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Background/objectives: It is important to restore the tibiofemoral relationship as well as the anterior knee
laxity formore successful anterior cruciate ligament (ACL) reconstruction, since a residual abnormality in the
tibiofemoral relationship would lead an abnormal stress on the articular cartilages/menisci and conse-
quently increase the risk of osteoarthritis in the future. This study aimed to sequentially clarify the three-
dimensional tibiofemoral relationship before and after anatomic anterior cruciate ligament (ACL) recon-
struction under an anterior tibial load with a gravity-assisted radiographic technique in the prone position.
Methods: Fifteen patients with unilateral ACL injury participated in the study. Anatomic triple-bundle
ACL reconstruction was performed using semitendinosus tendon autografts. During the computed to-
mography scans that were performed preoperatively, and those performed at 3 weeks and at 6 months
postoperatively, the patients lay in the prone position with the knee flexed at 15�, wherein the calf
weight could exert an anterior drawer force on the tibia due to gravity. Three-dimensional the tibial
position relative to the femur were evaluated for each time point, followed by calculation of side-to-side
differences in the parameters between the ACL-deficient/ACL-reconstructed knees and the contralateral
intact knees. Seven healthy volunteers were enrolled in the control group and the side-to-side differ-
ences (right minus left) in these parameters were calculated.
Results: The tibia in the ACL-deficient knee was located anteriorly by 3.5± 1.1mm and rotated internally
by 2.4� ± 2.3�; these values were significantly larger than the corresponding values of �0.2 ± 1.5mm and
0.1� ± 2.2� in the control group. However, at 3 weeks postoperatively, the tibia in the ACL-reconstructed
knee was over-constrained as compared to that in the control group; it was located posteriorly by
2.5 ± 1.4mm and rotated externally by 3.4� ± 3.4�. At 6 months postoperatively, no significant difference
was observed in the tibial displacements/rotations between the patient and control groups. The side-to-
side difference in the anterior knee laxity at the manual maximum anterior load was 0.1± 1.2mm at 6
months postoperatively, with a significant improvement over the preoperative value of 7.4± 2.5mm.
Conclusions: Anatomic ACL reconstruction could restore not only the normal anterior knee laxity, but
also the normal tibiofemoral relationship even under an anterior tibial load.
© 2019 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
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Introduction

Anterior cruciate ligament (ACL) reconstruction is the gold
standard treatment for ACL injury. Some studies have focused on
the tibiofemoral relationship in ACL-deficient or ACL-reconstructed
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knees. However, abnormal tibiofemoral relationship persisted
after a conventional single-bundle procedure despite favorable
clinical outcomes,1,6,10,13 and this residual abnormality in the
tibiofemoral relationship could lead to the osteoarthritis.6,14

Therefore, it is important to restore the tibiofemoral relationship
as well as the knee laxity normally for more successful ACL
reconstruction. ACL reconstruction has been improved from the
conventional procedure to the anatomical procedure with better
biomechanical characteristics.15,16 Moreover, some studies have
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http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ta-mae@umin.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asmart.2019.08.001&domain=pdf
www.sciencedirect.com/science/journal/22146873
http://www.ap-smart.com
https://doi.org/10.1016/j.asmart.2019.08.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.asmart.2019.08.001
https://doi.org/10.1016/j.asmart.2019.08.001


Y. Tachibana et al. / Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 18 (2019) 11e1712
demonstrated that the tibiofemoral relationship was restored to
normal at 4e6 months after anatomic ACL reconstruction.7,9,12 In
those studies, the patients were set in the supine position with the
knee extended wherein the tibia translated anteriorly in the ACL-
deficient knee.4,8 Recently, using plain radiographs, Mae et al.
showed the anterior tibial displacement in the ACL-deficient knee
could be significantly enhanced in the prone position rather than in
the standard supine position because the calf weight of the subject
could exert an anterior drawer force on the tibia due to gravity
without any special instruments.17 They also indicated that this
gravity-assisted radiographic technique would be equally efficient
in weight-bearing conditions2,3,11 in the anterior tibial displace-
ment in ACL injury. However, to our knowledge, no study has
investigated whether anatomic ACL reconstruction could restore
the tibiofemoral relationship normally even under a loaded con-
dition. Moreover, three-dimensional (3-D) computed tomography
(CT) is useful for the evaluation of the tibiofemoral relationship in
detail, including rotation. The present study aimed to clarify the
tibiofemoral relationship before and after anatomic ACL recon-
struction in the prone position using 3-D computer models con-
structed using CT images. We hypothesized that the tibiofemoral
relationship could be returned to normal even under an anterior
tibial load at 6 months after anatomic ACL reconstruction.
Material and methods

The appropriate institutional review board of our institution for
human subject research approved the study protocol (ID: 09157-2).
Informed consent was obtained from all individual participants
included in the study. From January 2012 to December 2013, 15
patients with primary unilateral ACL rupture consented for study
participation. The study population included nine men and six
women. Their ages ranged from 16 to 44 years, and their mean age
was 24.9 years at the time of surgery. The average interval from
injury to surgery was 16.8 weeks, range: 3e49 weeks. For medial
meniscal tears, 5 patients underwent meniscal repair for longitu-
dinal tears. For lateralmeniscal tears, 3 patientsunderwentmeniscal
repair for longitudinal tears, while one underwent partial menis-
cectomy because of incomplete radial tear in the middle segment.
We excluded revision cases, multi-ligamentous injury cases, and
cases with apparent radiographic osteoarthritis. Severe articular
cartilage damage greater than grade III in Outerbridge classification
wasnotobserved in anypatient.Moreover, sevenhealthy volunteers
were also evaluated as the control group (Table 1).
Surgical technique

In this study, all the patients were treated with an anatomic
Table 1
Demographic data of the patient and control groups.

Patient Control P

Number 15 7
Age 24.9± 9.2 30.5± 1.8 0.076
Sex (male/female) 9/6 7/0 0.121
Height (cm) 165.9± 8.4 172.5± 4.1 0.078
Weight (kg) 65.3± 11.2 68.4± 9.1 0.549
Tegner activity level 7 (3e8) 4 (3e4) 0.001*
Posterior tibial slope (deg.)
Medial compartment 9.1± 2.6 9.9± 1.5 0.341
Lateral compartment 8.8± 2.5 9.1± 2.9 0.805

deg.: degree.
Data are shown as mean± standard deviation values, except the Tegner activity
level that is presented as median (range).
Posterior tibial slope was shown in the affected knee of the patient group, while in
the left knee of the control group.
triple-bundle (ATB) procedure.18,19 The concept of this surgical
technique is to more precisely pursue the morphology of natural
ACL fiber arrangement comprising three fiber bundles20e22 with
the C-shaped tibial footprint.23 We cleared the soft tissues,
including the remnants of the torn ACL on the femoral side. Two
guide pins were inserted in the femoral ACL footprint with a clear
vision of a nearly longitudinal linear resident's ridge and proximal/
posterior cartilage margins as the landmarks for the ACL femoral
footprint.24 For the tibia, three guide pins were inserted in the C-
shaped tibial ACL footprint23 surrounded by the anterior/medial
intercondylar ridges and the anterior horn of the lateral
meniscus.25,26 These guide pins were subsequently over-drilled to
match the grafts' diameters. The autogenous semitendinosus
tendon was previously harvested and transected into two double-
looped grafts. Two Endobutton-CLs® (Smith & Nephew Endos-
copy, Andover, MA, USA) were connected to each loop end of the
graft andwere fixedwhile turning the Endobuttons on the cortex of
the lateral femoral condyle. The suture from the posterolateral (PL)
graft was connected to one Double Spike Plate® (DSP; Smith &
Nephew Endoscopy, Andover, MA, USA), and the sutures from the
medial/lateral portions of the anteromedial (AM-M/AM-L) grafts
were connected to the other DSP. These DSPs were then tied to the
tensioners installed in a tensioning boot and were fixed to the tibia
under a total initial tension of 20 N (10 N for the AM-M/AM-L grafts
and 10 N for the PL graft) at 20� of knee flexion after removing the
creep of the knee construct. All the operative procedures were
performed by two surgeons with over 20-year experience (T.M and
K.N).

Rehabilitation programs

After brace immobilization for 2 weeks, range-of-motion exer-
cises were started. Full extension was not allowed until 3e4 weeks
because the tension of ACL significantly increases in hyperexten-
sion.27 Flexion angle exceeding 135� was allowed after 6 months.
Partial weight bearing with crutches was allowed at 2 weeks, fol-
lowed by full weight bearing at 4 weeks. Closed kinetic chain ex-
ercises such as squat and lunge were started at 2e3 months.
Jogging was permitted at 3e4months if a single-legged squat could
be performed. Jumping and agility exercises were started around 4
months. Open kinetic chain exercises including leg extension with
weights were carefully controlled by 6 months because the graft
tension significantly increases during active extension exercise.28

Return to previous sports activities including cutting and pivoting
motions was gradually allowed at 7e9 months postoperatively.

CT protocols

CT imaging was performed using a helical CT scanner (Discovery
CT 750HD; General Electric, Waukesha, WI, USA). Preoperative CT
Fig. 1. Prone position with the knee flexed at 15� , wherein the calf weight of the
subject could act as an anterior drawer force on the tibia due to gravity without any
special instruments or devices.



Fig. 2. a The femoral coordinate system was based on the centre of the femoral head
and the medial/lateral epicondyles. The line between the medial and lateral epi-
condyles was defined as the transepicondylar axis (TEA). The midpoint of TEA was
defined as the femoral origin (Of). The femoral proximaledistal axis (Zf) was created
between Of and the centre of the femoral head. An axial plane (Pf) perpendicular to Zf
was set at Of. The femoral medialelateral axis (Xf) was created by projecting TEA to Pf.
The femoral anterioreposterior axis (Yf) was the cross product of Zf and Xf. b The tibial
coordinate system was based on the centre of the footprint of the anterior and pos-
terior cruciate ligaments (ACL and PCL) and the centre of the ankle. The
anterioreposterior axis (APA) was defined as the line between the centre of ACL and
PCL insertion sites. The midpoint of the APA was defined as the tibial origin (Ot). The
tibial proximaledistal axis (Zt) was created between Ot and the centre of the ankle. An
axial plane (Pt) perpendicular to Zt was set at Ot. The tibial anterioreposterior axis (Yt)
was created by projecting APA to Pt. The tibial medialelateral axis (Xt) was the cross
product of Zt and Yt.
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scans were performed bilaterally, and postoperative CT scans were
performed for the operated knee at 3 weeks and 6 months post-
operatively. The patients were set in the prone position with the
knee flexed at 15� of flexion since the gravity-assisted radiographic
technique in the prone position was most preferable at 15� of knee
flexion because of higher correlation with instrumented anterior
laxity17 (Fig. 1). The thigh was adjusted to keep the patella down-
ward, and the ankle was adjusted to keep the medial/lateral mal-
leoli horizontal. The knee flexion angle was set at 15� with the use
of a goniometer while adjusting a semi-cylindrical stand in front of
the ankle because the length of the shank varied among in-
dividuals. Then, it was re-confirmed using a scout view. During CT
examinations, the patients were asked to relax the contracting
muscles, otherwise the leg dominance or muscle atrophy can affect
the tibiofemoral relationship in the quadriceps contraction
technique.29e31 The volume areas included the femoral head, the
knee joint at 11 cm above and below the joint line, and the ankle
joint at 3 cm above and below the joint line. The milliampere-
seconds (mAs) varied for the three following regions: 80mAs for
the hip joint, 100mAs for the knee joint, and 45mAs for the ankle
joint. The kilovoltage (kV) and slice thickness values were 120 kV
and 1.25mm, respectively, at each region. Digital Imaging and
Communications in Medicine data obtained from the CT scans were
transferred to a personal computer (Dell Precision T1600; Dell,
Round Rock, TX, USA). Using a program based on amodified version
of the Visualization Tool Kit (Kitware Inc., Clifton Park, NY, USA),
these data were reconstructed into 3-D constructs.
Tibiofemoral relationship

The anatomical femoral and tibial coordinate systems were
created based on a previous report.7 The femoral coordinate system
was based on the centre of the femoral head and the medial/lateral
epicondyles (Fig. 2-a). The tibial coordinate system was based on
the centre of the footprint of the ACL/posterior cruciate ligament
and the centre of the ankle (Fig. 2-b). The coordinate systems of the
ACL-deficient and ACL-reconstructed knees were generated by
superimposing the mirror images of the contralateral intact knees.
Thereafter, the 3-D tibial position relative to the femur was evalu-
ated at each time point. Anterioreposterior/medialelateral
displacement was defined as the distance between the point of the
femoral origin projected on the tibial axial plane and the tibial
medialelateral/anterioreposterior axes. Internaleexternal rotation
was defined as the angle between the line of the femoral
medialelateral axis projected to the tibial axial plane and the tibial
medialelateral axis (Fig. 3-a). Varusevalgus rotationwas defined as
the angle between the line of the femoral proximaledistal axis
projected to the tibial coronal plane and the tibial proximaledistal
axis (Fig. 3-b). The intra- and inter-observer intra-class correlation
coefficients were reliable, according to the previous report.7 As the
position of the tibia relative to the femur and the sizes of the knee
joints varied among individuals, the side-to-side differences in the
tibial position relative to the femur were calculated between the
ACL-deficient/ACL-reconstructed knees and the contralateral intact
knees for the subjects in the patient group. In a similar manner, the
side-to-side differences (right minus left) in these parameters were
calculated for the control group. We 1) clarified the sequential
change in the tibiofemoral relationship before and after the ATB
ACL reconstruction, and 2) compared the tibiofemoral relationship
between the control and patient groups. All the measurement of
the tibiofemoral relationship was performed by one orthopaedic
surgeon (Yuta Tachibana) and the average values of the three-time
measurement were used for analysis. Additionally, we measured
the posterior tibial slopes in the medial and lateral compartments
in the patient and control groups (Fig. 4-a, b) (Table 1), because the
posterior tibial slope might affect anterior tibial displacement in
the ACL-deficient knee31.
Clinical examinations

Physical examinations were performed at 6 months and 2 years
postoperatively for loss of range of motion, knee swelling, Lachman
sign, and pivot shift test. KT-2000 Knee Arthrometer (MEDmetric,
San Diego, CA, USA) was also used to measure the anterior knee
laxity before surgery under general anesthesia without the
administration of anesthesia.
Statistical analyses

All the statistical tests were performed using JMP software
(version 13.0; SAS Institute Inc., Cary, NC, USA). A power analysis
with a power of 0.8 and a value of 0.05 indicated that a minimum of
7 patients was required for comparing the preoperative tibial
anterior displacement between the two groups; a 3.2-mm differ-
ence with a standard deviation of ±1.1mm. The Wilcoxon signed-
rank test was used to detect statistically significant differences in
the anterioreposterior/medialelateral displacement and the
internaleexternal/varusevalgus rotation within the patient group
among the different time points and in the anterior knee laxity
between 6 month and 2 years postoperatively. The Wilcoxon rank-
sum test was used to compare the side-to-side differences in the
tibiofemoral relationship the posterior tibial slope, and the de-
mographic data between the two groups, while the Fisher's exact
test was used to compare the differences in sex and Tegner activity
level between the two groups and in the clinical outcomes except
for the anterior knee laxity between 6 months and 2 years post-
operatively. Values of P< 0.05 were considered statistically
significant.



Fig. 3. a Measurement of anterioreposterior (AP) and medialelateral (ML) displacement, and internaleexternal (IE) rotation of the tibia relative to the femur. Of’ and Xf’ were
created by projecting the femoral origin (Of) and femoral medialelateral axis (Xf) to the tibial axial plane. AP displacement was defined as the distance between Of’ and the tibial
medialelateral axis (Xt). ML displacement was defined as the distance between Of’ and the tibial anterioreposterior axis (Yt). Internaleexternal (IE) rotationwas defined as the angle
between Xf’ and Xt. b Measurement of varusevalgus (VV) rotation of the tibia relative to the femur. Zf’ was created by projecting the femoral proximaledistal axis (Zf) to the tibial
coronal plane. Varusevalgus (VV) rotation was defined as the angle between Zf’ and the tibial proximaledistal axis (Zt).

Fig. 4. a The 3-D construct of the tibia was sectioned by a slice, which was parallel to
the plane consisting of the anterioreposterior axis (Yt) and proximaledistal axis (Zt)
and was located at the middle of the tip of the medial intercondylar tubercle and the
medial-most point of the tibial plateau. The procedure was performed in the lateral
compartment as well. b Measurement of the posterior tibial slope in the medial
compartment. The posterior tibial slope was calculated as the angle (a) between the
tibial anterioreposterior axis (Yt) and the line (red solid line) connecting the anterior-
most point to the posterior-most point on the tibial joint surface. Measurement of the
posterior tibial slope in the lateral compartment was also calculated in a same manner.
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Results

Tibiofemoral relationship

In the sequential changes of the tibiofemoral relationshipwithin
the patient group, the anteriorly translated and internally rotated
tibia in the ACL-deficient knee significantly moved posteriorly/
laterally and rotated externally/valgus at 3 weeks postoperatively.
Thereafter, from 3 weeks to 6 months postoperatively, the tibia
significantly translated anteriorly/medially and rotated internally/
varus, and it was located quite close to the contralateral intact knee
(Fig. 5).

Regarding the comparison of the tibial position between the
patient and control groups, the preoperative side-to-side differ-
ences in the anterior displacement and the internal rotation in the
patient group were 3.5± 1.1mm and 2.4� ± 2.3�, respectively; these
values were significantly larger than the corresponding values
of �0.2± 1.5mm and 0.1� ± 2.2�, respectively, in the control group.
At 3 weeks postoperatively, the tibia in the ACL-reconstructed knee
was located posteriorly/laterally and rotated externally as
compared to that in the control group, with significant differences.
At 6 months postoperatively, no significant difference was detected
in the tibial displacements/rotations between the patient and



Fig. 5. Sequential changes of the side-to-side difference in the tibial position within the patient group. a Medialelateral displacement. b Anterioreposterior displacement. c
Internaleexternal rotation. d Varusevalgus rotation.
Preop.: preoperatively, 3W postop.: 3 weeks postoperatively, 6M postop.: 6 months postoperatively, deg.: degree
Positive values indicate anterior/medial displacement and internal/varus rotation of the tibia
*: P < 0.05.

Table 2
Side-to-side difference of tibial position.

Control Patient

Preop. 3W postop. 6M postop.

ML displacement (mm) 0.3± 1.1 0.2± 0.5 �0.4 ± 0.9* 0.2± 0.8
AP displacement (mm) �0.2 ± 1.5 3.5 ± 1.1* �2.5 ± 1.4* 0.1± 1.6
IE rotation (deg.) 0.1± 2.2 2.4 ± 2.3* �3.4 ± 3.4* �0.4± 2.1
VV rotation (deg.) �0.2± 0.9 �0.1± 0.9 �0.9± 1.1 0.2± 0.8

ML: medialelateral, AP: anterioreposterior, IE: internaleexternal, VV: varusevalgus,
Preop.: preoperatively, 3W postop.: 3 weeks postoperatively, 6M postop.: 6 months
postoperatively, deg.: degree.
Positive values indicate medial/anterior displacement and internal/varus rotation of
the tibia.
Data are shown as mean ± standard deviation values, followed by calculation of the
side-to-side difference in the tibial position; affectedminus contralateral side for the
patient group and the right minus left side for the control group.
*: P < 0.05 (compared with the control group).
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control groups (Table 2).

Clinical outcomes

In the clinical outcomes at 2 years, all the patients belonged to
normal or nearly normal in the IKDC subjective assessment. Tegner
activity level did not significantly decrease comparing the preop-
erative one, while two patients decreased because of no longer
performing club activities. There was no patient suffering loss of
range of motion exceeding 5�, knee swelling, or positive Lachman
sign, while one patient showing glide in pivot shift test. The side-to-
side difference in the anterior knee laxity at the manual maximum
anterior load with KT-2000 Knee Arthometer was 0.3± 1.1mm,
indicating a significant improvement over the preoperative value of
7.4± 2.5mm (P< 0.001) There was no significant change in clinical
outcomes from 6 months to 2 years postoperatively (Table 3).
Discussion

The principal findings of this study was that anteriorly located
and internally rotated tibial position before surgery returned to
normal at 6 months after the ATB ACL reconstruction even under an
anterior tibial load with the gravity-assisted radiographic tech-
nique in the prone position; however, it was over-constrained at 3
weeks.

The normal ACL fiber runs in the anterior/distal directions from
the medial wall of the lateral femoral condyle to the anteromedial
aspect on the tibial plateau, maintaining the tibiofemoral rela-
tionship. Thus, it is reasonable to expect that the tibia would
translate anteriorly and rotate internally when the ACL is torn.3,7,11

Some previous studies have investigated the 3-D tibiofemoral
relationship in the ACL-deficient knee under weight-bearing con-
ditions. Using a load-bearing device, applying a 125-N axial load,
Shefelbine et al. reported 2.6-mm anterior tibial displacement at
full extension in the ACL-deficient knees.11 Defrate et al. investi-
gated the knee kinematics during a quasi-static lunge by projecting
3-D computer model reconstructed using magnetic resonance im-
ages onto dual fluoroscopic images and showed that the tibia in the
ACL-deficient knees translated anteriorly by 3mm and rotated
internally by 2� around knee extension.3 In the present study, un-
der a non-weight bearing condition without any special devices,
the anterior displacement and internal rotation in the ACL-deficient
knees were 3.5± 1.1mm and 2.4� ± 2.3�, respectively, in the prone
position, and the value of anterior displacement/internal rotation
was equivalent to that under weight-bearing conditions.3,11 Thus,
the gravity-assisted radiographic technique in the prone position
with knee flexed at 15� was simple and useful for evaluating the 3-
D tibiofemoral relationship in the ACL-deficient knees.

The tibia significantly shifted posteriorly/laterally and rotated
externally/valgus from preoperatively to 3 weeks after the ATB ACL



Table 3
Clinical outcomes at 6 months and 2 years postoperatively.

6M postop. 2Y postop. P

IKDC subjective assessment
(A/B/C/D) N.A. 8/7/0/0 N.A.

Tegner activity level N.A. 7 (3e8) N.A.
Swelling 0 0 1.000
Loss of range of motion > 5�

Extension 0 0 1.000
Flexion 0 0 1.000

Lachman sign
Negative/Trace/Positive 15/0/0 15/0/0 1.000

Pivot shift test
Equal/Glide/Gross/Marked 15/0/0/0 14/1/0/0 1.000

SSD of anterior knee laxity with KT-2000 (mm) 0.1± 1.2 0.3± 1.1 0.750
Joint space narrowing
PF (none/<50%/>50%) 15/0/0 15/0/0 1.000
Medial TF (none/<50%/>50%) 15/0/0 15/0/0 1.000
Lateral TF (none/<50%/>50%) 14/1/0 14/1/0 1.000

6M postop.: 6 months postoperatively, 2Y postop.: 2 years postoperatively, SSD: side-to-side difference, PF: patellofemoral, TF: tibiofemoral, N.A.: not available.
In the IKDC subjective assessment, ‘A, B, C, and D’ indicated ‘normal, nearly normal, abnormal, and severely abnormal’, respectively.
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reconstruction, and the tibia in the patient group was over-
constrained as compared to that in the control group. A previous
study has reported that the side-to-side difference in anterior knee
laxity under 89-N anterior load was �4.2± 2.0mm immediately
after the ATB ACL reconstruction.33 It was indicated that the over-
constrained condition at the immediate postoperative time point
still remained until 3 weeks postoperatively. Therefore, post-
operative rehabilitation programs should be carefully planned,
considering that an abnormal tibiofemoral relationship was still
present at 3 weeks postoperatively. Some studies have encouraged
accelerated rehabilitation protocols wherein full weight bearing
and active knee extension exercises are initiated immediately after
the procedure.34,35 However, we recommend a mild rehabilitation
program in the early postoperative stage because the abnormal
tibiofemoral relationship may lead to abnormal stress on the
articular cartilage.5

Through graft remodelling procedures, such as the revasculari-
zation and repopulation processes, the transplanted graft was
weakened to some degree, and the laxity increased within 6
months after ACL reconstruction in animal models.36 This study
showed that the tibia significantly shifted anteriorly/medially and
rotated internally/varus from 3 weeks to 6 months and that the
tibial position returned to normal at 6 months; namely, the over-
constrained condition at the immediate postoperative term
would be released and the anatomically transplanted graft would
achieve the stability equivalent to that of the intact knee through
the graft remodelling procedures.

Previous studies have shown that the abnormal tibiofemoral
relationship still remained after a conventional single-bundle ACL
reconstruction, although arthrometric knee laxity was favor-
able.1,3,10,13 It is a concern that the abnormal tibiofemoral rela-
tionship can lead to stress concentration on the meniscus11,37 or on
the articular cartilage5,6 and osteoarthritis in the future.14 In
contrast, this study demonstrated that the anteriorly located and
internally rotated tibia in the ACL-deficient knee returned close to
the normal position at 6 months after ATB ACL reconstruction with
satisfactory anterior knee laxity at 6 months and 2 years. Therefore,
the clinical relevance in this study was that anatomic ACL recon-
struction could restore not only the normal anterior knee laxity, but
also the normal tibiofemoral relationship even under an anterior
tibial load.

This study has certain limitations. First, the postoperative
follow-up term using 3-D CT images was only 6months andwewill
further follow-up the tibiofemoral relationship. In a previous study
investigating the anterior knee laxity with KT-1000 Knee
Arthrometer, the reconstructed knee was over-constrained imme-
diately postoperatively after anatomic ACL reconstruction; how-
ever, the anterior knee laxity became close to that in the
contralateral intact knee at 3 months and persisted for up to 2
years.38 This study also demonstrated that the anterior knee laxity
restored normally at 6 months and did not significantly change
from 6 months to 2 years. Thus, the normally restored tibiofemoral
relationship at 6 months was expected to continue thereafter.
Second, we used only an operative technique: ATB ACL recon-
struction. We might have to compare the tibiofemoral relationship
after TB technique with that after single- or double-bundle tech-
niques. However, anatomic reconstruction with anatomic tunnel
placement is more important matter than surgical procedure such
as single- or multiple-bundle techniques.39 Third, we evaluated the
tibiofemoral relationship in only one position; the prone position
with the knee flexed at 15�. It might be clinically interesting to
evaluate the tibiofemoral relationship in various positions in the
same patients. However, there is a concern regarding too much
radiation exposure during the simultaneous performance of CT
scans in various positions. Third, we did not evaluate the correla-
tion between the anterior tibial displacement in plain radio-
graphs17 and 3-D CT images. Fourth, it is certainly that the body
size/weight of the patients affect the anterior drawer force on the
tibia in the prone position because the calf weight correlates to the
body weight. However, there was no significant difference of the
weight or height between the patient and control groups. Thus, the
effect of weight/size of calves would be small in this study. Fifth, it
might be better to exclude meniscal tears because the anterior
tibial displacement was larger after medial meniscectomy in the
ACL-deficient/ACL-reconstructed knees.32,37,40 All the meniscal
tears underwent meniscal repair except one with partial lateral
meniscectomy for an incomplete radial tear. Moreover, our ACL
reconstruction could restore the normal tibiofemoral relationship.
Thus, the effect of the meniscal tear might be small in this study.
Finally the control group consisted of only men with lower Tegner
activity level; this may have exerted a slight influence on the
results.
Conclusion

Anatomic ACL reconstruction could restore not only the normal
anterior knee laxity, but also the normal tibiofemoral relationship
even under an anterior tibial load.
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