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Abstract

Introduction The purpose of this systematic review and meta-analysis was to analyze and compare the rate of secondary
meniscus and cartilage lesions diagnosed at different time points of ACL reconstruction.

Materials and methods A systematic search for articles comparing the rate of secondary meniscus and cartilage lesions
diagnosed at different time points of ACL reconstruction was performed. PubMed central was the database used for the
literature review.

Results Forty articles out of 1836 were included. In 35 trials (88%), there was evidence of a positive correlation between the
rate of meniscus and/or cartilage lesions and the time since ACL injury. This correlation was more evident for the medial
meniscus in comparison with the lateral meniscus. In particular, a delay of more than 6 months was critical for secondary
medial meniscus injuries [risk ratio 0.58 (95% CI 0.44-0.79)] and a delay of more than 12 months was critical for cartilage
injuries [risk ratio 0.42 (95% CI 0.29-0.59)]. Additionally, there is evidence that the chance for meniscal repair decreases
as the time since ACL rupture increases.

Conclusion Chronic instability in the ACL-deficient knee is associated with a significant increase of medial meniscus injuries

after 6 months followed by a significant increase of cartilage lesions after 12 months.

Keywords Anterior cruciate ligament - Meniscus - Cartilage - Osteoarthritis - Partial meniscectomy - Arthroscopy

Introduction

The anterior cruciate ligament (ACL) plays an important
role in the kinematics of the knee joint. It stabilizes the tibia
against anterior translation and internal rotation [67]. Espe-
cially young patients are affected by acute ruptures of the
ACL which occur mostly during non-contact sports-related
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situations [45]. As chronic anterior rotatory instability leads
to functional impairment of the patient and to the devel-
opment of osteoarthritis, ACL reconstruction is generally
indicated in young and active patients [52]. In Germany, the
incidence of ACL reconstruction or repair is 46 per 100,000
persons/year [18].

There is evidence in the literature that the state of the
menisci and the cartilage influences outcomes after ACL
reconstruction [6, 16, 21]. Claes et al. [15] have shown that
the rate of osteoarthritis is significantly higher in patients
after ACL reconstruction and partial meniscectomy than in
patients with ACL reconstruction alone, which demonstrates
that the integrity of the menisci is a key factor in the devel-
opment of osteoarthritis in the ACL-injured knee.

Biomechanical studies have shown that anterior tibial
translation in the chronic ACL-deficient knee leads to stress
concentrations on the posterior horns of the menisci [23,
53, 58]. Therefore, chronic anterior rotatory instability is
considered a risk factor for the development of secondary
meniscus damage after ACL rupture. However, some authors
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deny this conclusion [27]. In a recently published prospec-
tive randomized trial there was no significant difference in
the rate of meniscus surgery between patients with acute
ACL reconstruction and delayed optional ACL reconstruc-
tion [27].

The aim of this article is to perform a systematic literature
review and meta-analysis of clinical trials studying the rates
of meniscus and cartilage lesions observed at different time
points after ACL rupture to determine if the ACL-deficient
knee is a risk factor for the development of secondary menis-
cus and cartilage lesions.

Materials and methods
Search details

We conducted a comprehensive literature search using the
PubMed database (U.S. National Library of Medicine) to
identify peer-reviewed articles about the rate of secondary
meniscus and cartilage lesions with respect to the time since
initial injury. This literature search was performed according
to the PRISMA statement (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) [41, 47].

Before the literature search started, an open registration
of the intended review was made. The study was registered
at PROSPERO, which is an online, free, prospective interna-
tional systematic review register (http://www.crd.york.ac.uk/
PROSPERO; registry number: CRD42017076897).

Inclusion and exclusion criteria
Inclusion criteria to qualify for this systematic review were:

1. Trials reporting the rate of meniscus and/or cartilage
lesions at certain time points after ACL rupture,

2. English language reports, and

3. Publication in a peer-reviewed journal.

Exclusion criteria were:

1. Publication dates earlier than the year 2000.

2. Studies reporting exclusively about patients younger
than 18 years.

3. Other systematic reviews and meta-analyses.

Search strategy

Different combinations of the following keywords were
utilized: anterior cruciate ligament, ACL, cartilage injury,
cartilage lesion, chondral injury, chondral lesion, meniscus
injury, meniscus lesion, meniscal injury, meniscal lesion.
The search was conducted from October 1st till October 20th
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2017 in PubMed. After identifying the articles, all references
were screened for additional relevant publications. The main
search was performed by reviewers JM, WP, and SS.

The publications were judged for inclusion suitabil-
ity primarily from the abstract. If the abstract showed any
inclusion criteria, the entire paper was read. All reviewers
affirmed the inclusion of each of the final studies and per-
formed the analysis of the articles. Any publication that did
not fulfill all inclusion criteria was rejected. All reviewers
had to agree to include or exclude an article. Articles, which
have been included in previous systematic reviews and meta-
analysis, were not excluded.

If two separate studies had the same authors and interven-
tion but had different follow-up, then only the study with
the longer follow-up was included for the outcome analysis.
However, for the methodological analysis, duplicate publica-
tions, appendices of the included study, and publications of
the study design were analyzed.

Study quality and limitations

The quality of the included studies was analyzed by means
of the Methodological Index for Non-Randomized Studies
(MINORS), which consists of eight items for non-compara-
tive studies and four additional items for comparative studies
[60]. A maximum of 2 points can be assigned to each item,
resulting in a maximum score of 16 points for non-com-
parative studies and 24 points for comparative studies. The
assessment was performed independently by three reviewers
(JM, AO, JB) and the average was taken as the final score.

For the analysis of further limitations, the articles were
screened by each of the reviewers. If a possible limitation
was found, it was noted. All limitations were discussed
among the reviewers. The limitation was accepted, if all
reviewers agreed.

Primary and secondary outcome parameters

The primary outcome parameter was the rate of meniscus
lesions at different time points after ACL rupture. Second-
ary outcome parameters were the rate of cartilage lesions
and the rate of meniscal repair at different time points after
initial ACL injury.

Meta-analysis

The meta-analysis was performed using the R programming
language (v3.5.1) and the metafor package (Wolfgang Viech-
tbauer, v2.0-0) within the RStudio-integrated development
environment (v1.1.456). If the absolute numbers and ratios
of patients with either meniscal injuries or cartilage inju-
ries at different time points were given, these studies were
included in separate meta-analyses. The rates of affected


http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO

Archives of Orthopaedic and Trauma Surgery (2019) 139:819-841

821

patients before and after the most frequently referred criti-
cal time points were compared and the risk ratios (RR) were
calculated as effect size. Heterogeneity between the stud-
ies was assessed by the DerSimonian-Laird estimator for
and represented by the /? value. An I* value of >50% was
considered to indicate substantial heterogeneity. Random-
effect models were used to calculate the weighted pooled
risk ratios of the included studies and forest plots were cre-
ated to represent the results. Funnel plots of the included
studies were assessed for asymmetry, indicating possible
publication bias.

Results
Search results and study design

The search results are shown in Fig. 1. A total of 40 origi-
nal articles were identified and included in this systematic
review. Three articles published results of the same study
population with three different follow-ups (1, 2, and 5 years)
[25-27]. For the outcome analysis, only the report with the
5 years follow-up was included.

Details of the study design are shown in Table 1. Most
studies were cohort studies with level III evidence. One trial
was a prospective randomized trial with level I evidence
[27]. The median MINORS score of the comparative stud-
ies was 17/24 (range from 12/24 to 20/24). The number of
patients ranged between 31 and 5086. In most studies, the
mean age of the patients was in the 3rd decade of life. Except
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Fig. 1 PRISMA flow chart of the search strategy and study identifica-
tion

for nine studies, the patient collectives were divided in dif-
ferent comparative groups according to the time from the
initial injury to the ACL reconstruction. Regarding the col-
lection of the outcome parameter, only one study referred
solely to magnetic resonance imaging (MRI) [66], while all
other studies referred to intraoperative findings during ACL
reconstruction. In most of the included studies, the acquisi-
tion of the outcome parameter was performed at one time
point. Only four studies could provide data at two different
time points after the initial injury [3, 24, 63, 66]. According
to the funnel plots, a publication bias could not be excluded
for any of the conducted meta-analyses (Appendix, Figs. 2,
3,4,5,6,7).

Incidence of meniscal injuries

A total of 38 studies reported about the rate of meniscal
injuries. Of these studies the majority of 32 studies (84.2%)
showed an association between a longer time after ACL rup-
ture and a higher rate of meniscal injuries. One study did
not demonstrate this association, but found that there was a
worse chance for meniscal repair with increasing time since
the ACL rupture [40]. A minority of five studies did not
demonstrate any correlation between time since ACL rupture
and meniscal pathologies. A total of 25 studies presented
cutoff values regarding the time from injury to ACLR,
after which a significant increase in meniscal injuries was
detected. Among these 25 studies, 10 studies reported a sig-
nificant cutoff value at 6 months, while 10 studies reported
a significant cutoff value at 12 months. It was possible to
include the raw data of 5 and 7 studies, respectively, in sepa-
rate meta-analyses to compare the rates for any meniscal
injury at these two cutoff values. The results are given in
Figs. 8 and 9.

Location of meniscal injuries

Among the 32 studies that could show an association
between time since injury and the rate of meniscal injuries,
23 studies made a statement about the location of the menis-
cal injuries. In 20 of these studies (87%), secondary meniscal
damage affected only the medial meniscus and not the lateral
meniscus, while in the other 3 studies (13%), both the medial
and lateral menisci were affected. No study reported about
secondary damages that only affected the lateral meniscus.

A total of 21 studies presented cutoff values for the time
since ACL rupture, which were associated with a significant
increase of medial meniscus injuries. A significant cutoff
value at 6 months was stated by 8 studies and a significant
cutoff value at 12 months was stated by 7 studies. It was
possible to include the raw data of 7 studies each in sepa-
rate meta-analyses to compare the rates for medial meniscal
injuries at these two cutoff values (Figs. 10, 11).
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Regarding the incidence of lateral meniscus injuries,

[T = T [ @
§ % g %; % § § % g § gg seven studies presented cutoff values for the time since
R jg’fg’ - %% s é e § ACL rupture, which showed significant differences. While 4
—é o f;; % G R % £ S % 'c_z 5 studies reported a higher incidence with a longer time since
BEEEE RN E the ACL rupture [2-month cutoff (n=1), 12-month cutoff
AERERE: £ < g g § 22 2 (n=3)], 3 studies found a higher incidence with shorter time
E g é % %‘3 é E g é g £8 S 5 £ since the ACL rupture [29, 32, 51]. The stated cutoff values
§ [%‘J‘: = 2= = %"5 E %b“a £8% were relatively short in 3 of these 3 studies (6 weeks and
— 8 weeks), while Papastergiou et al. showed a significantly
f —_ QE‘ f higher rate of lateral meniscal injuries with <6 months since
%ﬁ % s _%D the ACL rupture [51].
= £ é g £9 Meniscal repair
Q S e ©v n s E
E g é ,%D %ﬁ & é A total of seven studies reported the rate of meniscal repair
3 E = u% E E = with respect to the time since the ACL rupture. All seven
= . studies found that the rate of meniscal repair significantly
= Sl' decreased as the time from ACL rupture increased. The most
é -F; i“ common cutoff value that correlated with a lower chance of
ﬁ 2 «'v meniscal repair was 6 weeks (n=3), followed by 2 months
§ Es E § B (n=2), 3 weeks (n=1) and 6 months (n=1). Above these
£ 28 < = cutoff points, the rate of meniscal repair significantly
EY RN B declined.
ZlesV™ s g
2 E Cartilage injuries
Ol <« © Z
E § S g A total of 34 studies reported on the incidence of cartilage
o E damage with respect to the time since ACL rupture. Of these
i g studies, the majority of 29 studies (85.3%) demonstrated a
o é« %0 positive correlation between the rate of cartilage defects in
Sl s § the knee joint and the time since ACL rupture. A total of 22
g °§ E 5 studies presented cutoff values, which were associated with
E g g é a significantly higher incidence of cartilage injuries. The
2| én g5 m = most common cutoff value of 12 months was reported by
% E 8 E § 8 : 12 studies, while a cutoff value of 6 months was stated by 5
§> studies. The raw data of 6 and 9 studies, respectively, were
° g included in separate meta-analyses to compare the rates of
%b § cartilage injuries at these two cutoff values (Figs. 12, 13).
w5 5 Only seven studies presented data about the location of
N a :5 the cartilage defects. As the subdivision of the locations var-
§ § ) =) E ied widely among these studies, drawing specific conclu-
‘g“b g < § = sions was limited. However, the data showed that the most
<|= = S common site for cartilage defects was the tibiofemoral joint
5 with a balanced distribution between the medial and lateral
> § po § compartment.
Q
=
o
|
Q Lol
|| g g g Discussion
2|3|e 28 Q
§ % é ég E A significant majority of the included studies show that
~ EJ = 35 z chronic instability in ACL rupture leads to secondary menis-
PR RS - E cal and cartilage damage. Additionally, there is evidence that
S| 5|82 g x %
=<1 > > =
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<6 mo. >6 mo.

Study Inj.  Tot. Inj. Tot. Weight, Risk Ratio [95% CII
Anstey et al. (2012) 158 171 21 24 +II 20.57% 1.06 [0.90, 1.24]
Chen et al. (2015) 74 160 24 133 —=— 18.01% 2.56[1.72,3.82]
Ercin et al. (2015) 38 58 90 124 m 20.11% 0.90[0.73,1.12]
Jacob and Oommen (2012) 90 148 77 81 - 20.70% 0.64[0.56, 0.73]
Kennedy et al. (2010) 125 204 75 96 IIi 20.61% 0.78[0.67,0.91]
Total 485 741 287 458

RE Model (12 =0.24, 2= 96.57%) ‘ 100.00% 1.02 [0.65, 1.58]

f i 1
01 1 10
Risk Ratio

Fig.2 Funnel plot of the meta-analysis for any meniscal injury less and more than 6 months after ACL rupture

<12 mo. >12 mo.

Study Inj.  Tot. Inj.  Tot. Weight, Risk Ratio [95% CII
Chen et al. (2015) 83 195 15 08 —— 11.43% 2.78[1.70, 4.55]
Church and Keating (2005) 43 103 57 80 [ 14.22% 0.59 [0.45, 0.77]
Ercin et al. (2015) 66 101 62 81 m 15.00% 0.85[0.71, 1.03]
Fok and Yau (2013) 58 97 41 53 m 14.71% 0.77[0.62, 0.96]
Kennedy et al. (2010) 155 248 45 52 [ ] 15.32% 0.72[0.63, 0.83]
Michalitsis et al. (2012) 43 74 26 35 r—m 14.14% 0.78[0.59, 1.03]
Papastergiou et al. (2007) 169 326 82 125 ll! 15.17% 0.79 [0.67, 0.93]
Total 617 1144 328 524 1

RE Model (7 =0.17, I> = 93.40%) . 100.00% 0.87 [0.63, 1.19]

I T 1
0.1 1 10
Risk Ratio

Fig.3 Funnel plot of the meta-analysis for any meniscal injury less and more than 12 months after ACL rupture
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<6 mo. >6 mo.

Study Inj.  Tot. Inj.  Tot. Weight, Risk Ratio [95% ClI
de Campos et al. (2016) 77 251 282 421 HH 15.05% 0.46 [0.38, 0.56]
Chen et al. (2015) 31 160 61 133 i 12.68% 0.42[0.29, 0.61]
Jacob and Oommen (2012) 23 45 61 81 I—-—i 13.51% 0.68 [0.50, 0.93]
Kennedy et al. (2010) 30 204 44 97 —=— 12.21% 0.32[0.22, 0.48]
Krutsch et al. (2015) 195 201 31 32 . 16.16% 1.00[0.94, 1.07]
Papastergiou et al. (2007) 84 270 91 181 - 14.67% 0.62[0.49, 0.78]
Razi et al. (2012) 138 271 255 345 - 15.72% 0.69 [0.60, 0.79]
Total 578 1402 825 1290 :

RE Model (7% = 0.12, I = 93.78%) <> 100.00% 0.58 [0.44, 0.76]

M i 1
0.1 1 10
Risk Ratio

Fig.4 Funnel plot of the meta-analysis for medial meniscal injuries less and more than 6 months after ACL rupture

<12 mo. >12 mo.

Study Inj.  Tot. Inj.  Tot. Weight, Risk Ratio [95% CI1
de Campos et al. (2016) 127 349 232 323 HH 17.84% 0.51[0.43, 0.59]
Chen et al. (2015) 46 195 46 98 . 12.10% 0.50 [0.36, 0.70]
Church and Keating (2005) 21 103 32 80 — 853% 0.51[0.32,0.81]
Fok and Yau (2013) 24 97 25 53 - 8.92% 0.52[0.33,0.82]
Joseph et al. (2006) 205 839 374 536 » 19.17% 0.50 [0.45, 0.56]
Kennedy et al. (2010) A 248 33 53 . 11.49% 0.27[0.19, 0.38]
Michalitsis et al. (2012) 19 74 13 35 ;_.__| 6.47% 0.69[0.39, 1.23]
Papastergiou et al. (2007) 109 326 66 125 HH 15.48% 0.63[0.51,0.79]
Total 682 2231 821 1303 :

RE Model (12 = 0.04, I? = 72.94%) * 100.00% 0.50 [0.42, 0.59]

I i 1
01 1 10
Risk Ratio

Fig.5 Funnel plot of the meta-analysis for medial meniscal injuries less and more than 12 months after ACL rupture
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<6 mo. >6 mo.

Study Inj. Tot. Inj. Tot. Weight, Risk Ratio [95% Cl1
de Campos et al. (2016) 7 251 26 421 |—-—+ 9.57% 0.45[0.20, 1.03]
Chen et al. (2015) 83 160 112 133 HH 20.63% 0.62[0.52, 0.73]
Ercin et al. (2015) 9 58 50 124 —— 12.28% 0.38[0.20, 0.73]
Kennedy et al. (2010) 65 204 62 96 [ 19.43% 0.49[0.38, 0.63]
Krutsch et al. (2015) 195 201 31 32 . 21.53% 1.00[0.94, 1.07]
Razi et al. (2012) 26 271 91 345 . 16.56% 0.36 [0.24, 0.55]
Total 385 1145 372 1151 :

RE Model (2 =0.14, I = 91.78%) < 100.00% 0.55[0.39, 0.77]

T i 1
01 1 10
Risk Ratio

Fig.6 Funnel plot of the meta-analysis for any cartilage injury less and more than 6 months after ACL rupture

<12 mo. >12 mo.

Study Inj.  Tot. Inj.  Tot. Weight, Risk Ratio [95% CII
de Campos et al. (2016) 9 349 24 323 —— 8.16% 0.35[0.16, 0.74]
Chen et al. (2015) 109 195 86 98 - 12.99% 0.64 [0.55, 0.74]
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Fig. 7 Funnel plot of the meta-analysis for any cartilage injury less and more than 12 months after ACL rupture
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a longer time since rupture of the ACL is associated with
minor chances for meniscal repair.

Only five studies did not report that time from injury was
a significant factor for the presence of a meniscal lesion.
However, 1 of these studies compared groups <5 weeks and
> 12 weeks from ACL rupture [34] and 1 study compared
groups <6 weeks and > 6 weeks from the ACL rupture [39].
Considering the results of the other included studies, these
time frames might be too short to detect a significant differ-
ence. A further study which did not detect a significant asso-
ciation was conducted by Ahlen and Liden [1]. They com-
pared a group of 30 patients (Group A), who received ACLR
less than 5 months after injury and a group of 31 patients
(Group B), who received ACLR more than 24 months after
the injury. In Group A, 15 patients (50%) had any menis-
cal injury and in Group B 20 patients (65%). This differ-
ence did not reach statistical significance. However, looking
closer at the data and comparing the rate of medial meniscus
injuries separately (Group A: 4/30 patients; Group B: 14/31
patients), there was a significantly higher rate in Group B. In
the study by Michalitsis et al. [46], which also did not report
a significant association between time since ACL rupture
and the incidence of meniscal injuries, there was a tendency
towards a higher rate of meniscus lesions in the group of late
ACL reconstruction after more than 12 months (acute: 22/35
patients, late: 26/35 patients). With more patients (more
power), this tendency might become significant. Regarding
the deleterious effect of chronic instability, it is important to
note that in this study the presence of high-grade cartilage
lesions was significantly increased in ACL-deficient knees
when reconstruction was performed more than 12 months
after injury.

A further study, which could not detect an association
between the rate of meniscal injuries and the time since ACL
rupture was conducted by Frobell et al. [27]. The authors
performed a randomized prospective trial to compare acute
ACL reconstruction with delayed optional ACL reconstruc-
tion (KANON trial). In the KANON trial, 61 patients were
randomized to the group with early ACL reconstruction and
59 patients were randomized to the group with physiother-
apy and delayed optional ACL reconstruction. In the group
with delayed and optional ACL reconstruction ACL surgery
was performed in 29 patients. There was no significant dif-
ference in the absolute amount of meniscus surgery between
these two treatment groups with 29 in the group with early
reconstruction and 32 in the group with initial rehabilitation
and optional reconstruction. However, comparison of the
two treatment groups with regard to the rate of meniscal sur-
gery solely is misleading since this study did not distinguish
between meniscal resection and refixation. Both procedures
have different prognoses. In the group with early surgical
treatment, almost all meniscal interventions took place in
combination with the initial ACL reconstruction. It can

therefore be assumed that the proportion of meniscal repair
in acute ACL reconstruction is higher than in delayed ACL
reconstruction. When the KANON study data are analyzed
by the absolute number of meniscal interventions in the
treatment groups (including second or third intervention),
the results look different. In the group with early ACL recon-
struction, a total of 43 meniscal surgeries were performed.
In the group with delayed optional ACL reconstruction, 63
meniscal interventions were counted.

The occurrence of secondary meniscus lesions in the
ACL-deficient knee can be the result of increased load in
the menisci due to increased anterior tibial translation. Sev-
eral biomechanical studies have shown that the load of the
medial and lateral meniscus increases in the ACL-deficient
knee [5, 23, 33, 58].

Regarding cartilage lesions, the included studies showed
similar results to those of meniscal lesions. Only 5 of the
34 studies which reported on the incidence of cartilage
lesions with respect to the time since ACL rupture did not
find a significant correlation. Two of these studies compared
groups with a relatively short time period after ACL rupture
(<3 weeks vs. > 12 weeks [34]; <6 weeks vs. > 6 weeks
[38]), which may be the reason for the absence of a sig-
nificant difference. The studies by Ahlen and Liden and by
Arastu et al. could not detect significant differences between
the acute and delayed groups, but there was a trend towards
a higher incidence of cartilage lesions in the delayed groups
[1, 4]. Considering the relatively small cohorts of 61 and
70 included patients, respectively, these studies might have
been underpowered.

In general, the data show that after ACL rupture there
is a significant increase in meniscal injuries first before the
incidence of cartilage lesions rises, which supports the find-
ing of previous studies that the integrity of the mensici is
important for preventing the articular cartilage from early
degeneration [15, 40].

Although some authors of the studies which are included
in the present systematic review have concluded that early
reconstruction preserves the knee from secondary damage,
the results of their studies cannot support this conclusion
for two reasons. First, because the rate of secondary lesions
was in most studies assessed only once at the time of ACLR.
Second, because no comparison with a control group with-
out ACLR was performed.

However, Chalmers et al. published a systematic litera-
ture review of the long-term results after ACL reconstruc-
tion and after non-operative management to answer this
research question [11]. Twenty-seven ACL reconstruction
cohorts with a total of 1585 patients and 13 non-operative
cohorts with a total of 685 patients were included in the
review with a mean follow-up of 13.9 years. The results
showed that surgical cohorts had significantly less need
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for subsequent meniscal surgery than non-surgical cohorts
(13.9% vs. 29.4%).

The fact that chronic anterior instability leads to sec-
ondary meniscus damage and that ACL reconstruction
protects the knee from secondary meniscal injury also sug-
gests that ACL reconstruction protects from post-traumatic
osteoarthritis. However, this topic is seen as contradictory
in the literature. Luc et al. performed a systematic review
to determine if ACL reconstruction protects the knee from
osteoarthritis [42]. The authors included 38 studies in their
analysis. The results showed that the only patients benefiting
from ACL reconstruction were those undergoing concomi-
tant meniscectomy. For patients with isolated ACL injury,
reconstruction had no protective effect on the development
of osteoarthritis. This study further underlines the associa-
tion of meniscus lesions and instability in the development
of osteoarthritis after ACL injury. However, Oiestad et al.
showed that most studies that examined osteoarthritis after
ACL rupture were of poor quality [50]. One problem with
these studies was that they used different radiological scores.
As a result, the results of the individual studies are not com-
parable. For this reason, Ajuied et al. evaluated only stud-
ies that have used the Kellgren and Lawrence classification
for the analysis of radiographic osteoarthritis [2]. In this
systematic review, nine studies with a minimum follow-up
of 10 years were included. Six of these studies could be
included in a meta-analysis. The results showed that non-
surgically treated knee joints had a significantly higher risk
of developing radiographic signs of OA (RR, 4.98) than knee
joints undergoing ACL reconstruction (RR, 3.62). However,
the results also showed that surgically treated knee joints
had significantly more often high-grade OA. One possible
explanation is that surgery in general may be a risk factor for
developing OA changes. Additionally, it must be considered
that patients who underwent ACL reconstruction often had
the aim to return to sport and were therefore exposed to
pivoting and cutting movements more frequently.

Another problem is that long-term results (> 10 years)
are needed to evaluate the effect of a surgical procedure on
the development of osteoarthritis. This implies that in these
studies surgical procedures for ACL replacement were inves-
tigated which were used more than 20 years ago. A relevant
point is that the transtibial drilling technique was widespread
in the early days of athroscopic cruciate ligament surgery. A
problem with this drilling technique is that there is a greater
risk for a high non-anatomical tunnel misplacement. It can
be assumed that the studies analyzed in the previous sys-
tematic reviews on posttraumatic osteoarthritis after ACL
reconstruction showed a high rate of non-anatomical or
partially anatomical femoral and tibial tunnel placements.
Biomechanical studies have shown that this tunnel position
is not suitable for restoring the rotational stability of the
knee joint [8]. Clinical studies have shown that transtibial
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drilling technique leads to increased laxity and poorer func-
tional scores than the medial portal drilling technique widely
used today [56].

The present systematic review has some limitations. One
limitation is the quality of the included studies. The majority
of studies were of level I1I evidence according to the Oxford
(UK) CEBM levels of evidence. However, this hierarchy
of evidence could be questioned, because these guidelines
have failed to properly weigh the merits of certain non-ran-
domized controlled trials. One merit of a non-randomized
controlled trial is a larger sample of patients and a higher
statistical power. The ranking of RCTs near the top of such
hierarchies has also been criticized by other authors [10,
52, 64].

A possible publication bias of the studies which were
included in the meta-analyses cannot be ruled out, which
has to be considered as a further limitation.

Moreover, there is a relevant heterogeneity of the included
studies regarding the evaluation of cartilage defects. Differ-
ent grading systems were used in different studies and some
studies did not refer to any grading system. Additionally,
some studies considered any kind of cartilage lesion and
other studies considered only high-grade cartilage lesions.

Conclusion

The results of this systematic review clearly show that
chronic anterior rotatory instability leads to secondary
knee injuries with a significant increase of medial meniscus
lesions after 6 months followed by a significant increase of
cartilage lesions after 12 months. Although there is already
evidence of a protective effect of ACL reconstruction in the
literature, further studies are needed to confirm these results.
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Appendix

See Figs. 8,9, 10, 11, 12 and 13.
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