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Introduction

Grown in the worldwide population of over 50 of age individuals who remain in good
health and continue to engage in sports has led to an increase of anterior cruciate
ligament (ACL) tears in this aged population. ACL reconstruction was reserved for young
and active athletes, but seems to produce good outcomes also in over 50s.

Purpose

To compare the patient-reported functional scores, arthrometric outcomes, and
complications of primary ACL reconstruction between older (>50 years) and younger (<50
years) patients.

Methods

A systematic review was performed on Pubmed, Scopus, Google Scholar and Cochrane
library regarding studies that compared the clinical outcomes of ACLR between patients
aged > 50 years and those aged < 50 years. The outcomes evaluated were knee functional
outcomes, antero-posterior laxity and complications rate.

Results

This study included 5 retrospective cohort studies with a total of 645 patients (357 in the
older 50 group and 288 in the younger group). All included studies reported significant
improvements in clinical outcomes in both groups after ACL reconstruction. No
significant differences were noted in terms of International Knee Documentation
Committee (IKDC), Lysholm, Tegner scores and anteroposterior instability between the
two groups (p = n.s.). Over 50 cohort seem to have an increased risk for complication rate
when compared with the younger cohort (p= 0.0005).

Conclusion

ACL reconstruction in patients older than 50 years is a safe procedure with good results
that are comparable to those of younger patients.

Study design
Systematic review and meta-analysis; Level of evidence, 3
INTRODUCTION ACL tears is becoming more frequent also in this age
group.?
ACL tear is one of the most common sports-related injuries. In young and active patients, ACL reconstruction has

With increasing life expectancy and physiological health, ~been regarded as a3reliab.1(? procedure with excellent out-
the participation in highly demanding activities in the mid- ~come for ACL tears.” Traditionally, conservative treat'menti
dle-aged population is increasing.! Therefore, the risk of ~are mostly adopted in middle-aged and older patients.
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Studies reported that this procedure was associated with
post-operative complications such as stiffness, residual
pain and progression toward osteoarthritis (OA) with re-
markable modifications of activity levels and lifestyles.% So,
actually more middle-aged patients have undergone ACL
reconstruction to prevent decreased knee function and to
maintain an active lifestyle.

A growing body of evidence has broadly changed the ap-
proach of the surgeons toward the management of the ACL
tears in middle-aged patients.>"18 Several systematic re-
views and meta-analysis!%20 have demonstrated that ACL
reconstruction for patients older than 40 years could have
comparable clinical outcomes as younger patients, includ-
ing a greater return to sport activity. Moreover, although
few studies have evaluated the outcomes of ACL recon-
struction in patients with a cut-off of older than 50 years,
a systematic review and a meta-analysis recently claimed
that age was no longer a criterion contraindicating ACL re-
construction.21,22

The aim of the present meta-analysis was to update the
literature on the safety of ACL reconstruction in patients
aged 50 years and older. It has been hypothesized that pa-
tients older than 50 years would have comparable clinical
and functional outcomes after ACLR than younger patients.

METHODS

The reporting in this systematic review follows the Pre-
ferred Reporting Items for Systematic Review and Meta-
analyses (PRISMA) guidelines.23

SEARCH STRATEGY

A systematic review of the available literature published
from date of inception to April 30, 2021 was performed us-
ing the keyword terms: “anterior cruciate ligament” “recon-
struction” AND “middle-aged OR elderly OR over 50”. We
used both MeSH terms and free text and utilized Boolean
operators to combine them in searching. The following
databases were accessed: Pubmed, Medline, Cochrane Re-
views, Google Scholar.

Two authors (KC and SC) independently screened the
titles and abstracts of the articles resulting from the
searches. Potentially relevant studies were subsequently
screened by full text reading. In case of disagreement, a
consensus was reached by discussion, with the intervention
of the third author (ASP). Reference lists of retrieved papers
and review articles were hand-searched for additional rel-
evant citations. Only peer-reviewed articles published in
English were included in the systematic review.

SELECTION CRITERIA

Studies included in the systematic review met the following
inclusion criteria: (1) randomized controlled trials or com-
parative studies and (2) studies that compared the out-
comes of patients older than 50 years and those younger
than 50 years after ACL reconstruction. Studies were ex-
cluded if: (1) involved revision surgery without separate

data, (2) animal or in vitro studies, (3) single-arm case se-
ries without a control group, and (4) studies with no usable
data.

DATA EXTRACTION

Two authors independently extracted data from the in-
cluded studies using a standardized data collection form.
The following information was included: first author, year
of publication, study design (patient selection and conceal-
ment), details of the partecipants (number, age and sex),
type of tendon graft, fixation device for the tendon graft,
and outcomes data, which included functional scores, knee
anteroposterior (AP) stability, and complications.

QUALITY ASSESSMENT

We used the Methodological Index for Non-randomized
Studies (MINORS) to assess the methodological quality of
nonrandomized studies.24 The checklist includes 12 items,
with the last 4 specific to comparative studies. Scoring was
as follows: 0, not reported; 1, reported but poorly done and/
or inadequate; and 2, reported, well done and adequate.
The highest overall score was 16 for non-comparative stud-
ies and 24 for comparative studies. Each study was scored
by two authors who reached consensus if disagreement oc-
curred with the intervention of the third author (ASP).

STATISTICAL ANALYSIS

Statistical analysis was performed with Review Manager
(Version 5.3, The Cochrane Collaboration). Risk ratio (RR)
and odds ratio (OR) were used as summary statistics to per-
form statistical analysis of dichotomous variables, and the
mean difference (MD) was used to analyse continuous vari-
ables. They were reported with 95% confidence intervals
(95% CI), and P value of 0.05 was used as the level of sta-
tistical significance. Statistical heterogeneity between trials
was evaluated by the chi-square and I-square (I2) test, with
significance set at P<0.10. an 12 above 40% was considered
to be significant. The random effect model was used in the
presence of significant heterogeneity, while in the absence
of significant heterogeneity, the fixed effect was preferred.
A sensitivity analysis was conducted by excluding one study
in each round and evaluating the influence of any single
study on the primary meta-analysis estimate.

RESULTS
STUDY SELECTION

A total of 2905 studies were retrieved through electronic
database searches and cross-references search. After re-
moval of duplicates, 1809 studies were identified for title
and abstract screening. Review of the titles and abstracts
yielded 40 relevant studies for full text screening. From
these, 35 studies were eliminated. Finally, we included 5
studies in the meta-analysis. Figure 1 shows the study flow-
chart and searching results.
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Figure 1. PRISMA flow chart of the studies selection process

STUDY CHARACTERISTICS

Table 1 and 2 show the demographic characteristic of the
cohorts reviewed and a summary of surgical details. A total
of 357 patients with 50 years of age or older undergoing
ACL reconstruction were identified from 5 studies, of which
188 were men and 204 were woman. The mean patient
age was 54.7%1.3 years and mean follow-up was 31.8%21
months.

The cohort of patients younger than 50 consisted of 288
patients, of which 169 were men and 84 were woman. The
mean patient age was 28.4+2.4 years and mean follow-up
was 36.8+25.5 months. All studies presented retrospective
design.

IKDC SCORE

Four studies reported IKDC score collected in a quantitative
manner!2-14.25 and only one study in a categorical manner
(A, B, C, D).8 The post-operative scores improved from an
average of 71.3 to 91.4 points in the over 50 group and from
73 to 96 points in the younger patient cohort. The pooled
analysis revealed that the younger group had a significant

higher IKDC score than the over 50 group at the end of fol-
low-up (MD, -2.18 [95% CI -4.29 to -0.07]; P = 0.04; 12 =41%
for homogeneity) (Figure 2a; Table 3).

LYSHOLM KNEE SCORE

The post-operative scores improved from an average of 84.4
to 94.3 points in the over 50 group and from 85.8 to 96
points in the younger patient cohort. The pooled analysis
revealed that these two groups had similar Lysholm scores
at the end of follow-up (MD, -1.87 [95% CI -3.88 to 0.14]; P
=0.07; I = 0% for homogeneity) (Figure 2b; Table 3).

RETURN TO PHYSICAL ACTIVITY

Of the 5 included studies, three evaluated the return to
physical activity between over 50 and younger patients. The
pooled analysis revealed no significant difference in Tegner
scores at the end of follow-up (MD, -1.24 [95% CI -2.63 to
0.14]; P = 0.08; 12 = 90% for homogeneity) (Figure 2c; Table
3).
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Table 1. Characteristic of included studies

. Age .
’;‘;‘22;’; Pat(':)“ts M:F Mean:SD T""g:gns‘t‘;'gery F(‘:r" ':"";’h‘s‘)p MINORS
(range)
>50: 20 >50:12:8 >50:56 (50-62) >50:2.87 >50: 32 (24-49)
Osti, 2011 <50:20 <50:12:8 <50:27(17-30) (2.40-3.33) <50: 33(24-44) 14/24
<50:2.80
(2.37-3.13)
>50: 33 >50: >50:56(50-62) >50:21 acute/12 >50:37.2
Cinque, <50:52 14:19 <50:27(17-30) chronic <50:40.8 20/24
2017 <50: <50: 30 acute/22
33:19 chronic
>50: 36 >50:28:8 >50:54+3.6 N/A >50: 64 (60-72)
lorio, 2018 <50:36 <50: <50:32.5+2.7 <50:78 (60-84) 19/24
25:11
>50:40 >50:40:0 >50:52.8+2.5 >50:23.8 >50:12
. <50:50 <50:50:0 <50:28.9+5.1 (16.5-30.1) <50:12
Kim, 2019 <50:20.5 19/24
(12.4-28.7)
>50: >50: >50:54.8 >50: 23.6 weeks >50:14.2
Panisset, 228 94:134 (50-71.6) <50: 8.7 weeks (3.5-30.5) 19/24
2019 <50: <50: <50:26.7 <50:20.5
130 84:46 (13.7-40) (11.4-29.4)
Table 2. Surgical details of included studies
Meniscal
Associated Associated injury
Author cartilage ligamentous (repair/ Graft type Tunr_1e| Fixation Method
(year) . . .. . technique
injury injury resection)
n
>50: 1:1/
11:3/111:4/ >50: 11
Osti, 1V:2 (1/10) -
2011 <50: 111/ N/A <50:8 (2/ N/A Transtibial SB N/A
11:3/111:1/ 6)
IV:0
>50: 18 BPTB
>50: 1:17/ allograft/15
11:6/111:6/ >50: 14 >50:31 BPTB Femur/tibia:
Cinque, V:4 FCL/6MCL (16/15) autograft Anteromedial cannulated
2017 <50:1:2/ <50:7 <50:42 <50:19 BPTB SB titanium
11:6/111:6/ FCL/5MCL (30/12) allograft/33 interference screw
IV:1 BPTB
autograft
Double GST Femur: swing-
lorio, autograft Anteriomedial bridge device
2018 N/A N/A N/A SB Tibia: evolgate
device
>50:37 Quadruple Femur: cortical
Kim, (21/16) GST autograft Anteromedial suspensory device
2019 N/A N/A <50: 41 SB
(29/12)
>50: 1:64/
11:20/111:0/ >50: 102
Panisset, 1V:0 >50: 37 ALR (25/77) . . .
2019 <50: 1:70/ <50: 14 ALR <50:23 Mixed Mixed Mixed
11:17/ (10/13)
11:/1V:0

ALR: anterolateral reconstruction; MCL: Medial collateral ligament; FCL, Fibular collateral ligament; BPTB: Bone patellar tendon bone; GST: gracile semitendinous tendon; SB: single bundle
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Table 3. Clinical and functional outcomes

Author
(year)

Lysholm

IKDC

Tegner

AP laxity
(KT-1000
arthrometer)

Complications

Osti,
2011

>50:
49(14-67)/89(41-100)
<50:
53(18-70)/92(80-100)

>50: 46(30-60)/91(80-100)
<50: 50(39-67)/92(80-100)

N/A

>50:
<3mm:0/
15;
3-5mm:5/3;
>5mm:15/2
<50:
<3mm:0/
16;
3-5mm:7/3;
>5mm:13/1

>50:1
<50:0

Cinque,
2017

>50:49.6/84.4
<50:45.1/85.8

>50:77/71.3
<50:78.1/73

>50:2.8/5
<50:2.7/5.8

N/A

>50:4
<50:7

lorio,
2018

>50:53+2.4/94.3£5.1
<50:56+4.3/96+4.5

>50:54+5.3/91.4£4.7
<50:56+4.2/96+4.5

>50:5.8
(3-7)/5.4(3-7)
<50:6.2
(3-10)/5.8(3-7)

>50:
<3mm:29;
3-5mm:6;
>5mm: 1
<50:
<3mm:20;
3-5mm:12;
>5mm: 4

N/A

Kim,
2019

>50:
78.5(68.7-80)/93(85-95)
<50:
68(63.6-75)/94(90.6-95)

>50:61.2
(51.8-68.8)/75.6(70.1-79.3)
<50:58.1
(51.7-62)/81.1(78.9-88.7)

N/A

>50:
<3mm:28;
3-5mm:10;
>5mm: 2
<50:
<3mm:42;

N/A

3-5mm:7;
>5mm:1

Panisset, N/A

>50: A:84/B:96/C:29/D:8
2019 <50: A:64/B:61/C:4/D:1

>50:5.2+1.5/
4.9+1.6
<50:7.6x1.5/
7.1+1.8

>50:34+33

N/A <50:0+14

IKDC, International Knee Documentation Committee; AB, anteroposterior; N/A, not available

ANTEROPOSTERIOR (AP) LAXITY

Knee AP stability was measured by the mean side-to side
difference at maximal manual traction with KT-1000
arthrometer (MEDmetric Corp., San Diego, CA, USA) or
equivalent. Instability was defined as a mean side-to-side
difference of greater than 5 mm. Only three of the included
studies reported outcomes in knee AP stability. 5.2% of pa-
tients (5/96) in the over 50 cohort and 7.5% of patients (8/
106) in the younger cohort had a side-to-side difference
greater than 5 mm.

For this analysis, the calculation of risk ratio was based
on the data regarding the number of patients with a side-
to-side difference > 5 mm between two aged-groups. The
pooled analysis revealed no difference between the two
aged-groups (RR, 0.68 [95% CI, 0.23-2.01]; P = 0.49; I2 = 0%
for homogeneity) (Figure 3a; Table 3).

COMPLICATIONS RATES

Three studies reported post-operative complication rates.
Of 281 over 50 patients, a total of 72 patients documented
complications (25.6%): ACL graft failure, knee instability,
loss of motion, anterior knee pain, arthrofibrosis. The
pooled analysis showed that the over 50 group had a sig-

nificant higher complication rate than the younger group
at the end of follow-up (RR, 2.32 [95% CI, 1.45-3.71]; P =
0.0005; 12 = 33% for homogeneity) (Figure 3b).

RETURN TO SPORT

Only two studies reported on return to sport activities of
over 50 patients. Iorio et al?> indicated 100% returned to
sport and 56% returned to preinjury level with a mean of
102 days in over 50 group compared to 93 days of younger
group. While Panisset et al® reported that return to initial
sport was slightly earlier in over 50 group than younger co-
hort (266.8 versus 302.7 days).

DISCUSSION

The most important finding of the present meta-analysis
was that comparable clinical and functional results were
observed in patients over and under aged 50 years after ACL
reconstruction. Conversely, over 50 cohort seem to have an
increased risk for complication rate when compared with
the younger cohort. This information is to be interpreted
with caution, as findings are due by one large study® that
had a major weight (>70%) on the pooled results, hence
making the conclusion based essentially on the results of
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a Over 50 Younger Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cinque, 2017 713 66 33 73 66 52 280 -1.7Q [-4.5B, 1.1B] -
lorig, 2018 fra 31 36 Bal &5 M 3sAN -1.70 [-4.05, 0.65] -
Kim, 2019 74.7 143 40 838 172 50 5.0% -9.10 [-15.61, =2.58] ——
Ostl, 2011 91 5 20 92 5 20 26.7% -1.00[-4.10, 2.10] -
Total (95% CI) 129 158 100.0% -2.18 [-4.29, -0.07] L
Heterogenehy: Tau® = 1.84; ChF = 5.07, df = 3 (P = 0.17); F = 41X e 15 25 50

Test for overall effect Z = 2.02 (P = 0.04) Favours Younger Favours Over 50

b Over 50

Younger Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cinque, 2017 B4.4 14.2 33 B5.8 142 52 10.5% -1.40[-7.59,4.79]
lorig, 2018 93.7 35 3§ 953 &7 36 663N -1.60[-4.07,0.87]
Kim, 2018 80 15.6 40 928 7.7 50 14.5% -2.60 [-6.0B, 2.48]
Osn, 2011 B9 147 20 B2 5 20 B.7% -3.00 [-9.80, 3.80]
Total (95% CI) 129 158 100.0% -1.87 [-3.88,0.14]
Heterogenelty: ChE = 0.29, df = 3 (P = 0.96); F = DX = ! t 1
Test for averall effect: Z = 1.83 (F = 0.07} 100 -50 Youngerdhmu,; 50 100
C
Over 50 Younger Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Cinque, 2017 5 4.4 33 5.8 44 52 2.7% 080 [-2.72,1.12] —
lorig, 2018 52 1 3 57 17 38 244K 050[-1.14,0.14] -
Panisset, 2019 490 16 228 7.1 1B 130 720X -2.2Q0[-2.57, -1.83] [ |
Total (95% CI) 297 218 100.0% -1.75 [-2.07, -1.43] [
Heterogeneity: ChE = 21.00, df = 2 (P < 0.0001); F = BOX :—10 _15 ) f'. 105
Test for overall effect: Z = 10.76 (P < 0.00001} Favours Younger Favours Over 50
Figure 2. Comparison of IKDC (a), Lysholm (b), Tegner (c)
a Over 50 Younger Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-=H, Fixed, 95% CI
orio, 2018 1 3% 4 3§ 522X 0.25[0.03, 2.13] — &
Kim, 2018 I 3 50 348X 0.83 [0.15, 4.75] B E—
Ostl, 2011 - 1 20 13.0%  2.00 [0.20, 20.33] —
Total (95% CI) 96 106 100.0% 0.68 [0.23, 2.01] il
Tetal events 5 B
Heterogenetty: ChE = 1.72, df = 2 (P = 0.42); F = 0% 'h ol 011 _ llh 1001
Test for overall effect: Z = 0.69 (P = 0.49) Favours Younger Favours Over 50
Over 50 Younger Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% C| M-H, Fixed, 95% CI
Cinque, 2017 4 33 7 52 22.9% 0.90[0.29, 2.84] —=a
Ostl, 2011 1 0 20 2.1% 3.00 [0.13, 68.52]
Panisset, 2019 67 228 14 130 75.0% 273 [1.60, 4.66)] i
Total (95% CI) 281 202 100.0% 2.32 [1.45, 3.71] E 3
Total events 72 z1
Heterogenelty: ChE = 2.50, df = 2 (P = 0.22}; F = 33X L - - : :
Test for overall effect: Z = 3.50 (P = 0.0005) EE Favg;.xlrs Younger Favours O&Pr 50 =
Figure 3. Comparison of anteroposterior laxity (a) and complications (b)
this study and further investigations is needed. Neverthe- The result obtained were similar to those observed in

less, we found that ACL reconstruction was a safe procedure  the literature. A recent systematic review?! and following
for treating ACL tears in patients older than 50 years, es- meta-analysis,22 reported similar results in terms of clini-
pecially those who would like to return to practice pivoting cal and functional outcomes of the two cohorts. Both, are
sports. These findings support our hypothesis that the age uncertain if there is a difference in terms of complications
over 50 does not predict results in ACL reconstruction. between the two groups. So, this aspect has not been clari-
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fied in this aged population, differently to the evidence re-
garding under and over 40 years of age that confirmed no
difference in terms of complication rate between the two
groups. !>

Recently, there was a growing of studies that encourage
the surgical approach in this population and these evi-
dences could help surgeons with patient selection and ad-
justing expectations.>"14 At the same time, some surgeons
are scared of the risk of a higher rate of complications, pro-
gression of OA and consequent poor results.

Pre-existing chondral and meniscal lesions are risk fac-
tors for complications, including arthrofibrosis and OA pro-
gression, and unfavorable outcomes following ACL recon-
struction. These pre-existing conditions are a major
concern in older patients. In addition, Dejour et al2® re-
ported that female gender and medial meniscal lesions sig-
nificantly compromised KOOS symptoms and pain, while
lateral cartilage lesions significantly increased differential
laxity. In our meta-analysis, 50% of the cohort of patients
over 50 are female and three of the included studies re-
ported preoperative cartilage status, associated ligamen-
tous and/or meniscal injuries and relative treatment per-
formed in concomitance to ACL reconstruction. This makes
difficult the interpretation of the results in terms of rate of
complications. In this scenario, the management of menis-
cal lesions represents a dilemma for the knee surgeons:
whether to leave the meniscus untreated, or to suture or
resect it. In this case, the first line choice is to repair. The
rationale is that the meniscus must be preserved (repair or
no-resection), if possible, as, in combination with ACLR, it
protects the articular cartilage and the ACL graft, reducing
residual laxity.27

In addition to this, a prolonged time from injury to
surgery more than one year has been associated with an
increased rate and severity of cartilage pathologies in pa-
tients with ACL tear, especially if they are older.2” In this
meta-analysis, studies included analyse patients under and
over 50 years of age both in chronic than acute setting. In
the study by Kim et al'2 underwent surgery within a mean
of 20 months from injury, and those in the study by Osti et
al!3 underwent surgery no longer than 2 months from in-
jury. One of the studies enrolled patients with both acute
and chronic ACL injuries!* and another only acute ACL tear

(mean of 23 weeks).8 Also this aspect has caused difficul-
ties in the interpretation of findings, as well as the differ-
ent post-operative follow-up. In this review, Cinque et all4
and Osti et all3 reported outcomes at more than 3 years
revealing no significant OA progression after ACLR in pa-
tients older than 50 years. Kim et all2 e Panisset et al8 re-
ported a follow up of a mean of 12 months and Iorio et al?>
superior to 5 years.

Various types of tendon graft were used in the studies
included: the BPTB (autograft and allograft), the double
hamstring tendon autograft, and the quadrupled hamstring
tendon autograft. BPTB and GST are widely used for ACL
reconstruction and it can lead to satisfactory clinical out-
comes.28 No evidence exists that one of the two grafts type
is superior over the other, and the choice remains at the
discretion of the surgeon.28 However, considering the re-
duced donor site morbidity and delayed return to pre-injury
levels in the general population with hamstring tendon au-
tograft or allograft, several authors have suggested BPTB in
older and less active patients.28:29

This study is an up-to-date of the previous meta-analy-
sis that compare the outcomes after ACLR between patients
older than 50 and younger patients that included only com-
parative studies to avoid any further bias. Some limitations
of this study should be mentioned. Particularly, the analysis
of the literature showed some heterogeneity in terms of
graft choice, tunnel technique and fixation method, inter-
val to injury to surgery and the length of follow-up.

CONCLUSION

Comparable clinical and functional results were observed in
patients over and under aged 50 years after ACL reconstruc-
tion. Compared to younger cohort, over 50 patients seem to
have an increased risk for complication rate. Nevertheless,
ACL reconstruction is a viable surgical option in patients
aged 50 years and older, especially among patients who en-
joy pivoting activities.
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