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Abstract

A significant cohort of patients is plagued by postoperative
rotational instability after the anatomic anterior cruciate liga-
ment (ACL) reconstruction surgery. Anatomic anterolateral
ligament (ALL) reconstruction was performed in this study with
the aim to assess the clinical role of ALL in knee’s stability and
joint functions. Sixty patients were recruited and divided into
three groups to perform the operations of anatomic single-
bundle ACL reconstruction, anatomic double-bundle ACL
reconstruction, and anatomic single-bundle ACL reconstruction
+ anterolateral ligament reconstruction, respectively. And then
postoperative knee’s stability and joint functions were evaluated
to compare the clinical outcomes among the three different kind
of operations. The postoperative knee’s stability and joint func-
tions of the anatomic double-bundle ACL reconstruction group
and the anatomic single-bundle ACL reconstruction + ALL
reconstruction group were better than the anatomic single-
bundle ACL reconstruction group. No significant difference was
observed between the anatomic double-bundle ACL reconstruc-
tion group and the anatomic single-bundle ACL reconstruction +
ALL reconstruction group. The anatomic anterolateral ligament
reconstruction could improve the clinical outcomes after patients
performed the anatomic single-bundle anterior cruciate ligament
reconstruction. This indicates that the anterolateral ligament
plays a crucial role in knee’s stability and joint function, espe-
cially the rotational stability.
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I ntroduction

Currently, there are mainly two technologies of beam
reconstruction for the anterior cruciate ligament (ACL),
single-bundle reconstruction and double-bundle recon-
struction (Budny et al., 2016; Lorenz et al., 2007; Pe-
tersen et al., 2013). Because studies have shown that the
isometric reconstruction technique couldn’t offer suffi-
cient rotational stability for knee joint and may even re-
sult in early knee osteoarthritis, single-bundle reconstruc-
tion technique evolved from the isometric reconstruction
to the anatomic reconstruction (van Eck et al., 2011).
However, the clinical outcomes of anatomic single-bundle
reconstruction are still far from excellent. Thus, the prop-
osition of anatomic double-bundle reconstruction tech-
nique stems from a better understanding to the anatomy of
anterior cruciate ligament. Based on their tibial attach-
ment sites, the anterior cruciate ligament is divided into
two functional bundles-the anteromedial (AM) and pos-

terolateral (PL) (Franceschi et al., 2002). Between them,
the anteromedial bundle mainly provides the anteroposte-
rior stability. And the posterolateral bundle mainly pro-
vides the rotational stability (Amis 2012).

Over the years, biomechanical, clinical research
and evidence-based medicine showed that the anatomic
double-bundle reconstruction achieved a better restoration
for the kinematic character of normal knee compared with
the anatomic single-bundle reconstruction, especially the
rotational stability (Mascarenhas et al., 2015; Plaweski et
al., 2011; Sun et al., 2015; Zhu et al., 2013). But both the
clinical outcomes and the risk of graft failure were equiv-
alent (Kondo et al., 2010). Some scholars concluded that
two kinds of reconstruction techniques obtained no signif-
icant difference in knee’s stability aspect through the
biomechanical study of cadaveric knees (Goldsmith et al.,
2013). There were even clinical studies showed that both
the anatomic single-bundle and double-bundle ACL re-
construction could restore the joint functions and knee’s
stability very well. However, the high incidences of medi-
al patellar-femoral cartilage damage and poor PL status
may occur in anatomic double-bundle reconstruction (Xu
etal., 2014).

With the further deepen understanding of anterol-
ateral ligament (ALL), some scholars believed that recon-
structing this structure could improve the knee’s rotation-
al stability effectively (Bonasia et al., 2015; Pomajzl et
al., 2015; Sonnery-Cottet et al., 2015; Smith et al., 2015).
Through the biomechanical study of ten cadaveric knees,
Nitri et al demonstrated that reconstructing the ACL and
ALL simultaneously could restore a better rotational sta-
bility compared to the isolated ACL reconstruction (Nitri
et al., 2016). However, there are no clinical reports about
the comprehensive comparision among the anatomic
single-bundle ACL reconstruction, anatomic double-
bundle ACL reconstruction, and anatomic single-bundle
ACL reconstruction + anterolateral ligament reconstruc-
tion.

In this paper, sixty cases of patients with simple
anterior cruciate ligament rupture were recruited to per-
form the operations of anatomic single-bundle ACL re-
construction, anatomic double-bundle ACL reconstruc-
tion, and anatomic single-bundle ACL reconstruction +
anterolateral ligament reconstruction. All the patients
received the same post-operative rehabilitation programs.
In addition, post-operative knee’s stability and joint func-
tions were evaluated to compare the clinical outcomes
among the three different kinds of operations, with the
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Tablel. Comparisons of demographic data among three groups.

SB DB SBL Statistics P

(n=20) (n=20) (n=20) value
Age (vears) 223453 283+6.1 263+ 6.8 F=1.87 1649
Gender (M/F) 13/7 14/6 12/8 ¥2=0.44 8027
BMI 232431 248+5.1 252 +4.1 F=0.25 7809
Timefrom injury to 123+43 142+4.6 16.3+3.6 F=0.86 4302

surgery (months)

SB: anatomic single-bundle ACL reconstruction group, DB: anatomic double-bundle ACL reconstruction group, SBL:
anatomic single-bundle ACL reconstruction + ALL reconstruction group, M/F: Male/Female, BMI: Body Mass Index

aim to offer clinical reference for the choice of surgical
approaches.

M ethods

Experimental participants

This study was approved by the ethics committee of
Chongging Medical University and has therefore been
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki. Written in-
formed consent was obtained from all individuals partici-
pants included in the study. From July 2012 to July 2015,
60 cases of patients with simple anterior cruciate ligament
rupture (mean age, 26.2 years; range 18 to 41 years) were
collected to perform a prospective clinical study, in which
39 males and 21 females. The time from injury to surgery
was one month to five years, an average of 1.3 years.
There were no demographic differences among three
groups as presented in Table 1. The inclusive criteria of
experimental subjects were that all patients were non-
professional athletes and non-heavy manual workers with
sports injury or injury caused by light violence in daily
life. The exclusive criteria of experimental subjects were
that patients with multiple ligament injury, meniscus
injury cartilaginous injury, severe osteoarthritis or frac-
tures. All surgical operations were completed by one
surgeon using the standardized surgical protocol.

All patients received conventional X-ray (antero-
posterior and lateral views, patellar axial view) to exclude
obvious fractures and assess the patellofemoral joint. In
addition, X-ray of full length of lower extremities was
performed to determine the limb alignment, to insure that

the malalignment of all the knees was less than 10 degree.
Three-dimensional CT was taken for all patients before
the operation to determine the height and width of fossa
intercondyloidea, the height of lateral intercondylar bar-
ren, the sizes of ACL femoral and tibial footprint, and the
degree of ACL femoral footprint. The sizes of ACL femo-
ral and tibial footprint included the longest diameter of
ACL footprints, the width of anteromedial and posterol-
ateral bundle.

Arthroscopic surgery was performed to confirm
the parameters determined by 3D CT. Patients meeting
the following conditions were included into anatomic
double-bundle ACL reconstruction group (DB group, n =
20). The longest diameter of ACL femoral and tibial foot-
print was equal or greater than 14 mm. The width of fossa
intercondyloidea was greater than 15 mm. The height of
fossa intercondyloidea was greater than 19 mm. Grafts
were enough. Other patients were performed the anatomic
single-bundle ACL reconstruction and were divided into
two groups: anatomic single-bundle ACL reconstruction
group (SB group, n = 20) and anatomic single-bundle
ACL reconstruction + ALL reconstruction group (SBL
group, n = 20). Preoperative examinations, including
Anterior drawer test, Lachman test, Pivot-shift test were
carried out for all patients. Most patients were identified
as grade Il of Lachman test and grade | of Pivot-shift test.
In addition, 3.0 T MRI was performed to assist in the
diagnosis of ACL and ALL injury, to determine the an-
teroposterior diameter of ACL tibial footprint and the
degree of ACL tibial footprint. Three measurement meth-
ods were displayed in Figure 1.

Figure 1. The parameters determined by 3D CT, MRI, and Arthroscopic. arefer to the height and width of fossa in-
tercondyloidea, b refer to the height of lateral intercondylar barren, c refer to the size of ACL femoral footprint, d refer to the size of
ACL tibial footprint, e refer to the degree of ACL femoral footprint, f refer to the anteroposterior diameter of ACL tibial footprint, g
refer to the length of ACL femoral footprint, h refer to the width of fossa intercondyloidea
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Technical note

High anterolateral portal (LP) was established for arthro-
scopic examination to confirm the ACL rupture, to clean
the ruptured ACL and to properly preserve the tibial rem-
anent of ACL (generally 3-5mm). And then central anter-
omedial protal (CP) and accessory anteromedial protal
(AMP) were established (Araujo et al., 2011). Measure-
ment ruler was put into articular cavity to determine the
height and width of fossa intercondyloidea, the height of
lateral intercondylar barren, the sizes of ACL femoral and
tibial footprint, including the longest diameter of ACL
footprints, the width of anteromedial and posterolateral
bundle. The single-bundle or double-bundle ACL recon-
structions were determined based on these measurement
results. The semitendinosus and gracilis tendons were
exposed, separated and harvested. The semitendinosus
tendon was used for the graft of anteriormedial bundle.
The gracilis tendon was used for the graft of posterior-
lateral bundle. Grafts were prepared before the operation.

Anatomic single-bundle ACL reconstruction

Plasma knife marked the center of ACL femoral footprint.
Femoral offset guider was placed with the knee at 120
degree of flexion. Guide needle with a tail hole was
drilled into the footprint center and pierced through the
anterolateral knee. 4.5 mm diameter hollow drill was used
to drill the tunnel and measure the length of tunnel. The
appropriate length of suspensory titanium plate was cho-
sen. Graft was pulled through the loop of suspensory
titanium plate. Guidewire was installed for spare. Femoral
tunnel was drilled by the hollow drill with the same diam-
eter of graft. Tibial tunnel guider was used to locate the
center of ACL tibial footprint with the knee at 90 degree
of flexion. Tibial tunnel was also drilled by the hollow
drill with the same diameter of graft. Guidewire was in-
stalled to pull into the graft. And then the suspensory
titanium plate was inverted. The graft tendon was ten-
sioned and tested the impingement. Twenty repeated
flexion and extension of knee were performed. Bio-
absorbable interference screw in conjugation was utilized
in tibial side with the knee at 30 degree of flexion.
Toothed washer was used to fix the residual tendon in the
vicinity of the distal tibial tunnel.

Anatomic double-bundle ACL reconstruction

Plasma knife marked the two bundles center of ACL
femoral and tibial footprints. Femoral offset guider was
placed with the knee at 120 degree of flexion. Tibial off-
set guider was placed with the knee at 90 degree of flex-
ion. Anteromedial femoral and tibial tunnels were estab-
lished. And then femoral and tibial double-bundle guiders
were installed to establish the posterolateral tunnel. Pos-
terolateral graft was first put through the PL tunnel and
anteromedial passage was followed through the AM tun-
nel. The graft tendon was tensioned and tested the im-
pingement. Twenty repeated flexion and extension of
knee were performed. Anteromedial bundle was fixed by
the interference screw with the knee at 30 degree of flex-
ion. Posterolateral bundle was fixed by the interference
screw with the knee in full extension. Toothed washer

was used to fix the residual tendon in the vicinity of the
distal tibial tunnel.

Anatomic single-bundle ACL reconstruction + ALL
reconstruction

The procedure of single-bundle ACL reconstruction was
the same as described above. The iliotibial band tendon
was harvested for the graft of anterolateral ligament. Graft
preparation was made before the operation. In our previ-
ous anatomic study of twenty Asian cadaveric knees, we
confirm that the anterolateral ligament is started at the
prominence of the lateral femoral epicondyle, slightly
anterior to the origin of the lateral collateral ligament.
And it ends at the anterolateral aspect of the proximal
tibia articular surface, located at the position beyond the
joint line 0.8-1.0 cm with equal distance to the Gerdy’s
tubercle and the outermost point of the fibular head. Sub-
cutaneous tunnel from the femoral side to tibial side of the
anterolateral ligament was established for graft through.
Guide needle with a tail hole was drilled into the femoral
side and tibial side of anterolateral ligament. Non-
absorbable suture was fixed on the two guide needles,
with the aim to test the isometric resistance. Graft was
pulled into the femoral and tibial tunnels through subcu-
taneous tunnel. Interference screw was used to fix the
femoral side of anterolateral ligament. And then the crus
was maintained at posterior drawer test position. The
ACL tibial side of graft was fixed by interference screw
firstly. With the knee at 30 degree of flexion, the ALL
tibial side of graft was fixed by interference screw with
the crus at externally rotated position. The process of
anatomic ALL reconstruction was displayed in Figure 2.

Postoperative rehabilitation

The standard postoperative rehabilitation programs were
performed in three groups, including the strength training
and the joint functional training. The knee’s all activities
were kept in knee brace for one month. The range of
motion was controlled in 0-90 degree within one month.
Partial weight-bearing walk was allowed within one
month with crutch. One month later, full weight-bearing
walk was allowed with a kneepad. Swimming training
was recommended in four weeks after the operation. Jog-
ging was allowed in six months after the operation. Com-
petitive sports were not allowed until one year later.

Assessment method

The anteroposterior stability of involved and normal knee
in three groups were examined in 3, 6, and 12 months
post-operatively, including the Anterior drawer test,
Lachman test, and the stress radiography. Joint laxity test
was evaluated by KT-2000. In addition, the rotational
stability of involved and normal knee in three groups
were examined in 3, 6, and 12 months post-operatively,
including the pivot-shift test, Rotameter stress three-
dimensional CT test. In the stress three-dimensional CT
test, the imitative Rotameter equipment was used to make
the knee at 30 degree of flexion, with the aim to maxi-
mum internal rotate the knee (Figure 3). Meanwhile knee
function and overall sports level scores were also assessed
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Figure 2. The procedure of anterolateral ligament reconstruction. a: label the bony landmarks, b: harvest the iliotibial band ten-
don, c: graft preparation, d: establish the femoral and tibial tunnels, e: implant the graft, f: reexamine the femoral and tibial tunnels by 3D CT.

in 3, 6, and 12 months post-operatively, including the
Lysholm score, Tegner score, and IKDC subjective score.

Figure 3. The rotational stability of involved and normal
knee examined by the imitative Rotameter equipment in
three-dimensional CT.

Statistical analysis

SAS 9.0 statistical software was employed for the statisti-
cal analysis. All data were performed the normal distribu-
tion test. If the data was normal distribution, it was pre-
sented as mean * standard deviation (x = S). If the data
was not normal distribution, it was presented as median.
The comparison of rate was performed the chi-square test.
The comparison among three groups was performed the
analysis of variance (ANOVA). Duncan test was applied
in pairwise comparison between groups. The significance
level was a =0.05.

Results

The operations of all patients were completed successful-
ly. All patients were successfully followed up in 1, 2, 3, 6,
and 12 months post-operatively. All patients were exam-
ined in 3, 6 and 12 months post-operatively.

The stability results of three groups were displayed
in Table 2. From the stability perspective, both anteropos-
terior and rotational stabilities of anatomic double-bundle
ACL reconstruction group and anatomic single-bundle

ACL reconstruction + ALL reconstruction group were
better than the anatomic single-bundle ACL reconstruc-
tion group. The difference was statistically significant (p
< 0.05). However, no significant difference was observed
between the anatomic double-bundle ACL reconstruction
group and anatomic single-bundle ACL reconstruction +
ALL reconstruction group (p > 0.05). The comparison of
stability between DB and SBL group was manifested in
Table 3.

The knee function and overall sports level score of
three groups were displayed in Table 4. From the knee
functional score perspective, no significant difference was
observed among three groups in 3 months (P>0.05). But
the anatomic double-bundle ACL reconstruction group
and anatomic single-bundle ACL reconstruction + ALL
reconstruction group were better than the anatomic single-
bundle reconstruction group in 6 and 12 months. The
difference was statistically significant (p < 0.05). Howev-
er, there was no significant difference between the ana-
tomic double-bundle ACL reconstruction group and ana-
tomic single-bundle ACL reconstruction + ALL recon-
struction groups (p > 0.05) (Table 5).

In this study, one patient of the anatomic single-
bundle ACL reconstruction group was infected post-
operatively after five days. Debridement was performed
in arthroscopy. The graft was retained. Closed washing
and drainage were not performed until the flushing fluid
was consecutively cultured negative for three times. In-
travenous and oral antibiotics were applied for six weeks.
Ultimately, the infection was controlled. The knee func-
tion restored very well after rehabilitation. In addition, in
anatomic single-bundle ACL reconstruction + ALL re-
construction group, one patient’s interference screw of the
tibial side did not completely enter the tunnel at the time
of ALL reconstruction. But the patient did not complain
any discomfort. No special treatment was made temporar-

ily.
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Table2. Theanteroposterior and rotational stability of involved kneesfrom DB and SBL Stabilityr econstruction groups.

Group 3 Statistical 6 Statistical 12 Statistical
months test months test months test
Anterior drawer test DB 20% X?= 0.254 20% x?=0.254 20% x2= 0.254
Positive-Rate SBL 25% P=0.613 25% P=0.613 25% P=0.613
Lachman test DB 20% X?= 0.284 20% X?=0.284 20% X2=0.284
Positive-Rate SBL 25% P=0.593 25% P=0.593 25% P=0.593
Stressradiography DB 4.4+03mm Duncan 4.8+0.4 mm Duncan 5.1+0.3mm Duncan
D-Value (1/N) SBL 4.6 +0.3mm n.s. 50+03mm n.s. 5.3+0.4 mm n.s.
KT-2000 DB 3.8+0.2 mm Duncan 3.9+£0.2mm Duncan 3.2+0.2 mm Duncan
D-Value (I/N) SBL 40+£0.2mm n.s. 3.9+0.2mm n.s. 34+£0.2mm n.s.
Pivot-shift test DB 20% X2=0 20% X>=0 20% x=0
Positive-Rate SBL 20% P=1 20% P=1 20% P=1
Rotameter DB 1.1£0.2mm Duncan 1.1+0.2 mm Duncan 1.2+£0.2mm Duncan
D-Value (I1/N) SBL 1.0£0.2mm n.s. 1.0+ 0.2 mm n.s. 1.1+£0.2mm n.s.

DB: anatomic double-bundle ACL reconstruction group, SBL: anatomic single-bundle ACL reconstruction + ALL reconstruction group, D-
Value: Difference-Value, I/N: Involved vs Normal, n.s.: no significance

Table 3. Theclinical outcomes of anter oposterior and rotational stability of involved knee from three groups.

- 3 Statistical 6 Statistical 12 Statistical
Sty Gl months test months test months test
0, 0, 0,
Anterior drawer test SB 40% X?=6.050 40% X2=6.050 45% X?=9.251
Positive-Rate DB 20% P=0.049 20% P=0.049 20% P=0.010
SBL 25% e 25% e 25% e
0, 0, 0,
Lachman test = o X?=7.741 =) X2=7.741 S04 ¥2=10.622
Positive-Rate DB 205 P=0.021 200 P=0.021 200 P=0.005
SBL 25% s 25% e 25% e
Stressradiography SB 7.0£0.4mm _ 7.6 £0.4 mm _ 8.5%0.4 mm _
Difference-Value DB 4.4+0.3 mm ';;3038621(‘) 4.8+0.4 mm FP_<309§6014 5.1+0.3mm ';;50836110
(Involved vsNormal)  SBL 4.6 £0.3mm ' 50+£0.3mm ' 5.3+0.4 mm '
K T-2000 SB 6.0 0.3 mm _ 6.5+ 0.3 mm _ 7.1+£0.3mm _
Difference-Value DB 3.8+0.2 mm FP_<4053'0012 3.9+0.2mm 528903(5‘11 3.2+0.2mm nggooodie
(Involved vsNormal)  SBL 4.0+£0.2mm ' 3.9+£02mm ' 3.4+£0.2mm '
0, 0, 0,
Pivot-shift test SB 50% Y2=12.224 50% Y2=12.224 55% x2=16.396
Positive-Rate DB 20% P=0.002 20% P=0.002 20% P=0.001
SBL 20% e 20% e 20% e
Rotameter SB 5.2+0.3mm _ 49+0.3mm _ 6.1 +0.3 mm _
Difference-Value DB 1.1+0.2 mm ':F’_<10938i1 1.1+0.2mm ';;10933'12 1.2+0.2 mm ';;30238'13
(Involved vsNormal)  SBL 1.0+£0.2mm ' 1.0+ 0.2 mm ' 1.1+£0.2mm '

DB: anatomic double-bundle ACL reconstruction group, SB: anatomic single-bundle ACL reconstruction, SBL: anatomic single-bundle ACL
reconstruction + ALL reconstruction group.

Table4. Theinvolved knee function and sportslevel scorefrom DB and SBL reconstruction groups.

Group 3 Statistical 6 Statisti- 12 Statistical
months test months cal test months test
IKDC DB 73.9+£20 F=1.55 89.6+1.8 Duncan 95.1+£0.9 Duncan
score SBL 749+3.2 P=0.22 88.2+3.2 n.s. 96.2 +1.6 n.s.
Lysholm DB 80.1+1.9 F=2.96 86.2+3.1 Duncan 95.2+0.9 Duncan
score SBL 81.4+3.3 P=0.06 909+18 n.s. 96.3+1.6 n.s.
Tegner DB 3.6+03 F=2.99 45%03 Duncan 6.0+0.4 Duncan
score SBL 3.4+03 P=0.06 48+0.3 n.s. 6.3+£0.3 n.s.

DB: anatomic double-bundle ACL reconstruction group, SBL: anatomic single-bundle ACL reconstruction + ALL recon-
struction group. n.s.: no significance

Table5. Theinvolved knee function and sports level score of three groups.

orou 3 Statistical 6 Statistical 12 Statistical
P months test months test months test
KDC S8 73230 . .. 843+31 __ ... 891%26
o DB 739%20  ,Too> 89618 =00 951x09 W
SBL  749+32 =0. 88.2+32 : 96.2+ 1.6 :
- SB 795%21 o B818%28 . .  893£23 .o
e DB 801%19  =o70 86231 o0 952x09 %
SBL  814+33 =0. 90.9+1.8 : 963+ 1.6 :
Tegner SB 34203 g9 40203 o, 48203 L g0
score DB 36203 05 4503 o001 8904 po0m
SBL 34403 =0 48+03 : 63+03 :

DB: anatomic double-bundle ACL reconstruction group, SB: anatomic single-bundle ACL reconstruction, SBL: anatomic
single-bundle ACL reconstruction + ALL reconstruction group.
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Discussion

Nowadays, as more and more people craved in sports and
fitness, patients suffering from the athletic injury are also
increasing. Epidemiological study of athletic injury
showed that anterior cruciate ligament injury was one of
the most common athletic injuries. Its incidence in gen-
eral population was rising year by year (Voigt et al.,
2006). In order to furthest rebuild its anatomical structure,
and then restore the knee’s stability, meanwhile improve
the joint functions, many scholars conducted a detailed
study on the anatomy of anterior cruciate ligament and
anterolateral ligament. Anatomical study confirmed that
anterior cruciate ligament can be divided into the antero-
medial bundle (AM) and posterolateral bundle (PL) ac-
cording to their tibial attachment sites (Girgis et al., 1975;
Schreiber et al., 2010). The anteromedial bundle mainly
provides the anteroposterior stability. And the posterol-
ateral bundle mainly provides the rotational stability. The
origin of anterolateral ligament is started at the promi-
nence of the lateral femoral epicondyle, slightly anterior
to the origin of the lateral collateral ligament. And it ends
at the anterolateral aspect of the proximal tibia articular
surface, located midway between Gerdy’s tubercle and
the tip of the fibular head. Given its anatomical character-
istics, anterolateral ligament was considered to control the
internal tibial rotation stability and reduce the positive
rate of Pivot-shift test (Butler et al., 2013; Claes et al.,
2013). However, in our preliminary anatomic study of
twenty Asian cadaveric knees, we found that the tibial
insertion of ALL was located at the position beyond the
joint line 0.8-1.0 cm with equal distance to the Gerdy’s
tubercle and the outermost point of the fibular head, rather
than the midway between the Gerdy’s tubercle and the tip
of the fibular head. This significant finding made us more
accurately reconstruct Asian anterolateral ligament ana-
tomically.

Numerous studies confirmed that anatomic single-
bundle ACL reconstruction could often achieve compara-
tively ideal anteroposterior stability after ACL rupture.
However, a considerable number of cases were unable to
restore the desired rotational stability, while more difficult
to restore to the pre-injury activity level (Georgoulis et
al., 2005; 2007; Ristanis et al., 2003; Tashman et al.,
2004). Thus, the IKDC score of anatomic single-bundle
ACL reconstruction can reach only 61% -67% of normal
level (Gianotti et al., 2009). Compared with anatomic
single-bundle ACL reconstruction, anatomic double-
bundle ACL reconstruction strengthened the stability of
posterolateral bundle to the knee, especially the rotational
stability (Yagi et al., 2007). But in clinical work, not all
patients could perform the anatomic double-bundle ACL
reconstruction. Many factors, such as the height and width
of fossa intercondyloidea, the length and width of ACL
footprint, must be synthetically considered. For the pa-
tients who can’t be implemented the anatomic double-
bundle ACL reconstruction, the anatomic single-bundle
ACL reconstruction is the best choice.

In recent years, the anatomic ACL reconstruction
is becoming more and more popular. Whether the ana-

tomic single-bundle reconstruction or the anatomic dou-
ble-bundle reconstruction, there were a large number of
clinical reports (Aglietti et al., 2007; Jérvela et al., 2008;
Pombo et al., 2008; Shen et al., 2008; Siebold et al., 2008;
Schreiber et al., 2010). In addition, with the further under-
standing of anatomical structure and function of anterol-
ateral ligament, anatomic anterolateral ligament recon-
struction is brought to the attention of the surgeon. How-
ever, the clinical outcomes of anatomic anterolateral lig-
ament reconstruction are rarely reported. In this study,
with the aim to improve the clinical outcomes of anatomic
single-bundle ACL reconstruction, the method of recon-
structing single-bundle ACL and anterolateral ligament
simultaneously was conducted. The knee’s stability and
joint functions were examined in 3, 6 and 12 months post-
operatively. Results confirmed that this method could
obtain better clinical outcomes.

This study confirmed that both anteroposterior and
rotational stability of anatomic double-bundle reconstruc-
tion group and anatomic single-bundle reconstruction +
ALL reconstruction group were better than anatomic
single-bundle reconstruction group. However, no signifi-
cant difference was observed between the DB group and
SBL group. From an objective evaluation, the anterol-
ateral ligament can improve the stability of knee. But the
overall sports level scores of involved knee showed no
significant difference post-operatively after 3 months.
This might be attributed to the relatively conservative
rehabilitation program. Many daily activities were not
allowed within 3 months after surgery, which made the
results couldn’t present the differences. In 6 and 12
months after surgery, the IKDC score, Lysholm score and
Tegner score of anatomic double-bundle reconstruction
group and anatomic single-bundle reconstruction + ALL
reconstruction group were better than anatomic single-
bundle reconstruction group. But there was still no signif-
icant difference between the anatomic double-bundle
reconstruction group and anatomic single-bundle recon-
struction + ALL reconstruction groups. This indicated
that the anterolateral ligament might provide the rotation-
al stability for the knee. In the present study, it was the
first time that the anatomic single-bundle ACL recon-
struction, the anatomic double-bundle ACL reconstruc-
tion, and the anatomic single-bundle ACL reconstruction
+ ALL reconstruction were performed to compare the
clinical outcomes. Our results highlighted that recon-
structing the single-bundle ACL and anterolateral liga-
ment simultaneously could achieve the same clinical
outcomes compared with the double-bundle ACL recon-
struction. It had a strong guiding significance for clinic.

In fact, as early as before the first anterolateral lig-
ament reconstruction applied in clinic, there were many
kind of other anterolateral ligament reconstruction ap-
proaches adopted by clinicians to reduce the postoperative
positive rate of Pivot-shift test (Hughston et al., 1976;
Ireland et al., 1980). However, due to the poor under-
standing of the anatomy of anterolateral ligament, these
approaches required a longer surgical incision and were
non-anatomic surgery. These approaches often led to the
excessive restriction of knee joint or ligament laxity, and
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failure eventually (Neyret et al., 1994). Therefore, many
surgical approaches were eventually abandoned. Since the
clear understanding of the anatomy of anterolateral liga-
ment, some scholars had attempted to use the improved
one-stage anterolateral ligament extra-articular recon-
struction to treat the anterior cruciate ligament injury
(Vadala et al., 2013; Zaffagnini et al., 2006). In order to
restore the anteroposterior and rotational stability of knee
joint after operation, this method achieved good clinical
outcomes. With the in-depth understanding of the anato-
my of anterolateral ligament, one-stage anatomic recon-
struction of the anterior cruciate ligament and anterol-
ateral ligament had been applied in clinic. Two years’
clinical follow-up results showed that it could achieve
satisfying clinical outcomes (Sonnery-Cottet et al., 2015).

In this study, one case of the anatomic single-
bundle ACL reconstruction + ALL reconstruction group
occurred that the interference screw was fixed between
the fibular head and the lateral tibial plateau. But it was
not found during the operation. This was an early case. In
our later operations, more attention was payed to avoid
this mistake, which prevented this situation from happen-
ing again. Therefore, we concluded that the position
which was beyond the joint line 0.8-1.0 cm, with equal
distance to the center of Gerdy’s tubercle and the outer-
most point of fibular head was the best choice for the
ALL tibial tunnel entrance. In addition, one case of the
anatomic single-bundle ACL reconstruction + ALL re-
construction group occurred the movement-related pain at
the femoral interference screw. The pain disappeared after
removing the interference screw when considering the
pain was caused by the friction between end cap of inter-
ference screw and iliotibial band.

For the anatomic anterior cruciate ligament recon-
struction surgery, the purpose of operation was trying to
achieve the anatomic reconstruction, to restore the biome-
chanics of knee joint, and to maximize the recovery of
pre-injury activity level on the clinical effects. The appli-
cation of preoperative imaging and arthroscopy to accu-
rately measure the significant parameters and selectively
performing the anatomic double-bundle ACL reconstruc-
tion or the anatomic single-bundle ACL reconstruction +
ALL reconstruction, could restore the anteroposterior and
rotational stability of the knee joint effectively, more
conducive to the recovery of patients’ function postopera-
tively.

This study has some limitations. Sixty samples
could not reflect the clinical outcomes of ALL reconstruc-
tion adequately. The follow-up is limited to one year,
which is too short to evaluate the potential favorable and
unfavorable changes. The Lysholm score, Tegner score,
and IKDC score used to evaluate the knee function are
subjective tests.

Conclusion

In conclusion, anatomic anterolateral ligament reconstruc-
tion combined with anatomic anterior cruciate ligament
reconstruction could improve the postoperative clinical
outcomes effectively. The obtained results indicated that
the anterolateral ligament played a crucial role in knee’s

stability and joint function, especially the rotational stabil-
ity. Therefore, further studies are required to confirm the
clinical role of anterolateral ligament. In addition, our
results indicated that combined ACL and ALL reconstruc-
tion could be one more surgery choice for the patients
who sufferings from the anterior cruciate ligament rup-
ture.
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Key points

Anatomic anterolateral ligament reconstruction
combined with anatomic anterior cruciate ligament
reconstruction was performed to treat the patients
with ACL rupture.

Compared to the anatomic single-bundle ACL re-
construction group, the anatomic single-bundle
ACL reconstruction + ALL reconstruction group
achieve a better clinical outcomes.

The results suggest that the anterolateral ligament
plays a crucial role in knee’s stability and joint
function, especially the rotational stability.
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