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Abstract

Background Failed ACL reconstruction frequently is

accompanied by irreparable medial meniscal tear and/or

visible osteoarthritis (OA) in the medial tibiofemoral joint.

Thus, assessment for the presence of varus malalignment is

important in caring for patients in whom revision ACL

reconstruction is considered.

Questions/purposes We determined whether patients

undergoing revision ACL reconstruction (1) have more

frequent varus malalignment coupled with more severe

degrees of medial meniscal injury and/or medial tibio-

femoral OA, and (2) would meet potential indications for

high tibial osteotomy more frequently than patients

undergoing primary ACL reconstruction.

Methods We compared 58 patients undergoing revision

ACL reconstruction and 116 patients undergoing primary

ACL reconstruction. The mechanical tibiofemoral angle

and the weight loading line (%) of the knee were measured.

Additionally, radiographic degrees of OA in the tibiofem-

oral joints, and meniscal conditions were assessed. Then,

proportions of potential candidates for high tibial osteot-

omy between the two groups were compared based on the

following indications: (1) weight loading line less than 5%,

(2) weight loading line less than 25% and medial tibio-

femoral OA Kellgren-Lawrence Grade 3 or greater, or

(3) weight loading line less than 25% and Kellgren-Law-

rence Grade 2 medial tibiofemoral OA plus subtotal or total

medial meniscectomy status.

Results The revision ACL reconstruction group had more

frequent varus malalignment in terms of proportion of

knees with more varus mechanical tibiofemoral angle than

varus 5� (19% versus 8%, p = 0.029) and knees with

weight loading line less than 25% (22% versus 9%,

p = 0.011). This group also had more frequent high-grade

injury of the medial meniscus (34% versus 16%,

p = 0.007) and tended to have more frequent higher-grade

radiographic OA at the medial tibiofemoral joint (19%

versus 9%, p = 0.076). The percentage of patients meeting

potential indications for high tibial osteotomy was greater

in this group (14% versus 2%, p = 0.003).

Conclusions We found that many patients undergoing

revision ACL surgery may be reasonable candidates for

concurrent high tibial osteotomy to address concomitant

alignment and OA issues in the medial compartment.

However, whether that additional intervention is offset by

added risk and morbidity should be the focus of a future

study, as it cannot be answered by a study of this design.
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Introduction

Revision ACL reconstruction is challenging, and its out-

comes are known to be inferior to those of primary ACL

reconstruction [12, 17, 25]. The presence of concomitant

knee lesions such as meniscus injuries and osteoarthritis

(OA) may be associated with inferior outcomes [1]. Mul-

tiple authors have reported that patients undergoing

revision ACL reconstruction have concomitant advanced

meniscal and/or articular damage, particularly at the medial

tibiofemoral joint, such as irreparable tears of the medial

meniscus and/or established medial tibiofemoral OA [1, 4,

8, 23]. Additionally, it has been our anecdotal observation

that patients undergoing revision ACL reconstruction have

varus malalignment more frequently than patients under-

going primary ACL reconstruction. If this is the case,

preexisting medial tibiofemoral joint problems in the

patients with failed ACL reconstruction can lead to more

adverse consequences; varus malalignment is known to be

one of the most important factors for progression of pre-

existing medial tibiofemoral OA and aggravation of

symptoms [5, 6, 18–20, 22]. Moreover, in patients with

large, irreparable medial meniscal tears, combined varus

malalignment can further aggravate mechanical stress on

the medial tibiofemoral joint and may result in early

degeneration of the joint [3, 7, 13].

Consequently, we speculated that patients undergoing

revision ACL reconstruction might be more likely to meet

standard criteria for high tibial osteotomy than those

undergoing primary ACL reconstruction. However, little

information is available regarding the coronal alignment

conditions and potential indications for high tibial osteot-

omy in these patient groups.

We therefore determined whether patients undergoing

revision ACL reconstruction (1) have more frequent varus

malalignment coupled with more severe degrees of medial

meniscal injury and/or medial tibiofemoral OA, and

(2) would meet potential indications for high tibial oste-

otomy more frequently than patients undergoing primary

ACL reconstruction. We hypothesized that patients

undergoing revision ACL reconstruction would have more

frequent varus malalignment coupled with more severe

degrees of medial meniscus injury and/or medial tibio-

femoral OA, and therefore might become potential

candidates for high tibial osteotomy more frequently than

patients undergoing primary ACL reconstruction.

Patients and Methods

For this study, we developed two comparative groups: (1) a

revision ACL reconstruction group and (2) a primary ACL

reconstruction group as a control. For the revision ACL

reconstruction group, we included only patients whose

major symptom was sustained instability originating from

failed previous ACL reconstruction. We did not include

patients who had ACL damage or failure of a reconstructed

ACL but had undergone high tibial osteotomy alone

because their major symptom stemmed not from instability

but from medial tibiofemoral OA. For this, we reviewed

collected data for 65 knees in 63 patients undergoing

revision ACL reconstruction between September 2005 and

April 2012. We excluded seven knees (seven patients) with

the following conditions: (1) five knees in five patients who

underwent combined surgeries with other knee ligament

reconstructions and (2) two knees of two patients who

underwent rerevision ACL reconstruction owing to acute

reinjury. This left 58 knees in 58 patients in the revision

ACL reconstruction group. In developing the primary ACL

reconstruction group for a control, because age and sex

were potential demographic factors influencing variation in

the degree of OA and of coronal alignment, we matched

these two factors by individual matching methods. For this

study, we sought to enroll two controls per case, ie, 116

control subjects. For this, we reviewed a database of 280

patients (247 male and 33 female patients) who underwent

primary ACL reconstruction between January 2009 and

April 2012 in a retrograde order and selected 116 patients

as the age- and sex-matched control group. There were no

differences in demographic features between groups

(Table 1). All patients involved in this study were ethni-

cally Korean and had undergone surgeries by one surgeon

(CBC) at our institute.

To estimate sample size, we used the probability of a

patient meeting a standardized set of potential indications

for high tibial osteotomy as our target outcome variable.

Since 2011, we have performed high tibial osteotomy

combined with primary or revision ACL reconstruction for

patients who had symptomatic ACL laxity and also met our

indications of high tibial osteotomy for patients undergoing

ACL reconstruction. The indications for concurrent high

tibial osteotomy in patients undergoing ACL reconstruc-

tion are determined based on three objective findings

(coronal limb alignment, degree of radiographic knee OA,

and meniscal condition) and patients’ symptoms and

functions, such as presence of varus thrust gait. In this

study, we applied only the indications defined based on the

aforementioned three objective factors to detect potential

candidates for high tibial osteotomy. Those indications

were (1) weight loading line less than 5% from the medial
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edge of the tibial plateau regardless of any other condition;

(2) weight loading line less than 25% plus radiographic OA

of Kellgren-Lawrence Grade 3 or higher at the medial

tibiofemoral joint regardless of meniscal condition; and (3)

weight loading line less than 25% plus Kellgren-Lawrence

Grade 2 at the medial tibiofemoral joint plus subtotal or

total medial meniscectomy status. Furthermore, even if a

knee met one of these criteria, if its Kellgren-Lawrence

grade was 3 or higher at the lateral compartment and/or

subtotal or total lateral meniscectomy had been done, it

would not be considered for high tibial osteotomy because

of a potential concern of progression of lateral tibiofemoral

OA after realignment. Our prior data indicated that the

probability of a patient meeting these indications among

controls was approximately 1.5%. We expected that the

probability of potential indication for high tibial osteotomy

in the revision ACL reconstruction group would be

approximately 10 times higher than that of the primary

ACL reconstruction group, ie, 15%. In that case, we would

need to study 53 patients in the revision ACL reconstruc-

tion group and 106 patients in the primary ACL

reconstruction if we set Type I error at 0.05 and power at

0.8 using either a chi-square test or Fisher’s exact test. This

result verified the adequacy of the sample size for this

study. This study was approved by the institutional review

board of our hospital.

We performed radiographic evaluation to assess

parameters for coronal limb alignment including the weight

loading line and mechanical tibiofemoral angle, and

degrees of OA in the tibiofemoral joint of the knee. For all

study subjects, radiographic evaluation was done using

preoperative radiographs taken within 1 month before

index surgery in our institution. We used a preoperative

standing 45� flexion posteroanterior radiograph (Rosenberg

view) and a standing AP knee radiograph taken on a 14- 9

17-inch (36- 9 43-cm) grid cassette for evaluation of OA

in the tibiofemoral joint and a standing whole-limb AP

radiograph taken on a 14- 9 51-inch (36- 9 130-cm) grid

cassette for evaluation of coronal limb alignment. To

control the rotational position of the AP radiograph, an

identical foot rotation angle was obtained using a reference

foot template on the platform incorporated for our plane

radiographic system. In addition, appropriateness of a knee

position (patellar facing forward) of the whole-limb AP

radiograph was confirmed using a preview monitor before

final acquisition of the radiograph. All radiographic images

were digitally acquired using a picture archiving and

communication system (PACS). Assessment was per-

formed on a 24-inch (61-cm) monitor (U2412 M; Dell,

Round Rock, TX, USA) in portrait mode using PACS

software (Infinite, Seoul, Korea). This software package

allows the investigator to detect the bisecting point of any

area on the femur or tibia and to measure the angle between

any two lines drawn on the digital image. The minimum

detectable changes by the software were 0.1� in angle and

0.1 mm in length.

The mechanical tibiofemoral angle was defined as the

angle formed by the intersection between the mechanical

axes of the femur (the line from the femoral head center to

the femoral intercondylar notch center) and the tibia (the

line from ankle talus center to the center of the tibial spine

tips). A negative value was given to knees in varus align-

ment. The weight loading line of the knee (%) was defined

as the portion of the mechanical axis of the limb (the line

from the femoral head center to the ankle talus center)

passing through the knee from the edge of the medial tibial

plateau to the edge of the lateral tibial plateau.

Radiographic degrees of OA in the medial tibiofemoral

joint and the lateral tibiofemoral joint were assessed sep-

arately based on the Kellgren-Lawrence grading system

[10]. We then classified the radiographic degree of OA in

each compartment into two groups: Type 1 (none to mild

OA) involving Kellgren-Lawrence Grades 0, 1, and 2 and

Type 2 (moderate to severe OA) involving Kellgren-

Lawrence Grades 3 and 4.

To determine intraobserver and interobserver reliabili-

ties of radiographic assessment, two orthopaedic surgeons

(HHW and MSJ) performed all radiographic assessments in

20 randomly selected knees twice, with a 3-week interval

between evaluations. The intraobserver and interobserver

reliabilities of measurements for the mechanical tibiofem-

oral angle and the weight loading line were evaluated using

Table 1. Comparison of demographic characteristics

Parameter Revision ACL reconstruction

group (n = 58)

Primary ACL reconstruction

group (n = 116)

p value

Number of male patients 54 (93%) 108 (93%) 1.000

Age (years) 32.5 ± 8.4 32.5 ± 8.4 0.985

Height (cm) 172.6 ± 7.3 172.5 ± 6.7 0.887

Weight (kg) 76.5 ± 11.1 77.1 ± 14.1 0.802

BMI (kg/m2) 25.7 ± 3.2 25.8 ± 4.1 0.789

Data are presented as mean ± standard deviations except numbers of male patients which are presented as number of patients with percentages

in parentheses.
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intraclass correlation coefficients (ICCs), while those for

judgment of types of radiographic OA were evaluated

using kappa statistics. All ICCs of intraobserver and

interobserver reliabilities of alignment measurements were

greater than 0.96 (range, 0.96–0.98), and all kappa coeffi-

cients were greater than 0.85 (range, 0.86–1.00),

representing satisfactory agreement. Thus, measurements

taken by one investigator (HHW) were used in the

analyses.

The conditions of the medial and lateral meniscus were

assessed separately based on operative findings during

ACL reconstruction. Meniscal conditions were categorized

into five grades: (1) no tear; (2) presence of tear but

repaired; (3) irreparable tear undergoing partial meniscec-

tomy or loss of meniscus equivalent to partial

meniscectomy; (4) irreparable tear undergoing subto-

tal meniscectomy or loss of meniscus equivalent to subtotal

meniscectomy; and (5) irreparable tear undergoing

total meniscectomy or loss of meniscus equivalent to total

meniscectomy. The meniscal conditions then were classi-

fied into two types: Type 1 (no to low-grade injury)

involving no tear, repair, or partial meniscectomy and Type

2 (high-grade injury) involving subtotal or total

meniscectomy.

All statistical calculations were performed with SPSS1

for Windows1 (Version 17.0; SPSS Inc, Chicago, IL,

USA), and p values less than 0.05 were considered sig-

nificant throughout. To examine differences in coronal

limb alignments between groups, the mechanical tibio-

femoral angle and the weight loading line percentage were

compared using Student’s t-test. Additionally, to examine

the proportion of patients with varus malalignment, we

dichotomized the alignment results with cut-off values of

5� varus for the mechanical tibiofemoral angle and 25% for

the weight loading line and then compared their propor-

tions between groups using the chi-square test.

Comparisons of meniscal and radiographic OA conditions

then were performed using the chi-square or Fisher’s exact

test. Based on the results of the coronal alignment and

meniscal and radiographic OA conditions, the proportions

of potential candidates for high tibial osteotomy were

computed and then compared between two groups using

Fisher’s exact test.

Results

The revision ACL reconstruction group had more frequent

varus coronal limb malalignment (Table 2) coupled with

more severe degrees of medial meniscus injury and/or

medial tibiofemoral OA (Table 3) than the primary ACL

reconstruction group. In terms of the average mechanical

tibiofemoral angle and weight loading line percentage the

patients in the revision ACL reconstruction groups had

significantly more varus alignment than those in the pri-

mary ACL reconstruction group (p = 0.006 and 0.010,

respectively), but average differences of the values were

relatively small, 1.1� and 5%, respectively. Based on our

cut-off values, however, varus malalignment was found in

19% of the revision ACL reconstruction group versus 8%

of the primary ACL reconstruction group in terms of the

mechanical tibiofemoral angle (p = 0.029), and 22% of the

revision ACL reconstruction group versus 9% of the pri-

mary ACL reconstruction group in terms of the weight

loading line % (p = 0.011) (Table 2). In the comparison of

meniscal condition, high-grade medial meniscal injury

(subtotal or total meniscectomy) was significantly more

prevalent in the revision ACL reconstruction group than in

the primary ACL reconstruction group (34% versus 16%,

p = 0.007) (Table 3). Additionally, there was a tendency

toward more frequent higher-grade radiographic OA at the

medial tibiofemoral compartment in the revision ACL

reconstruction group than in the primary ACL reconstruc-

tion group (19% versus 9%, p = 0.076) (Table 3).

Consequently, when our indications for high tibial

osteotomy were applied, the revision ACL reconstruction

group included significantly more potential candidates for

high tibial osteotomy than the primary ACL reconstruction

group (eight of 58 patients [14%] versus two of 116

patients [2%], p = 0.003) (Table 4).

Table 2. Comparison of coronal limb alignment parameters

Parameter Revision ACL reconstruction

group (n = 58)

Primary ACL reconstruction

group (n = 116)

p value

Mechanical tibiofemoral angle (�)*,� �2.7 ± 2.8 �1.6 ± 2.5 0.006

C �5�# 47 (81%) 107 (92%) 0.029

\�5�# 11 (19%) 9 (8%)

Weight loading line (%)* 35 ± 12.8 40 ± 11.1 0.010

C 25%# 45 (78%) 106 (91%) 0.011

\ 25%# 13 (22%) 10 (9%)

* Results presented as mean ± standard deviation; �negative value indicates varus alignment; #results presented as number of patients, with

percentages in parentheses.
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Discussion

Clinical results after revision ACL reconstruction have

been reported to be less satisfactory than those after pri-

mary ACL reconstruction [12, 17, 25]. One of the most

important causes of the inferior outcomes could be an

established medial tibiofemoral joint problem, such as an

irreparable medial meniscal tear and/or progressed medial

tibiofemoral joint OA, conditions that frequently are

combined in patients undergoing revision ACL recon-

struction [1, 4, 8, 23]. Given that medial tibiofemoral joint

problems can result in more serious clinical consequences

when coupled with varus malalignment, information

regarding coronal limb alignment in patients undergoing

revision ACL reconstruction is crucial to establishing

management plans with better outcomes. We sought to

address this issue by determining whether (1) patients

undergoing revision ACL reconstruction have more fre-

quent varus malalignment coupled with more severe

degrees of medial meniscal injury and/or medial tibio-

femoral OA, and (2) have conditions that might benefit

from high tibial osteotomy more frequently than those

undergoing primary ACL reconstruction.

This study has several limitations that should be con-

sidered. First, our definition of varus malalignment and

criteria for potential indication of high tibial osteotomy

were set arbitrarily. However, our cut-off value for varus

malalignment, ie, varus 5� of the mechanical tibiofemoral

angle or 25% of the weight loading line, was biomechan-

ically meaningful, as more varus alignments than these are

known to adversely affect tibiofemoral mechanics and

pressure distribution on the knee [24]. Moreover, several

Table 3. Comparison of meniscal conditions and degrees of radiographic OA

Parameter Revision ACL reconstruction

group (n = 58)

Primary ACL reconstruction

group (n = 116)

p value

Medial meniscus condition

Type 1 (no to low-grade injury) 38 (66%) 97 (84%) 0.007

No tear 13 (22%) 57 (49%)

Repair 11 (19%) 26 (22%)

Partial meniscectomy 14 (24%) 14 (12%)

Type 2 (high-grade injury) 20 (34%) 19 (16%)

Subtotal meniscectomy 18 (31%) 15 (13%)

Total meniscectomy 2 (3%) 4 (3%)

Lateral meniscus condition

Type 1 (no to low-grade injury) 57 (98%) 112 (97%) 0.521

No tear 33 (57%) 73 (63%)

Repair 5 (9%) 8 (7%)

Partial meniscectomy 19 (33%) 31 (27%)

Type 2 (high-grade injury) 1 (2%) 4 (3%)

Subtotal meniscectomy 1 (2%) 2 (2%)

Total meniscectomy 0 2 (2%)

Medial tbiofemoral joint radiographic OA

Type 1 (no to mild OA) 47 (81%) 105 (91%) 0.076

Kellgren-Lawrence Grade 0 14 (24%) 24 (21%)

Kellgren-Lawrence Grade 1 16 (28%) 38 (33%)

Kellgren-Lawrence Grade 2 17 (29%) 43 (37%)

Type 2 (moderate to severe OA) 11 (19%) 11 (9%)

Kellgren-Lawrence Grade 3 11 (19%) 11 (9%)

Kellgren-Lawrence Grade 4 0 0

Lateral TF joint radiographic OA

Type 1 (no to mild OA) 58 (100%) 116 (100%) NA

Kellgren-Lawrence Grade 0 17 (29%) 30 (26%)

Kellgren-Lawrence Grade 1 22 (38%) 42 (36%)

Kellgren-Lawrence Grade 2 19 (33%) 44 (38%)

Type 2 (moderate to severe OA) 0 0

OA = osteoarthritis; NA = not applicable.
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clinical studies have used similar cut-off values for varus

malalignment and indication for high tibial osteotomy

[2, 9, 11, 16, 21]. Thus, we believe that our definitions of

varus malalignment and criteria for high tibial osteotomy

are clinically reasonable. Second, we have performed high

tibial osteotomy combined with primary or revision ACL

reconstruction for patients who met our indications only

since 2011, when we started considering the need of high

tibial osteotomy in patients undergoing ACL reconstruc-

tion. Thus, we performed concurrent high tibial osteotomy

not for all 10 patients involved in this study who met our

indications, but only for study patients who underwent

surgery between 2011 and 2012 (four patients in the revi-

sion group and one patient in the primary group.

Nevertheless, we intended to include our whole series of

patients undergoing revision ACL reconstruction to estab-

lish adequate sample size for more reliable results. As we

used indications for high tibial osteotomy based on

objective factors, we believe that we were able to define the

potential candidates in all study patients without bias. In

addition, this study did not provide the clinical outcomes of

the patients undergoing concurrent high tibial osteotomy.

Thus, we cannot draw a definite conclusion whether con-

current high tibial osteotomy based on our indications

would be beneficial. Nevertheless, considering the afore-

mentioned adverse effects of varus malalignment coupled

with medial tibiofemoral joint problems, if indicated,

concurrent high tibial osteotomy may be a clinically sound

option for mostly young and active patients undergoing

ACL surgeries. However, this should be confirmed by

further studies. Third, we used indications for high tibial

osteotomy defined using three objective findings including

coronal limb alignment, degree of radiographic knee OA,

and meniscal condition. However, indications for high

tibial osteotomy should be determined not only based on

these objective findings but also based on patients’ symp-

toms and function, such as medial knee pain or presence of

varus thrust gait. Thus, the proportion of potential candi-

dates for high tibial osteotomy may change when including

the indications based on patients’ symptoms and function.

For example, a patient undergoing ACL reconstruction

with 10% of the weight loading line of the knee but no

medial tibiofemoral OA and medial meniscal injury would

not be a candidate for high tibial osteotomy in our defini-

tion. However, if the patient had significant varus thrust

gait or sustained medial knee pain, a high tibial osteotomy

might be indicated. Nevertheless, such symptoms and

function for high tibial osteotomy can be more frequent

in patients undergoing revision ACL reconstruction [1, 4,

14–16]. Therefore, our findings for more potential candi-

dates in the revision ACL reconstruction group might not

change even if we added patients’ symptoms and function

to the indications for high tibial osteotomy. Moreover, we

believe that our indications for high tibial osteotomy based

on the objective findings provide more generalizable

results. Fourth, although the average values of the

mechanical tibiofemoral angle and weight loading line

were statistically different between the two groups, their

Table 4. Data for 10 potential candidates for high tibial osteotomy

Group/

patient

Mechanical

tibiofemoral

angle (�)*

Weight

loading

line (%)

Medial tibiofemoral

joint OA Kellgren-

Lawrence grade

Lateral tibiofemoral

joint OA Kellgren-

Lawrence grade

Medial

meniscal

condition

Lateral

meniscal

condition

Applied indication

for high tibial

osteotomy�

Revision ACL reconstruction group

1 �9.6 8 3 2 Subtotal meniscectomy Normal 2

2 �6.3 14 3 1 Subtotal meniscectomy Normal 2

3 �7.8 18 3 1 Subtotal meniscectomy Normal 2

4 �5.1 22 3 2 Subtotal meniscectomy Normal 2

5 �5.7 24 3 2 Subtotal meniscectomy Partial

meniscectomy

2

6 �9.0 11 3 2 Subtotal meniscectomy Partial

meniscectomy

2

7 �5.6 23 2 1 Subtotal meniscectomy Partial

meniscectomy

3

8 �5.0 24 2 1 Subtotal meniscectomy Normal 3

Primary ACL reconstruction group

1 �5.8 23 3 1 Subtotal meniscectomy Normal 2

2 �6.0 22 3 2 Partial meniscectomy Normal 2

* Negative value indicates varus alignment; �1 = weight loading line less than 5%, 2 = weight loading line less than 25% + medial tibio-

femoral OA Kellgren-Lawrence Grade 3 or greater, 3 = weight loading line less than 25% + Kellgren-Lawrence Grade 2 medial tibiofemoral

OA + subtotal or total medial meniscectomy status; OA = osteoarthritis.
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differences were relatively small, 1.1� and 5% on average,

so the differences might not be clinically meaningful. This

result may stem from the nature of our study subjects; as

we intended to focus on the patients undergoing ACL

reconstruction, we included only patients with sustained

instability originating from ACL laxity, not patients who

had ACL damage but had undergone high tibial osteotomy

alone because their major symptom stemmed from medial

tibiofemoral OA. Nevertheless, the proportion of patients

with varus malalignment in the revision ACL reconstruc-

tion group was more than double that in the primary ACL

reconstruction group. This finding would be more clinically

meaningful when considering the higher proportion of

medial tibiofemoral problems in the revision ACL recon-

struction group. Finally, the characteristics of our study

subjects, such as the male predominance (93%) and Asian

population, might limit direct application of our findings in

populations with different characteristics. Although more

frequent medial meniscus injury and/or cartilage damage at

the medial tibiofemoral joint has been reported consistently

in several studies with various populations [1, 4, 8, 23],

further study would be required to draw a conclusion for

this issue.

Our findings support the hypothesis that patients

undergoing revision ACL reconstruction have more fre-

quent varus malalignment than those undergoing primary

ACL reconstruction. Similar to previous reports [4, 8],

more frequent high-grade medial meniscal tears were

found in our revision ACL reconstruction group than in the

primary ACL reconstruction group. Similarly, the inci-

dence of moderate to severe radiographic medial

tibiofemoral joint OA tended to be higher in the revision

ACL reconstruction group. It is unclear why the revision

ACL reconstruction group had more frequent varus mala-

lignment than the primary ACL reconstruction group. The

varus malalignment might be preexisting and a cause of

failure in the reconstructed ACL [15, 16], or this finding

may be a consequence of failed ACL reconstruction owing

to medial tibiofemoral joint space narrowing by progres-

sion of medial tibiofemoral OA. Its causal relationship

would be important to determine for management of

patients undergoing primary ACL reconstruction and

revision ACL reconstruction. However, as all but one ini-

tial ACL reconstruction in our revision group were

performed in other hospitals and therefore information

regarding initial alignment for these patients was extremely

limited, we were unable to draw a conclusion regarding

causal relationships in this study. Nevertheless, our find-

ings highlight the fact that knee surgeons need to pay more

attention to coronal limb alignment in the management of

patients receiving revision ACL reconstruction. Addition-

ally, owing to a possibility of a cause for failure of ACL

reconstruction, varus malalignment in the patients

undergoing primary ACL reconstruction, although rela-

tively uncommon, may need to be considered and studied.

Our findings also support the hypothesis that the revi-

sion ACL reconstruction group would have more potential

candidates for high tibial osteotomy than the primary ACL

reconstruction group. Coupled with more frequent varus

malalignment, the higher incidence of medial tibiofemoral

joint problems in the patients of the revision ACL recon-

struction group led to much more frequent potential

candidates for high tibial osteotomy by our criteria (14%

versus 2%, p = 0.003). Based on this notable finding, we

reasonably suggest that a combined high tibial osteotomy

and revision ACL reconstruction in potential candidates

could improve longer-term clinical outcomes, particularly

for younger and more active patients. Nevertheless, this

speculation must be tested in further studies.

In this series, we found that patients undergoing revision

ACL reconstruction had more frequent varus malalignment

and medial TF joint problems than patients undergoing

primary ACL reconstruction. Consequently, patients

undergoing revision ACL reconstruction met a standard set

of high tibial osteotomy indications more frequently. These

findings suggest that knee surgeons should integrate con-

siderations of medial TF joint condition and coronal limb

alignment in the treatment of patients undergoing revision

ACL reconstruction. Additionally, it would be worth

researchers starting to consider coronal limb alignment as a

possible predictor variable to follow in large prospective

studies of primary ACL reconstruction to see whether varus

malalignment causes failure or is the result of it.
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