could be directions of further
investigation.
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