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REVIEW ARTICLE

Does Revision Anterior Cruciate Ligament (ACL)
Reconstruction Provide Similar Clinical Outcomes
to Primary ACL Reconstruction? A Systematic
Review and Meta-Analysis

Xu Yan, MD'7, Xiong-gang Yang, MD?* ©, Jiang-tao Feng, MD?, Bin Liu, BS¢?, Yong-cheng Hu, PhD?

Department of 'Orthopedics Emergency and *Orthopedic Oncology, Tianjin Hospital, Tianjin and *Center for Medical Device Evaluation
NMPA, Beijing, China

More revisionary reconstruction procedures are required following failing anterior cruciate ligament (ACL) reconstruc-
tions, which are often regarded as a technique challenge with very limited goals. This study will be performed to com-
pare the outcomes between groups of primary and revision knee reconstruction. Two observers conducted the
literature retrieval from the platforms of PubMed, Embase, and CENTRAL. Studies which compared knee function and
stability between primary and revisionary reconstructions were included. The data was synthesized by meta-analysis
with fixed- or random-effects models as appropriate. A total of 10 eligible studies were included with 954 subjects in
the primary group and 378 in the revision group. The International Knee Documentation Committee International Knee
Documentation Committee (IKDC) subscores, side-to-side difference, and Lysholm score were demonstrated to be sig-
nificantly improved at final follow-up in both groups, while Tegner score was not. The overall IKDC, Knee injury and
Osteoarthritis Outcome Score (KOOS), and Lysholm scores were significantly inferior in the revision group compared
to the primary group. However, knee laxity according to side-to-side difference was demonstrated to be similar
between the two groups. Revision ACL reconstruction (RACLR) could provide patients with excellent restoration of knee
outcomes compared to the status before revision. Also, while knee function in the revision group was inferior to the
primary group, knee stability was equivalent between the two groups at the final follow-up.
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Introduction

econstruction of anterior cruciate ligament (ACL) has

become a very common procedure in orthopaedic sur-
gery.! And when suffering from grafts which have failed,
causing issues such as recurrent symptomatic laxity, arthritis
and pain problems, loss of motion and extensor mechanism
dysfunction after primary ACLR (PACLR), a revision proce-
dure is required.” It has been reported that there is a total

failure rate of 10%-15% for PACLR at short-term follow-up,
while long-term failure has been reported to be as high as
27%.>* In Australia, former literature has presented that the
annual incidence of PACLR has been increased by 43%
(from 54.0 to 77.4 per 100 000 population per year), and by
74% among those under 25 years of age (from 52.6 to 91.4
per 100 000 population per year), during the past 15 years.
Meanwhile, the annual incidence of revision ACL
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reconstruction (RACLR) has also been increased from 2.49
to 5.65 per 100 000 population.’

RACLR surgery is often regarded as a technical chal-
lenge and is considered to be a salvage procedure with very
limited goals.®”® There are several technical problems during
revision procedure, such as graft selection, graft replacement
and fixation, and single- or two-stage reconstruction.”'" In
revision surgery, bone tunnels are inevitably enlarged after
the removal of primary grafts, particularly when the position
of formerly placed tunnels completely or incompletely over-
lap with the correct anatomic footprint of the ACL."> It is
generally accepted that enlarged bone tunnels with a diame-
ter of more than 15 mm and 10-15 mm with an irregular
shape secondary to osteolysis during RACLR would require
bone grafting in a one- or two-stage procedure.'>"'® Like the
primary reconstruction, revision procedures should select
a suitable type of graft and place the ligament graft in
an anatomical position with a stable fixation. Though the
revision surgery is accompanied by a lot of technical
troubles, recent research related to RACLR has proposed
that satisfactory and favorable clinical outcomes, which
are comparable to that of PACLR procedures, can also
be obtained, as the techniques and options for suitable
ACLR continue to improve.'””'® However, only a few
studies have focused on the outcome comparison between
the primary and revisionary ACL reconstruction groups
and, in these studies, a small number of patients were
involved for analyzing. Thus, the exact knee outcomes
are not yet very clear for the revision procedures of
ACL reconstruction when compared to the primary
procedures.

In this study, we would like to observe the patients’
expectancy of RACLR at final follow-up vs pre-operation,
and compare the knee function and stability evaluations
between groups of PACLR and RACLR through a performed
systematic review and meta-analysis.

Methods

Data Sources and Study Searches

This review was conducted according to the guidelines out-
lined in the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) statement. Two indi-
vidual researchers conducted the platform searches for
potential eligible research on the PubMed, Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL)
databases from the inception dates to 12 May 2018. Litera-
ture retrieval was carried out through a combined search
using subject terms (“MeSH” on PubMed and CENTRAL,
and “Emtree” on Embase), free terms, and the following
keywords: “Primary reconstruction,” “Revision,” and “Ante-
rior cruciate ligament reconstruction”. The searching
strategies performed were presented in Appendix S1. Addi-
tionally, some other reference studies of relative articles and
reviews were screened and hand-searched for possible
inclusion.

Revision ACLR vs Privary ACLR

Inclusion and Exclusion Criteria

Studies were selected based on the following inclusion
criteria: (i) studies comparing clinical results between
patients treated with RACLR and patients involved with revi-
sion procedures after PACLR; and (ii) studies designed
as observational or interventional research, including case-
control study, cross-sectional study, and clinical-controlled
study. Exclusion criteria: (i) duplicated studies; and
(ii) studies designed as literature review, systematic review,
and/ or meta-analysis, case-series or case report, letter to edi-
tors, and conference abstract.

Study Selection

After merging duplicated studies, two researchers indepen-
dently reviewed the titles/abstracts and full texts of studies,
successively. The whole process of study selection was strictly
in accordance with the inclusion and exclusion criteria, and
all the disagreements were discussed by the two review
authors, who reached a consensus. When necessary, the third
senior researcher would take part into the resolving of
disagreements.

Data Extraction and Quality Assessment of Included
Studies

Two authors independently extracted the following infor-
mation from each included study: (i) study characteristics:
lead author, publication year, study design, lead author’s
country, study period, and follow-up; (ii) patients informa-
tion: number of patients, male percentage, age at operation
and meniscal injury, and cartilage status at operation;
(iii) operation information: graft selection, reconstruction
and fixation technique, and revision stage; (iv) status of
knee function and stability before operation and at final
follow-up: International Knee Documentation Committee
(IKDC) evaluation, Knee injury and Osteoarthritis Outcome
Score (KOOS), side-to-side difference by KT-1000/ KT-
2000, Lysholm score, and Tegner score (in the evaluation
by IKDC, data referring to the objective IKDC score,
Lachman test, manual anterior drawer test, and pivot shift
test were extracted; KOOS, which contains a total of five
compartments including pain, symptom, ability of daily life,
sport, and quality of life, was extracted in detail; and the
side-to-side differential laxity measured through various
types of arthrometers such as KT-1000, KT-2000 or GNRB
was recorded.). We figured out cause of diversity on
obtained information and resolved disagreement after dis-
cussion. The process of data extraction was conducted
according to the checklists of data collectio proposed by the
Cochrane Collaboration.

The Newcastle-Ottawa Scale (NOS) was used for
assessment on methodological quality and risk of bias of
case-control studies and cohort studies.'® This scale employs
a nine-stars system that assesses three domains: patient selec-
tion, comparability of study groups, and ascertainment of
study outcome. The quality assessment checklist proposed by
the Agency for Healthcare Research and Quality (AHRQ)
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was used to assess the quality of cross-section studies, which
consisted of a total of 11 items.*

Statistical Analysis

The data referring to evaluations through IKDC, KOOS,
and other scores were compared between groups of PACLR
and RACLR and between values at pre-operation and final
follow-up. Chi-square test and non-parametric Wilcoxon
rank-sum test were conducted for categorical counting data
and ordered categorical data, respectively. Exploratory
meta-analyses were performed using mean difference
(MD) as effect size. In cases of studies presenting the
median and range value, the calculations spreadsheet was
used to assist us in estimating the mean and SD value
according to Hozo.”' The heterogeneity was tested with I,
and, in cases with significant heterogeneity (I* > 50%),

Revision ACLR vs Privary ACLR

random-effect model and sensitivity analysis were
employed, while fixed-effect model was selected when pre-
senting with excellent homogeneity.”> Funnel plot was used
to detect the existing publication bias.”® The statistical sig-
nificance was defined at a two-sided P-value of less than
0.05. The statistical procedures were conducted through the
software SPSS version 23.0 (SPSS Inc., Chicago, IL, USA)
and Revman version 5.3 (Cochrane Collaboration).

Results

Study Retrieving and Selection

A flowchart of identification and the selection of eligible
studies was presented in Fig. 1. The primary retrieving on
the platforms identified a total of 797 potentially eligible
records. In addition, another two studies were screened and
hand-searched for possible inclusion. A total of

797 records identified

2 additional records

through database searching:

identified through

419 PubMed
other sources
332 Embase
46 CENTRAL
e A\ e

A total of 799 records identified

256 duplicates were excluded J

|

543 title and abstract reviewed

475 records were excluded ]

to:
68 full-text articles accessed for

eligibility

51 not related to comparison
between RACLR and PACLR;
4 case series study;

2 epidemiologic study;

1 study related to analyzing

K predictors for cartilage /

fss full-text were excluded dlh

10 studies included in qualitative or

quantitative synthesis

Fig. 1 Flowchart describing the literature
search and study selection.
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ST-GT-auto 115.09

BPTB-GT-auto4{ []1.26
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BPTB-autod [ ] 40.21
HT-auto e 27,56
ST-auto- [ 5.56 ; i
ST-GT-auto-| |l 5.56
BPTB-GT-auto4 [13.17
FLT-autod 212
BPTB-allo4 [ 5.80
Achilles-allo4 [ 6.90
Tibial-allo [ 3.20

BPTB-auto-| | 51.51
HT-auto I 15.06 H ;
ST-auto- il 1.00 ;
Achilles-auto4 [l 1.34
ITT-auto- [l1.67
QTS-auto- J0.33
BPTB-HT-auto- J0.33
BPTB-HT-auto- Jo0.33
BPTB-allo+ 4.70
Achilles-allo = 5.00

Artificial ligment-| I 16.10

L} T T T 1
N o oD XS S
Percentage of grafts selection in various reconstruction procedures (%)

Fig. 2 The percentage of each type of grafts selected for various reconstruction procedures. BPTB, bone-patellar tendon-bone; FLT, tensor fasciae
latae tendon; GT, gracilis tendon; HT, hamstring tendon; ITT, iliotibial tract; PACLR, primary ACL reconstruction; RACLR, revision ACL reconstruction;
auto, autograft; allo, allograft; ST, semitendinosus tendon; QTS, quadriceps tendon substitute.

TABLE 3 International Knee Documentation Committee (IKDC) score (pre-operation vs final follow-up)

PACLR group RACLR group
IKDC subscore Pre-operation-N(%) Final follow-up -N(%) P value* Pre-operation-N(%) Final follow-up -N (%) P value*
Objective IKDC score-N(%)*&3°
A/B 1(1.4) 69(98.6) <0.001 1(1.4) 61(87.1) <0.001
c/D" 69(98.6) 1(1.4) 69(98.6) 9(12.9)
Lachman test (mm)-N(%)®2°
-1~2/3~5 8(9.4) 85(98.8) <0.001 13(16.9) 55(96.5) <0.001
6~10/>10% 77(90.6) 1(1.2) 64(83.1) 2(3.5)
Pivot shift test-N(%)°>27-2°
—/+ 18(10.1) 175(97.8) <0.001 7(5.1) 140(96.6) <0.001
2+/3 +7 160(89.9) 4(2.2) 129(94.9) 5(3.4)
Anterior drawer test (mm)-N(%)%°
-1~2/3~5 8(9.4) 86(100) <0.001 13(61.9) 18(100) <0.001
6~10/>10% 77(90.6) 0(0) 8(38.1) 0(0)
*According to the IKDC evaluation, objective IKDC score A/B, Lachman test —1~2/3~5 mm, pivot shift test —/+ and anterior drawer test —1~2/3~5 mm were
considered to normal or near-normal, while objective IKDC score C/D, Lachman test 6~10/>10 mm, pivot shift test 2+/3+ and anterior drawer test 6~10/
>10 mm were abnormal or obviously abnormal.; * Chi-square test was performed to compare the differences between subscores prior to operation and at final
follow-up, and all of the subscores were demonstrated to be significantly improved at final follow-up both in PACLR and RACLR group

256 duplicates were excluded and then titles and abstracts of | General Information of Included Studies and Patients

543 records were screened for inclusion. Only 68 full texts | A summary of included studies is shown in Table 1. All of
remained for final selection. Finally, 10 studies™>'®*** | the studies were demonstrated to be with a favorable quality
were included for eligibility, while the other 58 full texts were by NOS (average: 7.6 £ 0.9) or AHRQ checklist (a score of
excluded. 10 in the cross-sectional study®*). All studies were followed
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100 g
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Percentage of patients with abnormal or obvious abnormal IKDC (%)
o
|

Fig. 3 The final knee outcomes by objective International Knee
Documentation Committee (IKDC), Lachman test, pivot shift test and
anterior drawer teat compared with pre-operative status for primary and
revision ACL reconstruction (RACLR) groups. The height of columns
representing the percentages of patients with abnormal or obviously
abnormal IKDC subscores. All of the IKDC subscores were obviously
improved from pre-operative status both in primary and revision
reconstruction groups.

with a mean or median period of more than 2 years, and
three'>**** of them were followed for more than 5 years. A
total of 954 subjects in PACLR group and 378 in RACLR
group were enrolled, with male percentages of 64.3% and
65.3% in two groups, respectively. Meniscal injury and carti-
lage status were reported in seven studies.”'>****** And
there were 347 (43.8%) medial and 264 (33.3%) lateral
meniscal injuries recorded in the PACLR group among
793 patients, while 137 (60.4%) medial and 79 (34.8%) lateral
meniscal injuries in RACLR group among 227 patients. A sig-
nificantly higher incidence of medial meniscal injury was
presented in the PACLR group than the RACLR group (x°
=19.49, P <0.001) while a non-significant difference was
presented on the lateral meniscal injury (x> =0.18,
P =0671). In two of the studies,”*® 127 (20.7%) and
35 (31.5%) patients with cartilage damage were recorded in
PACLR and RACLR groups, respectively. A significantly
higher incidence of cartilage damage was presented in the
RACLR group (x° = 6.375, P = 0.012).

Summary of Operation

A summary of operations were presented in Table 2. A total
of 271 (83.9%) single-stage and 52 (16.1%) double-stage revi-
sion operations were performed in the RACLR group,

Revision ACLR vs Privary ACLR

respectively. The grafts selection in PACLR, RACLR, and
primary reconstruction in the RACLR group was presented
in Fig. 2. All of the patients were reconstructed with auto-
graft in the primary reconstruction group. In the revision
reconstruction group, 84.1% of the patients were treated with
autograft and the rest (15.9%) with allograft. Regarding the
RACLR group, autograft, allograft, and artificial ligament
were respectively applied to the primary procedure in
74.57%, 9.7%, and 16.1% of the patients.

Knee Outcomes Compared with Pre-Operative Status

The final knee outcomes by IKDC compared with pre-
operative status were presented in Table 3 and Fig. 3. All of
the subscores were obviously improved from the pre-
operative status. At final follow-up, the patients with abnor-
mality or obvious abnormality on the objective IKDC score,
Lachman score, pivot shift test, and anterior drawer test
had decreased by 98.6%, 98.7%, 97.5%, and 100% in the
PACLR group, and by 87.0%, 96.9%, 96.1%, and 100% in
the RACLR group. respectively, when compared to the pre-
operative status. In general, an excellent improvement was
recorded in the subscores of IKDC in both the primary and
revision groups. The knee outcomes by side-to-side differ-
ence, Lysholm score, and Tegner score compared with pre-
operative status was presented with forest plots in Fig. 4. In
the PACLR group, the MDs on the side-to-side difference,
Lysholm score, and Tegner score were presented to be
—4.63 (CI 95%,-4.96~—4.30), 25.12 (CI 95%, 18.45~31.79),
and —-0.01 (CI 95%, —0.59~0.56). And in the RACLR
group, the MDs on the side-to-side difference, Lysholm
score, and Tegner score were presented to be —4.23
(CI 95%, —4.69~—3.77), 21.94 (CI 95%, 19.94~23.94), and
—0.11 (CI95%, —0.48~0.26), respectively. The side-to-side
difference and Lysholm score were significantly improved at
final follow-up while the Tegner score was not improved in
both groups. In addition, the MDs on side-to-side differ-
ence and Lysholm score were similar to each other between
the two groups.

Knee Outcomes of PACLR Group Compared with

RACLR Group

The evaluation of IKDC score at final follow-up in PACLR
and RACLR groups was presented in Table 4. Significant
inferior clinical outcomes were recorded in RACLR group
regarding objective IKDC score, Lachman test, pivot shift
test, and anterior drawer test when compared to PACLR
group (P < 0.05). At final follow-up, 6%, 13%, 2%, and 5% of
patients presented with an abnormal/obvious abnormal sta-
tus on the IKDC score, Lachman test, pivot shift test, and
anterior drawer test in the PACLR group, respectively, while
22%, 19%, 6%, and 16% presented similarly in RACLR
group.

The evaluation of KOOS at final follow-up in PACLR
and RACLR groups was presented in Fig. 5. Significant
higher scores were presented on all of the pain, symptom,
ADL, sport, and quality of life subscores in the primary
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Side-to-side difference Pre-operation Final follow-up

Revision ACLR vs Privary ACLR

Mean Difference Mean Difference

Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI 1V, Fixed, 95% CI

1.1.1 PACLR

Niki Y, 2010 56 21 20 1.7 18 20 7.4% 3.90[2.69, 5.11]

Tomihara T, 2017 63 03 44 145 135 44 65.3% 4.85[4.44,5.26] B
Weiler A, 2007 6.5 2 50 22 141 50 27.3% 4.30[3.67,4.93] %
Subtotal (95% CI) 114 114 100.0% 4.63 [4.30, 4.96] ¢
Heterogeneity: Chi? = 3.55, df = 2 (P = 0.17); I? = 44%

Test for overall effect: Z = 27.47 (P < 0.00001)

1.1.2 RACLR

Niki Y, 2010 57 25 20 14 2 20 10.8% 4.30[2.90, 5.70] -
Tomihara T, 2017 6 0.85 22 2 12 22 56.1% 4.00[3.39, 4.61] L
Weiler A, 2007 6.7 24 50 21 1.6 50 33.1% 4.60[3.80, 5.40] el
Subtotal (95% CI) 92 92 100.0% 4.23[3.77, 4.69] 2
Heterogeneity: Chi? = 1.37, df = 2 (P = 0.50); I? = 0% _=4 _’2 0 é i

Test for overall effect: Z = 18.02 (P < 0.00001)

Lysholm Score: PACLR  Pre-operation Final follow-up

tudy or Subgrou Mean D Total Mean D Total Weight
* Ahn JH, 2008 726 583 117 937 47 117 26.6%
Lefevre N, 2016 754 173 497 905 119 497 26.3%
Tomihara T, 2017 64 12 44 94 1025 44 23.7%
Weiler A. 2007 58 16 50 94 8 50 23.4%
Total (95% Cl) 708 708 100.0%

Heterogeneity: Tau? = 43.16; Chi? = 86.95, df = 3 (P < 0.00001); I* = 97%
Test for overall effect: Z = 7.38 (P < 0.00001)

Lysholm Score: RACLR  Pre-operation Final follow-up

Pre-operation  Final follow-up

Mean Difference
1V, Random, 95% Cl

Mean Difference
1V, Random, 95% Cl

-21.10 [-22.46, -19.74] bl
-15.10 [-16.95, -13.25] -
-30.00 [-34.66, -25.34] T
-36.00 1-40.96. -31.041 =
-25.12 [-31.79, -18.45] -
20 10 0 10 20

Final follow-up Pre-operation

Mean Difference
1V, Fixed, 95% Cl

Mean Difference
IV, Fixed, 95% Cl

Study or Subgroup Mean SD Total Mean SD Total Weight
" Ahn JH, 2008 633 85 59 846 55 59 60.2%
Lefevre N, 2016 70.1 20.3 55 875 129 55 9.9%
Tomihara T, 2017 60.75 6.75 22 85.25 10 22 15.8%
Weiler A, 2007 65 17 50 90 9 50 141%
Total (95% Cl) 186 186 100.0%

Heterogeneity: Chi? = 4.45, df = 3 (P = 0.22); I* = 33%
Test for overall effect: Z = 21.46 (P < 0.00001)
Tegner Score: PACLR

Pre-operation Final follow-up

r r Mean D Total Mean D Total Weigh

* Muneta T, 2010 71 1 86 69 12 86 384%
Niki Y, 2010 58 14 20 53 11 20 24.3%
Tomihara T. 2017 7 1 44 75 075 44 37.3%
Total (95% CI) 150 150 100.0%

Heterogeneity: Tau? = 0.20; Chi? = 9.81, df = 2 (P = 0.007); I> = 80%
Test for overall effect: Z = 0.04 (P = 0.97)

Tegner Score: RACLR Pre-operation Final follow-up

.

—_—

-21.30 [-23.88, -18.72]
-17.40 [-23.76, -11.04]
-24.50 [-29.54, -19.46] -

-25.00[-30.33,-19.67]

-21.94 [23.94, -19.94] L 2

-20 -10
Final follow-up

10 20
Pre-operation

0

Mean Difference Mean Difference

IV, Ran % Cl IV, Random. 95% Cl
0.20 [-0.13, 0.53]
0.50 [-0.28, 1.28]
-0.50[-0.87. -0.131 —a
0.01 [-0.56, 0.59]
2 4 0 1 2

Final follow-up Pre-operation

Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean D Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
* Muneta T, 2010 655 15 21 64 15 21 16.7% 0.15[-0.76, 1.06] —
Niki Y, 2010 55 19 20 49 13 20 135% 0.60[-0.41,1.61] e —
Tomihara T, 2017 75 075 22 75 075 22 69.9% 0.00[-0.44, 0.44]
Total (95% Cl) 63 63 100.0% 0.11[-0.26, 0.48]
Heterogeneity: Chiz = 1.15, df = 2 (P = 0.56); 12 = 0% 2 1 . 1 2

Test for overall effect: Z = 0.56 (P = 0.58)

Fig. 4 Forest plot of the knee outcomes by side-to-side difference, Lysholm

group (P < 0.05). The MDs were 10.04 (CI 95%, 2.75~17.32),
10.52 (CI 95%, 5.02~16.02), 8.92 (CI 95%, 2.90~14.94), 22.61
(CI 95%, 11.29~33.93), and 18.00 (CI 95%, 16.81~19.18).
respectively.

The knee outcomes by side-to-side, Lysholm score,
and Tegner score in the RACLR compared with the PACLR
group were presented in Fig. 6. A significantly higher

Final fpl[ow-up Pre-operation

score and Tegner score compared with pre-operative status.

Lysholm score was presented in the primary group
(MD = 6.85, CI 95%, 3.63~9.77, P < 0.001), while the MDs
for side-to-side difference and Tegner score were non-
significant (P > 0.05).

Favorable symmetries were presented in all of the fun-
nel plots which indicated the non-existence of obvious
publication bias.
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KOOS score Primary ACLR Revision ACLR

or rou Mean D Total Mean D Total Weight
1.1.1 Pain
Gifstad T, 2012 97 775 27 78 18 25 26.8%
Kievit AJ, 2013 89 1.87 52 78 2.8 56 37.8%
Lefevre N, 2016 90.3 9.5 497 88.1 12 55 35.3%
Subtotal (95% Cl) 576 136 100.0%

Heterogeneity: Tau? = 36.31; Chi? = 30.57, df = 2 (P < 0.00001); I? = 93%
Test for overall effect: Z =2.70 (P = 0.007)

1.1.2 Symptom

Gifstad T, 2012 96 8 27 77 16 25 257%
Kievit AJ, 2013 90 1.92 52 81 246 56 43.3%
Lefevre N, 2016 733 152 497 677 19.6 55 30.9%

Subtotal (95% CI) 576
Heterogeneity: Tau? = 17.98; Chi? = 9.46, df = 2 (P = 0.009); I = 79%
Test for overall effect: Z = 3.75 (P = 0.0002)

1.1.3 ADL

Gifstad T, 2012 100 5.25 27 79.75 17.25 25 253%
Kievit AJ, 2013 94 162 52 86 265 56 38.4%
Lefevre N, 2016 96.3 6.4 497 943 9.1 55
Subtotal (95% CI) 576 136 100.0%

Heterogeneity: Tau? = 24.37; Chi? = 33.03, df = 2 (P < 0.00001); I> = 94%
Test for overall effect: Z =2.90 (P = 0.004)

1.1.4 Sport

Gifstad T, 2012 85 225 27 50 25 25 26.0%
Kievit AJ, 2013 76 32 52 51 4.38 56 39.3%
Lefevre N, 2016 79.7 191 497 691 2438 55 34.7%
Subtotal (95% CI) 576 136 100.0%

Heterogeneity: Tau? = 84.35; Chi? = 19.20, df = 2 (P < 0.0001); I* = 90%
Test for overall effect: Z = 3.92 (P < 0.0001)

KOOs--QOL Primary ACLR Revision ACLR

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI
545 235 25 1.0%
56 96.0%
547 24.8 55  3.0%

Gifstad T, 2012 81 18.75 27
Kievit AJ, 2013 73 2.9 52 55 3.5
Lefevre N, 2016 69.6 227 497

Total (95% Cl) 576
Heterogeneity: Chi? = 2.84, df =2 (P = 0.24); I = 30%
Test for overall effect: Z = 29.78 (P < 0.00001)

136 100.0%

36.3%

Revision ACLR vs Privary ACLR

Mean Difference Mean Difference

IV, Random, 95% CI IV, Random, 95% CI
19.00 [11.36, 26.64] ——
11.00[10.11, 11.89] u
2.20 [-1.08, 5.48] =
10.04 [2.75, 17.32] -
19.00 [12.04, 25.96] —=
9.00[8.17, 9.83] u
5.60 [0.25, 10.95] =
10.52 [5.02, 16.02] >
20.25 [13.20, 27.30] —=
8.00[7.18, 8.82] u
2.00 [-0.47, 4.47] il
8.92 [2.90, 14.94] -
35.00 [22.04, 47.96] —
25.00 [23.56, 26.44] u
10.60 [3.83, 17.37] —=—
22.61 [11.29, 33.93] e
-50 25 0 25 50

Revision ACLR Primary ACLR

Mean Difference
IV, Fixed. 95% CI

Mean Difference

26.50 [14.89, 38.11]
18.00 [16.79, 19.21] [ |
14.90 [8.05, 21.75] —

136 100.0% 18.00[16.81, 19.18] ¢

20 -10 O 10 20
Revision ACLR Primary ACLR

Fig. 5 Forest plot of the Knee injury and Osteoarthritis Outcome Score (KOOS) at final follow-up compared between primary and revision groups.

Discussion
Revision reconstruction after failure of primary procedure
is widely regarded as a technical challenge, especially
when bone tunnels are obviously enlarged or irregularly
shaped, requiring bone graft in a one-stage or two-stage
reconstruction.®”®">~'® Thus, the patient’s expectancy after
revision is often adjudged to be unfavorable.”” However,
though many issues are still unavoidable, the recent literature
dealing with RACLR has proposed that satisfactory and
favorable clinical outcomes can be obtained, which is compa-
rable to PACLR, as the techniques and options for suitable
ACLR continue to improve.”’18 We know that patient expec-
tations are more likely to be determined by a complex inter-
action of several biopsychosocial factors.” And a realistic
and exact expectation before revision is necessary as it could
help surgeons and patients get a clear understanding of the
disease situation, which can have a positive influence on
patient-reported outcomes. In the current study, we have
identified how much the knee function and stability could be
improved after revision reconstruction and whether a

compatible clinical outcome could be obtained in the RACLR
group when compared to the PACLR group.

As reported in previous literature, revision reconstruc-
tion has become an effective treatment option for secondary
ACL tears.">**">° In the study by Saper,’ a good to excellent
outcome has been reported in adolescent athletes after revi-
sion reconstruction (satisfaction rate, 95.3%; IKDC, 87.5
=+ 12.7; Tegner, 7.2 =+ 2.0; Lysholm, 93.7 £ 9.8), and 68.4%
of the athletes attempting to return to sport returned to their
preinjury level of competition. A total of 148 RACLR
patients were involved in the study by Diamantopoulos
et al,'* and significant improvements on the average
Lysholm score (88.5 4 12.4 vs 51.5 £ 24.9) and average
Tegner activity score (6.3 & 1.8 vs 2.8 1 1.8) were obtained.
At final follow-up, Grossman et al.,>> O’Neill,”* and Garofalo
et al.>® reported, in their series, that 86.2%, 84%, and 93%,
respectively, of the knees to be normal or near normal by
IKDC after revision, which was in accordance with the result
in our study (the overall final IKDC qualification showed
87.1% of the knees to be normal or nearly normal in revision
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Side-to-side difference Primary ACLR

Revision ACLR

Revision ACLR vs Privary ACLR

Mean Difference

Mean Difference

Study or Subgroup _Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Gifstad T, 2012 29 2:1 52 33 27 56 16.5% -0.40[-1.31,0.51] i I
Kartus J, 1998 1.375 4.008 12 35 2614 12 1.9% -2.13[-4.83, 0.58] B
Kartus J, 1998* 1.375 4.008 12 2.375 1.602 12 2.3% -1.00 [-3.44, 1.44] -
Kievit AJ, 2013 3 3 27 275 425 25 34% 0.25[-1.76, 2.26] =
Muneta T, 2010 15 1.6 86 1.7 1.8 21 19.2% -0.20[-1.04, 0.64] .-
Niki Y, 2010 1.7 1.8 20 14 2 20 9.8% 0.30[-0.88, 1.48] E
Weiler A, 2007 2.2 1.1 50 21 1.6 50 47.0% 0.10[-0.44, 0.64]
Total (95% Cl) 259 196 100.0% -0.08 [-0.45, 0.29]
Heterogeneity: Chi? = 4.22, df = 6 (P = 0.65); I2= 0% ' ' ' t y
Test for overall effect: Z = 0.44 (P = 0.66) -0 2l o > 10
Revision ACLR Primary ACLR
Lysholm Score Primary ACLR Revision ACLR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V. Random, 95% CI IV. Random, 95% ClI
Kartus J, 1998 79.25 18.671 12 59.5 18.532 12 2.8% 19.75 [4.87, 34.63]
Kartus J, 1998* 79.25 18.671 12 795 11.836 12 3.8% -0.25[-12.76, 12.26] -1
Kievit AJ, 2013 92 10.5 27 79.25 13.25 25 10.1% 12.75[6.22, 19.28] -
Tomihara T, 2017 94 10.25 44 85.25 10 22 13.1% 8.75[3.59, 13.91] -
Gifstad T, 2012 89 9.4 52 80 15 56 14.4% 9.00 [4.31, 13.69] -
Lefevre N, 2016 90.5 11.9 497 875 12.9 55 17.8% 3.00 [-0.57, 6.57] ™
Weiler A, 2007 94 8 50 90 9 50 18.6% 4.00 [0.66, 7.34] —
Muneta T, 2010 94.5 5.2 86 87.8 6.7 21 19.5% 6.70 [3.63, 9.77] =5
Total (95% CI) 780 253 100.0% 6.85 [4.22, 9.48] 2
Heterogeneity: Tau? = 6.78; Chi? = 15.24, df =7 (P = 0.03); I> = 54% ' 5 : 4
Test for overall effect: Z = 5.11 (P < 0.00001) =50 Re’fgi on ACLR 0 Primary AéfR =0
Tegner Score Primary ACLR Revision ACLR Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Gifstad T, 2012 4 1.5 52 4 175 56 20.0% 0.00[-0.61,0.61] e
Kartus J, 1998 55 2327 12 45 1.756 12 2.8% 1.00[-0.65, 2.65] ]
Kartus J, 1998* 55 2.327 12 475 1.451 12 3.1% 0.75[-0.80, 2.30] -1
Kievit AJ, 2013 6 1.5 27 575 175 25 9.5% 0.25[-0.64, 1.14] -
Niki Y, 2010 5:3 1.1 20 4.9 1.3 20 13.5% 0.40[-0.35, 1.15] N
Tomihara T, 2017 75 0.75 44 75 075 22 51.1% 0.00[-0.38,0.38]
Total (95% Cl) 167 147 100.0% 0.13 [-0.15, 0.40]
ity Chi2 = = - L2 = t t T t t
Heterogeneity: Chi2 = 2.87, df =5 (P = 0.72); I? = 0% M 5 0 2 4

Test for overall effect: Z = 0.92 (P = 0.36)

Revision ACLR Primary ACLR

Fig. 6 Forest plot of the knee outcomes by side-to-side, Lysholm score and Tegner score in revision ACL reconstruction (RACLR) compared with

primary ACL reconstruction (PACLR) group.

group). Thus, in general, revision reconstruction could pro-
vide patients with excellent restoration of stability and clini-
cal outcome when compared to the status before revision.
Compared to primary reconstruction, revision recon-
struction was often regarded as a less favorable procedure.
The inferior outcome of IKDC in the RACLR group com-
pared to the PACLR group has been commonly reported, as
well as the outcome of Lysholm score.”'>'®* The possible
reason causing it to be less favorable may be due to the higher
rates of meniscal injury and cartilage damage. Wright et al.*®
conducted a cohort study, which enrolled a total of 1205
patients involved with RACLR, to identify the relationship of
meniscal and articular cartilage damage to the knee outcomes;
this study found that prior lateral meniscectomy and current
higher graded changes of the trochlea were associated with
worse outcomes at 2 years after revision. In the study by
Webster et al.,”” it was presented that the presence of more
severe chondral damage and medial meniscal pathology at the
time of RACLR has a negative impact on functional outcomes,

activity levels, and return to sport rates. However, there were
no differences in any outcome score between patients with
and without lateral meniscal pathology. Tomihara et al.*” also
reported a significantly higher incidence of medial meniscus
(81.8% vs 52.3%) and cartilage injury (86.4% vs 47.7%) in the
revision group than the primary group, while the difference of
lateral meniscal injury (27.3% vs 22.7%) between two groups
was non-significant. In our study, a significantly higher inci-
dence of medial meniscal injury (60.4% vs 43.8%) and cartilage
damage (31.5% vs 20.7%) were presented in the PACLR group
than the RACLR group, and a non-significant difference was
presented on the lateral meniscal injury (34.8% vs 33.3%),
which was in accordance with the commonly reported results.
It has been described that the normal kinematics of the knee
relies upon the integral link between the ACL and the menisci
in a former study,” and the importance of the medial menis-
cus as a secondary stabilizer for anteroposterior translation
has been demonstrated by many biomechanical cadaveric
studies.”*’ Additionally, concurrent medial meniscal injury



1545

ORTHOPAEDIC SURGERY
VOLUME 12 « NUMBER 6 « DECEMBER, 2020

and cartilage damage are often related to a higher rate of oste-
oarthritis due to abnormal knee kinematics.*"** Thus,
although revision procedures could restore knee outcome and
stability to a large extent compared to pre-operative status, the
higher prevalence rate of medial meniscal injury and cartilage
damage have caused inferior knee outcomes in the RACLR
group when compared to the PACLR group.

However, to our surprise, the pooled MD of side-to-
side difference was proved to be non-significant between
revision and primary group. In the study of Tomihara
et al.,”’” there were no significant differences in KT-1000 out-
comes (2.0 mm vs 1.4 mm), pivot shift test, and Tegner score
between the two groups. Thus, the author concluded that
RACLR provided almost compatible postoperative knee sta-
bility with primary ACL reconstruction. In a study by Kievit
et al,** no differences were found in anterior drawer,
Lachman, or KT-1000 arthrometer testing between primary
and revision groups. Some other studies have also found
excellent knee stability according to side-to-side difference
between the injured and non-injured sides after revision pro-
cedure which was approaching to the primary group.”*
Thus, revision procedures could provide patients in the
RACLR group with the equivalent knee stability to those in
the PACLR group, as the primary objective of both primary
and revision reconstruction is to restore the structural integ-
rity of ACL and stability of the knee joint.

Revision ACLR vs Privary ACLR

This study, nevertheless, has some limitations. First,
primary studies were mainly designed as retrospective case-
control and cross-sectional studies, not prospective studies of
high quality. This may be due to few prospective studies hav-
ing been carried out on this topic until now. Also, the num-
ber of patients enrolled was small, especially in the RACLR
group, which may be due to a small number of patients hav-
ing undergone these revision procedures.

Conclusions

RACLR could provide patients with excellent restoration of
the stability and function of the knee when compared to the
status before revision. When compared to PACLR, the knee-
function evaluations were inferior in the RACLR group after
reconstruction, while knee stability was equivalent between
the two groups at final follow-up.
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