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Abstract

Purpose To compare the outcomes of arthroscopic ACL

reconstruction procedure in 20 middle-aged patients (12

men and 8 women) and 20 subjects younger than 30 years

(control group) at a minimum post-operative follow-up of

24 months.

Methods Pre- and post-operative anterior–posterior laxity

was assessed by Lachman test, pivot shift test and KT1000

arthrometer at manual maximum stress. Clinical functional

evaluation was assessed according to IKDC Committee

(IKDC) subjective knee form, IKDC ligament standard

evaluation and Lysholm score.

Results At 2 years, all variables significantly improved in

both groups compared to pre-operative values (P \ 0.05),

with non-significant intergroup difference.

Conclusions When faced with ACL deficiency, physio-

logical age, condition of the knee at the time of examina-

tion, life expectancy and activity level are probably more

important than chronologic age. In the present study,

arthroscopic surgery for the management of ACL tear and

secondary lesions provides comparable clinical outcomes

in middle-aged patients and in patients aged below 30.

Keywords Anterior cruciate ligament (ACL) injury �
Arthroscopy � Isolated ACL reconstruction � Arthrosis

Introduction

The yearly incidence of anterior cruciate ligament (ACL)

tears in the United States is about 200,000, with at least

50% of these patients undergoing arthroscopic recon-

struction [14]. Although this procedure may reduce the

progression of knee osteoarthritis in chronic ACL defi-

ciency [19, 20], the management of knee instability in

middle-aged patients is debated. While satisfactory func-

tional outcomes have been reported in patients older than

50 undergoing conservative management [10], at long-term

follow-up, reduction in recreational activity level and

increased chronic instability have been reported, with good

results reported in middle-aged ACL-reconstructed patients

with high functional activity level [11].

In the present study, the surgical management for ACL

deficiency has been hypothesized to be indicated in healthy

subjects older than 50 years to prevent further secondary

injuries and to return to pre-injury sport activity perfor-

mance status. Additionally, comparing pre- and post-

operative status, it was hypothesized that patients over 50

who underwent reconstruction of their ACL experience

improved post-operative clinical outcomes. For this pur-

pose, the outcomes of 20 middle-aged patients and 20

subjects younger than 30 years (control group) were

compared. All patients underwent arthroscopic ACL

reconstruction for ACL deficiency and secondary lesions

management.
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Materials and methods

Patients were included in the study if they were physically

active and had been diagnosed with symptomatic ACL

deficiency unresponsive to conservative management

detected on clinical grounds (positive Lachman and pivot

shift tests, KT1000 arthrometer side-to-side anteroposterior

displacement difference more than 3 mm) and magnetic

resonance imaging. Diagnostic criteria also included a

history of activity-related pain and restricted range of

motion. Patients requiring surgical management of asso-

ciated lesions (menisci, cartilage) were also included in the

study.

Exclusion criteria included history of previous surgery on

either knee, detection of severe osteoarthritic changes (joint

space narrowing of more than 50% in any compartment),

multi-ligament involvement (posterior cruciate ligament,

lateral collateral ligament, medial collateral ligament,

posterolateral corner), concomitant lower extremity frac-

ture, cardiovascular disease, workers’ compensation claims

or psychiatric illness. Seven active patients diagnosed for

combined ACL deficiency and grade II–III valgus laxity

were excluded. Finally, a group of 20 consecutive middle-

aged patients (ACL over 50 group) who underwent ACL

reconstruction between 2004 and 2007 met our inclusion

criteria.

The patients were matched for gender and ACL recon-

struction technique with a group of 20 subjects younger

than 30 years (ACL under 30 group). Twelve men and 8

women were enrolled in both groups. The median age of

the patients at presentation was 56 years (50–62) for the

ACL over 50 group and 27 years (17–30) for the ACL

under 30 group.

Lateral and anteroposterior (AP) weight-bearing radio-

graphs were taken to exclude fractures, for osteoarthritis

grading and varus–valgus malalignment assessment. MRI

was routinely performed to evaluate lesions to the ACL,

cartilage, menisci and other ligaments of the knee.

One author (RP) not involved in the surgical procedure

performed all the outcome assessments. The pre- and post-

operative anterior–posterior laxity was examined by

Lachman test [28], pivot shift test [13] and KT1000

(MEDmetric Corp, San Diego, CA) arthrometer at manual

maximum stress [12]. The Lachman and pivot shift mea-

sures were graded according to IKDC form [16].

Pre- and post-operative clinical function was assessed

according to IKDC Committee (IKDC) subjective knee

form, IKDC ligament standard evaluation [16] and Lys-

holm score [27]. The status of the articular cartilage was

graded according to Outerbridge classification [9]. The

IKDC activity levels were also determined to evaluate the

return to pre-injury sport level activity [16].

Operative findings and rehabilitation

All patients were operated on by one experienced ortho-

paedic surgeon (L.O.) and underwent a routine ACL

reconstruction in a trans-tibial technique [11].

At surgery, all 40 patients were found to have complete

tears of their ACL. In the ACL over 50 group, of 11

meniscal-injured patients, 10 underwent partial meniscec-

tomies (7 medial and 3 lateral) and 1 received medial

meniscus repair for a red–red zone tear. In the ACL under

30 group, 6 patients underwent partial meniscectomies

(3 medial and 3 lateral) and 2 a meniscal repair, one for a

red-red zone and one for a white-red zone tear.

The list of patients with cartilage lesions is reported in

detail in Table 1. While Outerbridge grade 1–2 cartilage

lesions were debrided using a radiofrequency ablation

device (Arthrocare, Arthrex, Naples, FL, USA), Outerbridge

grade 3–4 cartilage lesions were treated using microfrac-

tures according to Steadman technique [26].

In both groups, the patients were allowed partial pro-

gressive weight bearing with crutches during the first

4 weeks. The patients who received microfractures for

grade III–IV cartilage lesions were advised to partial

weight bear for 6 weeks. All patients were allowed for

early full knee extension using a 0� locked brace [18, 24].

Running was permitted 2 months from the procedure,

and it was delayed 1 month in patients with associated

cartilage lesions (grade III–IV).

Return to sports was allowed no sooner 6 months after

the index procedure for both groups.

Statistical analysis

To calculate intra-observer variation, the coefficient of

variance of KT1000 measures of both right and left knee

was calculated on a single control subject, repeating the

measurements twice a day, every day, for 20 days. The

subject was a healthy volunteer, without history of knee

pathology or trauma in either knee, who did not practise

sport over the 3-week period to avoid injuries or exercise-

induced laxity. In these experimental conditions, the kappa

statistics varied between 0.7 and 0.85. Statistical analysis

was performed with the SPSS software package, version

Table 1 Cartilage lesions

Outerbridge score Over 50 group Under 30 group

Number Number

Grade I 1 1

Grade II 3 3

Grade III 4 1

Grade IV 2 0
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11.0 (SPSS, Chicago, IL). Descriptive statistics were

calculated. The results of surgery in the two groups were

compared using the Wilcoxon signed rank test for contin-

uous variables (Lysholm score, KT1000) and by using the

v2 test for categorical variables (IKDC, pivot shift).

Significance level was set P \ 0.05.

Results

The mean interval from injury to surgery was 86 days (SD

28; 95% CI 72–100) for the ACL over 50 group and

84 days (SD 22; 95% CI 74–94) for the ACL under 30

group (P [ 0.005).

All the patients (12 men and 8 women in both groups)

attended the last follow-up. Although all the patients were

participating in recreational or competitive sport, different

age-related sport activities were evident in the two groups.

The median follow-up in the ACL over 50 group and in the

ACL under 30 group was 32 months (range 24–49) and

33 months (range 24–44), respectively, with non-signifi-

cant intergroup difference.

In the ACL over 50 group, the subjective IKDC scores

improved from a median pre-operative score of 46 (30–60)

to an average of 91 (80–100) (P \ 0.001) at the last follow-

up. In the ACL under 30 group, the median pre-operative

score of 50 (39–67) improved to 92 (80–100) at most

recent follow-up (P \ .001).

In the ACL over 50 group and ACL under 30 group, the

median pre-operative Lysholm scores were respectively 49

(14–67) and 53 (18–70). At 24-month follow-up, the median

post-operative Lysholm scores was 89 (41–100) in the ACL

over 50 group and 92 (80–100) in the ACL under 30 group

with non-significant intergroup difference. In the ACL over

50 group, a Lysholm score of 41 was reported by a patient

who underwent ACL graft revision surgery (Table 2).

At 2-year follow-up, the outcomes of clinical examina-

tion regarding the Lachman, pivot shift tests and KT1000

side-to-side difference measures were clearly improved

when compared to pre-operative status (Table 3).

At the last follow-up, significantly higher IKDC sport

activity level rates were observed in the patients aged

below 30. Twelve patients (60%) in the ACL over 50 group

and 18 (90%) in the ACL under 30 group returned to pre-

injury activity levels (P \ 0.05) (Table 4). One patient in

both groups did not return to sport; the other patients

returned to lower pre-injury sport level.

There were no complications, except for one ACL graft

failure in the ACL over 50 group. The patient underwent

ACL revision surgery 24 months after the first arthroscopic

reconstruction.

Discussion

The most important finding of the present study is that

good clinical results in terms of anteroposterior stability,

Lysholm and IKDC score have been detected in most of the

ACL-reconstructed patients regardless of age, with signif-

icant improvements compared to pre-surgery status.

Although the management of older patients with ACL

insufficiency remains controversial [5, 8, 10], in the last

few years, surgical management of ACL deficiency has

been advocated regardless of age [3, 15, 22, 30]. While

Table 2 Lysholm score
Lysholm score Over 50 group Under 30 group

Number (%) Number (%)

Pre-operative Post-operative Pre-operative Post-operative

Excellent ([90) 0 9 0 8

Good (84–90) 0 8 0 10

Fair (65–83) 2 2 3 2

Poor (\65) 18 1 17 0

Table 3 Pre-operative vs post-operative KT1000, Lachman and pivot

shift values

Test Over 50 group Under 30 group

Number Number (%)

Pre-operative Post-operative Pre-operative Post-operative

KT1000

\3 mm 15 16

3–5 mm 5 3 7 3

[5 mm 15 2 13 1

Lachman grade

0 14 16

1? 1 5 1 3

2? 16 1 17 1

3? 3 2

Pivot shift

0 14 17

1? 4 5 3 2

2? 14 1 15 1

3? 2 2
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high rates of both functional and clinical satisfactory

results have been reported in patients over 50 undergoing

ACL surgery [29], there is evidence of high satisfaction

accompanied by low grade of clinical outcomes in ACL-

deficient patients undergoing conservative management,

regardless of age [8, 10] (Table 5).

In the present study, side-to-side KT manual maximum

difference–related data measured in both groups were

comparable with other studies [5, 6, 17] (Table 5).

In accordance with the literature [5, 11], in this study,

85% of patients of the ACL over 50 group and 90% of the

other group achieved excellent or good post-operative

IKDC scores, with non-significant difference between the

two groups.

Barret et al. [4], comparing pre- and post-operative

Tegner activity rating scale scores in patients older than

40 years undergoing ACL reconstruction, not pre-opera-

tively involved in high level of sports, found non-significant

differences.

In the present study, the IKDC functional outcomes

showed that patients’ activity levels improved significantly

at the last follow-up compared to the activity level before

ACL reconstruction. A remarkable improvement in the

quality of life was noted in the over 50 group: 12 patients

(60%) returned to their pre-injury activity level, but 8 (40%)

patients had a discrepancy between satisfactory outcomes

(IKDC score) and returned to lower pre-injury recreational

or sport activity. The patients who did not return to pre-

injury recreational sport activity had associated injuries,

particularly meniscal tears and cartilage damages. As

simultaneous ACL reconstruction and meniscectomies give

better outcomes than meniscectomies performed in unstable

knees [7], almost all the patients with meniscal tears were

arthroscopically managed.

At the last examination, while no symptoms were

detected in cartilage-injured patients younger than 30 years

undergoing radiofrequency debridement, chondral changes

influenced negatively the practice of strenuous sport in

patients older than 50 years undergoing microfractures.

Steadman et al. [26] showed long-term decreased symptoms

(pain) and improved function in 95% of patients younger

than 45 years undergoing microfracture technique followed

by careful rehabilitation; however, chondral changes exert

a negative effect on the results of ACL surgery [11]. The

pre-operative mild degeneration at imaging in 8 patients

(40%) older than 50 years is a cause for concern. Although

long-term stability and symptomatic pain relief are obtained

by patients (mean age 30 years) undergoing isolated ACL

reconstruction for chronic instability with pre-operatively

radiographic evidence of degenerative osteoarthritis [25],

ACL deficiency or meniscal injuries change the static and

dynamic loadings of the knee, with increased deleterious

forces on the cartilage and other joint structures [1].

Despite ACL surgery, age and time from injury to

surgery have been considered as risk factors for osteoar-

thritis [21], these parameters cannot be defined as absolute

contraindications to surgical management in middle-aged

ACL-deficient patients.

A major strength of the present study is that it reports

the experience of a single centre, single surgeon, same

technique, same graft, independent examiner, homoge-

neous group of patients, similar rehabilitation programme

and 100% follow-up.

It was difficult to conduct a matched pair study, and it

was only possible to match for gender and ACL recon-

struction technique a group of 20 consecutive middle-aged

Table 4 IKDC sport activity level

IKDC

activity level

Over 50 group Under 30 group

Pre-injury Post-op Pre-injury Post-op

0 1 1

1 1

2 4 8 1 2

3 13 9 2 3

4 3 1 17 15

Table 5 Comparison between series of ACL reconstructions in patients over 50

References Age of

patients

(years)

Management Lysholm IKDC Lachman Pivot shift KT

side-to-side

difference

Trojani et al. [29] 51–66 Surgery NA 83% A ? B, 17% C 83% firm end point 88.9% negative test NA

Buss et al. [8] 18–52 Conservative NA NA 1.8% firm end point 76.4% positive test 82% \ 6 mm

Ciccotti et al. [10] 40–60 Conservative 82 NA 97% 2?, 3? 83% positive test NA

Heier et al. [17] 40–62 Surgery 91 91% A ? B, 9% C 88.9% firm end point 82.2% negative test 88% \ 5 mm

Dahm et al. [11] 50–66 Surgery 90 92 94% firm end point 86% negative test NA

Blyth et al. [5] 50–66 Surgery 93 81% A ? B, 19% C 71% firm end point 77% negative test 93% \ 5 mm

Brandsson et al. [6] 40–51 Surgery 91 73% A ? B, 20% C, 7% D NA NA 70% \ 5 mm
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patients with a group of 20 subjects younger than 30 years.

The observation that the two groups in the present study

had age-related exposures to different sport activities could

influence the sport activity-related outcomes. Comparing

the groups, a lower return to pre-injury sport activity level

was evident among the older patients [2], but middle-aged

patients reported to be subjectively more pleased with the

overall results than the younger. In fact, a given outcome in

a patient older than 50 could be unsatisfactory in a patient

younger than 30. Obviously, surgical expectations should

be tailored to age and level of activity.

We are aware that we did not perform an a priori power

analysis. However, ACL tears requiring surgical manage-

ment in middle-aged individuals are not common, and we

did not have enough variables to inform a power analysis.

The relatively small sample size limited the statistical

power of the study, but we point out that, within these

limitations, the results of the present study are scientifically

sound. Another bias is that a group of patients with ACL

deficiency managed conservatively was not included.

However, the chronic instability of these patients did not

allow us to perform this kind of treatment. Strict inclusion

and exclusion criteria and a larger sample would be needed

to make more definite recommendations. Despite these

weaknesses, the results of our study were univocal with the

numbers of patients treated and, in active patients over 50

with chronic ACL insufficiency, the clinical results of ACL

reconstruction are similar to those in a younger population

[23, 30].

Conclusions

Age itself is not a contraindication to ACL surgery. When

faced with patients with ACL instability, physiological age,

condition of the knee at the time of examination, expec-

tancy of life and activity level are probably more important

than chronologic age. In addition, ACL reconstruction is

indicated to manage ACL-related secondary injury and

prevent further lesions.
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