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Abstract

Background Research on factors influencing the outcomes of revision anterior cruciate ligament (ACL) reconstruc-
tion is relatively scarce and mostly relies even on reports from a single group. Understanding the factors contributing
to the failure of revision ACL reconstruction can provide valuable information for achieving better clinical outcomes
and assist in patient counseling before surgery. Therefore, this study aimed to analyze the factors contributing to sur-
gical failure after revision ACL reconstruction.

Methods The medical records of consecutive patients who underwent single-bundle revision ACL reconstruction
using the transportal technique between 2010 and 2020 and had a minimum follow-up of 2 years were retrospec-
tively reviewed. Eligible patients were classified into two groups on the basis of the presence of surgical failure dur-
ing the follow-up period (group NF, patients who did not experience surgical failure; group F, patients who expe-
rienced surgical failure). In this study, surgical failure after revision ACL reconstruction was defined as meeting any
of the following conditions during follow-up: the presence of graft re-tear confirmed by magnetic resonance imag-
ing (MRI), anterior—posterior laxity graded > 2, or rotational laxity graded > 2. A comparative analysis was conducted
on demographic data, as well as peri-, intra-, and postoperative data between the groups. Additionally, a regression
analysis was performed to investigate factors influencing surgical failure after revision ACL reconstruction.

Results A total of 58 patients were included (group NF, 40 patients; group F, 18 patients). In between-group com-
parisons of demographic, peri-, and intra-operative data, group F exhibited a higher frequency of multiple revision
surgeries (P=0.001), increased preoperative osteoarthritis grade (P=0.001), and shallower femoral tunnel depth
(P=0.002) compared with group NF. At the final follow-up, group F demonstrated relatively poor clinical outcomes,
both subjectively and objectively. Multivariate regression analysis revealed that all variables that showed differences
in the preceding comparisons were independent factors affecting surgical failure after revision ACL reconstruction.

Conclusions Surgical failure after revision ACL reconstruction can occur in a substantial number of patients, influ-
enced by non-modifiable factors, such as cases corresponding to multiple revision surgery and preoperative osteoar-
thritis grade, and modifiable factors, such as femoral tunnel depth.
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Background

With the increasing frequency of primary anterior
cruciate ligament (ACL) reconstruction, there is a
simultaneous rise in the occurrence of revision ACL
reconstruction [1]. Despite ongoing improvements
in surgical outcomes of primary ACL reconstruction
owing to the accumulation of related knowledge and
advancements in surgical techniques [2], instances of
surgical failure necessitating revision ACL reconstruc-
tion persist [3, 4]. Indeed, the need for revision surgery
was reported in up to 7.7% of patients who underwent
primary ACL reconstruction [5, 6], with an estimated
annual incidence of around 13,000 such procedures in
the USA [7].

Nevertheless, the surgical outcomes of revision ACL
reconstruction are known to be relatively inferior and
unpredictable compared with primary ACL recon-
struction [8-11]. Although it varies depending on the
definition of surgical failure [12], it has been reported
that surgical failure after revision ACL reconstruction
can be more than 20% [3]. This may be attributed to
inadequate addressing of factors contributing to sur-
gical failure of the primary ACL reconstruction (e.g.,
non-anatomic tunnel placement, graft type, untreated
meniscus, cartilage, or ligament pathologies, malalign-
ment of the lower extremity, increased tibial slope, etc.)
or may arise from technical challenges [1, 13-16]. In
fact, revision ACL reconstruction requires considera-
tion of numerous variables compared with primary sur-
gery [17]. Additionally, factors beyond the control of
the patient or surgeon, as well as those not yet identi-
fied, might influence relatively poor results. Despite the
aforementioned conditions, research on factors influ-
encing the outcomes of revision ACL reconstruction
is relatively scarce and mostly relies on reports from
a single group [14, 18, 19]. Understanding the factors
contributing to the failure of revision ACL reconstruc-
tion can provide valuable information for achieving
better clinical outcomes and assist in patient coun-
seling before surgery.

Therefore, this study aimed to analyze the factors
contributing to surgical failure after revision ACL
reconstruction. It was hypothesized that there are
potential modifiable factors influencing surgical failure
after revision ACL reconstruction.

Methods

The current study obtained approval from our institu-
tion’s institutional review board, and the requirement
for informed consent was waived owing to the retro-
spective nature of the research. The medical records
of consecutive patients who underwent revision ACL
reconstruction by two senior surgeons at a single insti-
tution from 2010 to 2020 were retrospectively reviewed.
The inclusion criteria comprised patients who under-
went single-bundle revision ACL reconstruction using
the transportal (anteromedial portal) technique and
had a minimum follow-up period of 2 years. To exam-
ine the effect of multiple revision surgery, cases where
revision ACL reconstruction was performed more than
once (e.g., re-revision surgery) were inclusively consid-
ered as instances of revision ACL reconstruction for
analysis. Exclusion criteria were as follows: (1) a fol-
low-up period of less than 2 years, (2) double-bundle
reconstruction, (3) utilization of surgical techniques
other than the transportal technique, (4) multiligament
reconstruction (excluding combined anterolateral liga-
ment reconstruction), and (5) postoperative infection.
Subsequently, patients meeting the aforementioned
inclusion criteria were classified into two groups on
the basis of the presence of surgical failure during the
follow-up period, including those without surgical fail-
ure (group NF) and those encompassing surgical failure

(group F) (Fig. 1).

Definition of surgical failure

Currently, there remains a lack of consensus on the
definition of surgical failure after ACL reconstruction
or revision ACL reconstruction. Depending on litera-
ture or authors, surgical failure may be defined simply
as graft retear and could encompass functional insuffi-
ciency associated with ACL reconstruction [1, 20, 21].
In this study, by referencing prior research [3], surgical
failure after revision ACL reconstruction was deemed
to be present if any of the following conditions, directly
associated with the outcomes of revision ACL recon-
struction, were identified during the follow-up period:
(1) graft re-tear confirmed by magnetic resonance
imaging (MRI), (2) anterior—posterior (AP) laxity of the
knee graded as 2 or 3 (on the basis of measurements
using the KT-2000 arthrometer or manual Lachman
test), and (3) rotational laxity of the knee graded as 2
or 3 (on the basis of measurements using the manual
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Patients who underwent revision ACL reconstruction
from 2010 to 2020 (N =97)

Exclusion
v Follow-up period < 2 years (n = 35)
v Double-bundle reconstruction (n=1)
v" Over-the-Top technique for ACL reconstruction (n = 1)
v/ Multi-ligament reconstruction excluding combined ALL reconstruction (n =1)

v Postoperative infection (n = 1)

Patients who underwent single-bundle revision ACL reconstruction
using the transportal technique (N = 58)

Group NF:

Patients who did not experience surgical failure (N = 40)

GroupF:

Patients who experienced surgical failure (N = 18)

Fig. 1 Patient flowchart

pivot-shift test). This criterion was adopted to encom-
pass all possible conditions associated with unfavorable
clinical outcomes after surgery.

Surgical procedures and postoperative rehabilitation

The surgical technique and postoperative rehabilitation
for revision ACL reconstruction were fundamentally exe-
cuted in a manner identical to that of the primary surgery
[22, 23], while also adhering to the principle of identify-
ing and addressing the causes of failure in primary ACL
reconstruction [17]. In most cases, single-bundle recon-
struction using the transportal technique was employed.
The choice of the ACL graft was determined on the basis
of the type of graft used in the previous surgery and pre-
operative consultations with the patient. The fixation in
the femoral tunnel of the graft was accomplished using
a fixed-loop cortical suspension device (EndoButton CL;
Smith & Nephew, Memphis, Tennessee, USA) for soft
tissue grafts and a bioabsorbable interference screw for
bone-patellar tendon-bone grafts. In the tibial tunnel,
fixation was uniformly achieved with a bioabsorbable
interference screw, with the inclusion of a cortical screw
and washer for additional reinforcement in the case of
soft tissue grafts. Consideration for a two-stage revision
ACL reconstruction was given when tunnel widening
exceeded approximately 15-16 mm [16].

Patient evaluation

The evaluation of patients involved conducting clinical
assessments, encompassing demographic data, functional
scores, and knee laxity, along with intraoperative data
and various radiographic parameters. Functional scores
used for patient evaluation included International Knee
Documentation Committee (IKDC) subjective, Lysholm,
and Tegner activity scores [24, 25]. The assessment of
knee laxity was conducted for both AP and rotational lax-
ity. AP laxity of the knee was recorded using the KT-2000
arthrometer (MEDmetric, San Diego, California, USA)
and the manual Lachman test [26]. Rotational laxity of
the knee was evaluated through the manual pivot shift
test and recorded as follows: grade 0 (absent=normal),
grade 1 (glide=nearly normal), grade 2 (jump=abnor-
mal), and grade 3 (transient lock=severely abnormal).
The assessments of functional scores and knee laxity
were based on records conducted independently of this
study when patients visited outpatient clinics. In this
study, the analysis was performed using records from
the preoperative phase and the final follow-up. Addition-
ally, clinical improvement beyond the minimal clinically
important difference (MCID) was assessed for each func-
tional score by examining the score differences between
the two time points (16.7 for the IKDC subjective score,
8.9 for the Lysholm score, and 1 for the Tegner activity
score) [27, 28].
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The analysis of intraoperative data entailed the exami-
nation of the characteristics of the ACL graft and the
state of the meniscus and cartilage on the basis of records
at the time of surgery. The ACL grafts were evaluated
for their diameter and specific type. The condition of
the meniscus was classified for both the medial and lat-
eral meniscus as functional, non-functional, or repaired
[29]. A functional meniscus was defined as having no
pathologic lesions or undergoing partial meniscectomy
for conditions not affecting its functionality [29]. Non-
functional meniscus was defined in cases where previous
meniscectomy had been performed or in the presence of
large irreparable meniscus lesions [29]. Cartilage was cat-
egorized for each compartment as intact or having a low-
grade lesion, a high-grade lesion, or having undergone
cartilage restoration procedures. In cases where cartilage
lesions corresponded to ICRS grade 2 or below, they were
identified as low-grade lesions, while lesions rated ICRS
grade 3 or above were categorized as high-grade lesions.
Furthermore, whether combined anterolateral ligament
reconstruction was performed was assessed.

The radiographic evaluation involved the use of plain
radiographs and computed tomography (CT) images.
Assessment through plain radiographs involved eval-
uating the osteoarthritis grade in standing AP knee
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radiographs, measuring the posterior tibial slope and
lateral femoral condyle ratio in lateral knee radiographs,
and determining the hip-knee-ankle angle in full-length
weight-bearing lower extremity AP radiographs (Fig. 2)
[30, 31]. Additionally, the radiographic osteoarthritis
grade was assessed at both the preoperative and final
follow-up time points. Subsequently, postoperative CT
images taken on the day of surgery were used to evaluate
the position of the ACL tunnels in the femur and tibia,
as well as the characteristics of the femoral intercondylar
notch. The variables were assessed using a three-dimen-
sionally (3D) reconstructed knee model. For this pur-
pose, Digital Imaging and Communications in Medicine
data from CT scans were imported into Mimics software
(version 17; Materialize, Leuven, Belgium), facilitating
the meticulous creation of 3D models of the femur and
tibia. Initially, for evaluating ACL tunnel positions, femur
and tibia models were rotated and aligned following the
methodology of a prior study [32]. At these positions,
the lateral wall of the intercondylar notch of the femur
was employed as a rectangular reference frame to assess
the femoral tunnel position (represented as height and
depth), while the cortical outline of the proximal tibia
served as a reference frame for evaluating the tibial tun-
nel position (represented as width and depth) (Fig. 2)

2743w}

h

Fig. 2 A Measurements of the lateral femoral condylar ratio (3/a+ % 100, %) and posterior tibial slope (y, °). B Measurements of the ACL femoral
tunnel position using a rectangular reference frame, indicating the tunnel height (dashed blue line/solid blue line x 100, %) and tunnel depth
(dashed red line/solid red line x 100, %). C Measurement of the ACL tibial tunnel position with a rectangular reference frame, delineating the tunnel
height (dashed blue line/solid blue linex 100, %) and tunnel width (dashed red line/solid red line x 100, %). D, E Femoral intercondylar notch
volume was calculated with the following formula: volume (cm®=h (ST+52++/(5152))/3. In this equation, S1 and S2 denote the cross-sectional
area of the intercondylar notch at the most distal and proximal levels of Blumensaat's line, respectively, while h signifies the vertical distance

between the two areas of the intercondylar notch
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[32]. The characteristics of the femoral intercondylar
notch were also determined using a 3D femur model. Fol-
lowing the truncated-pyramid shape simulation method
of a previous study [33], the cross-sectional area at the
most distal and proximal positions of the intercondylar
notch and the height of the intercondylar notch were
measured (Fig. 2). Subsequently, these values were uti-
lized to calculate the femoral intercondylar notch volume
[33, 34]. An experienced orthopedic surgeon who had
completed a fellowship in orthopedic surgery, blinded to
patient information, conducted radiographic measure-
ments twice over a 4-week interval to evaluate the meas-
urement reliabilities. Continuous variables were analyzed
by averaging two measurements. For categorical vari-
ables, any discrepancies between observers were resolved
through discussion until a consensus was reached. In
cases where discrepancies persisted, consultation with
the senior author was sought for decision.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows (v26.0; Armonk, NY, USA). For
the comparative analysis of continuous variables, Stu-
dent’s ¢-test was used when a normal distribution was
evident in each group, while the Mann—Whitney U test
was implemented when the assumption of normal distri-
bution was unmet. For categorical variables, either Pear-
son’s chi-square test or Fisher’s exact test was employed.
Additionally, a multivariate logistic regression analysis
was performed with variables that exhibited statistically
significant differences in the comparisons between the
two groups. The reliability of radiographic measurements
was evaluated by calculating intraclass correlation coef-
ficients (ICCs) with a confidence level set at 95%. The sig-
nificance level was established at P<0.05. Furthermore,
a post hoc power for the regression analysis was calcu-
lated using G*POWER software (version 3.1.9.2; Hein-
rich Heine Universitit, Diisseldorf) using the number of
patients included in this study, with the significance level
set at 5%.

Results

A total of 58 patients were enrolled in this study, com-
prising 40 in group NF and 18 in group F. Within group
F, surgical failure was attributed to various reasons,
including six patients of graft retear, two patients of knee
AP laxity > grade 2, four patients of knee rotational lax-
ity >grade 2, and six patients with more than two reasons
for failure. One patient in group NF and seven patients
in group F underwent re-revision ACL reconstruction,
with no instances of tertiary revision surgeries. While
there were mostly no statistical differences in baseline
demographic data between the groups, the number of
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Table 1 Comparison of baseline demographic data

Variables® Group NF  GroupF  PValue
(N=40) (N=18)

Age, years 278+9.2 2741101 0.717

Sex?

Male/ Female 35/5 15/3 0.694
Affected side®

Right/ Left 34/6 12/ 6 0.161
Body Mass Index, kg/m? 260+36  248+33 0.215
Postoperative CT scan®

Yes/ No 37/3 16/2 0.641
Postoperative MRI*

Yes/ No 27/13 12/ 6 >0.999
Preinjury Tegner activity score 53+18 5115 0517
Follow-up duration, years 32+14 34+13 0.485
Multiple revision surgery”

Yes/ No 1/39 7/ 11 0.001
Reason corresponding to surgical
failure®

Graft retear NA 6

Anteroposterior laxity > grade 2 NA 2

Rotational laxity > grade 2 NA 4

More than two reasons NA 6

CT computed tomography, MRl magnetic resonance imaging, ACL anterior
cruciate ligament, NA not applicable

9The values are given as the mean and standard deviation, otherwise noted
separately

®The values are given as number of patients
¢ Images taken immediately after surgery

9Images taken 1 year after surgery

patients corresponding to multiple revision ACL recon-
struction were significantly higher in group F (P=0.001)
(Table 1). As multiple revision surgeries could indepen-
dently influence the analysis results, this study conducted
an additional comparison between groups, excluding
patients who had undergone multiple revision surgeries
to eliminate this potential influence. In the comparative
analysis excluding patients undergoing multiple revision
ACL reconstruction, no between-group differences were
observed in baseline demographic data (Supplementary
Table 1).

In the realm of perioperative data, there were no
observed differences between the two groups in pre-
operative functional scores and knee laxity. However,
concerning preoperative radiographic variables, osteo-
arthritis grade was significantly higher in patients in
group F (P=0.001). Furthermore, a comparative assess-
ment utilizing postoperative CT images revealed that
the depth of the femoral tunnel in group F was relatively
shallow compared with that in group NF (P=0.002)
(Table 2). Intraoperative data, encompassing graft diam-
eter and type, meniscus and cartilage conditions, and
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Table 2 Comparison of perioperative data

Variables® Group NF Group F P value
(N=40) (N=18)
Preoperative
Functional scores
IKDC subjective score 50.1+£154 572+15.1 0.111
Lysholm score 60.6+23.5 68.7+21.8 0.223
Tegner activity score 19+16 23%12 0.182
Knee laxity
SSD in anterior tibial trans-  6.5+2.8 71431 0436
lation, 134N
Lachman test, grade®
0/1/2/3 0/10/21/9 1/2/10/5 0337
Pivot-shift test, grade®
0/1/2/3 1/8/18/12 0/5/4/9 0.287
Radiographic parameters
Kellgren-Lawrence grade®
0/1/2 27/11/2 4/7/7 0.001
Hip-knee-ankle angle, ° 1.1+£34 04+4.1 0.501
Posterior tibial slope, ° 83+28 88+27 0.529
Lateral femoral condyle 65.5+27 66+39 0.607
ratio, %
Postoperative
Femoral tunnel position®
Height, % 484+7.8 452+8.1 0172
Depth, % 287+53 342467 0.002
Tibial tunnel position®
Depth, % 38+44 403+59 0.088
Width, % 448+2.2 457+13 0.137
Femoral intercondylar notch
character®
Volume, cm? 9.7+19 9.7+20 0.985
Distal base area, mm? 4781474  4704+62 0.717
Proximal base area, mm? 24424413  2346+441 0451
Height, mm 273426 279+238 0.448

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

9The values are given as the mean and standard deviation, otherwise noted
separately

®The values are given as number of patients

¢ For patients who underwent postoperative CT scan (37 in Group NF and 16 in
Group F)

the implementation of combined ALL reconstruction,
showed no discernible differences between the two
groups (Table 3). Similarly, in the comparison of peri-
and intraoperative data excluding patients undergoing
multiple revision ACL reconstruction, group F showed
significantly higher preoperative osteoarthritis grade and
shallower femoral tunnel depth, consistent with the ear-
lier analysis (P=0.003 and P=0.007, respectively) (Sup-
plementary Table 2 and 3). The 95% confidence intervals
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of the ICCs for radiographic parameters corresponding
to continuous variables ranged from 0.91 to 0.987.

In the between-group comparisons at the final follow-
up, there were no differences in functional scores, but
group F exhibited a significantly lower frequency of clini-
cal improvement beyond the MCID value for the IKDC
subjective score (P=0.044). Both AP and rotational laxi-
ties of the knee were also significantly poor in group F
(P<0.001 for side-to-side difference in anterior tibial
translation, P<0.001 for the Lachman test, and P<0.001
for the pivot-shift test). Furthermore, the radiographic
osteoarthritis grade at the final follow-up was also nota-
bly higher in group F (P<0.001) (Table 4). The between-
group comparison of postoperative data, excluding
patients undergoing multiple revision ACL reconstruc-
tion, also exhibited a trend similar to the aforementioned
findings (Supplementary Table 4).

To analyze the independent factors influencing surgical
failure after revision ACL reconstruction, multivariate
logistic regression analysis was performed. Variables that
exhibited statistically significant differences in previous
between-group comparisons for demographic, periop-
erative, and intraoperative data were eligible for inclusion
in the regression model. Consequently, the variables
identified as statistically significant independent factors
influencing surgical failure were whether patients under-
went multiple revision ACL reconstruction, preoperative
osteoarthritis grade, and femoral tunnel depth (Table 5).
The post hoc power of the logistic regression analysis was
75.3%.

Discussion

The most principal finding of the present study is that
surgical failure after revision ACL reconstruction can
occur in a substantial number of cases, and various
factors may influence such surgical failure. Independ-
ent factors affecting surgical failure after revision ACL
reconstruction include cases corresponding to multiple
revision ACL reconstruction, preoperative osteoarthri-
tis grade, and femoral tunnel depth. The findings of this
study could contribute not only to improving the out-
comes of revision ACL reconstruction but also to provid-
ing valuable insights during preoperative consultations
with patients.

Surgical failure following revision ACL reconstruction
poses a formidable challenge for orthopedic surgeons.
Managing surgical failure after revision ACL reconstruc-
tion necessitates meticulous consideration of various
aspects, as is common in any surgery. Addressing fac-
tors, such as age, concurrent intra-articular pathology,
graft selection, tunnel widening, and the potential need
for combined osteotomy or extra-articular procedures,
can pose greater complexity compared with primary



Moon et al. Knee Surgery & Related Research (2024) 36:37

Table 3 Comparison of intraoperative data

Variables® Group NF Pvalue

(N=40)

Group F
(N=18)

Graft diameter, 9.2+0.6 92+10 0.694

mm?®
Graft type

Autograft/

allograft/

hybrid graft
Graft type (detailed)
2/3/31/1/3

5/32/3 5/12/1 0.362

Hamstring 3/2/10/2/1 0.226
autograft/

BTB auto-

graft/

tibialis ante-

rior allograft/

Achilles allo-

graft/ hybrid

graft
Associated intra-articular lesion
Yes/ No 23/17
Medial meniscus

1/7 >0.999

Functional/ 22/5/13 10/ 4/ 4 0.583
non-func-

tional/ repair
Lateral meniscus

Functional/ 34/0/6 16/0/2 >0.999
non-func-

tional/ repair
Tibiofemoral joint cartilage

Intact or low- 33/2/5 16/ 1/1 0.842
grade lesion/

high-grade

lesion/

restoration

procedure
Patellofemoral joint cartilage

Intact or low- 38/0/2
grade lesion/
high-grade

lesion/

restoration

procedure

15/1/2 0.239

Combined ALL reconstruction

Yes/ No 8/32 5/13 0516

ALL anterolateral ligament, BTB bone-patellar tendon-bone
9The values are given as number of patients

®The values are given as the mean and standard deviation

surgery [1, 13, 35, 36]. Moreover, the outcomes of revi-
sion ACL reconstruction are reported to be inferior to
those of primary ACL reconstruction [8-11]. Hence, it
is imperative to elucidate the factors influencing surgical
failure after revision ACL reconstruction. While these
factors are anticipated to bear similarities to those after
primary ACL reconstruction, clinical studies to validate
this assumption are essential. Identifying modifiable
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factors influencing surgical failure after revision ACL
reconstruction could mitigate the risk of failure, thereby
enhancing surgical outcomes. Even if the discovered fac-
tors are non-modifiable, they could still provide valu-
able insights during preoperative consultations. For
these reasons, this study conducted an analysis of fac-
tors contributing to surgical failure after revision ACL
reconstruction.

This study has unveiled that factors, such as cases cor-
responding to multiple revision ACL reconstruction,
preoperative osteoarthritis grade, and femoral tunnel
depth, may influence surgical failure after revision ACL
reconstruction. While not entirely identical, the results
of this study align with previous research findings. The
Multicenter ACL Revision Study (MARS) group, a lead-
ing contributor to research on revision ACL reconstruc-
tion, reported that cases of multiple revision surgery and
degenerative changes in the knee may be associated with
poor surgical results after revision ACL reconstruction
[14, 18, 19]. The degenerative changes in the knee, rep-
resented in this study through the preoperative osteo-
arthritis grade, may adversely affect the ACL graft by
intensifying inflammatory responses within the joint [37,
38]. Remarkably, unlike preoperative radiographic osteo-
arthritis grade, there were no differences between groups
regarding cartilage status observed during surgical proce-
dures. However, this may be attributed to the inclusion of
patients who underwent surgical restoration for cartilage
lesions in the analysis, and it is also well known that radi-
ographic osteoarthritis grade does not perfectly correlate
with arthroscopic findings [39]. Furthermore, for the case
of multiple revision ACL reconstruction, it is expected
that degenerative changes in the knee will accelerate in
the process of repeated surgical failure and be reflected
in the surgical results. Indeed, a recent systematic study
reported that degenerative changes in the meniscus and
cartilage are more frequent in re-revision ACL recon-
struction compared with primary or revision surgery
[15]. Although the two factors mentioned above are not
modifiable by the surgeon, such insights can offer valu-
able assistance during preoperative patient consultations.

Beyond non-modifiable factors (multiple revision sur-
gery and preoperative osteoarthritis grade), it has been
observed that there are factors influencing the surgical
outcomes of revision ACL reconstruction that can be
controlled by the surgeon, such as femoral tunnel depth.
The non-anatomic placement of the femoral tunnel is
recognized as one of the most common technical errors
impacting surgical failure after ACL reconstruction [40,
41], and this effect is presumed to have also applied to the
patients included in this study. This study reveals a sig-
nificant association between a shallower femoral tunnel
depth and an elevated risk of surgical failure. Notably,



Moon et al. Knee Surgery & Related Research (2024) 36:37

Table 4 Comparison of postoperative data at final follow-up

Variables® Group NF Group F P value
(N=40) (N=18)
Functional scores
IKDC subjective score 69.8+16.6 63.8+12.1 0.176
Lysholm score 775+17.7 769+19.2 0.993
Tegner activity score 34%17 32+16 0.831
Clinical improvement beyond the MCID?
IKDC subjective score®
Yes/ No 26/ 14 6/ 12 0.044
Lysholm score®
Yes/ No 25/15 9/9 0402
Tegner activity score®
Yes/ No 17/ 23 8/ 10 >0.999
Knee laxity
SSD in anterior tibial 1.8+1.2 58+35 <0.001
translation, 134N
Lachman test, grade®
0/1/2/3 19/21/0/0 3/7/7/1 <0.001
Pivot-shift test®
0/1/2/3 18/22/0/0 6/5/4/3 <0.001
Radiographic parameters
Kellgren-Lawrence grade®
0/1/2/3 23/13/4/0 2/4/11/1 <0.001

IKDC International Knee Documentation Committee, MCID minimal clinically
important differences, SSD side-to-side difference

9The values are given as the mean and standard deviation, otherwise noted
separately

b Comparison between before surgery and final follow-up

“The values are given as number of patients

Table 5 Multivariate logistic regression analysis of factors
affecting surgical failure after revision ACL reconstruction

Variables? B Coefficient  Odds ratio (95% P value
confidence interval)

Multiple-revision surgery

No Reference Reference

Yes 3.863 47602 (3.007-753.501)  0.006
Preoperative Kellgren-Lawrence grade

0 Reference Reference

1 1.587 4.887 (0.659-36.238) 0.121

2 3.248 25.75(2.091-317.139) 0.011

Femoral tunnel  0.203 1.225 (1.025-1.465) 0.026

position, depth

ACL anterior cruciate ligament
9 Statistically significant variable in preceding comparative analysis

Byrne et al. reported an increased risk of non-traumatic
ACL failure when the femoral tunnel is relatively ante-
riorly (shallowly) positioned [42]. Admittedly, although
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a significant difference in femoral tunnel depth was
observed between groups in this study, this difference
may not be as pronounced in practical surgical situations.
Nevertheless, this finding emphasizes the importance of
precise tunnel positioning during surgery. While revi-
sion surgery is inherently more challenging, surgeons
should endeavor to minimize the risk of surgical failure
by anatomically positioning the femoral tunnel as much
as possible.

The entirety of factors that could potentially impact
surgical failure following revision ACL reconstruction
might not have been fully elucidated in this study. An
analysis of still-debatable factors, such as graft selection
[43-45], could have produced different results if evalu-
ated with a larger sample size. However, notwithstand-
ing these limitations, the strength of this study lies in its
comprehensive analysis, encompassing intraoperative
data to radiographic assessments using various imag-
ing modalities. Information on non-modifiable factors
revealed to influence surgical failure after revision ACL
reconstruction, such as cases of multiple revision recon-
structions and preoperative osteoarthritis grade, can be
beneficial in patient selection and preoperative consul-
tations. Concurrently, striving for more precise femoral
tunnel placement, a modifiable factor during surgery,
may reduce the risk of surgical failure. This study could
serve as a foundational basis for formulating surgical
strategies for revision ACL reconstruction.

The present study has several limitations. First, as a
single-center study, the number of patients included in
this research is limited owing to the relatively infrequent
nature of revision ACL reconstruction compared with
primary surgery. Although unavoidable, this limited sam-
ple size may have influenced the analysis results. Second,
this study relies on retrospective record review, which
may lead to biased assessments. Third, not all patients
included in this study underwent postoperative CT and
MRI evaluations; however, the frequency of each exami-
nation did not exhibit between-group differences. Fourth,
patients who underwent re-revision ACL reconstruction
were also included in this study. However, as previously
stated, this was done to assess the impact of multiple
ACL reconstructions. Nonetheless, even in the com-
parative analysis excluding patients subjected to multi-
ple revision surgery, the findings remained unchanged.
Finally, although this study conducted a comprehensive
evaluation of all possible factors associated with the sur-
gical outcomes, including technical errors, there might
be unassessed factors that could potentially influence
surgical outcomes.
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Conclusions

Surgical failure after revision ACL reconstruction can
occur in a substantial number of patients, influenced by
non-modifiable factors, such as cases corresponding to
multiple revision surgery and preoperative osteoarthri-
tis grade, and modifiable factors, such as femoral tunnel
depth.
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