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Abstract
Purpose: The aim of the present systematic review was to quantitatively
synthesize the best literature evidence regarding osteoarthritis developing
after anterior cruciate ligament reconstruction (ACLR), including only
studies with a follow‐up duration of at least 20 years.
Material and Methods: A systematic review was conducted based on the
Preferred Reporting Items for Systematic Reviews and Meta‐Analyses
(PRISMA) guidelines on four electronic databases (PubMed, Scopus, EMBASE
and Cochrane Library). The outcome measures extracted from the studies were
failure rate, subsequent knee surgery on the same knee, radiographic
development of osteoarthritis measured with Kellgren–Lawrence, International
Knee Documentation Committee (IKDC) radiographic score and Ahlbäck
classification. The health of both the ACLR knee and the contralateral knee
was compared.
Results: A total of 1552 patients were included in the study, of which 1290
(83.11%) were operated on using a patellar tendon graft, 190 (12.24%) with
hamstrings, 27 (1.73%) with an iliotibial band and 45 (2.89%) with patellar
tendon plus a ligament augmentation device (LAD). The mean age at the time of
surgery was 25.18 ± 1.91 years, and the mean follow‐up time was 23.34 ±
2.56 years. Analysing IDKC Score at final follow‐up, ACLR Group showed a
higher degree of OA compared with contralateral healthy knee (p<0.01), but
only 33.2% (324/976) of the patients showed a moderate to severe degree
(Grade C or D) of osteoarthritis, while for Kellgren–Lawrence, ACLR Group
showed a higher degree of OA compared with contralateral healthy knee
(p<0.01), but only 28.9% (196/678) of the patients showed a moderate to
severe degree (Grade III or IV) of osteoarthritis. In total, 1552 patients were
registered, 155 reruptures (9.98%) and a total of 300 (19.3%) new surgeries, of

J Exp Orthop. 2024;11:e12017. wileyonlinelibrary.com/journal/jeo2 | 1 of 13

https://doi.org/10.1002/jeo2.12017

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
© 2024 The Author(s). Journal of Experimental Orthopaedics published by John Wiley & Sons Ltd on behalf of European Society of Sports Traumatology, Knee
Surgery and Arthroscopy.

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; HT, hamstrings; IKDC, International Knee Documentation
Committee radiographic score; ITB, iliotibial band; LAD, Ligament Augmentation Device; LET, lateral extrarticular tenodesis; OA, osteoarthritis; PT, patellar tendon.

mailto:riccardo.dambrosi@hotmail.it
https://wileyonlinelibrary.com/journal/jeo2
http://creativecommons.org/licenses/by/4.0/


which 228 meniscectomy (14.69%), 21 (1.35%) knee arthroplasty and 17
(1.09%) hardware removal were recorded.
Conclusions: ACL reconstruction appears to result in mild osteoarthritis in
the long term in most of the patients and only less than 33.2% develop a
moderate to severe degree of knee OA according to IKDC radiographic
score. A slight degree of osteoarthritis appears to be present in ACLR knees
compared with contralateral healthy knees.

Level of Evidence: Level IV.

KEYWORDS

Ahlbäck, anterior cruciate ligament, failure rate, IKDC, Kellgren–Lawrence,
kneeosteoarthritisradiographic

INTRODUCTION

ACL tears are frequently observed in young and physically
active individuals who engage in sports activities charac-
terized by contact, deceleration, twisting, cutting and
jumping [25]. It has been reported that approximately
200,000 ACL tears occur in the United States annually [23].
Moreover, there has been a notable increase in the
frequency of ACL reconstructions, with rates increasing
from 32.4 patients per 100,000 person/year in the early
1990s to 43.5 patients per 100,000 person/year in the
2010s [3]. The presence of laxity resulting from an ACL
injury leads to a decrease in knee functionality and disrupts
the usual balance within the joint [12]. This disruption
manifests in several ways, including decreased activity
levels and a diminished quality of life [9]. Although adverse
biomechanical alterations have been well acknowledged,
there is on‐going debate regarding their management.
Various surgical and conservative therapies have been
suggested thus far [1, 11, 14, 17–19, 33, 39].

However, an even more contentious issue is
the potential to mitigate joint degradation by ACL
reconstruction, as there are conflicting findings regard-
ing the optimal strategy for preventing knee OA [4, 26,
31, 32, 42, 44–46].

The literature extensively documents the short‐term
results of this surgery, revealing that the clinical outcomes
are quite favourable for the majority of patients. These
outcomes include the restoration of stability, a high rate of
return to sports, and a minimal occurrence of failures.
Nevertheless, the majority of research have only conducted
short‐term or midterm follow‐ups, therefore failing to offer
any understanding of the prolonged impact of ACLR. ACL
injury is linked to changes in joint stability, and these
changes in joint movement can eventually result in the
development of knee OA over a prolonged period of time.
Therefore, it is necessary to conduct follow‐up studies
lasting more than 10 years in order to examine the factors
that contribute to OA and accurately determine the
occurrence of this long‐term condition [5, 20].

The aim of the present systematic review was to
quantitatively synthesize the best literature evidence on

this topic, including only studies in which researchers
performed radiographic osteoarthritis evaluation at the
20‐year follow‐up visit after ACL reconstruction. The
hypothesis was that patients who underwent surgical
treatment would have a mild grade of osteoarthritis at
the long‐term follow‐up compared with contralateral
healthy knee, and only a small percentage of operated
patients would need replacement surgery.

MATERIAL AND METHODS

The current systematic review follows the Preferred
Reporting Items for Systematic Reviews and Meta‐
Analyses (PRISMA) guidelines and is registered in the
PROSPERO Registry CRD42023453941 [27, 28]. The
A MeaSurement Tool to Assess systematic Reviews
(AMSTAR)‐2 checklist was used to confirm the quality
of the systematic review [36].

Eligibility criteria

The literature selected for this study was based on the
following criteria.

Study design

Randomized controlled trials, controlled (nonrando-
mized) clinical trials, prospective and retrospective
comparative cohort studies, case‒control studies and
case series were included. Case reports and case
series that did not report data on the radiographic
development of osteoarthritis were excluded.

Participants

The studies were conducted on skeletally mature
patients who underwent ACL reconstructions and were
followed for a minimum of 20 years.
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Interventions

Studies have reported data on the radiographic
development of osteoarthritis in skeletally mature
patients who underwent anterior cruciate ligament
reconstruction. ACL repair or revision surgery were
considered an exclusion criterion.

Types of outcome measures

The outcome measures extracted from the studies
were the failure and subsequent knee surgery on the
same knee rates, radiographic development of osteo-
arthritis measured with Kellgren–Lawrence, IKDC
radiographic score and Ahlbäck classification. If appro-
priate, the health of both the ACLR knee and the
contralateral knee was compared. No subanalysis were
performed according to concomitant procedures.

Follow‐up

According to the inclusion criteria, the minimum follow‐
up duration was 20 years. Studies reporting longer
average follow‐up times but in which the minimum
follow‐up was shorter or not specified were excluded
unless it was possible to identify and isolate data from
the subgroup with more than 20 years of follow‐up
data. Therefore, all patients considered underwent at
least 20 years of follow‐up.

Information sources and search

A systematic search for relevant literature was per-
formed in the PubMed (MEDLINE), Scopus, EMBASE,
and Cochrane Library databases of all studies pub-
lished in English from January 1990 to August 2023.
The search was carried out in August 2023. Two
independent reviewers (R. D. and A. C.) assisted in
conducting and validating the search. The following
search terms were entered into the title, abstract, and
keyword fields: ‘anterior cruciate ligament’ or ‘ACL’
AND ‘long‐term’ or ‘20‐year’ AND ‘reconstruction’ AND
‘osteoarthritis’ or ‘radiographic’. Finally, only papers
published in English were included.

Data collection and analysis

Study selection

The retrieved articles were screened by title and, if
found relevant, screened further by reading the
abstract. After excluding studies that did not meet the
eligibility criteria, the entire content of the remaining

articles was evaluated for eligibility. To minimize the risk
of bias, the authors reviewed and discussed all the
selected articles, references and articles excluded from
the study. In case of any disagreement between the
reviewers, the senior investigator made the final
decision. At the end of the process, further studies
that might have been missed were manually searched
by going through the reference lists of the included
studies and relevant systematic reviews.

Data collection process

The first two authors extracted the data from the
selected articles using a computerized tool created with
Microsoft Access (Version 2010, Microsoft Corp). Each
article was validated again by the first author before
analysis. For each study, patient data were extracted
(age, sex), and surgical details, including surgical
technique, graft type, rate of complications, revision
surgeries and development of osteoarthritis, were
recorded.

Level of evidence

The Oxford Levels of Evidence set by the Oxford
Centre for Evidence‐Based Medicine were used to
categorize the level of evidence [13].

Evaluation of the quality of studies

The quality of the selected studies was evaluated using
the Methodological Index for Nonrandomized Studies
(MINORS) score. The checklist includes 12 items, of
which the last four are specific to comparative studies.
Each item was given a score of 0–2 points. The ideal
score was 16 points for noncomparative studies and 24
for comparative studies [30].

Furthermore, according to AMSTAR‐2 guidelines,
every article was assessed using the ROBINS‐I
tool [36].

Statistical analysis

The extracted quantitative parameters (age, follow‐up
time and results of the radiographic scores) were given
as the mean ± standard deviation (SD) or percentage
when provided in the articles. Otherwise, alternative
values such as the median or range were extracted. To
test score differences between the groups, student's
t test was used to evaluate differences amongst groups
at the 20‐year follow‐up. All tests were two‐sided, and
p < 0.05 was considered statistically significant. Statis-
tical analyses were conducted in the R version.
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Statistical analysis was performed with Review Man-
ager (Version 5.3, The Cochrane Collaboration). Mean
difference (MD) was used as summary statistics to
perform statistical analysis of continuous variables.
They were reported with 95% confidence intervals
(95% CI), and p value of 0.05 was used as the level of
statistical significance.

RESULTS

Search results

The electronic search yielded 810 studies. After 234
duplicates were removed, 20 studies remained, out of
which seven were excluded after reviewing the
abstracts, bringing the number down to 13 [8, 10, 15,
21, 24, 29, 37, 38, 40, 41, 43, 47, 48]. No additional
studies were found by manually searching the refer-
ence lists of the selected articles. Figure 1 shows the
flowchart depicting the selection process for the
studies.

The analysed studies had a mean MINORS score of
14.76 ± 1.5, confirming the methodological quality of
the available literature.

Patient characteristics and surgical protocol

A total of 1552 patients were included in the study, of
which 1290 (83.11%) were operated on using a patellar
tendon (PT) graft, 190 (12.24%) with hamstrings, 27
(1.73%) with an iliotibial band and 45 (2.89%) with PT
plus a ligament augmentation device (LAD). The mean
age at the time of surgery was 25.18 ± 1.91 years, and
the mean follow‐up time was 23.34 ± 2.56 years. In
total, 1552 patients were registered, 155 reruptures
(9.98%) and a total of 300 (19.3%) new surgeries, of
which 228 meniscectomy (14.69%), 21 (1.35%) knee
arthroplasty and 17 (1.09%) hardware removal were
recorded. Detailed results are reported in Table 1.

Radiographic results

IKDC Radiographic Score

Analysing IDKC Score at final follow‐up, ACLR Group
showed a higher degree of OA compared with
contralateral healthy knee (p < 0.01), but only 33.2%
(324/976) of the patients showed a moderate to severe
degree (Grade C or D) of osteoarthritis.

F IGURE 1 A flowchart of the literature screening performed in this study.
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Kellgren–Lawrence Grade

Analysing Kellgren–Lawrence Grade at final follow‐up,
ACLR Group showed a higher degree of OA compared
with contralateral healthy knee (p < 0.01), but only
28.9% (196/678) of the patients showed a moderate to
severe degree (Grade III or IV) of osteoarthritis.

Ahlbäck Score

Analysing Ahlbäck score at final follow‐up, ACLR
Group showed no difference regarding OA compared
with contralateral healthy knee (p = 0.5), and 20.1%
(33/164) of the patients showed a moderate to severe
degree (Grade III or IV) of osteoarthritis. Detailed
results are reported in Table 2.

DISCUSSION

The main result of the current study demonstrated that
ACL reconstruction appears to result in mild osteo-
arthritis in the long term in most of the patients and only
33.2% develop a moderate to severe degree of knee
OA according to IKDC score. A slight degree of
osteoarthritis appears to be present in ACLR knees
compared with contralateral healthy knees.

Our results partially agree with current literature;
recently, Grassi et al. review the outcomes, failure rate,
incidence and predictors of OA for different ACLR
techniques at a minimum 20‐year follow‐up. The
authors concluded that most patients had satisfactory
subjective outcomes 20 years after ACLR; however,
abnormal anteroposterior or rotatory laxity was found in
nearly 10% of cases. The presence of radiographic OA
was high, especially in patients with concomitant
meniscal or cartilage injuries, older age and delayed
surgery; however, severe OA was present in only
12.8% of cases, and total knee arthroplasty was
required in only 1.1% [20].

Everhart et al. in 2022 summarized outcomes at
≥20 years after ACL reconstruction and identified patient
and surgical factors that affect these results. Five studies
met the inclusion and exclusion criteria with a total of 2012
patients. Four studies (n=584) reported graft tears at a
mean rate of 11.8% (range: 2%–18.5%) and four studies
(n= 773) reported a contralateral ACL injury rate of 12.2%
(range: 5.8%–30%). Repeat non‐ACL arthroscopic sur-
gery (four studies; n=177) to the ipsilateral knee occurred
in 10.4% (range, 9.5%–18.3%) and knee arthroplasty (one
study; n=217) in 5%. The IKDC objective score was
normal or nearly normal in 82.3% (n=496; three studies),
with low rates of clinically significant residual laxity.
Moderate‐severe radiographic osteoarthritis (OA) (IKDC
grade C or D) was present in 25.9% of patients (n=605; 3
studies) [16].

Similarly to our results, Claes et al. in 2013
reviewed the current literature on long‐term radio-
graphic outcome after autologous ACL reconstruction.
A total of 16 studies could be included for meta‐
analysis, accounting for 1554 ACL reconstructions
performed between 1978 and 1997. Of these knees,
453 (28%) showed radiological signs of osteoarthritis
(IKDC grade C or D). The authors concluded that the
prevalence of radiographic knee OA after ACL
reconstruction is lower than commonly perceived [7].

Webster and Hewett studied the risk for the
development and prevalence of knee OA after ACL
injury and surgical treatment and compared prevalence
rates between surgical and nonsurgical treatment.
Combining all data from previous systematic reviews
into a single source showed that ACL injury markedly
increases the risk for the development of knee OA,
which is likely to be present in the long term in
approximately a third of patients who have
reconstruction surgery. Surgical treatment does not
reduce OA prevalence in the longer term compared
with nonsurgical treatment [46].

When a graft analysis was performed, ITB showed
the worst results in terms of osteoarthritis, with 71% of
patients classified as IKDC C or D at radiographic
follow‐up, which was significantly more frequent with
respect to other grafts. However, the total number of
patients who received this type of graft came from only
one study, which referred to the prearthroscopic era. In
fact, the patients in this study received combined intra‐
articular and LET reconstruction with an open tech-
nique and postoperative immobilization in a cast.
Additionally, in the IKDC evaluation of OA, patients
who received PT grafts had a significantly higher
percentage of moderate‐ to high‐grade OA than
patients who received HT grafts (IKDC grades C and
D—29% vs. 13%).

According to the current literature, there is no clear
superiority of one ACL graft over another in terms of the
long‐term incidence of OA.

In a multicentre study conducted by the Société
Française de Chirurgie Orthopédique et de Traumato-
logie, the authors examined the long‐term impact of PT
and HT graft techniques on the incidence of OA
following ACLR. A total of 541 patients who underwent
ACL reconstruction between 2002 and 2003 were
included [22]. The primary outcome was the occur-
rence of moderate to severe osteoarthritis (IKDC C and
D). The study found no significant difference in
osteoarthritis rates between the PT and HS groups
(19.3% for PT vs. 19.6% for HT, p = 0.94). Age over
29 years and an IKDC osteoarthritis stage B at initial
surgery were identified as risk factors for OA progres-
sion. Interestingly, in patients requiring a medial
meniscectomy, the HT group had a significantly higher
rate of osteoarthritis, but this difference was not
significant [22].
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Barenius et al. conducted a randomized controlled
trial aiming to evaluate the prevalence of OA after
ACLR, comparing PT and HT grafts [2]. At the 14‐year
follow‐up, 135 out of 164 patients underwent radiologi-
cal assessments. The results showed that OA was
significantly more common in the ACL‐reconstructed
knee (57%) than in the contralateral knee (18%,
p < 0.001). However, there was no significant difference
in OA prevalence between the bone‐patellar tendon
bone (49%) and semitendinosus (65%) grafts
(p = 0.073). Additionally, meniscus resection was iden-
tified as a strong risk factor for OA, with an odds ratio of
3.6 (95% CI, 1.4–9.3). The study concluded that ACL
reconstruction led to a threefold increase in OA
prevalence compared with the contralateral knee,
irrespective of graft type used. Meniscus resection
was identified as a strong risk factor for OA, whereas
the time between injury and reconstruction did not
influence OA outcomes [2].

It is crucial to take into account various significant
factors when analysing and understanding these findings.
The surgical techniques and perspectives on ACLR
discussed in this article are based on long‐term research
conducted in the 1990s. It is important to note that these
techniques may slightly differ from the current standard of
practice. Concerning tunnel preparation, the positioning of
the ACL femoral tunnel has changed since the time these
procedures were conducted [11].

Rothrauff et al. reviewed the literature for radio-
graphic prevalence of OA at a minimum of 10 years
following ACLR with anatomic versus nonanatomic
techniques. The authors concluded that anatomic
ACLR was associated with lower OA prevalence at
long‐term follow‐up [34].

A recent systematic review and meta‐analysis
comprising 16 studies with a total of 1546 patients
evaluated the influence of femoral tunnel positioning
during ACLR on the development of OA [6]. The mean
follow‐up time was 10.9 years. Two different techniques
for ACLR were compared: the anteromedial and
transtibial approaches. The study found that 49.3% of
patients who underwent the transtibial technique
developed radiographic OA, compared with 21.8% in
the anteromedial group. Meta‐analysis showed a
significantly higher rate of OA in the transtibial group
across both 5‐ to 10‐year and greater than 10‐year
follow‐up periods, concluding that ACLR using the
transtibial approach was associated with higher overall
rates of radiographic OA when compared with the
anteromedial approach [6].

The current study found variations in rerupture rates
and additional surgeries amongst different graft types.
In terms of complications and subsequent surgery, the
subanalysis of grafts showed significantly better values
for PT and ITB grafts than for other grafts. Interestingly,
patients who received ITB reconstruction had a
significantly lower risk of graft failure than the other

subgroups, although they had a higher incidence of
complications and reinterventions.

In a large meta‐analysis conducted by Samuelsen
et al. and including 47,613 patients, hamstring auto-
grafts had a slightly higher failure rate (2.84%) than
bone‒tendon–bone autografts (2.80%), with an odds
ratio of 0.83 (p = 0.01) [35]. However, both groups
exhibited low failure rates, and there were few
significant differences between the graft types in terms
of laxity. The study concludes that both graft types are
viable options for primary ACL reconstruction. The
minor difference in failure rate is recommended to be
part of a broader discussion with each patient,
considering other factors like donor site morbidity,
complication rates and patient‐reported outcome mea-
sures [35].

This study has several limitations. The inherent
heterogeneity in the included studies, including differ-
ing surgical techniques and patient characteristics,
made it impossible to conduct a meta‐analysis for
different grafts. Additionally, the long‐term follow‐up
duration could introduce recall bias or loss to follow‐up,
potentially impacting the validity of the outcome
measures. However, the methodological quality of the
included studies, as measured by the MINORS score,
was relatively high, providing confidence in the robust-
ness of the findings. Variables that could have an
impact on the incidence of OA, such as meniscectomy,
concomitant procedures or the way in which the tunnel
was performed, were not weighed. However, this
possibility was precluded by the heterogeneity of the
included studies, and therefore, we limited this study to
a systematic review without performing a meta‐
analysis. Finally, the small number of patients with PT
grafts is another confusing factor and limitation for the
study.

CONCLUSIONS

ACL reconstruction appears to result in mild osteo-
arthritis in the long term in most of the patients and only
less than 33.2% develop a moderate to severe degree
of knee OA according to IKDC radiographic score. A
slight degree of osteoarthritis appears to be present in
ACLR knees compared with contralateral healthy knees.

AUTHOR CONTRIBUTIONS
All authors contributed equally and approved the
publication of this paper.

ACKNOWLEDGEMENTS
BIBLIOSAN has funded the apcs for this article. Open
access funding provided by BIBLIOSAN.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

| 11 of 13

 21971153, 2024, 2, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/jeo2.12017 by C

ochraneItalia, W
iley O

nline L
ibrary on [04/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



DATA AVAILABILITY STATEMENT
The raw data are available with us, if needed. The
datasets generated during and/or analysed during the
current study are available from the corresponding
author on reasonable request.

ETHICS STATEMENT
Ethical committee approval was not needed, being a
literature review and not involving any human interven-
tion. Consent to participate was not needed, being a
systematic review and not involving any human
intervention.

REFERENCES
1. Adhitya IPGS, Kurniawati I, Sawa R, Wijaya TF, Dewi NPAC.

The risk factors and preventive strategies of poor knee
functions and osteoarthritis after anterior cruciate ligament
reconstruction: a narrative review. Phys Ther Res. 2023;26:78–
88. https://doi.org/10.1298/ptr.R0028

2. Barenius B, Ponzer S, Shalabi A, Bujak R, Norlén L, Eriksson K.
Increased risk of osteoarthritis after anterior cruciate ligament
reconstruction: a 14‐year follow‐up study of a randomized
controlled trial. Am J Sports Med. 2014;42:1049–57. https://doi.
org/10.1177/0363546514526139

3. Bram JT, Magee LC, Mehta NN, Patel NM, Ganley TJ. Anterior
cruciate ligament injury incidence in adolescent athletes: a
systematic review and meta‐analysis. Am J Sports Med.
2021;49:1962–72. https://doi.org/10.1177/0363546520959619

4. Castoldi M, Magnussen RA, Gunst S, Batailler C, Neyret P,
Lustig S, et al. A randomized controlled trial of bone‐patellar
tendon‐bone anterior cruciate ligament reconstruction with and
without lateral extra‐articular tenodesis: 19‐year clinical and
radiological follow‐up. Am J Sports Med. 2020;48:1665–72.
https://doi.org/10.1177/0363546520914936

5. Cinque ME, Dornan GJ, Chahla J, Moatshe G, LaPrade RF. High
rates of osteoarthritis develop after anterior cruciate ligament
surgery: an analysis of 4108 patients. Am J Sports Med. 2018;46:
2011–9. https://doi.org/10.1177/0363546517730072

6. Cinque ME, Kunze KN, Williams BT, Moatshe G, LaPrade RF,
Chahla J. Higher Incidence of radiographic posttraumatic
osteoarthritis with transtibial femoral tunnel positioning com-
pared with anteromedial femoral tunnel positioning during
anterior cruciate ligament reconstruction: a systematic review
and meta‐analysis. Am J Sports Med. 2022;50:255–63. https://
doi.org/10.1177/0363546521993818

7. Claes S, Hermie L, Verdonk R, Bellemans J, Verdonk P. Is
osteoarthritis an inevitable consequence of anterior cruciate
ligament reconstruction? A meta‐analysis. Knee Surg Sports
Traumatol Arthrosc. 2013;21:1967–76. https://doi.org/10.1007/
s00167-012-2251-8

8. Costa‐Paz M, Garcia‐Mansilla I, Marciano S, Ayerza MA,
Muscolo DL. Knee‐related quality of life, functional results and
osteoarthritis at a minimum of 20 years' follow‐up after anterior
cruciate ligament reconstruction. Knee. 2019;26:666–72.
https://doi.org/10.1016/j.knee.2019.04.010

9. Culvenor AG, Girdwood MA, Juhl CB, Patterson BE,
Haberfield MJ, Holm PM, et al. Rehabilitation after anterior
cruciate ligament and meniscal injuries: a best‐evidence
synthesis of systematic reviews for the OPTIKNEE consensus.
Br J Sports Med. 2022;56:1445–53. https://doi.org/10.1136/
bjsports-2022-105495

10. Curado J, Hulet C, Hardy P, Jenny JY, Rousseau R, Lucet A,
et al. French Society for Orthopaedic, Trauma Surgery (Société
française de chirurgie orthopédique et traumatologique, SoF-
COT). Very long‐term osteoarthritis rate after anterior cruciate

ligament reconstruction: 182 cases with 22‐year' follow‐up.
Orthop Traumatol Surg Res. 2020;106:459–63. https://doi.org/
10.1016/j.otsr.2019.09.034

11. D'Ambrosi R, Meena A, Arora ES, Attri M, Schäfer L,
Migliorini F. Reconstruction of the anterior cruciate ligament: a
historical view. Ann Transl Med. 2023;11:364. https://doi.org/10.
21037/atm-23-87

12. D'Ambrosi R, Meena A, Raj A, Ursino N, Formica M, Herbort M,
et al. Multiple revision anterior cruciate ligament reconstruction:
not the best but still good. Knee Surg Sports Traumatol Arthrosc.
2023;31:559–71. https://doi.org/10.1007/s00167-022-07197-8

13. Daly J, Willis K, Small R, Green J, Welch N, Kealy M, et al. A
hierarchy of evidence for assessing qualitative health research.
J Clin Epidemiol. 2007;60:43–9. https://doi.org/10.1016/j.
jclinepi.2006.03.014

14. Duncan KJ, Chopp‐Hurley JN, Maly MR. A systematic review to
evaluate exercise for anterior cruciate ligament injuries: does
this approach reduce the incidence of knee osteoarthritis? Open
Access Rheumatol. 2016;8:1–16. https://doi.org/10.2147/
OARRR.S81673

15. Elveos MM, Drogset JO, Engebretsen L, Brønn R, Lundemo TO,
Gifstad T. Anterior cruciate ligament reconstruction using a bone‐
patellar tendon‐bone graft with and without a ligament augmenta-
tion device: a 25‐year follow‐up of a prospective randomized
controlled trial. Orthop J Sports Med. 2018;6:232596711880877.
https://doi.org/10.1177/2325967118808778

16. Everhart JS, Yalcin S, Spindler KP. Twenty‐year outcomes after
anterior cruciate ligament reconstruction: a systematic review of
prospectively collected data. Am J Sports Med. 2022;50:2842–
52. https://doi.org/10.1177/03635465211027302

17. Filbay SR, Roemer FW, Lohmander LS, Turkiewicz A,
Roos EM, Frobell R, et al. Evidence of ACL healing on MRI
following ACL rupture treated with rehabilitation alone may be
associated with better patient‐reported outcomes: a secondary
analysis from the KANON trial. Br J Sports Med. 2023;57:91–9.
https://doi.org/10.1136/bjsports-2022-105473

18. Fleming JD, Ritzmann R, Centner C. Effect of an anterior
cruciate ligament rupture on knee proprioception within 2 years
after conservative and operative treatment: a systematic review
with meta‐analysis. Sports Med. 2022;52:1091–102. https://doi.
org/10.1007/s40279-021-01600-z

19. Getgood AMJ, Bryant DM, Litchfield R, Heard M,
McCormack RG, Rezansoff A, et al. Lateral extra‐articular
tenodesis reduces failure of hamstring tendon autograft anterior
cruciate ligament reconstruction: 2‐year outcomes from the
stability study randomized clinical trial. Am J Sports Med.
2020;48:285–97. https://doi.org/10.1177/0363546519896333

20. Grassi A, Pizza N, Al‐Zu'bi BBH, Fabbro GD, Lucidi GA,
Zaffagnini S. Clinical outcomes and osteoarthritis at very long‐
term follow‐up after acl reconstruction: a systematic review and
meta‐analysis. Orthop J Sports Med. 2022;10:232596712110622.
https://doi.org/10.1177/23259671211062238

21. Hagemans FJA, Jonkers FJ, van Dam MJJ, von Gerhardt AL,
van der List JP. Clinical and radiographic outcomes of anterior
cruciate ligament reconstruction with hamstring tendon graft
and femoral cortical button fixation at minimum 20‐year follow‐
up. Am J Sports Med. 2020;48:2962–9. https://doi.org/10.1177/
0363546520951796

22. Lecoq FA, Parienti JJ, Murison J, Ruiz N, Bouacida K, Besse J,
et al. Société Française de Chirurgie Orthopédique et de
Traumatologie (SoFCOT). Graft choice and the incidence of
osteoarthritis after anterior cruciate ligament reconstruction: a
causal analysis from a cohort of 541 patients. Am J Sports Med.
2018;46:2842–50. https://doi.org/10.1177/0363546518795137

23. Li J, Mao Y, Wang D, Fu W, Li Q, Tang X, et al. Correlation
between the location and distance of kissing contusions and
knee laxity in acute noncontact ACL injury. Am J Sports Med.
2023;51:3179–89. https://doi.org/10.1177/03635465231196865

12 of 13 |
 21971153, 2024, 2, D

ow
nloaded from

 https://esskajournals.onlinelibrary.w
iley.com

/doi/10.1002/jeo2.12017 by C
ochraneItalia, W

iley O
nline L

ibrary on [04/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1298/ptr.R0028
https://doi.org/10.1177/0363546514526139
https://doi.org/10.1177/0363546514526139
https://doi.org/10.1177/0363546520959619
https://doi.org/10.1177/0363546520914936
https://doi.org/10.1177/0363546517730072
https://doi.org/10.1177/0363546521993818
https://doi.org/10.1177/0363546521993818
https://doi.org/10.1007/s00167-012-2251-8
https://doi.org/10.1007/s00167-012-2251-8
https://doi.org/10.1016/j.knee.2019.04.010
https://doi.org/10.1136/bjsports-2022-105495
https://doi.org/10.1136/bjsports-2022-105495
https://doi.org/10.1016/j.otsr.2019.09.034
https://doi.org/10.1016/j.otsr.2019.09.034
https://doi.org/10.21037/atm-23-87
https://doi.org/10.21037/atm-23-87
https://doi.org/10.1007/s00167-022-07197-8
https://doi.org/10.1016/j.jclinepi.2006.03.014
https://doi.org/10.1016/j.jclinepi.2006.03.014
https://doi.org/10.2147/OARRR.S81673
https://doi.org/10.2147/OARRR.S81673
https://doi.org/10.1177/2325967118808778
https://doi.org/10.1177/03635465211027302
https://doi.org/10.1136/bjsports-2022-105473
https://doi.org/10.1007/s40279-021-01600-z
https://doi.org/10.1007/s40279-021-01600-z
https://doi.org/10.1177/0363546519896333
https://doi.org/10.1177/23259671211062238
https://doi.org/10.1177/0363546520951796
https://doi.org/10.1177/0363546520951796
https://doi.org/10.1177/0363546518795137
https://doi.org/10.1177/03635465231196865


24. Lindanger L, Strand T, Mølster AO, Solheim E, Fischer‐
Bredenbeck C, Ousdal OT, et al. Predictors of osteoarthritis
development at a median 25 years after anterior cruciate
ligament reconstruction using a patellar tendon autograft. Am
J Sports Med. 2022;50:1195–204. https://doi.org/10.1177/
03635465221079327

25. Man Q, Gao Y, Wang H, Ma Y, Meng Q. There is no difference
in the efficacy of anterior cruciate ligament reconstruction using
autograft combined with or without ligament augmentation: a
systematic review and meta‐analysis. Knee Surg Sports
Traumatol Arthrosc. 2023;31:5524–34. https://doi.org/10.1007/
s00167-023-07605-7

26. Özbek EA, Dadoo S, Grandberg C, Runer A, Cong T,
Hughes JD, et al. Early surgery and number of injured ligaments
are associated with postoperative stiffness following multi‐
ligament knee injury surgery: a systematic review and meta‐
analysis. Knee Surg Sports Traumatol Arthrosc. 2023;31:4448–
57. https://doi.org/10.1007/s00167-023-07514-9

27. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71.
https://doi.org/10.1136/bmj.n71

28. Page MJ, Shamseer L, Tricco AC. Registration of systematic
reviews in PROSPERO: 30,000 records and counting. Syst
Rev. 2018;7:32. https://doi.org/10.1186/s13643-018-0699-4

29. Pernin J, Verdonk P, Si Selmi TA, Massin P, Neyret P. Long‐
term follow‐up of 24.5 years after intra‐articular anterior cruciate
ligament reconstruction with lateral extra‐articular augmenta-
tion. Am J Sports Med. 2010;38:1094–102. https://doi.org/10.
1177/0363546509361018

30. Qumseya BJ. Quality assessment for systematic reviews and
meta‐analyses of cohort studies. Gastrointest Endosc. 2021;93:
486–494.e1. https://doi.org/10.1016/j.gie.2020.10.007

31. Rajput V, Haddad FS. Is the die cast? Anterior cruciate ligament
injury and osteoarthritis. Bone Jt J. 2022;104‐B:529–31. https://
doi.org/10.1302/0301-620X.104B5.BJJ-2022-0239

32. Ramos‐Mucci L, Elsheikh A, Keenan C, Eliasy A, D'Aout K, Bou‐
Gharios G, et al. The anterior cruciate ligament in murine post‐
traumatic osteoarthritis: markers and mechanics. Arthritis Res
Ther. 2022;24:128. https://doi.org/10.1186/s13075-022-02798-7

33. Rodriguez K, Soni M, Joshi PK, Patel SC, Shreya D, Zamora DI,
et al. Anterior cruciate ligament injury: conservative versus
surgical treatment. Cureus. 2021;13:20206. https://doi.org/10.
7759/cureus.20206

34. Rothrauff BB, Jorge A, de Sa D, Kay J, Fu FH, Musahl V.
Anatomic ACL reconstruction reduces risk of post‐traumatic
osteoarthritis: a systematic review with minimum 10‐year follow‐
up. Knee Surg Sports Traumatol Arthrosc. 2020;28:1072–84.
https://doi.org/10.1007/s00167-019-05665-2

35. Samuelsen BT, Webster KE, Johnson NR, Hewett TE,
Krych AJ. Hamstring autograft versus patellar tendon autograft
for acl reconstruction: is there a difference in graft failure rate? A
meta‐analysis of 47,613 patients. Clin Orthop Relat Res.
2017;475:2459–68. https://doi.org/10.1007/s11999-017-5278-9

36. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J,
et al. AMSTAR 2: a critical appraisal tool for systematic reviews
that include randomised or non‐randomised studies of health-
care interventions, or both. BMJ. 2017;358:j4008. https://doi.
org/10.1136/bmj.j4008

37. Shelbourne KD, Benner RW, Gray T. Results of anterior
cruciate ligament reconstruction with patellar tendon autografts:
objective factors associated with the development of osteo-
arthritis at 20 to 33 years after surgery. Am J Sports Med.
2017;45:2730–8. https://doi.org/10.1177/0363546517718827

38. Söderman T, Wretling ML, Hänni M, Mikkelsen C, Johnson RJ,
Werner S, et al. Higher frequency of osteoarthritis in patients with
ACL graft rupture than in those with intact ACL grafts 30 years after

reconstruction. Knee Surg Sports Traumatol Arthrosc. 2020;28:
2139–46. https://doi.org/10.1007/s00167-019-05726-6

39. Soni MK, Shamim S, Verma A, Singh GK. A comparative study
of anterior cruciate ligament reconstruction versus conservative
treatment. Cureus. 2023;15:49148. https://doi.org/10.7759/
cureus.49148

40. Sporsheim AN, Gifstad T, Lundemo TO, Engebretsen L,
Strand T, Mølster A, et al. Autologous BPTB ACL reconstruction
results in lower failure rates than acl repair with and without
synthetic augmentation at 30 years of follow‐up: a prospective
randomized study. J Bone Jt Surg. 2019;101:2074–81. https://
doi.org/10.2106/JBJS.19.00098

41. Thompson SM, Salmon LJ, Waller A, Linklater J, Roe JP,
Pinczewski LA. Twenty‐year outcome of a longitudinal prospec-
tive evaluation of isolated endoscopic anterior cruciate ligament
reconstruction with patellar tendon or hamstring autograft. Am
J Sports Med. 2016;44:3083–94. https://doi.org/10.1177/
0363546516658041

42. van der Graaff SJA, Meuffels DE, Bierma‐Zeinstra SMA,
van Es EM, Verhaar JAN, Eggerding V, et al. Why, when, and
in which patients nonoperative treatment of anterior cruciate
ligament injury fails: an exploratory analysis of the COMPARE
trial. Am J Sports Med. 2022;50:645–51. https://doi.org/10.
1177/03635465211068532

43. van Yperen DT, Reijman M, van Es EM, Bierma‐Zeinstra SMA,
Meuffels DE. Twenty‐year follow‐up study comparing operative
versus nonoperative treatment of anterior cruciate ligament
ruptures in high‐level athletes. Am J Sports Med. 2018;46:
1129–36. https://doi.org/10.1177/0363546517751683

44. Wang LJ, Zeng N, Yan ZP, Li JT, Ni GX. Post‐traumatic
osteoarthritis following ACL injury. Arthritis Res Ther. 2020;22:
57. https://doi.org/10.1186/s13075-020-02156-5

45. Webster KA, Gribble PA. Time to stabilization of anterior
cruciate ligament‐reconstructed versus healthy knees in
National Collegiate Athletic Association Division I female
athletes. J Athl Train. 2010;45:580–5. https://doi.org/10.4085/
1062-6050-45.6.580

46. Webster KE, Hewett TE. Anterior cruciate ligament injury and
knee osteoarthritis: an umbrella systematic review and meta‐
analysis. Clin J Sport Med. 2022;32:145–52. https://doi.org/10.
1097/JSM.0000000000000894

47. Yamaguchi S, Sasho T, Tsuchiya A, Wada Y, Moriya H. Long
term results of anterior cruciate ligament reconstruction with
iliotibial tract: 6‐, 13‐, and 24‐year longitudinal follow‐up. Knee
Surg Sports Traumatol Arthrosc. 2006;14:1094–100. https://doi.
org/10.1007/s00167-006-0129-3

48. Zaffagnini S, Marcheggiani Muccioli GM, Grassi A, Roberti di
Sarsina T, Raggi F, Signorelli C, et al. Over‐the‐top ACL
reconstruction plus extra‐articular lateral tenodesis with hamstring
tendon grafts: prospective evaluation with 20‐year minimum
follow‐up. Am J Sports Med. 2017;45:3233–42. https://doi.org/
10.1177/0363546517723013

How to cite this article: D'Ambrosi R, Carrozzo
A, Meena A, Corona K, Yadav AK, Annibaldi A, et al.
A slight degree of osteoarthritis appears to be
present after anterior cruciate ligament
reconstruction compared with contralateral healthy
knees at a minimum of 20 years: a systematic
review of the literature. J Exp Orthop.
2024;11:e12017. https://doi.org/10.1002/jeo2.12017

| 13 of 13

 21971153, 2024, 2, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/jeo2.12017 by C

ochraneItalia, W
iley O

nline L
ibrary on [04/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1177/03635465221079327
https://doi.org/10.1177/03635465221079327
https://doi.org/10.1007/s00167-023-07605-7
https://doi.org/10.1007/s00167-023-07605-7
https://doi.org/10.1007/s00167-023-07514-9
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1186/s13643-018-0699-4
https://doi.org/10.1177/0363546509361018
https://doi.org/10.1177/0363546509361018
https://doi.org/10.1016/j.gie.2020.10.007
https://doi.org/10.1302/0301-620X.104B5.BJJ-2022-0239
https://doi.org/10.1302/0301-620X.104B5.BJJ-2022-0239
https://doi.org/10.1186/s13075-022-02798-7
https://doi.org/10.7759/cureus.20206
https://doi.org/10.7759/cureus.20206
https://doi.org/10.1007/s00167-019-05665-2
https://doi.org/10.1007/s11999-017-5278-9
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1177/0363546517718827
https://doi.org/10.1007/s00167-019-05726-6
https://doi.org/10.7759/cureus.49148
https://doi.org/10.7759/cureus.49148
https://doi.org/10.2106/JBJS.19.00098
https://doi.org/10.2106/JBJS.19.00098
https://doi.org/10.1177/0363546516658041
https://doi.org/10.1177/0363546516658041
https://doi.org/10.1177/03635465211068532
https://doi.org/10.1177/03635465211068532
https://doi.org/10.1177/0363546517751683
https://doi.org/10.1186/s13075-020-02156-5
https://doi.org/10.4085/1062-6050-45.6.580
https://doi.org/10.4085/1062-6050-45.6.580
https://doi.org/10.1097/JSM.0000000000000894
https://doi.org/10.1097/JSM.0000000000000894
https://doi.org/10.1007/s00167-006-0129-3
https://doi.org/10.1007/s00167-006-0129-3
https://doi.org/10.1177/0363546517723013
https://doi.org/10.1177/0363546517723013
https://doi.org/10.1002/jeo2.12017

	A slight degree of osteoarthritis appears to be present after anterior cruciate ligament reconstruction compared with contralateral healthy knees at a minimum of 20 years: A systematic review of the literature
	INTRODUCTION
	MATERIAL AND METHODS
	Eligibility criteria
	Study design
	Participants
	Interventions
	Types of outcome measures
	Follow-up

	Information sources and search
	Data collection and analysis
	Study selection
	Data collection process
	Level of evidence
	Evaluation of the quality of studies
	Statistical analysis


	RESULTS
	Search results
	Patient characteristics and surgical protocol

	Radiographic results
	IKDC Radiographic Score
	Kellgren-Lawrence Grade
	Ahlbäck Score


	DISCUSSION
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	REFERENCES




