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Abstract

Purpose This study evaluated knee laxity in anterior
tibial translation and rotation following removal of anterior
cruciate ligament (ACL) remnants using a computer navi-
gation system.

Methods This prospective study included 50 knees
undergoing primary ACL reconstruction using a navigation
system. ACL remnants were classified into four morpho-
logic types: Type 1, bridging between the roof of the in-
tercondylar notch and tibia; Type 2, bridging between the
posterior cruciate ligament and tibia; Type 3, bridging
between the anatomical insertions of the ACL on the lateral
wall of the femoral condyle and the tibia; and Type 4, no
bridging of ACL remnants. Anterior tibial translation and
rotatory laxity were measured before and after remnant
resection using a navigation system at 30°, 60°, and 90° of
knee flexion. The amount of change in anterior tibial
translation and rotatory laxity of each type was compared
among the types.

Results The different morphologic types of ACL rem-
nants were as follows: Type 1, 15 knees; Type 2, 9 knees;
Type 3, 6 knees; and Type 4, 20 knees. The amount of
change in anterior tibial translation and rotatory laxity at
30° knee flexion in Type 3 was significantly larger than in
the other types. There were no significant differences in
either tibial translation or rotatory laxity at 60° and 90°
knee flexion among the types.
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Conclusions In Type 3, ACL remnants contributed to
anteroposterior and rotatory knee laxity evaluated at 30°
knee flexion. The bridging point of the remnants is
important to knee laxity. The Type 3 remnant should be
preserved as much as possible when ACL reconstruction
surgery is performed.

Level of evidence Prognostic study, Level II.
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Introduction

The occurrence of anterior cruciate ligament (ACL) inju-
ries has significantly increased in recent times, and
reconstruction of the ACL is one of the most frequently
performed procedures in orthopaedic surgery [6]. It has
been assumed that the clinical success of the ACL recon-
struction depends on correct positioning of the graft tunnel
[5, 13].

The computer navigation system used in ACL recon-
struction not only improves the accuracy of the procedure,
but also enables researchers to collect objective and
quantitative data [6, 10-12, 16]. Previous studies regard-
ing the relationship of the computer navigation system to
conventional clinical examinations, including the Lach-
man test and the pivot-shift test, have already corrobo-
rated its validity as a kinematic evaluation tool [13-15,
17, 21].

In some cases, ACL remnants are found during knee
arthroscopy for ACL injury. Recent studies have reported
that ACL remnants contain several types of mechanore-
ceptors and that they may contribute to proprioceptive
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functioning in the knee [2, 20], but their biomechanical
function is unknown. Particularly, there is no report about
the contribution of the remnant to knee rotatory laxity. The
purpose of this study was to assess anterior tibial transla-
tion and rotatory laxity of the knee depending on the type
of ACL remnants and the knee joint angle. The hypothesis
was that ACL remnants contribute to knee laxity.

Materials and methods

The study design was approved by the ethics committee at
our institution, and all patients provided informed consent
to participate in this study. From 2010 to 2012, ACL
reconstruction was performed using a navigation system
(OrthoPilot, B. Braun-Aesculap, Tuttlingen, Germany) on a
consecutive series of 65 patients with ACL injury. Of these
patients, 50 were included in this study. Exclusion criteria
were revision ACL reconstruction, multiple knee ligament
injury, bucket-handle tear of the medial or lateral meniscus,
and navigation fixator loosening during surgery. There
were 18 males and 32 females with a mean age of
22.9 £ 7.0 years (range 13-48 years). The diagnosis of
ACL injury was determined by the Lachman test and the
pivot-shift test, as well as a side-to-side difference of 3 mm
or more measured using the KT-1000 arthrometer (MED-
metric, San Diego, CA, USA). MRI was performed in all
patients to confirm the diagnosis of ACL injury and pro-
vide additional information on meniscal and other ligament
injuries.

Fig. 1 Classification of
remnants (Type 1, 2)

Arthroscopic evaluation

All surgeries were performed with patients under general
anaesthesia. Arthroscopic intra-articular inspections were
performed through lateral and medial infrapatellar portals
with a 45° oblique arthroscope to identify any remaining
ACL fibres and determine the nature of their attachment. A
thorough arthroscopic probing is needed to precisely assess
the ACL remnants, especially on the femoral attachment.
The attachment of the ACL remnants was classified from
the video of the arthroscopy by an orthopaedic surgeon
who did not participate in the surgery. The ACL remnants
were classified into 4 morphologic patterns: Type 1,
bridging between the roof of the intercondylar notch and
tibia; Type 2, bridging between the posterior cruciate lig-
ament and tibia; Type 3, bridging between the anatomical
attachments of the ACL on the lateral wall of the femoral
condyle and the tibia; and Type 4, no bridging ACL rem-
nants (Figs. 1, 2). All meniscal treatments were performed
after testing for knee laxity to avoid any influence on the
analysis results.

Intra-operative measurement with navigation system

The navigation system was used to evaluate the laxity of
the knee in three dimensions including anteroposterior
translation of the tibia as well as internal and external
rotations of the tibia [12]. The accuracy of this system is
extremely precise, and the cameras can track the position
of the instruments to within <1 mm and <1° [23]. To begin

Type 2
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Fig. 2 Classification of
remnants (Type 3, 4)
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Fig. 3 Measurement of anterior tibial translation. Left: before remnant resection; Right: After remnant resection

the navigation process, after fixing the transmitters firmly
to the femur and tibia with two Steinman pins of 2.0-mm
diameter, extra-articular and intra-articular landmarks were
registered with a pointer. After arthroscopic registration,
the arthroscope was removed and arthroscopic fluid in the
knee joint was evacuated as much as possible. All navi-
gation processes and knee laxity tests were performed by a
single surgeon (J, N). Maximum anterior load was applied
manually to the tibia in neutral rotation, as well as internal
rotation and external rotation of the tibia at 30°, 60°, or 90°
of knee flexion. When the surgeon measured knee laxity,
assistant surgeon held the thigh and kept knee flexion
angle. This flexion angle indicated the monitor of

navigation system. The surgeon held tibia by both hand and
maximum anterior load was applied to the tibia in neutral
rotation, as well as internal and external rotation of the
tibia. In the first 10 cases, we measured it three times for
anterior and rotatory laxity, and intra-class reliability was
0.983 and 0.988 at anterior laxity and rotatory laxity at 30°
of knee flexion, respectively.

After the ACL remnants were resected, the anterior and
rotatory laxity of the knee was evaluated in the same
manner. Since there was no continuity in Type 4 remnants,
the changes in anterior tibial translation and rotatory laxity
before and after remnant resection were not examined
(Fig. 3).
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Table 1 Amount of change in

L . Knee flexion angle
anterior tibial translation

Type of remnants Amount of change

30° Type 1 1.5+1.2 j
n.s
Type 2 0.84£0.6 j . o
Type 3 3.8+1.9
60° Type 1 0.9+1.4 j
n.s.
Type 2 0.3+0.6 j ns. | M
Type 3 0.7¢09 — |
90° Type 1 0.5+0.4
j n.s.
Type 2 0.31£0.7 j n.s.
n.s.
Type 3 0.3t06 — |

* P <0.01; ** P <0.05

Table 2 Amount of change in

; Knee flexion angle
rotatory laxity

Type of remnants Amount of change

30° Type 1 0.8+1.1
Type 2 0.7£0.9 % n*.s o
Type 3 3.2+1.7

60° Type 1 1.0£1.4
Type 2 0.940.8 % :z n.s.
Type 3 1.8+1.8 — |

90° Type 1 0.7+1.5
Type 2 0.8+1.8 s n.s.
Type 3 0.6+0.7 ji

* P <0.01; ** P <0.05

Statistical analysis

All data (the amount of change in anterior laxity and tibial
rotation laxity) are presented as means and standard devi-
ations. The amount of change in anterior tibial translation
and rotatory laxity was compared among the morphologic
types. Statistical analysis was conducted via Tukey’s
analysis with SPSS for Windows software v 19.0 (SPSS
Inc, Chicago, IL, USA). The minimum level of significance
was set at P < 0.05.

Results

The percentage of patients presenting with ACL remnant
patterns 1-4 was 30, 18, 13, and 40 %, respectively. The
time between injury and surgery for patterns 1-4 was
6.8 +24, 27 +1.6, 43 + 34, and 12.6 &+ 7.3 months.

@ Springer

The amount of change in anterior tibial translation and
rotatory laxity at 30° of knee flexion in Type 3 was sig-
nificantly larger than that in Types 1 and 2. There were no
significant differences in either tibial translation or rotatory
laxity at 60° or 90° of knee flexion among the types. The
data for knee laxity before and after resection of the ACL
remnants are summarized in Tables 1 and 2 (there was no
change in Type 4, so it is not listed).

Discussion

The most important finding of the present study was that
Type 3 ACL remnants contributed to anteroposterior and
rotatory knee laxity evaluated at 30° of knee flexion. The
femoral bridging point of the remnants is important to knee
stability. Remnant-preserved ACL reconstruction may be
beneficial for biomechanical stability.
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Crain divided ACL remnants into four categories
according to their morphology: (1) ACL remnant with
scarring to the posterior cruciate ligament (PCL 38 %); (2)
ACL remnant with scarring to the roof of the notch (8 %);
(3) ACL remnant with scarring to the lateral wall of the
notch or the medial aspect of the lateral femoral condyle
(12 %), and (4) no identifiable ligament tissue remaining
(42 %) [7]. In this study, remnants were initially catego-
rized using this classification as a reference. However,
there were remnants that were continuous near the ACL
anatomical insertion. Thus, a new type was added to the
evaluation. Compared with remnants at other insertion
sites, the remnant that was continuous near the ACL ana-
tomical insertion on the femur contributed significantly
more to anterior and rotatory knee laxity at 30° knee
flexion. ACL remnants with a small amount of ligament
components (one quarter or less of the normal ACL) were
classified as Type 4. However, the ligament components
varied even for Type 3 remnants. That is, some Type 3
remnants had more ligament components and others had
less. Thus, it is necessary to perform studies on the amount
of remnant. In addition, the time between the injury and
reconstruction can affect the remnants [7, 18, 19]. One
study compared cases <1 year after injury and cases 1 year
or more after surgery. In the current study, there were eight
cases that underwent reconstruction 1 year or more after
injury. These cases were all Type 4 in which there was no
continuity of the remnant. Examinations were not per-
formed in the period between the injury and surgery at 1
year after injury. Chronicity had a significant effect on
changes in anteroposterior knee laxity evaluated at 30° of
knee flexion after resection of the ACL remnant. Chro-
nicity did not influence changes in rotatory knee stability
after resection of the remnant [20].

There have been previous studies on remnants using the
same type of navigation system [9, 10]. These studies
suggested that remnants can contribute to the anteropos-
terior laxity at 30° knee flexion. However, there has been
no report on the contribution to rotatory laxity. The current
study focused on the insertion of the remnant and dem-
onstrated, for the first time, the contribution of the remnant
to both anteroposterior and rotatory laxity. Changes were
compared before and after remnant resection.

There have been reports of improved proprioception
and vascularity by preservation of the remnant and ACL
reconstruction [2, 3, 8]. The presence of neural me-
chanoreceptors in the remnants of the ruptured ACL is a
possible source of reinnervation of the ACL autologous
graft [8]. In a rabbit model, the ACL was dissected and
compared with a control group 4 months after a stan-
dardized surgically induced partial ACL tear. The results
showed a significant increase in blood flow and vascular
volume in the induced group [4]. Adachi et al. compared

40 patients in which they had performed a selective
reconstruction of the anteromedial (AM) or posterolateral
(PL) bundles to a group of patients with complete ACL
reconstruction. The ACL augmentation group showed
significantly better anteroposterior stability and terminal
stiffness than the conventional ACL reconstruction group
[1]. This study demonstrated that Type 3 remnants con-
tributed not only to anterior stability but also rotatory
stability. This finding can become a basis for recom-
mendation of ACL augmentation surgery.

This study has some limitations. One limitation
involves the method of measuring knee laxity. The navi-
gation system is based on unmeasured manual load, which
is one of the principal limitations of this study. The
manually exerted load could not be precisely calibrated.
However, only one practitioner performed the registration
procedure for navigation and made the measurements.
Therefore, errors should have been minimized. The
patients with a partial tear of the ACL may have been
included in Type 3 and may have influenced the results.
The frequency of a partial tear of the ACL was 28 %
according to Noyes et al. [19]. Otherwise the incidence of
a symptomatic AM or PL bundle tear is reported to be
between 5 and 10 % [22]. Based on the current concepts
article [22], patients with AM bundle tears usually show a
significantly increased anterior drawer test (+1) at 90° of
knee flexion. The anterior translation in the Lachman test
at 30° is rather small, and the pivot-shift test is negative
or only slightly positive. Patients with AM bundle tears
show a KT-1000 side-to-side difference between 2 and
4 mm. On the other hand, KT-1000 measurements of
those with PL bundle tears show a small side-to-side
difference of 1-3 mm. In this study, all patients showed a
KT-1000 side-to-side difference of more than 4 mm.
There is still a possibility that a partial tear was included
in the remnant Type 3 in this study. Therefore, affirmation
of the attachment of the ACL remnant and preservation of
the Type 3 remnant are important when ACL recon-
struction is performed.

A remnant has various types and attention is necessary.
The surgeon performs an arthroscopic evaluation of the
remnants carefully at the time of ACL reconstruction and
should determine how you treat a remnant.

Conclusions

In Type 3, ACL remnants contributed to anteroposterior
and rotatory knee laxity evaluated at 30° of knee flexion.
The femoral bridging point of the remnants is important to
knee laxity. The Type 3 remnant should be preserved as
much as possible when ACL reconstruction surgery is
performed.
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