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Acute Anterior Cruciate Ligament Reconstruction With
an Augmented Remnant Repair: A Comparative Macroscopic
and Biomechanical Study in an Animal Model

Guan-Yang Song, M.D., Jin Zhang, M.D., Xu Li, M.D., Xing-Zuo Chen, M.D., Yue Li, M.D.,
and Hua Feng, M.D.

Purpose: Our purpose was (1) to compare the structural integrity and healing capacity of the acutely repaired anterior
cruciate ligament (ACL) remnants and (2) to determine whether the short-term postoperative biomechanical results of the
acute remnant-repairing anterior cruciate ligament reconstruction (ACLR) were superior to the conventional ACLR.
Methods: An acute complete ACL femoral detachment model was created in 50 rabbits. The rabbits were immediately
randomly allocated into the remnant-repairing ACLR group (group 1, n = 25) and the conventional ACLR group (group 2,
n = 25). Each animal in both groups was subjected to unilateral ACLR with semitendinosus tendon autografts. During
ACLR, the ACL remnants were acutely repaired with the femoral-tensioning technique in group 1, whereas the ACL
remnants were debrided in group 2. The outcomes of the remnant were macroscopically evaluated in group 1. The
remnant’s structural integrity and remnant-to-graft healing capacity were divided into 3 categories (grade A, good; grade
B, fair; or grade C, poor) according to 2 distinct criteria. Biomechanical tests including the anterior tibial translation test at
30° and 90° of knee flexion and tensile tests were compared between groups. All the macroscopic evaluations and
biomechanical tests were performed postoperatively at week 12. Results: The macroscopic evaluations of the ACL
remnants in group 1 (n = 25) showed that the remnants’ structural integrity was grade A (well-maintained continuity
with an adequate amount of tissue and tension on probing) in 10 specimens (40%), grade B (fairly maintained continuity
with thin and slack fibers detected) in 5 (20%), and grade C (resorption with no remnant left in situ) in 10 (40%). The
remnant-to-graft healing capacities among the specimens with surviving remnants (grades A and B for structural integrity,
n = 15) were all classified as grade C (an obvious remnant-to-graft interval through the entire length of the graft). For the
biomechanical tests, there were no significant differences between the groups (25 in each group) with respect to the
anterior tibial translation test at 30° (P = .15) and 90° (P = ,91) of knee flexion and stiffness (P = .66), ultimate failure load
(P = .11), and elongation at failure (P = .92). Conclusions: In our rabbit model of ACL lemoral detachment, the acutely
repaired ACL remnants showed a high resorption rate, low healing capacity, and poor biomechanical properties. The acute
remnant-repairing ACLR had no evident superiority over the conventional ACLR in rabbits. Clinical Relevance: The
findings did not support the contention that the remnant-repairing ACLR, e¢ven performed in the acute setting, could
produce better postoperative knee joint stability outcomes than the conventional ACLR.

nterior cruciate ligament reconstruction (ACLR)
has become a common orthopaedic surgical pro-
cedure over the past several decades, and good to
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excellent results have been reported.'* However, fail-
ure rates vary between 8% and 25%.%> Therefore ef-
forts still need to be made to improve the surgical
techniques for ACLR.

According to the literature, in complete anterior cru-
ciate ligament (ACL) rupture cases, there are always
thick and abundant ACL remnants observed during
arthroscopic examinations.®” Recently, the accumula-
tion of histologic studies concerning ACL remnants
enabled us to consider a remnant-preserving ACLR as a
treatment option for complete ACL tears.'®'? The pro-
posed beneficial effects of remnant-preserving ACLR,
such as the biological healing potential, improved pro-
prioceptive function, and increased biomechanical
strength of the ACL grafts, may be provided by the
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remaining vascular and neural ¢lements within the ACL
remnants.

Satisfactory clinical outcomes alter remnant-preserving
ACLR have been reported.®'*'* However, some
comparative studies also reported that no significant dif-
ferences could be found between remnant-preserving
ACLR and conventional ACLR in terms of postoperative
clinical outcomes.”>'” A consensus on how to deal with
the ACL remnants during ACLR is still lacking,

Meanwhile, some studies concluded that the vascular
and neural elements within ACL remmnants could only
be found in an acute setting, beyond which they would
degenerate more rapidly over time.'®'” Therefore it
was believed that it was more reasonable to preserve
the ACL remnants in an acute setting, which would
provide more potential advantages to improve the
clinical outcomes of the remnant-preserving ACLR. The
prerequisite of these potential advantages should be a
well-maintained ACL remnant after surgery. Until now,
there have been no in vivo studies published 10 show
the true outcomes of the ACL remnant and show the
biomechanical superiority of acute remnant-preserving
ACLR.

In addition, techniques for remnant-preserving ACLR
may vary according to the patterns of the ACL injury.®
For a complete ACL tear, when a tibia-based remnant
usually remains, the performance of remnant-
preserving ACLR with an augmented remnant repair
technique was reported to be suitable.'”

Therefore we created an acute complete femoral ACL
detachment animal model, aiming (1) to compare the
structural integrity and healing capacity of the acutely
repaired ACL remnants and (2) to determine whether
the short-term postoperative biomechanical results of
the acute remnant-repairing ACLR were superior to the
conventional ACLR. We hypothesized that for the acute
remnant-repairing ACLR, (1) the ACL remnant could
be well maintained with adequate continuity, tension,
and remnant-to-graft healing capacity and (2) the
procedure would produce better biomechanical results
than the conventional ACLR.

Methods

Study Design

Fifty adult, female New Zealand white rabbits weighing
3.0 to 4.0 kg were used in this study. Our study received
permission from the Institutional Animal Care and Use
Committee of our hospital. The rabbits were randomly
allocated into 2 groups (25 rabbits in each group) ac-
cording to random numbers generated by a computer.
An acute complete femoral ACL detachment model was
created in each animal. Meanwhile, an index unilateral
single-strand ACLR was performed immediately, Group
1 (n = 25) was treated by remnant-repairing ACLR, and
group 2 (n = 25) was treated by conventional ACLR.

Semitendinosus tendon autografts were used for all the
surgeries. The operative side was sclected randomly.
Before the reconstructive surgery, the length and
cross-sectional diameter (measured at the midpoint of
the entire length of the autografts) of the ACL auto-
grafts were measured 3 times for each animal with a
Vernier caliper with 0.1-mm resolution. The mean
values were then recorded. All surgeries and mea-
surements were performed by the same surgeon.

Preparation of Acute Complete Femoral ACL
Detachment Model

In this study an acute complete femoral ACL
detachment model was created in each animal using
the following 5 steps:

I. All animals were anesthetized with ketamine (35
mg/kg) and xylazine (5 mg/kg).

2. The randomly chosen operative side was shaved,
scrubbed with povidone-iodine, and aseptically draped.

3. A 4- 10 5-cm-long medial parapatellar longitudinal
incision was made, and the patella was laterally
subluxated.

4, The normal ACL was clearly exposed.

5. The ACL remnant was obtained by transecting the
normal ACL from its femoral insertion site, whereas
the remainder, including the midsubstance and the
tibia insertion site, was kept intac,

Surgical Techniques

Both the remnant-repairing ACLR and the conven-
tional ACLR were performed immediately after the
acute complete femoral ACL detachment models were
created.

In remnant-repairing ACLR, 3 to 4 sutures were
applied to the femoral end of the remnant to provide a
traction force. A single-strand semizendinosus tendon
autogralt was harvested from the operative knee and
prepared with weaving sutures on both ends by use of
two No. 4-0 Ethibond sutures (Ethicon, Somerville, NY).
A 2.0-mm Kirschner wire was used as a reamer to drill
the tibial and femoral tunnels. The center of the tibial
tunnel was selected approximately 1 mm posterior to
the native insertion site. To protect the remnant, we
retracted the sutures attached to the remnant anteriorly
while drilling the tibial tunnel. The femoral tunnel
was drilled at the center of the femoral footprint. After
tunnel preparation, we performed the ACLR with an
augmented ACL remnant repair by pulling the leading
sutures of the graft and the traction sutures of the
remnant simultaneously into the femoral tunnel. The
graft and remnant were fixed with 1 EndoButton (Smith
& Nephew Endoscopy, Andover, MA), ensuring that the
proximal end of the remnant reached the entrance of the
femoral tunnel as much as possible. Alter tibial fixation
with the EndoButton, the remnant and the proximal
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articular portion of the graft were sutured together with |
suture stitch to create a unit (Fig 1).

In conventional ACLR, the ACL remnant was
completely removed. Both the tibial and femoral mun-
nels were made at the center of the ACL footprints. The
ACL grafts were fixed with an EndoButton on both
sides in the same manner as described earlier.

Postoperative Protocols

After wound closure, a bulky cotton dressing was
applied to the operative knee joint. The dressing was
removed 48 hours after surgery. All the animals were
given prophylactic antibiotics and allowed [ree cage
activities without restriction of motions immediately
after surgery. No intra-articular anesthesia or post-
operative analgesics were given to the animals. Specific
care measures were laken daily to keep the cages clean
and to prevent exogenous infections. At 12 weeks
postoperatively, as described in other studies in the
literature,”™?' each animal was killed with an injection
of 10 mL of thiopental through the ear vein. Both knees
of each rabbit were harvested from the hip joint lor
macroscopic evaluations and biomechanical tests.

Macroscopic Evaluations
The macroscopic evaluations included the following:

1. We evaluated the general condition of the operative
knee joints (25 in each group), including the range
of motion, joint infection, and intra-articular struc-
tures (cartilage, meniscus).

2. We evaluated the continuity and tension of the ACL
grafts (25 in each group).

3. The ACL remnants in group 1 were first identified by
their colors, as well as the incorporation results with
the ACL grafts. Then, the structural integrity and the
remnant-to-graft healing capacity of the ACL rem-
nants were further evaluated.

4. The structural integrity of the ACL remnants in
group 1 (n = 25) was categorized into 3 categories by

Fig 1. Surgical technique for remnant-
preserving ACLR used in study. (A) An
acute ACL injury model was created by
transecting the normal ACL {rom its
femoral insertion site, (B) The traction
sutures of the ACL remnant and the
leading sutures of the graft were pulled
into the femoral tunnel simultaneously,
with the proximal end of the remnant
reaching the entrance ol the [emoral
tunnel as much as possible. (C) The ACL
remnant and the graft were fixed with 1
EndoButton (Smith & Nephew Endos-
copy). (Reproduced with permission
from Guo-hua Liu,)

use of a new grading system modified from that re-
ported by Ahn et al.'”; grade A, good (well-main-
tained continuity with an adequate amount of tissue
and tension on probing); grade B, fair (fairly main-
tained continuity with thin and slack fiber detected);
or grade C, poor (no remnant left in situ).

5. The remnant-to-gralt healing capacity was assessed
among the spedmens with surviving remnants
(grades A and B for structural integrity, in which the
continuity of the remnants was maintained between
the tibial and femoral ACL insertion sites) by 2 ob-
servers. A scaled probe was placed on the mid-
substance portion as well as the tibial and femoral
insertion sites of the ACL remnants. One of the ob-
servers applied a mild anterior force onto the probe
to stretch the ACL remnants while the other
observer carefully investigated the interval between
the remnant and the gralt from the lateral view of
the specimens. According to the results of our pilot
study, the healing capacity was also divided into 3
levels: grade A, good (complete healing with no
remnant-to-graft interval); grade B, fair (partial
healing with a detectable remnant-to-graflt interval
but not through the entire length of the graft); or
grade C, poor (no healing with an obvious remnant-
to-graft interval through the entire length of the
graft).

Biomechanical Tests

In this study we designed 2 biomechanical tests: (1) the
anterior tibial translation test and (2) the tensile test. All
specimens were wrapped in saline solution—soaked
gauze and stored at —4°C until testing. Before the
biomechanical tests, the specimens were thawed over-
night at 4°C.

For the anterior tibial translation test, the surround-
ing muscles were carefully removed to exclude exper-
imental errors produced by different muscle strengths
among specimens. Care was taken to avoid damaging
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Fig 2. The anterior translation test was
performed using a customized arthrometer.

the joint capsule and ligaments. During the entire
preparation process, all the specimens were maintained
in saline solution—soaked gauze. The preassembled
customized measurement device, which was similar to
the device reported by Nikolaou et al.,** was placed
on a flat testing table (Fig 2). A dial indicator with
0.01-mm resolution (Mitutoyo dial indicator 2050;
Mitutoyo, Tokyo, Japan) was fixed to the customized
measurement device. A small drill hole was made on
the tibial tuberosity, and the drill hole was used as the
base point for the measurements. The anterior tibial
translation test at 30° and 90° of knee flexion was
performed in neutral rotation of the tibia, with a 15-N
drawer force applied perpendicularly to the long axis
of the tibia. Three measurements were taken for each
test by the same examiner. The final results were
recorded as the mean values of the 3 side-to-side dif-
ferences between the operative and normal sides.

To assess the reliability ol the customized measure-
ment device for the anterior tibial translation, a pilot
study was designed. For the 2 knee flexion angles, 2
authors performed each measurement twice, with a
2-day interval between measurements. A total of 30
specimens were randomly selected from both groups
(15 for each group). The intraclass correlation co-
efficients for intraobserver and interobserver reliability
were 0.91 and 0.86, respectively, at 30° of knee flexion
and 0.88 and 0.85, respectively, at 90° of knee flexion,
indicating high reliability.

For the tensile test, as described previously in the
literature,?’ the joint capsule and peripheral ligaments
were carefully resected from the tibial and femoral
attachment sites, leaving only the ACL remnants and
grafts intact. The medial and lateral menisci and their
accessory ligaments were also removed. The tensile

test was performed on a tensile tester (858 Mini Bionix
II; MTS Systems, Eden Prairie, MN). Before the test,
the specimen was fixed with 4 transverse pins between
the custom-designed U-shaped clamps with 2 pins on
each side. Care was taken to ensure that the specimens
were fixed at 30° of knee flexion to keep the direction
of the tensile force in line with the direction of the ACL
fibers. The fixed specimens were applied with a pre-
load of 2 N. Pre-tensioning of the graft was accom-
plished by stretching it 3 times for up to 0.5 mm at a
speed of 0.1 mm/s. The tensile test was started at a
crosshead speed of 1 mm/s. The force resolution of the
tensile tester was 0.1 N. A load-displacement curve
was rtecorded and amended by the computer for
calculating stiffness, ultimate failure load, and elon-
gation at failure of the specimens. The failure mode
was determined by visual inspection. We defined the
failure mode as bony avulsion, pulling out from the
bone tunnels (either from the [emoral or tibial side),
and midsubstance tears.

Statistical Analysis

An a priori power analysis was performed before the
study to estimate the sufficient sample size. Biome-
chanical tests were the main outcome measurements in
our study. The following values (expected difference
and standard deviation) for the anterior tibial trans-
lation test at 30° and 90° of knee flexion were obtained
from the pilot study of 8 rabbits (4 rabbits for each
group, but they were not included in the final study):
0.20 mm (5D, 0.20 mm) and 0.25 mm (SD, 0.25 mm),
respectively. Sample sizes were calculated by use of SAS
software (version 9.13; SAS Institute, Cary, NC) for
each value to detect the previously mentioned differ-
ences between groups with an o of .05 and a power of
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Table 1. Comparison of Preoperative Data Between Group 1
and Group 2

G-Y. SONG ET AL.

Table 2. Comparison of Biomechanical Outcomes Between
Group 1 and Group 2

Variable Group 1 (n = 25) Group 2 (n = 25) P Value* Variable Group 1 (n = 25) Group 2 (n = 25) P Value*
Mass (kg) 3.64 = 0.28 3.59 £ 0.34 915 AT of 30° {mm) 1.53 £ 0.26 1.65 = 0.33 4 B
Length (cm) 1.67 = 0.06 1.66 = 0.08 684 AT ol 90° (mm) 1L35:E0.3] 1.54 = 041 91
Diameter (mmj) 1.68 + 0.08 1.65 = 0.09 258 Failure load (N) 58.1 114 567+ 13.5 A1

NOTE. Data are expressed as mean + standard deviation. Elongation (mm) 3.82 £ 047 3.81 = 051 92
Stilfness (N/mm) 155439 15.1 £ 4.1 .66

*Comparison between group 1 and group 2 by use of Student 7 test.

0.80, yielding a sample size of 34 in total. Because of
concern regarding possible failures or infection cases,
the sample size was finally set at 50.

Statistical analysis was performed with the SPSS
software package (version 18.0; SPSS, Chicago, IL). All
data were expressed as mean =+ standard deviation. For
each parameter, comparisons between the 2 study
groups (25 for each group) were performed with the
Student ¢ test for continuous variables. The significance
level was set at .05.

Results
There were no significant differences between the 2
groups regarding the mass of the animals or the lengths
and cross-sectional diameters of the ACL autografts
(Table 1). On the basis of these facts, we believed that
the comparisons in our study would be valid.

Macroscopic Evaluations

1. There were no signs of joint infection and no loss of
range of motion in flexion or extension for any
specimen. There were no obvious degenerative
changes of the joint cartilage and meniscal tears (25
in each group).

All of the ACL grafts showed satisfactory continuity

and tension (25 in each group).

3. All the ACL remnants were ecasily identified by
obviously different colors and no incorporation re-
sults compared with the ACL grafts.

4. Regarding the structural integrity of the ACL rem-
nants in group 1 (n = 25), 10 of the ACL remnants
(40%) were found to have a structural integrity of
grade A, 5 (20%) were grade B, and 10 (40%) were
grade C.

5. The remnant-to-graft healing capacity among the
surviving remnant specimens (grades A and B for
structural integrity, in which the continuity of the
remnants was maintained between the tibial and
femoral ACL insertion sites, n = 15) was found to be
grade C in all cases.

Biomechanical Tests
For the anterior tibial translation test, no significant
differences were found between the 2 groups (25 in

NOTE. Data are expressed as mean + standard deviation,
AT, anterior translation.
*Comparison between group 1 and group 2 by use of Student 7 test.

cach group) at either 30° or 90° of knee flexion
(Table 2).

For the tensile test, no significant differences were
found between the 2 groups in terms of stiffness, ulti-
mate failure load, and elongation at failure (Table 2).
All of the ACL grafts (25 in each group) failed at the
midsubstance portion without being pulled out from
the bone tunnel.

Identical statistical analyses were performed between
the specimens with grade A remnant structural integ-
rity (n = 10) in group 1 and the specimens in group 2
(n = 25), and no significant differences were found
with respect to the outcomes of the anterior tibial
translation and tensile tests (Table 3).

Discussion

The most important findings of this study were as
follows: (1) There was a high postoperative remnant
resorption rate (40%) and low remnant-to-graft heal-
ing capacity in the acutely repaired ACL remnants,
which were lar beyond our expectations, (2) The
remnant-repairing ACLR group produced similar post-
operative biomechanical results to the conventional
ACLR group. Our hypotheses were shown to be
incorrect.

We should note that the remnant-repairing technique
applied in this study was quite dilferent from the se-
lective ACL augmentation technique, which is indicated

Table 3. Comparison of Biomechanical Outcomes Between
Grade A Specimens in Group | and Group 2 Specimens

Grade A in Group 1* Group 2
Variable (n=10) (n=25) P Value'
AT of 30° (mm) 1.52 + 0.20 1.65 £ 0.33 .89
AT of 90° (mm) 1.56 + 0.15 1.54 £ 0.41 98
Failure load (N} 591 +£9.2 567 £ 13.5 A48
Elongation (mim) 3.78 + 0.54 3.81 £ 0.51 71
Stiffness (N/mm) 159434 15.1 £ 4.1 .84

NOTE. Data are expressed as mean =+ standard deviation.

AT, anterior translation.

“Specimens with grade A structural integrity outcome (well-maintained
continuity of ACL remnant between lemoral and tibial insertion sites).

'Comparison between grade A and group 2 by use ol Student £ test,
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for partial ACL tears.'*'*** Currently, there are still
controversies concentrating on the role of the ACL
remnants in treating complete ACL tears. Ahn et al.'”
performed remnant-repairing ACLR in 53 patients
who had complete ACL tears, and they reported
favorable postoperative clinical stability outcomes. In
contrast, Hong et al.” recently conducted a prospective
comparative study and concluded that no evident
biomechanical advantages could be confirmed by the
remnant-repairing ACLR.

The postoperative structural outcomes of the ACL
remnants should be a major issue concerning the clin-
ical outcomes of remnant-repairing ACLR. To our
knowledge, this study was the first to identify the
postoperative structural outcomes of acutely repaired
ACL remnants,

Some authors believe that the ACL remnants are
supposed to be more reasonable to be preserved in the
acute setting, especially given their favorable biological
healing results. Denti et al.'® reported a decreased
number of mechanoreceptors in completely ruptured
ACL remnants over time. Schoene et al.*’ also
confirmed that the ACL-hamstring reflex, which was a
reliable measurement of the proprioceptive [unction of
the knee joint, decreased more rapidly as time passed
after ACL injury. Ahn et al.'” found that patients with a
shorter period from injury to surgery had better syno-
vial coverage and graft incorporation outcomes after
remnant-repairing ACLR on postoperative magnetic
resonance imaging (MRI). In our study the survival rate
of the acutely repaired ACL remnants (maintained
continuity between the tibial and femoral insertion
sites) was found to be only 60%, which was far lower
than we anticipated. The different healing outcomes
among studies may be attributed to the specific kind of
ACL injury pattern created in our study—the acute
complete femoral ACL detachment model. As we have
learned from the previous studies,”’ there were differ-
ences between the ACL detachment and the ACL
rupture models in terms of the natural ACL healing
capacities. Interestingly, our results (40% of specimens
with no remnant left) were also comparable with those
studies focusing on the outcomes of remnants after
subacute or chronic ACL tears. In 2005 Crain et al.*®
first classified the patterns of the ACL remnants into 4
types based on their arthroscopic findings: the type with
healing of the posterior cruciate ligament, the type with
healing of the roof of the intercondylar notch, the type
with healing of the medial wall of the lateral femoral
condyle, and the type with no visible remnant fibers.
They also reported a 42% incidence of cases with no
visible remaining ACL remnants in a group of 48
consecutive patients who underwent ACLR at a mean
of 78 weeks (range, 5 to 676 weeks) alter the primary
ACL tears occurred. In addition, Nakamae et al.*” found
that 50% of chronic ACL tear cases had no visible ACL

remnant fibers based on the same remmnant classilica-
tion system. This phenomenon may be explained by the
rapid sell degeneration and resorption mechanisms of
remnant tissue after acute ACL tears.”'**

Another potential advantage of remmant-repairing
ACLR when perlformed in the acute setting was
thought to be the improvement of the vascularity and
remodeling ol the ACL graft. In this study we observed
no remnant-to-graft healing capacity in any of the
specimens with surviving remnants (n = 15), This
result was inconsistent with previous clinical findings.
Ahn et al.” conducted a postoperative MRI study and
reported that 85% ol patients (41 patients in the study
group) showed signals of the ACL remnants that were
difficult to distinguish from the ACL grafts after
remnant-repairing ACLR. A second-look arthroscopic
study in 33 patients showed fair remnant-to-graft
incorporation results in 91% of patients at a mini-
mum of 2 years after remnant-repairing ACLR.'” On
the basis of judging critically from the details, MRI was
relatively unable to evaluate the real remnant-to-graft
healing status, although homogeneous signal in-
tensities were presented. On second-look arthroscopy,
the ACL graft—covered synovium still prevented the
authors from detecting the actual healing capacity be-
tween the ACL remnant and the graft.

It appears that even with the remnants repaired in the
acute setting, the postoperative outcomes of the ACL
remnants, including the survival rate and the remnant-
to-graft healing capacity, would not be improved as we
expected.

Concerning the postoperative biomechanical outcomes,
a recent study performed by Wu et al.*” reported that
ACLR with preservation of the ACL remnant attachment
significantly improved the postoperative biomechanical
properties of the knee joint compared with conventional
ACLR in a rabbit model. In contrast, Jung et al.*® con-
ducted a clinical study comparing remnant-repairing
ACLR versus ACLR with remnant preservation only and
reported that no significant dilferences could be found
between groups in terms of knee stability outcomes
postoperatively, In our study the low remnant survival
rate (60%) and the remnant-to-graft healing capacity
showed a poorly maintained remmnant structural outcome
alter the remnant-repairing ACLR, which could lead to
similar postoperative biomechanical outcomes between
groups. Moreover, the similar biomechanical results be-
tween the specimens with grade A structural integrity
(n=10) in group 1 and the specimens in group 2 (n = 25)
could be explained by the following 2 reasons: (1) the
dominant postoperative stability was provided by the ACL
graft, and (2) the strength of the ACL remnants was not
great enough to contribute a significant biomechanical
difference. The 2 previous studies and our study all pro-
vide important information for us to understand the po-
tential biomechanical advantages of performing the
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remmnant-preserving ACLR. However, with different
remnant-preservation techniques applied and the distinet
research groups compared among studies, itis still difficult
to reach a final conclusion about whether the remnant-
repairing ACLR will significantly improve postoperative
knee stability outcomes.

The acutely repaired ACL remnants presented in our
study showed a high resorption rate, a low healing
capacity, and poor biomechanical properties. Moreover,
we believed that the previously mentioned advantages of
repairing the ACL remnants, such as the increased
vascularity and the improved proprioceptive function,
should be based on a well-survived and adequately
healed ACL remnant after the remnant-repairing ACLR.

Limitations

There were several limitations in this study. First, the
test data are from rabbits, which cannot be directly
transferred to humans. Second, the metabolic process
varies substantially between rabbits and humans, which
could affect the time-dependent remnant healing pro-
cess. As a solution, we selected a 12-week period as the
endpoint of our study for the following reasons: (1) a
number of studies reported that 12 weeks would be long
enough for a mature graft-to-bone healing process in the
rabbit ACLR model,””2**1-** and (2) the purpose of our
study was to investigate short-term biomechanical out-
comes. Third, the remnant-to-graft healing capacity
evaluation in this study was simply based on macroscopic
evaluations, which lacked convincing histologic evi-
dence. Fourth, to further elucidate the benefit of the
remnant-repairing technique, a control group with
remnant repaired alone would be ideal. Finally, what we
really created was a complete femoral ACL “detachment”
but nota “rupture” model. Attention should be drawn to
the injury pattern of the ACL remnant because there
were significant differences between these 2 distinct
injury patterns in terms of the natural healing capacity.*'

Conclusions
In our rabbit model of ACL femoral detachment, the
acutely repaired ACL remnants showed a high resorp-
tion rate, low healing capacity, and poor biomechanical
properties. The acute remnant-repairing ACLR had no
evident superiority over the conventional ACLR in
rabbits.
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