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Background: Numerous studies, including randomized controlled trials (RCTs), have been published on the optimal graft choice
for primary anterior cruciate ligament (ACL) reconstruction.

Purpose: To review existing studies to investigate whether advances in orthopaedics have affected revision rates after primary
ACL reconstruction.

Study Design: Systematic review; Level of evidence, 4.

Methods: The PubMed database was searched from inception to December 31, 2020, using the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines. Patient series, observational studies, clinical trials, and registry-
based studies investigating primary ACL reconstruction were included, as were high-quality RCTs from an additional study. The
minimum required follow-up time for inclusion was 1 year. The primary outcome measure was the pooled prevalence of revision
ACL reconstruction. The effect of the year the surgery was performed on revision rates was evaluated with metaregression
analysis. All graft types were analyzed simultaneously, and all analyses were repeated separately for each graft type.

Results: Overall, 330 articles with 52,878 patients were included, with a median patient age of 28 years (range, 15-57 years). The
primary ACL reconstructions were performed between 1969 and 2018. At a median of 2.3 years of follow-up, the overall revision
rate was 3.14% (95% CI, 2.76% to 3.56%); it was 2.71% (95% CI, 2.25% to 3.27%) for hamstring autografts, 2.38% (95% CI,
1.82% to 3.11%) for bone–patellar tendon–bone (BPTB) autografts, and 5.24% (95% CI, 4.02% to 6.80%) for other graft types. For
hamstring grafts, the revision rate increased over time (year of surgery), with a 0.0434 (95% CI, 0.0150 to 0.0718) increase effect in
the logit-transformed scale for every additional year. There was a slight decrease in revision rates for BPTB (b ¼ –0.0049; 95% CI,
–0.0352 to 0.0254) and other graft types (b ¼ –0.0306; 95% CI, –0.0608 to �0.0005) over time; however, confidence intervals for
BPTB included the zero change.

Conclusion: Based on this systematic review and meta-analysis, ACL reconstruction is a reliable procedure with overall low
historical revision rates. BPTB autograft had the lowest revision rate and a slightly decreasing trend of failures during the past
45 years, although both BPTB and hamstring autografts are reliable graft choices.
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Anterior cruciate ligament (ACL) reconstruction is one of the
most common orthopaedic procedures.7 In recent decades,
the incidence of ACL injuries has increased by up to
40%.15,33 Increased knowledge of the physiology behind ACL
tears and patient-specific differences in prognosis have pro-
vided us with a better understanding of options for both treat-
ment and effective postoperative rehabilitation.16,19,29,31

Furthermore, shared decision making plays a key role in
deciding how to treat an ACL tear to achieve the optimal
results.17,29,31 ACL reconstruction is the standard for achiev-
ing an optimized function, and most patients can return to
their preinjury activity level after surgery.1

Arthroscopically assisted ACL reconstruction gained
popularity in the 1980s, but it was initially considered a
challenging and complex procedure.27 In the early years,
the patellar tendon was the gold standard for reconstruc-
tion.2,27 Other biological graft origins as well as synthetic
materials have been researched for decades, but optimal
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synthetic materials have not been found, as many of them
have been associated with high failure rates.26 Surgical
techniques have since evolved a great deal because of the
increased volume of ACL reconstructions. Today, ACL
reconstruction is a common orthopaedic procedure that
often leads to good patient-reported outcomes. However,
revision surgery after primary ACL reconstruction is
needed for various reasons, including reinjury, technical
errors in surgery, or instability, with graft failure being
the most severe complication.9,10

More than 16,000 articles can be found in the PubMed
database by searching “ACL reconstruction.” Of these stud-
ies, more than half have been published in the past decade.
ACL graft type has been a widely researched topic.
Research has also focused on different surgical techniques,
such as graft fixation methods, different surgical techni-
ques, and optimal timing of surgery. Research has an effect
on our treatment methods and options to treat the torn
ACL, and currently the treatment for torn ACL may be
highly individualized. Research has also affected the world-
wide trends in ACL surgery, and currently the torn ACL is
usually reconstructed with the use of either hamstring or
patellar tendon as a graft.

At the patient level, medical research should have a pos-
itive effect on the treatment results. For a single patient,
the increasing number of studies during the past few dec-
ades should be seen as a better prognosis (ie, faster recovery
or decreased failure rate). The revision rate is one of the
most important outcomes of ACL reconstruction. To the
best of our knowledge, previous studies have not investi-
gated whether revision rates after primary ACL recon-
struction have evolved during the recent decades.

The aim of the current study was to investigate whether
advances in orthopaedics have affected revision rates
after primary ACL reconstruction. Our hypothesis was
that the revision rates have decreased within the period
studied.

METHODS

Information Sources and Search Strategy

The PubMed database was searched from inception to
December 31, 2020. As a supplementary search, we included
randomized controlled trials (RCTs) from the 2017 meta-
analysis of Kay et al.13 The following search strategy was
used: (anterior cruciate ligament or acl or ligamentum cru-
ciatum anterius), (reconstruction* or repair* or surgery* or
operation* or reconstructive or graft*), and (fail* or reoper-
atio* or revision* or re-operation* or retear*). No filters were
used. Our review was performed according to the PRISMA

(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020 checklist.

Eligibility Criteria and Selection Process

Records from the database search were imported to a free
online systematic review platform (Rayyan; http://www.
rayyan.ai), and duplicates were removed. A study was eli-
gible for our analysis if the following inclusion criteria were
fulfilled: (1) the focus of the study was primary ACL recon-
struction, (2) it was a clinical or registry-based study, and
(3) graft ruptures and/or revisions were reported. All the
records from the searched database were screened, and
abstracts of those articles were assessed by 2 authors
(V.T.P. and A.R.). Records meeting the inclusion criteria
were selected for the eligibility assessment. After full-
text reading, a study was excluded if �1 of the following
criteria were met: (1) follow-up <12 months; (2) follow-up
>10 years; (3) mean patient age <15 years; (4) failures or
revisions not reported; (5) non-English language; (6) based
on large national registries or similar (eg, Kaiser-
Permanente ACL reconstruction registry); or (7) size of the
study was<10 patients. Furthermore, if the study included
a cohort that had been used in other studies, we included
the cohort with the longest or representable follow-up.
Studies that were based on national registries or similar
were excluded because of the cohorts they might have
included that overlapped with those of other, smaller stud-
ies with better quality, such as RCTs. The risk of bias
assessment was not assessed, because all the studies that
met the inclusion criteria and passed the eligibility assess-
ment were included.

Data Extraction

Data were extracted and recorded in an Excel spreadsheet
(Version 16.47; Microsoft). The extracted data included the
study characteristics, such as title, authors, publication
year, and study setting (ie, RCT, prospective, retrospec-
tive). For each study, we collected data on the first year and
last year of the included surgeries, duration of follow-up,
mean patient age, and number of primary reconstructions.
The outcomes included the number of revisions. Other
recorded variables were the graft type used in the primary
reconstruction and definition of failure. The reason for revi-
sion surgery after primary reconstruction was considered
the definition of failure. The extracted definitions were
graft rupture and graft failure. If only the number of
revisions was reported, it was categorized as “revision
count.” We only included the number of revisions per-
formed, although not all graft failures were necessarily
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revised, because the choice to undergo revision surgery is
ultimately based on patient preference. However, our aim
was to investigate revision rates rather than failure rates.

Graft type used in primary reconstruction was catego-
rized into one of the following categories: hamstring auto-
grafts, bone–patellar tendon–bone (BPTB) autografts, or
other graft types. Hamstring autografts included all recon-
structions that used the semitendinosus and/or gracilis
graft. Other graft types included synthetic grafts (eg,
Dacron) and autografts other than hamstring or BPTB. If
the graft used in primary reconstruction was reported with-
out any specific origin, it was categorized as “other.” Cate-
gorization based on surgical techniques (eg, double or
single bundle) or autograft and allograft was not conducted,
and therefore all the groups might have included both.
Study arms were formed based on the subgroups reported
in the original article.

Effect Measures

The primary pooled outcome measure was the prevalence of
revision ACL reconstruction. This was calculated by divid-
ing the total number of revisions by the total number of
primary reconstructions included in the study. Explanatory
variables included in the metaregression were follow-up
time, year the surgery was performed, and age at surgery.
The year of surgery was calculated as the mean of the first
and last years of surgery within each study.

Data Synthesis and Analysis

All graft types were analyzed simultaneously, and sub-
group analyses were conducted separately for each graft
type. The proportion of revision ACL reconstruction was
determined for each study, and pooled revision rates
were reported for each subgroup with 95% CIs. The
random-effects model was used because of the high het-
erogeneity among the analyzed studies. Heterogeneity
was assessed using the I2 statistic. The fixed-effects
model was not used because of inherent patient-specific
differences and variability in prognosis. Logit transfor-
mation was used to calculate the overall proportions.
Metaregression analysis was used to assess whether
revision rates decreased as a function of time (year of
surgery). A maximum-likelihood estimator was used. If
any of the explanatory variables were not reported, the
study was not included in the metaregression analysis.
The effect of the year of surgery on the revision rate was
presented in a scatterplot with a fitted regression line.
The weight of the individual studies in the metaregres-
sion analysis was presented as the third variable.
Finally, we conducted sensitivity analyses based on the
duration of the follow-up period, by dividing the follow-
up time into different durations and repeating the graft
type–stratified metaregression analysis for each of them.
All analyses were performed using the meta package
from R (Version 4.0.3; R Foundation for Statistical
Computing).

RESULTS

In total, 3920 articles were found to be eligible for screen-
ing. After screening and full-text reading, 193 articles were
included. In addition, 137 RCTs from the additional study
were included, resulting in a total of 330 articles. The ear-
liest included study was published in 1984 and included
primary ACL reconstructions performed as early as
1969,11 and the most recent study was published in 2021
and included primary reconstructions performed in 2018.34

A flowchart of study inclusion is shown in Figure 1, and
publication information for all included articles is available
separately as Supplemental Material. A total of 592 study
arms with 52,878 patients were included in the study; 101
articles had 1 study arm, 199 had 2 study arms, 27 had 3
study arms, and 3 articles had 4 study arms. The mean age
of the participants ranged from 15 to 57 years, with a
median age of 28 years. The median number of patients per
study arm was 39 (range, 8-6030). The most used graft was
hamstring autograft, accounting for 43.2% (n ¼ 22,869) of
the patients (Table 1).

At a median of 2.29 years of follow-up, the overall pooled
revision rate was 3.29% (95% CI, 2.91%-3.72%) for all
analyzed study arms. The pooled revision rates for the ham-
string and BPTB graft types were 2.71% (95% CI, 2.25%-
3.27%) and 2.38% (95% CI, 1.82%-3.11%), respectively. For
other graft types, the revision rate was 5.24% (95% CI,
4.02%-6.80%). The most common reason for revision sur-
gery was graft rupture (52.1%) (Table 1).

Metaregression Analysis

A total of 460 study arms with 47,653 patients were included
in the metaregression analysis: 260 study arms with 20,896
patients for hamstrings, 98 study arms with 7368 patients
for BPTB, and 83 study arms with 5541 patients for other
graft types. The graft type was unknown in the remaining
13,848 patients and 19 study arms. The year of surgery influ-
enced revision rates, as a 1-year increase in the surgery year
had a 0.0077 (95% CI, –0.0084 to 0.0238) increase effect in
the logit-transformed scale to the revision rate (Table 2);
however, the confidence interval included the zero change.
Age at surgery had a decreasing effect with all graft types, as
1 year had a –0.0420 (95% CI, –0.0624 to –0.0216) effect on
the logit-transformed scale to the revision rate. The ham-
string subgroup was inferior to the BPTB and other graft
types, as year of surgery had a clear increase effect (b ¼
0.0434; 95% CI, 0.0150 to 0.0718) on revision rates, with the
confidence interval excluding zero change. The effect for
BPTB and other graft types was negative and more impre-
cise. The effect of year of surgery is shown in the scatterplot
in Figure 2.

Sensitivity Analysis

Sensitivity analyses were performed separately for each
graft type. The 2- to 4-year follow-up cohort was the larg-
est in every graft type, including 152 study arms with
11,424 patients with the hamstring graft, 56 study arms
with 3686 patients with the BPTB graft, and 58 study
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Articles excluded (n = 80):
‧ Duplicates (n = 19)
‧ Follow up <1 year (n = 30)
‧ Follow-up >10 years (n = 2)
‧ Same cohort (n = 13)
‧ Not available (n = 7)
‧ Not primary ACLR (n = 1)
‧ Failures/revisions not reported 

(n = 8)

Records excluded
(n = 195)

Records identified from
reference lists (n = 412)

Articles included
(n = 137)

Full-text articles 
assessed for eligibility

(n = 217)

Records screened
(n = 412)

Records identified from
PubMed (n = 3920)
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(n = 3920)

Full-text articles 
assessed for eligibility

(n = 471)

Articles included
(n = 193)

Records excluded
(n = 3449)

Articles excluded (n = 278):
‧ Duplicates (n = 1)
‧ Follow-up <1 year (n = 4)
‧ Follow-up >10 years (n = 28)
‧ Same cohort (n = 15)
‧ Not available (n = 11)
‧ Not primary ACLR (n = 71)
‧ Failures/revisions not reported 

(n = 58)
‧ <10 patients (n = 1)
‧ Mean age <15 years (n = 21)
‧ Not clinical (n = 21)
‧ Based on national registry or 

similar (n = 47)

Total articles included
(N = 330)

Articles included in 
metaregression analysis 

(n= 256)

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study selection.
ACLR, anterior cruciate ligament reconstruction.

TABLE 1
Characteristics of the Analyzed Studies (N ¼ 330) and Pooled Revision Ratesa

Graft Type Study Arms, n (%) ACLR, n (%) Failures, n (%) Age, y, median (range)

Hamstring 302 (51) 22,869 (43.2) 1157 (40.1) 28 (15.4-53.9)
BPTB 148 (25) 9004 (17) 422 (14.6) 28 (15.4-57)
Other 112 (18.9) 7048 (13.3) 612 (21.2) 29.1 (15-47.1)
Not reported 30 (5.1) 13,957 (26.4) 694 (24.1) 26.1 (15.1-50.5)
Total 592 52,878 2885 28 (15-57)

Graft Type, n (%)

Failure Method Hamstring BPTB Other Not Reported Total

Graft rupture 662 (57.2) 151 (35.8) 244 (39.9) 449 (64.7) 1502 (52.1)
Graft failure 293 (25.3) 184 (43.6) 273 (44.6) 88 (12.7) 842 (29.2)
Revision count 202 (17.5) 87 (20.6) 95 (15.5) 157 (22.6) 541 (18.8)
Total 1157 422 612 694 2885

Pooled Revision Rate Failure, % (95% CI) I2, % Follow-up, y, median (range)

Hamstring 2.71 (2.25-3.27) 39.7 2.1 (1-10)
BPTB 2.38 (1.82-3.11) 0.0 2.2 (1-10)
Other 5.24 (4.02-6.80) 71.1 3 (1-7.8)
Total 3.14 (2.76-3.56) 59.7 2.3 (1-10)

aThe reason for revision surgery after primary reconstruction was considered the definition of failure. If only the number of revisions was
reported, it was categorized as “revision count.” Definitions of failure were reported as the original author defined them in the analyzed
article. ACLR, anterior cruciate ligament reconstruction, BPTB, bone–patellar tendon–bone.
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arms with 3910 patients with other graft types. BPTB
results were more imprecise, and in both 2-year and
2- to 4-year cohorts the effect of the operational year to
the revision rates was an increase. The results for other

graft types were similar, except for the 2-year cohort,
where year of surgery had an increase effect. With the
hamstring graft, the results were similar to those
observed in the analysis with all follow-up durations. The
effect of year of surgery remained the same, with the
exception of the 4- to 8-year follow-ups (Table 3).

DISCUSSION

To the best of our knowledge, this is the first study to inves-
tigate revision rates in this way. Our primary aim was to
investigate how previous advances in orthopaedics have
affected the revision rates after primary ACL reconstruc-
tion. Our systematic review and meta-analysis demon-
strated an overall pooled revision rate of 3.14% with a
median follow-up of 2.3 years. This outlines the fact that
ACL reconstruction is a reliable procedure with historically
low revision rates. Although we found that the revision
rates increased between surgeries performed with ham-
string autograft, the most used graft in ACL reconstruction,
in 1969 and 201834 (b¼ 0.0434; 95% CI, 0.0150-0.0718), the
overall revision rate was still very low (2.71%; 95% CI,
2.25%-3.27%) for a common orthopaedic procedure.

Previous meta-analyses have reported revision rates
ranging from 2.80% to 7%.5,25,28,32 At the patient level, the
risk of failure is affected by multiple factors, such as graft
type, age, and body mass index.8,25,30,32 Graft type has been

TABLE 2
Results of Metaregression Analysesa

b (95% CI) SE

All graft types
Year of surgery 0.0077 (–0.0084 to 0.0238) 0.0082
Mean follow-up 0.1318 (0.0727 to 0.1908) 0.0301
Age at surgery –0.0420 (–0.0624 to –0.0216) 0.0104

Hamstring graft
Year of surgery 0.0434 (0.0150 to 0.0718) 0.0145
Mean follow-up 0.1930 (0.1052 to 0.2807) 0.0448
Age at surgery –0.0499 (–0.0838 to –0.0159) 0.0173

BPTB graft
Year of surgery –0.0049 (–0.0352 to 0.0254) 0.0155
Mean follow-up 0.1204 (0.0050 to 0.2358) 0.0589
Age at surgery –0.0306 (–0.0683 to 0.0070) 0.0192

Other graft types
Year of surgery –0.0306 (–0.0608 to –0.0005) 0.0154
Mean follow-up 0.0208 (–0.1598 to 0.2015) 0.0922
Age at surgery –0.0450 (–0.0876 to –0.0024) 0.0217

aBPTB, bone–patellar tendon–bone; CI, confidence interval;
SE, standard error. .

Figure 2. Scatterplot for effect of surgery year with fitted regression line. Single studies and proportions are represented as a
function of time on the logit-transformed scale. The weight of the study is presented as the size of the circle. BPTB, bone–patellar
tendon–bone.
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a widely investigated topic, as the revision rate is associ-
ated with graft choice.3,8,20,23,25 BPTB is reported to have
the lowest revision rate.3,8,22,23 The risk for graft rupture
and/or revision surgery after BPTB reconstruction has
been reported to be between 1.3% and 4.0% in the 5-year
follow-up period.8,14,18,21 For reconstruction with ham-
strings, these risks have been reported to be between
2.7% and 15.0% in the same period.14,18,21 In this study,
patients who received BPTB autograft in primary recon-
struction had a 2.38% risk for revision surgery, with a
median follow-up of 2.2 years. For hamstring autografts,
we observed a 2.71% revision rate, with a median follow-
up of 2.1 years, which is slightly inferior to BPTB. From the
perspective of the individual patient, the minor difference
in the average risk for revision surgery between the BPTB
and hamstring might not be crucial when deciding the
treatment of the torn ACL for an optimal result.17

Failure after primary ACL reconstruction is a very
important factor for an individual patient. Based on
the previously published literature, as well as our
analysis, ACL reconstruction with BPTB graft has very
low reported revision rates through the history of ACL
reconstruction.3,8,22,23 For hamstring grafts, the revision
rates have increased, but are very low for a common ortho-
paedic procedure, with excellent patient-reported out-
comes. It is a positive finding that revision rates have
remained very low throughout the history of ACL recon-
struction, which makes it a reliable procedure for everyday
practice. By choosing the age at the time of surgery and
follow-up time as other confounding factors besides the
operational year, we successfully investigated the effect of
the operational year on the observed revision rates. We also
found a positive correlation between patient age at surgery
and decreased revision rates, which has been previously
reported in the literature.6,12 We did not conduct subgroup
analyses based on sex, as the current consensus seems to be

that different revision rates are not affected by sex.12,24

Overall, both BPTB and hamstring can be considered reli-
able graft choices for ACL reconstruction.

A 2018 study published by Zbrojkiewicz et al33 found
that from 2000 to 2015, the annual incidence of ACL recon-
struction increased by 43%, from 54.0 to 77.4 per 100,000 in
the Australian population. However, the overall incidence
of ACL revisions has increased by 127%, or by 5.6% per
year. Hence, the incidence of revision surgery has increased
more than the incidence of primary reconstructions. With
the increased knowledge and development of new surgical
techniques, this might be considered a surprising finding.
Moreover, with the increased amount of literature on liga-
mentous knee injuries, we might assume that the surgical
techniques have also evolved in revision surgeries, and
therefore we are able to reoperate on more patients than
in the beginning of the 21st century. Also, the increased
knowledge on the sources of failure might have changed
our indication for reoperation. Our analysis showed that
revision rates have remained low with no upward trend.
Especially the revision rates after primary reconstruction
with BPTB have been low throughout the history of ACL
surgery. The strongest and most significant effect between
operation years and revision rates was after reconstruc-
tions with the hamstring as a graft, where 1 year effected
a 0.0434 increase in the risk of revision surgery on a logit-
transformed scale. But still, the revision rates for ham-
string graft were very close to those observed in the BPTB
group, and the increasing trend of the revision rates might
be partly explained by the changing indications on the revi-
sion surgeries. Due to the systematic review and meta-
analysis, our study had a more heterogeneous cohort, as
compared with that of Zbrojkiewicz et al; with a sample size
of almost 50,000 patients, we managed to produce unique
information on the progress of the revision rates.

TABLE 3
Results of the Sensitivity Analysesa

Follow-up

Hamstring BPTB Other Graft Types

b (95% CI) SE b (95% CI) SE b (95% CI) SE

�2 y
Year of surgery 0.0316 (–0.0239 to 0.0871) 0.0283 0.0869 (0.0111 to 0.1626) 0.0387 0.0360 (–0.0537 to 0.1257) 0.7871
Mean follow-up 1.4519 (0.5496 to 2.3542) 0.4604 0.9961 (–0.2331 to 2.2253) 0.6272 –0.1173 (–3.0741 to 2.8395) –0.0777
Age at surgery –0.0631 (–0.1259 to –0.0002) 0.0321 –0.0978 (–0.1968 to 0.0013) 0.0505 –0.0972 (–0.2526 to 0.0582) 0.0793

2-3 y
Year of surgery 0.0630 (0.0183 to 0.1078) 0.0228 –0.0001 (–0.0413 to 0.0411) 0.0210 –0.0300 (–0.0818 to 0.0218) –1.1359
Mean follow-up –0.2309 (–1.0395 to 0.5776) 0.4125 0.8264 (–0.0907 to 1.7435) 0.4679 0.7493 (–0.7098 to 2.2083) 0.7444
Age at surgery –0.0179 (–0.0651 to 0.0294) 0.0241 –0.0493 (–0.1168 to 0.0182) 0.0344 –0.0364 (–0.1117 to 0.0390) 0.0384

2-4 y
Year of surgery 0.0659 (0.0289 to 0.1029) 0.0189 0.0038 (–0.0315 to 0.0390) 0.0180 –0.0312 (–0.0672 to 0.0049) 0.0184
Mean follow-up 0.1542 (–0.2075 to 0.5159) 0.1845 0.2437 (–0.1887 to 0.6761) 0.2206 0.3661 (–0.1754 to 0.9076) 0.2763
Age at surgery –0.0304 (–0.0724 to 0.0116) 0.0214 –0.0476 (–0.0963 to 0.0011) 0.0249 –0.0460 (–0.0950 to 0.0029) 0.0250

4-8 y
Year of surgery –0.0328 (–0.0759 to 0.0103) 0.0219 –0.0291 (–0.0887 to 0.0305) 0.0304 –0.0178 (–0.0689 to 0.0333) 0.0261
Mean follow-up –0.3871 (–0.6656 to –0.1085) 0.1421 0.0426 (–0.2941 to 0.3793) 0.1718 –0.2489 (–0.5925 to 0.0929) 0.1749
Age at surgery –0.0759 (–0.1281 to –0.0238) 0.0266 0.0135 (–0.0402 to 0.672) 0.0274 –0.0605 (–0.1562 to 0.0352) 0.0488

aBPTB, bone–patellar tendon–bone.
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Our findings might also be partly explained by the
changing indications for surgical treatment of primary ACL
ruptures. Currently, with increasing knowledge and devel-
opment of surgical techniques, we might choose to operate
on more risky patients, which might not have been oper-
ated on some time earlier. A 2010 RCT by Frobell et al4

reported that for a patient with an acute ACL tear, reha-
bilitation, combined with an optional delayed reconstruc-
tion, results in similar outcomes in the 2-year period, as
compared with the early ACL reconstruction surgery. Dur-
ing the 2-year follow-up, only 23 (39%) of these patients
underwent delayed reconstruction due to self-reported
symptomatic instability caused by insufficient ACL and
positive pivot shift. In patients with an early ACL recon-
struction, the results were slightly inferior compared with
those of the patients with rehabilitation only or with those
of the patients who had undergone delayed ACL recon-
struction. If nonoperative treatment results in similar or
even superior outcomes than early reconstruction, it might
be possible that the demographics of the patients who are
treated surgically have changed and the preoperative risk
for revision is greater than it has been before. This may
have affected the observed failure rates.

ACL surgery has many surgical variables that must be
optimized based on the estimated revision rate or risk for
any other complications. However, patients and surgeons
might not share the same priorities related to ACL recon-
struction and treatment decisions.17 When planning future
research, it is necessary to evaluate the most crucial ques-
tions. As the number of previously published studies is
massive, we can truly ask how much more research is
needed, for example, on graft choice and graft fixation tech-
niques. We postulate that we should focus more on patient-
specific differences on the ACL surgery, and how they affect
the outcome after surgically treated ACL injury. In addi-
tion to the surgical variables, it is worth focusing on non-
operative treatment, as it has been shown to result in
outcomes similar to those of early reconstruction.4

Strengths and Limitations

Our study has several limitations. The year of the operation
was calculated as the mean based on the operational years,
which might not be the exact truth. However, with our
sample size of more than 300 studies, differences in the
exact time of operation may not have been that significant.
The same method was used for every study included in our
analysis. Another limitation of our study was that not all
studies reported the exact reason for failure. For example,
the definition of graft failure may include graft ruptures.
We have reported the definitions of failure as did the orig-
inal author from the analyzed article. The third limitation
of our study is that in some studies, primary ACL recon-
struction failed, but not all failures were revised. We
included the number of revision surgeries performed in our
analysis. Finally, the choice to undergo revision surgery is
based on a single patient’s preferences. However, our aim
was to investigate revision rates rather than failure rates.
The fourth and main limitation in our study is a rather
heterogenic categorization between graft origins. However,

we do believe that our results simplify how ACL surgery
has developed throughout our 45-year study period. In par-
ticular, the “other” group includes very different graft
types, but as stated before, we believe that this categoriza-
tion simplifies how the previous advances in orthopaedics
have affected the revision rates in ACL surgery.

The strength of this study is the sample size; thus, the
number of not-revised failures is not that significant. It
would have barely produced any difference in our results.

CONCLUSION

Based on our systematic review and meta-analysis, ACL
reconstruction is a reliable procedure with overall histori-
cally low revision rates. Our meta-analysis revealed that
revision rates are comparable with those of the most used
graft types, with hamstrings slightly inferior to BPTB.
Overall, both BPTB and hamstring autografts are reliable
graft choices for ACL reconstruction.
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