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Small Intercondylar Notch Size Is Not Associated
with Poor Surgical Outcomes of Anatomical
Single-Bundle Anterior Cruciate Ligament
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Background: Although many studies have been conducted on the association between the intercondylar notch size and the risk
of anterior cruciate ligament (ACL) injury, few studies have examined its relationship with the condition after surgical treatment.
Therefore, this study aimed to investigate the surgical outcomes of anatomical single-bundle ACL reconstruction according to inter-
condylar notch volumes.

Methods: Medical records of patients who underwent anatomical single-bundle ACL reconstruction using a tibialis anterior al-
lograft between 2015 and 2019 were retrospectively reviewed. For each sex, eligible patients were classified into two groups
based on their percentile of intercondylar notch volumes, which were measured using postoperative three-dimensional computed
tomography images (group S, < 50th percentile of included patients; group L, > 50th percentile of included patients). Additional
grouping was performed based on the group’s percentiles of normalized values of intercondylar notch volumes to body heights.
Between-group comparative analyses were performed on the perioperative data and surgical outcomes in both objective and sub-
jective aspects.

Results: One hundred patients were included in the study. For male patients, there were no differences in the overall surgical
outcomes between groups, whereas group L showed a significantly greater knee anteroposterior (AP) laxity than group S at the
final follow-up (p = 0.042 for the side-to-side differences [SSD] at the maximum manual force). Similarly, there were no differences
in the female patients in the overall surgical results between the groups, whereas group L showed a significantly greater knee AP
laxity at the final follow-up (p = 0.020 for the SSD at 134 N; p = 0.011 for the SSD at the maximum manual force). Additional analy-
ses based on the normalized values of the intercondylar notch volume showed consistent results for male patients, and additional
grouping for female patients was identical to the existing grouping.

Conclusions: The surgical outcomes of anatomical single-bundle ACL reconstruction in patients with relatively small intercondylar
notch volumes were comparable to those with large notch volumes, but rather showed favorable outcomes in postoperative knee
AP laxity.

Keywords: Knee, Anterior cruciate ligament, Intercondylar notch, Anterior cruciate ligament reconstruction

Copyright © 2024 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinics in Orthopedic Surgery ® pISSN 2005-291X  eISSN 2005-4408



http://crossmark.crossref.org/dialog/?doi=10.4055/cios23081&domain=pdf&date_stamp=2024-02-01

74

Moon et al. Intercondylar Notch Size and Anterior Cruciate Ligament Reconstruction

Clinics in Orthopedic Surgery * Vol. 16, No. 1, 2024 « www.ecios.org

Received March 20, 2023; Revised June 25, 2023; Accepted June 25, 2023

Correspondence to: Sung-Hwan Kim, MD

Department of Orthopedic Surgery, Gangnam Severance Hospital, Yonsei University College of Medicine, 211 Eonju-ro, Gangnam-gu, Seoul 06273, Korea

Tel: +82-2-2019-3415, Fax: +82-2-573-5393, E-mail: orthohwan@yonsei.ac.

The bony morphology of the knee is known to be associ-
ated with the development of anterior cruciate ligament
(ACL) injury.” Among several anatomical factors, a small
intercondylar notch is reported as a potential risk factor
for ACL injury.”” Within a narrow intercondylar notch,
the ACL can be prone to tearing during the range of mo-
tion of the knee.” Accordingly, individuals with small in-
tercondylar notches are required to be aware of the risks of
ACL injuries.””

While many studies have been conducted on the
correlation between the intercondylar notch size and the
risk of ACL injury, few studies have examined the relation-
ship between the intercondylar notch size and surgical
outcomes in patients who underwent ACL reconstruc-
tions. Anatomically placed ACL grafts could theoretically
be affected by intercondylar notch sizes, as in natural
ACLs, which may affect surgical outcomes. Indeed, Wolf
et al.” reported that a smaller intercondylar notch dimen-
sion is not a risk factor for graft failure after anatomic
ACL reconstruction. However, there may be limitations
in accurately assessing the influence of the intercondylar
notch size, since the previous study was conducted on pa-
tients who underwent individualized ACL reconstructions
(single-bundle or double-bundle reconstructions based on
intraoperative measurements).”” To accurately evaluate
the effect of intercondylar notch sizes on the surgical out-
comes of anatomic ACL reconstructions, an investigation
should be conducted on patients who underwent con-
sistent surgical processes, including graft characteristics.
Considering the increasing incidence of ACL procedures,”
analysis of the surgical outcomes according to the inter-
condylar notch sizes in patients who undergo anatomical
ACL reconstruction is crucial for establishing appropriate
treatment strategies.

Therefore, this study aimed to investigate the sur-
gical outcomes of anatomical single-bundle ACL recon-
struction according to intercondylar notch volumes. It
was hypothesized that patients with relatively small notch
volumes would have poor surgical outcomes.

METHODS
This study was approved by the Ethics Committee of

kr

Gangnam Severance Hospital (No. 3-2022-0040), which
waived the requirement for informed consent from the pa-
tients owing to the retrospective nature of the study.

Patient Enrollment

Electronic medical records of patients who underwent
ACL reconstruction at our institution between January
2015 and December 2019 were retrospectively reviewed.
In the present study, to evaluate patients with a relatively
consistent graft diameter, patients who underwent a
single-bundle ACL reconstruction through the trans-
portal technique using a tibialis anterior allograft were
included.'"” The exclusion criteria were as follows: (1)
follow-up duration less than 2 years; (2) no postoperative
computed tomography (CT) evaluation performed on
the day of surgery; (3) revision ACL reconstruction; (4)
combined other ligament surgeries (including the surgical
procedures for the posterior cruciate ligament [PCL], the
posterolateral corner structures of the knee, the medial
collateral ligament, and the anterolateral ligament); (5)
cartilage lesions more severe than grade 2 according to the
International Cartilage Repair Society grading system for
the tibiofemoral joint;”) (6) subtotal meniscectomy; and (7)
presence of postoperative infections. In addition, patients
who underwent notchplasty during the surgery were ex-
cluded." Patients eligible for inclusion in the study were
classified into two groups by sex based on their femoral
intercondylar notch volumes:*” (1) group S, patients with
relatively small femoral intercondylar notch volumes (<
50th percentile of the included patients); (2) group L,
patients with relatively large femoral intercondylar notch
volumes (> 50th percentile of the included patients) (Fig.
1). Furthermore, additional grouping was made based on
the normalized values of intercondylar notch volumes to
respective body heights (group NS, patients with relatively
small normalized femoral intercondylar notch volumes [<
50th percentile of included patients]; group NL, patients
with a relatively large normalized femoral intercondylar
notch volume [> 50th percentile of included patients]).m
All groupings were performed according to sex since in-
tercondylar notch sizes have been reported to show sex-
based differences.”
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463 Patients underwent an anatomical single-bundle ACL reconstruction
(Jan 2015-Dec 2019)

A

—| 130 Patients with graft tendons other than tibialis anterior allograft

[ 333 Patients underwent surgery using tibialis anterior allograft ]

148 Less than follow-up duration of 2 years
31 Did not undergo a postoperative CT evaluation
29 Revision ACL reconstruction

A 4

12 Combined other ligaments surgery
3 Cartilage lesion more severe than grade 2 (ICRS grading system)
5 Postoperative infection
5 Notchplasty during surgery

[ 100 Patients were eligible for this study ]

v
[ 76 Male patients ]

I
v v

v
[ 24 Female patients ]

I
v v

Group S, 38 small intercondylar | | Group L, 38 large intercondylar
notch volume (< 50th percentile)| [ notch volume (> 50th percentile)

Group S, 12 small intercondylar
notch volume (< 50th percentile)

Group L, 12 large intercondylar
notch volume (> 50th percentile)

Group NS, 38 small normalized

i ‘: i Group NL, 38 large normalized

i intercondylar notch volume ! i

1 1

1 i
7

intercondylar notch volume
(> 50th percentile)

(< 50th percentile)

Group NS, 12 small normalized

Group NL, 12 large normalized ‘:
intercondylar notch volume !

1

1

(< 50th percentile) (> 50th percentile)

1
1
. 1
intercondylar notch volume
1
1
1

Fig. 1. Flowchart of patient inclusion in the study. ACL: anterior cruciate ligament, CT: computed tomography, ICRS: International Cartilage Repair

Saciety.

Surgical Procedures and Postoperative Rehabilitation
Patients were allowed to choose a graft for ACL after being
explained the available graft options (autogenous ham-
string tendon graft, allogeneic tendon graft, and autog-
enous bone-patellar tendon-bone graft) along with their
pros and cons. For patients included in this study, tibialis
anterior allograft tendons sterilized with low-dose gamma
irradiation (12.8-12.9 kGy, cobalt 60) were used after
thawing in normal saline mixed with antibiotics at room
temperature. The diameter of the two-stranded graft ten-
don was measured using a slotted sizing block. The graft
was then pre-tensioned at about 70-100 N using a graft
preparation board (Graft Master III, Smith & Nephew) for
20 minutes to minimize postoperative creep.

Surgical procedures were performed by two inde-
pendent orthopedic surgeons at our institution (SHK and
MYJ). First, diagnostic arthroscopy was performed using a
parapatellar high anterolateral portal. For accompanying
intra-articular lesions such as meniscus tears or cartilage
defects, appropriate surgical procedures were performed
depending on the lesion’s characteristics and patient fac-
tors. After identifying the ACL injury, a tibial tunnel was
created on the footprint of the ACL with reference to rem-
nant tissue and anatomical landmarks. Subsequently, an
independent femoral tunnel was aimed to be made at the
femoral footprint using a far anteromedial portal at about

120° of knee flexion. The tunnel diameter was prepared
equal to that of the previously prepared graft. The graft
was placed into the femoral tunnel and fixed with a fixed-
loop cortical suspension device (EndoButton CL, Smith
& Nephew). The graft construct was then pulled distally,
and its suture limbs were held with the tensioning device
placed on the anterior tibial cortex (ConMed Linvatec,
Largo). The graft was pulled with a force of approximately
70-100 N, and repetitive cyclic tensioning was applied.
Finally, while maintaining tension, a bioabsorbable inter-
ference screw was fixed in the tibial tunnel at about 15°
of knee flexion, and the part of the graft outside the tibial
tunnel was further supplemented with a cortical screw and
washer.

The same rehabilitation program was applied to all
patients except those who underwent meniscus repair or
cartilage restoration procedures. Tolerable weight-bearing
with the use of crutches and knee range of motion exer-
cises were allowed immediately after surgery. At 6 weeks
postoperatively, all patients were permitted full weight-
bearing gait and encouraged to perform closed kinetic
chain exercises. Open kinetic chain exercises, as well as
jogging and swimming, were allowed 6 months after sur-
gery. Return to previous sporting activities was permitted
9 months after surgery.
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Clinical Evaluations

Clinical evaluations were performed on both objective
and subjective aspects, both before and after surgery. For
objective assessments, the anteroposterior (AP) and rota-
tional laxity measures of the knee were analyzed. The AP
laxity of the knee was evaluated by measuring anterior
tibial translation with a KT-2000 arthrometer (Medmetric)
with a force of 134 N and a maximum manual force."”
Subsequently, the measured values of the affected knee
were compared with those of the contralateral knee, and
the side-to-side (SSD) difference values were recorded.
The rotational laxity of the knee was assessed using a
manual pivot-shift test, which was recorded as 0 (absent;
normal), 1 (glide; nearly normal), 2 (jump; abnormal), or
3 (transient lock; severely abnormal). The International
Knee Documentation Committee (IKDC) subjective score,
Lysholm score, and Tegner activity scale were used for
functional assessments.”'® The aforementioned variables
were measured before surgery, at 2 years postoperatively,
and at the last follow-up and were compared between the
groups. In addition, cases reporting subjective knee insta-
bility or showing pathologic laxity of the knee (more than
5 mm of SSD in anterior tibial translation or grade 2 to 3
in the pivot-shift test) during the follow-up period were
defined as graft failure."”

Radiographic Measurements

Radiographic measurements were obtained using plain
radiographs, CT images, and magnetic resonance imaging
(MRI). Measurements with plain radiographs include the
osteoarthritis grade on standing AP knee radiographs, the
posterior tibial slope on lateral knee radiographs,' and
the hip-knee-ankle angle on full-length weight-bearing
lower extremity AP radiographs."

CT images obtained on the day of surgery were used
to assess the ACL femoral tunnel positions and femoral in-
tercondylar notch volume. CT evaluations were performed
using a CT scanner (Sensation 64, Siemens Healthcare)
with tube parameters of 120-140 kVp and 86-253 mA.
The slice thickness, scan field of view, and acquisition ma-
trix were 0.6-1 mm, 134-333 mm, and 512 x 512 pixels,
respectively. The Digital Imaging and Communications in
Medicine data of the CT scan were then obtained from the
picture archiving and communication system (GE Medi-
cal Systems Information Technologies) and imported into
Mimics software (version 17, Materialize) to segment the
three-dimensional (3D) volumetric model of the femur.
Measurements of ACL femoral tunnel position were per-
formed using a 3D femur model. 3D rotation of the femur
model was performed according to a previous study, and

the reference frame for the measurements was based on
the lateral walls of the intercondylar notches (represented
as height and depth).”” Assessments of the femoral in-
tercondylar notch volume were performed using Mim-
ics software, which allows measurements on CT images
to appear simultaneously on 3D models. Measurements
were made using the truncated-pyramid shape simulation
method proposed by Iriuchishima et al.” Following the
measurement process reported in a previous study, the in-
tercondylar notch volume was calculated by measuring the
cross-sectional area of the intercondylar notch at the most
proximal and most distal levels of the Blumensaat line that
corresponded to the axial plane perpendicular to the long
axis of the distal femur, as well as the intercondylar notch
height (Fig. 2). The femoral intercondylar notch volume
was calculated as follows: volume (cm’) = h (S1 + S2 +
V[S182]) / 3 (Fig. 3). Two orthopedic surgeons (HSM and
HJK), who were blinded to patient information, measured
the femoral intercondylar notch volume to increase the re-
liability of the study. The mean of the two measured values
was used in the analyses.

Graft maturity was assessed using 3T MRI per-
formed 1 year after surgery (Achieva, Philips Healthcare;
or Discovery 750w, GE Healthcare). Turbo spin-echo T2-
weighted sequences with a 3-mm thickness were used for
the analyses. Measurements were made using the Mimics
software according to the method by Tashiro et al.*” by
measuring the mean signal intensity (SI) of a region of in-
terest at the proximal third, mid-substance, and distal third
of the ACL graft. Then, the signal-to-noise quotient (SNQ)
value was obtained to evaluate the graft maturity; this was
done by normalizing the graft SI value with the SI value of
the PCL and that of the background as follows: SNQ = (SI
of ACL graft — ST of PCL) / SI of the background.

Statistical Analysis

Before the study, sample size calculations were conducted
to detect differences in objective and subjective surgical
outcomes between the groups. The objective outcome was
based on the SSD in anterior tibial translation measured
by the KT-2000 arthrometer, and the subjective outcome
was based on the IKDC and Lysholm scores. Reference
values for sample size calculations were adopted from es-
tablished clinically meaningful values (SSD in anterior tibial
translation = 3 mm; IKDC subjective score = 11.5; Lysholm
score = 8.9) and standard deviations reported in previous
studies (SSD in anterior tibial translation = 2.21; IKDC sub-
jective score = 13.06; Lysholm score = 8.5)."*'%*?* The sig-
nificance level (a) was set at 5%, and the power (1 - ) was
set at 90%. The results revealed that 28 patients per group
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Fig. 2. Measurements for the cross-
sectional area of the intercondylar notch
in the computed tomography images,
which are simultaneously reflected in
the reconstructed three-dimensional
femur model. Measurements at the most
proximal (A) and distal (B) levels of the
Blumensaat's line correspond to the axial
plane perpendicular to the long axis of the
distal femur.

Area: 275.788 mm”

Dp: 22,911 mm
Centroid: [59.932, ~128.191, 1,177.100]
Lmax: 27.710 mm

LT: 10.622 mm

S2

erimeter: 99.095 mm

a:
Dp: 31,543 mm
Centroid: [83.885, ~129.457, 1,148.300)
Lmax: 32.134 mm

LT: 20.238 mm

Fig. 3. The femoral intercondylar notch volume was obtained using the
truncated-pyramid shape simulation method with the following formula:
volume (em®) = h (S1 + S2 +y[S1S2]) / 3. S1 and S2 represent the cross-
sectional area of the intercondylar notch at the most proximal and distal
levels of Blumensaat's line, respectively. ‘h’ represents the vertical
distance between the two intercondylar notch areas.

were required to detect between-group differences (12 pa-
tients for the SSD in anterior tibial translation, 28 patients
for IKDC subjective scores, and 20 patients for Lysholm
scores).

Statistical analyses were performed using the IBM
SPSS Statistics for Windows ver. 26.0 (IBM Corp.). For
comparative analyses of continuous variables, Student ¢-
test was used when the sample size of each group was 30
or greater assuming a normal distribution according to
the central limit theorem,” and the Mann-Whitney U-test
was used when each group had less than 30 samples. For

categorical variables, Pearson’s chi-square test or Fisher’s
exact test was used. The measurement reliabilities for in-
tercondylar notch volume were calculated using the intra-
class correlation coefficient (ICC) set at a 95% confidence
interval. A p-value of < 0.05 was considered significant.

RESULTS

A total of 100 patients were eligible for inclusion in this
study. There were 76 men and 24 women, and the pa-
tients were classified according to the intercondylar notch
volumes of each sex (38 male patients in groups S and L;
12 female patients in groups S and L) (Fig. 1). Additional
grouping based on the normalized value of the intercon-
dylar notch volume by body height was also performed
in the same way (38 male patients in groups NS and NL;
12 female patients in groups NS and NL). The ICC for in-
terobserver agreement between two investigators in mea-
suring the femoral intercondylar notch volume was 0.932.
For male patients, there were no statistically sig-
nificant differences between groups S and L in the de-
mographic and perioperative data, except for variables
related to the intercondylar notch volume (Tables 1 and 2).
For the postoperative data, group L showed significantly
greater knee AP laxity than group S at the final follow-up
(p = 0.042 for the SSD in anterior tibial translation at the
maximum manual force) (Table 3). In addition, although
not statistically significant, a relatively higher graft failure
rate was observed in group L than in group S (group S,
2.6%; group L, 18.4%) (Table 3). Furthermore, additional
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Table 1. Comparison of Demographic Data

Variable Group S Group L p-value
Male 38 38
Age (yr) 288+134 26.0+8.3 0.281*
Height (cm) 1725+55 1748 +4.6 0.051%
Body mass index (kg/m?) 254+35 271.2+75 0.181*
Affected side
Right : left 16:22 16:22 >0.999'
Pre-injury Tegner activity score 65+1.3 64+14 0.676%
Time from Injury to surgery (wk) 19.6 £41.5 16.9+239 0.733*
Follow-up duration (yr) 32+12 29+1.1 0.309*
Follow-up MRI at 1 year after surgery
Yes :no 22:16 23:15 >0.999'
Female 12 12
Age (yr) 284+116 293+ 11.0 0.862*
Height (cm) 160.2+7.0 165.4+76 0.100°
Body mass index (kg/m?) 23.0+2.2 242+53 0.665°
Affected side
Right : left 9:3 4:8 0.100'
Pre-injury Tegner activity score 47+20 52+20 0.534°
Time from Injury to surgery (wk) 31.3+66.8 1294123 0.907'
Follow-up duration (yr) 33+1.3 28+1.0 0.411*
Follow-up MRI at 1 year after surgery
Yes : no 3:9 6:6 0.214'

Values are presented as number of patients or mean + standard deviation. Group S: patients with relatively small femoral intercondylar notch volumes
(< 50th percentile of the included patients), Group L: patients with relatively large femoral intercondylar notch volumes (> 50th percentile of the included

patients).
MRI: magnetic resonance imaging.
*Student t-test. 'Fisher's exact test. ‘Mann-Whitney U-test.

analyses conducted with patients reclassified into group
NS and group NL showed similar results as when compar-
ing group N and group L (p = 0.041 for the SSD in ante-
rior tibial translation at 134 N; p = 0.035 for the SSD in
anterior tibial translation at the maximum manual force)
(Supplementary Tables 1-3).

Regarding female patients, no significant differences
were found in the demographic and perioperative data,
except for parameters related to the intercondylar notch
volumes between groups S and L (Tables 1 and 4). Mean-
while, as in male patients, group L showed significantly
greater knee AP laxity than group S at the final follow-up

(p = 0.020 for the SSD in anterior tibial translation at 134
N; p = 0.011 for the SSD in anterior tibial translation at the
maximum manual force) (Table 5). Additional analyses
based on the normalized value of the intercondylar notch
volume were not performed in female patients because the
results of the additional grouping were identical to those
of the existing grouping.

DISCUSSION

The principal finding of the present study was that in both
men and women, the surgical outcomes of anatomical sin-
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Table 2. Comparison of Perioperative Data in Male Patients

Variable Group S (n=38) Group L (n =38) p-value
Preoperative data
Hip-knee-ankle angle (°) 1.9+24 22+28 0.629*
Posterior tibial slope (°) 75+£23 77+23 0.773*
Kellgren-Lawrence grade
0:1 35:3 36:2 >0.999
Knee laxity

SSD in anterior tibial translation
134 N (mm) 52+25 59+23 0.197%
Manual maximum force (mm) 6.2+29 69+25 0.245*

Pivot-shift test

0:1:2:3 0:7:20:1 1:11:20:6 0.343'
Clinical score
IKDC subjective score 53.2+18.6 48.8+18.1 0.297*
Lysholm score 61.7+25.6 58.3+£24.3 0.546*
Tegner activity score 1.9+1.7 18+1.6 0.788*

Intraoperative data
Graft diameter (mm) 89+05 89+05 >0.999*%

Femoral tunnel position

Height (%) 519+73 55.1+99 0.117*

Depth (%) 29.3+59 28.3+49 0.395*
Femoral intercondylar notch

Volume (cm?) 84+06 106+ 1.1 <0.001%

Distal base area (mm?) 428.0+45.1 510.5 +55.2 <0.001%

Proximal base area (mm?) 207.8+39.9 246.6 + 24.6 <0.001*

Height (mm) 27113 286+13 <0.001*

Ratio to graft diameter 1.1+0.1 09+0.1 <0.001*
Meniscal procedure

Medial (no : meniscectomy : repair) 17:5:16 21:1:16 0.268"

Lateral (no : meniscectomy : repair) 25:6:7 25:5:8 >0.999'

Values are presented as mean + standard deviation or number of patients. Group S: patients with relatively small femoral intercondylar notch volumes
(< 50th percentile of the included patients), Group L: patients with relatively large femoral intercondylar notch volumes (> 50th percentile of the included
patients).

SSD: side-to-side difference, IKDC: International Knee Documentation Committee.

*Student t-test. 'Fisher's exact test.
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Table 3 Comparison of Postoperative Data in Male Patients

Variable Group S (n=38) Group L (n =38) p-value
Postoperative 2 yr
Knee laxity
SSD in anterior tibial translation
134 N (mm) 17+16 21+138 0.354*
Manual maximum force (mm) 21+19 26+1.8 0.250*

Pivot-shift test

0:1:2 31:7:0 31:6:1 >0.999'
Clinical score
IKDC subjective score 779128 78.0+10.2 0.968*
Lysholm score 87.7+10.0 84.7+9.1 0.171*
Tegner activity score 43+18 41+18 0.697*

At final follow-up
Knee laxity
SSD in anterior tibial translation
134 N (mm) 16+15 23+18 0.083*
Manual maximum force (mm) 18+14 26+20 0.042*

Pivot-shift test

0:1:2 33:5:0 29:8:1 0.375'
Clinical score
IKDC subjective score 776+13.3 79.8+11.4 0.429*
Lysholm score 85.7+11.1 85.1+11.2 0.813*
Tegner activity score 40+18 42+18 0.523*

Kellgren-Lawrence grade

0:1 32:6 30:8 0.768"
ACL graft maturity, SNQ 46+112 70+126 0.268"
Graft failure

Yes : no 1:37 7:31 0.056"

Values are presented as mean + standard deviation or number of patients. Group S: patients with relatively small femoral intercondylar notch volumes
(< 50th percentile of the included patients), Group L: patients with relatively large femoral intercondylar notch volumes (> 50th percentile of the included
patients).

SSD: side-to-side difference, IKDC: International Knee Documentation Committee, ACL: anterior cruciate ligament, SNQ: signal-to-noise quotient.
*Student t-test. 'Fisher's exact test. ‘Mann-Whitney U-test. *For patients who underwent follow-up magnetic resonance imaging at 1 year after surgery (20
in group S and 22 in group L).

gle-bundle ACL reconstruction in patients with relatively ~ volumes showed more favorable surgical outcomes in ob-
small intercondylar notch volumes were comparable to  jective aspects, especially knee laxity. Therefore, a small
those in patients with large intercondylar notch volumes.  intercondylar notch volume may not be a risk factor for
Rather, patients with relatively small intercondylar notch  the surgical outcomes of anatomical ACL reconstructions.
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Table 4. Comparison of Perioperative Data in Female Patients

Variable Group S (n=12) Group L (n=12) p-value
Preoperative data
Hip-knee-ankle angle (°) 06+19 —-05+24 0.166*
Posterior tibial slope (°) 72+16 6.7+3.0 0.402*
Kellgren-Lawrence grade
0:1:2 10:1:1 12:0:0 0.478'
Knee laxity

SSD in anterior tibial translation
134 N (mm) 51+23 6.2+2.1 0.153*
Manual maximum force (mm) 6.2+29 71+21 0.296*

Pivot-shift test

0:1:2 2:9:1 3:7:2 0.714'
Clinical score
IKDC subjective score 431+139 51.4+125 0.132*
Lysholm score 59.2+234 69.5+16.6 0.371*
Tegner activity score 1.3+05 13+12 0.801*

Intraoperative data
Graft diameter (mm) 8.7+05 8.6+05 0.68*

Femoral tunnel position

Height (%) 55.6+8.1 57.8+6.3 0.644*

Depth (%) 29.3+4.1 30742 0.686*
Femoral intercondylar notch

Volume (cm?) 6.1+05 79+06 <0.001%

Distal base area (mm?) 309.5+335 4125+ 295 <0.001*

Proximal base area (mm?) 171.2+17.2 201.3+19.4 0.001*

Height (mm) 258+14 264+13 0.225%

Ratio to graft diameter 14+0.1 1.1£0.1 <0.001*
Meniscal procedure

Medial (no : meniscectomy : repair) 9:2:1 10:0:2 0.590"

Lateral (no : meniscectomy : repair) 10:0:2 11:0:1 >0.999'

Values are presented as mean + standard deviation or number of patients. Group S: patients with relatively small femoral intercondylar notch volumes
(< 50th percentile of the included patients), Group L: patients with relatively large femoral intercondylar notch volumes (> 50th percentile of the included
patients).

SSD: side-to-side difference, IKDC: International Knee Documentation Committee.

*Mann-Whitney U-test. 'Fisher's exact test.
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Table 5. Comparison of Postoperative Data in Female Patients

Variable Group S (n=12) Group L (n=12) p-value
Postoperative 2 yr
Knee laxity
SSD in anterior tibial translation
134 N (mm) 12+25 20+1.4 0.050*
Manual maximum force (mm) 15+2.1 26+20 0.156*

Pivot-shift test

0:1 9:3 7:5 0.667'
Clinical score
IKDC subjective score 725+17.0 771128 0.665*
Lysholm score 77.8+18.0 86.3+11.7 0.213*
Tegner activity score 33+£22 33+£16 0.681*

At final follow-up
Knee laxity
SSD in anterior tibial translation
134 N (mm) 07+18 20+£15 0.020*
Manual maximum force (mm) 08+1.7 26+20 0.011*

Pivot-shift test

0:1 8:4 6:6 0.680"

Clinical score

IKDC subjective score 77.3+115 77.7+£13.7 0.931*

Lysholm score 83.3+104 86.0+115 0.450*

Tegner activity score 32+19 35+15 0.576*
Kellgren-Lawrence grade

0:1:2 10:0:2 10:2:0 0.230"
ACL graft maturity, SNQ 32+27 38+6.4 0.606*"

Graft failure

Yes: no 171 2:10 >0.999"

Values are presented as mean + standard deviation or number of patients. Group S: patients with relatively small femoral intercondylar notch volumes
(< 50th percentile of the included patients), Group L: patients with relatively large femoral intercondylar notch volumes (> 50th percentile of the included
patients).

SSD: side-to-side difference, IKDC: International Knee Documentation Committee, ACL: anterior cruciate ligament, SNQ: signal-to-noise quotient.
*Mann-Whitney U-test. 'Fisher's exact test. For patients who underwent follow-up magnetic resonance imaging at 1 year after surgery (3 in group S
and 6 in group L).

While numerous studies have been conducted on  the condition after surgical treatment. Since postoperative
the association between the characteristics of femoral complications such as residual knee laxity, graft failure,
intercondylar notches and the occurrence of ACL inju-  and arthritis progression still remain to be resolved, it is
ries,”™” few studies have examined the relationships with ~ necessary to evaluate the effect of theoretically possible
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risk factors on surgical outcomes after ACL reconstruc-
tion. Analyses of surgical outcomes according to the femo-
ral intercondylar notch volume might be helpful in evalu-
ating the prognosis of surgery and establishing appropriate
treatment strategies.

Although still controversial, a small intercondylar
notch is generally accepted as a potential risk factor for
ACL injury.”® However, in this study, patients with rela-
tively small intercondylar notch volumes showed com-
parable surgical outcomes, including graft failure rates,
compared to patients with larger intercondylar notch
volumes. The discrepancies between the findings reported
in previous studies that did not include postoperative
patients and the results shown in this study are thought
to be due to the morphological differences between the
native ACL and graft tendons. The cross-sectional area of
the mid-substance of the native ACL was approximately
40 mm>,***” whereas the diameter of the graft tendon
used in the patients included in this study was 8.8 + 0.5
mm. Accordingly, although a direct comparison is not
possible, it is estimated that the cross-sectional area of the
graft tendons used in the included patients was larger than
that of the native ACL. Therefore, graft tendons with a
relatively large cross-sectional area of the mid-substance
of the tendon, where impingement mainly occurs,” may
be relatively stronger against impingement compared to
the native ACL. Although a previous study reported that
the risk of graft impingement increases as the graft size
increases,” it can be expected that the effect of the im-
pinging force on the graft may not be significant enough
to damage the graft. Furthermore, a previous study by
Wolf et al.” also showed similar results to our findings. For
the reasons mentioned above, this study may have shown
different results from those previously reported regarding
the relationship between the intercondylar notch sizes and
ACL injuries.

Interestingly, patients with smaller intercondylar
notch volumes showed relatively favorable surgical out-
comes in objective aspects compared to those with larger
notch volumes. These findings were prominent in post-
operative knee AP laxity, and although not statistically
significant, the graft failure rate tended to be low in male
patients with relatively small intercondylar notch volumes.
This may be attributed to the differences in graft sizes and
intercondylar notch size ratios. The graft diameters of the
patients included in the study were relatively consistent,
and there were no intergroup differences. Therefore, pa-
tients with small intercondylar notch volumes would have
relatively large ACL grafts relative to their body size. Graft
diameter has been reported to show a positive correlation

with the surgical outcomes of ACL reconstruction,”” and
this may explain why patients with relatively large ACL
grafts showed favorable surgical results in this study. The
cause remains unclear; however, it is expected that knees
with relatively large ACL grafts may be able to better resist
the applied loads.

This study has several limitations. First, this study
was based on a retrospective review, which may be associ-
ated with the risk of bias in evaluation. Second, unlike the
male patients, the number of female patients did not meet
the sample size required to detect differences in surgical
outcomes between the groups, which may result in a type
I error. Although it was sufficient to detect differences
in the objective surgical outcomes, the number of female
patients was not adequate for the comparison between
the groups to evaluate the subjective outcomes. Third, not
all patients included in the study underwent a follow-up
MRI. However, it was necessary to secure as many sub-
jects as possible for analysis, and there were no differences
in the frequency of follow-up MRI in all between-group
comparisons. Fourth, the grouping of patients was not
performed based on a specific reference value for intercon-
dylar notch volume but on the percentiles of the patients.
Although this is not feasible because there are no previous
studies reporting clinically meaningful values related to
intercondylar notch volumes (e.g., cutoff values), analyses
by grouping according to percentiles of patients were an
unavoidable limitation. Fifth, surgeries were performed
by two independent surgeons. The surgical indication,
surgical procedures, and postoperative rehabilitation pro-
tocols were the same between the two surgeons. However,
there may be subtle differences between them, which may
have affected the surgical outcomes. Finally, various bony
morphometric parameters that could be associated with
ACL injuries have not yet been fully evaluated. Although
the femoral tunnel position and tibial slope were assessed
in this study, all possible bony morphological risk factors
should be analyzed to minimize evaluation biases.” A
comprehensive investigation of these factors may be re-
quired in the future.

A small intercondylar notch can be problematic
during ACL reconstructions, leading surgeons to consider
notchplasty or graft diameter reduction to avoid possible
graft impingement. However, this study found that a small
intercondylar notch volume did not adversely affect the
surgical outcomes, indicating that additional procedures
such as notchplasty or graft diameter reduction are un-
necessary simply because the intercondylar notch is small.
The findings of this study could serve as the basis for a
treatment strategy related to intercondylar notch size dur-
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ing anatomical ACL reconstruction.

The surgical outcomes of anatomical single-bundle
ACL reconstruction in patients with relatively small inter-
condylar notch volumes were comparable to those with
large notch volumes, but rather showed favorable out-
comes in postoperative knee AP laxity.
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