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Abstract
Purpose To evaluate functional and radiological results in patients older than 50 years who underwent an anatomic anterior
cruciate ligament (ACL) reconstruction with semitendinosus and gracilis tendons and to compare these results with those of
patients younger than 40 years.
Methods Thirty-six patients over the age of 50 years with a diagnosis of ACL complete lesion and 36 consecutive patients under
40 years were included in this prospective study. Follow-up included clinical evaluation using Lysholm, IKDC, and Tegner
scores and a KT-1000 arthrometric evaluation. Bilateral weight-bearing radiographs were obtained before surgery and at final
follow-up of five years to evaluate the degree of osteoarthritis. All patients were evaluated at a one year follow-up (T1) (range 13–
17 months) and at final follow-up (T2) (range 60–72 months).
Results No statistically significant difference was found between the two groups at the subjective and objective evaluations. At a
KT-1000 arthrometric evaluation, the mean side to side maximum manual difference was 1.6 mm in the over 50 (group I) and
2.7 mm in the under 40 (group II) (p = 0.009). At 30 lb, the mean side to side difference was 1.7 mm in the over 50 group and
2.6 mm in the under 40 group (p = 0.040). No statistically significant increase in the degree of osteoarthritis was found at follow-
up in the over 50 group.
Conclusions The results of this study seems to confirm that ACL reconstruction in patients older than 50 years is a safe procedure
with good to excellent subjective, objective, and radiological outcomes that are comparable to those for younger patients.
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Introduction

Anterior cruciate ligament (ACL) tear is one of the most com-
mon sport injuries. In the USA, at least 200,000 ACL recon-
structions (ACLRs) are performed each year, most often in
young athletic patients [1].

Because the average age and life expectancy are rising,
physical activity level in the elderly population is increasing
and ACL injuries are becoming more frequent in middle-aged
patients. Traditionally, these patients, who did not perform
highly demanding activities, have been treated conservatively,

since the benefits of the surgical procedure would not be bal-
anced by the risks [2–5]. Recent studies seem to show that
conservative treatment would result in an increased risk of
residual instability and further injuries with remarkable mod-
ifications of activity levels and lifestyles [6–9]. Additionally,
with subsequent instability episodes, patients may show an
accelerated onset of degenerative joint changes [10]. ACLR
has been regarded as critical for a good outcome and is com-
monly performed, particularly in those wishing to resume
sports activities. Several studies have shown excellent results
of ACLR in patients over 40 years old, including a greater
return to sport activity [11]. Surgical treatment showed favor-
able outcomes in terms of joint stability and patient satisfac-
tion, with comparable results to those observed in younger
subjects [12–16]. This growing body of evidence has broadly
changed the approach of the surgeons toward the management
of the ACL-deficient knees in elderly patients, and various
reports have recently focused on ACL reconstruction in
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patients aged 50 years or older. To the best of the authors’
knowledge, only few previous studies in literature reported
similar results amongmiddle-aged patients and young patients
after ACLR [14, 17–21].

The aim of this study was to evaluate subjective, objective,
and radiological results of ACL reconstruction in patients
older than 50 years and to compare their results with subjec-
tive and objective outcomes of ACL reconstruction in patients
under 40 years.

The primary hypothesis of this study was that age alone
does not influence the outcome of ACLR and that subjective
and objective outcomes in patients over 50 years are similar to
those in younger patients.

Materials and methods

This prospective study evaluated a consecutive series of pa-
tients aged 50 years or more examined from January 2008 to
December 2012 in the emergency department with a clinical
and imaging (x-ray, magnetic resonance imaging (MRI)) di-
agnosis of ACL complete lesion.

The inclusion criteria applied were as follows: patients with
a positive Lachman and Pivot shift test, patients aged more
than 50 years, and any recurrent giving way episode as a
manifestation of instability.

Exclusion criteria were as follows: severe associated liga-
mentous injuries, as documented by laxity tests positive other
than Lachman and Pivot shift test or by imaging (x-ray, MRI)
(e.g., posterior cruciate ligament, medial collateral ligament,
lateral collateral ligament, posteromedial corner); cartilage
damage (grade 3 or 4 according to Outerbridge classification)
[22]; BMI > 29.9 (obesity); previous history of intra- or extra-
articular ligament surgery in the involved or controlateral
knee; reported rheumatological disorders; associated
malalignment; time elapsed from injury to surgery of longer
than 2 years; and no other medical comorbidities.

Thirty-six patients over 50 years underwent the inclusion
criteria (group I); for each selected patient of group I, a random-
ized matched control patient aged less than 40 years, operated in
the same time lapse and meeting the same inclusion and exclu-
sion criteria (excluding age), was enrolled in this study (group II).

Group I consists of 28 men and eight women with a mean
age of 54 years (range 50–62; SD = 3.69), while group II
consists of 25 men and 11 women with a mean age of
32.5 years (range 20–40; SD = 2.73).

All patients reported ACL lesion during Bhigh-risk
pivoting sport^: in group I, 20 patients reported ACL lesion
during football, ten patients during ski, four patients during
basketball, and two patients during volleyball; in group II, 23
patients reported ACL lesion during football, eight patients
during basketball, four patients during ski, and one patient
during volleyball.

Informed consent was obtained from all individual partic-
ipants included in the study.

All procedures performed in studies involving participants
were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

Surgical technique—ACL reconstruction

All the patients were operated with the same surgical tech-
nique by the same senior surgeon.

An arthroscopically assisted anatomic single-bundle two-inci-
sion technique using doubled semitendinosus and gracilis tendon
(DGST) autografts was performed. Point of entry of the femoral
tunnel was selected in the centre of the anatomical femoral foot-
print of ACL which was located midway between resident ridge
and over the top position. The tibial tunnel was performed with a
standard guide at 65°. The tendons were passed with an outside-
in technique and manually tensioned before fixation. Cortical
fixation to the bone was achieved in the femur with the Swing-
Bridge device (Citieffe, Bologna, Italy) and in the tibia using the
Evolgate device (Citieffe, Bologna, Italy). A tight fit of the graft
in the bone tunnel was aimed for all patients.

Rehabilitation protocol

The post-operative protocol was the same for all patients of
both groups. The knee was placed in a full extension brace for
two weeks post-operatively. On the second day, partial
weight-bearing was allowed as tolerated with crutches, and
daily isometric and isotonic exercises were prescribed.
Afterwards, progressive range-of-motion exercises were en-
couraged as well as isometric and isotonic exercises. At
four weeks post-operatively, full weight-bearing without
crutches and without a brace was permitted. From the second
month post-operatively, a heavier muscle-strengthening pro-
gram was prescribed, and a gradual return to athletic and
sports-specific training was encouraged between four and
six months. From the fifth month post-operatively, as soon
as the trainer deemed the patient Bready to go,^ full return to
sports was allowed.

Follow-up

The first subjective data collection for all patients was per-
formed at a mean time of 15 months (T1) (range 13–
17 months).

A final evaluation was performed at a minimum of five year
follow-up (T2) (mean 64 months, range 60–72 months for group I;
mean 78 months, range 60–84 months for group II) by the same
observer (F.I.), who was independent and not involved in the initial
surgery. Activity level was assessed using Tegner scale [23]. The
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Lysholm score was used to evaluate the subjective functional status,
while the clinical outcome was evaluated using the International
Knee Documentation Committee (IKDC) rating system [24, 25].
All patients underwent a standard physical knee examination stability
testingwhichwas performed using the IKDC objective classification
[26] and the KT-1000 arthrometer (Medmetric, San Diego, USA).
Bilateral weight-bearing anteroposterior radiographs in full extension
and lateral views were obtained and evaluated using the Fairbank
scale [27], the Kellgren-Lawrence scale [28], and the IKDC grading
system [24] for group I.

Statistical analysis

The Student t test and the Mann-Whitney test were used to
analyze the data for patients in this series.

The evaluation of primary study outcomes (patient satis-
faction, laxity scores, arthrometer) has been determined with a
level of statistical significance set at 0.05 (95% interval of
confidence). Data were analyzed with SPSS software version
22.0 (Armank NY IBM).

Results

All patients were reviewed at the final follow-up.
No complications such as joint infection, venous thrombo-

embolism, or nerve injuries were detected; no further surgery
was needed.

Data regarding subjective evaluations are
summarized in Table 1

All subjective scores improved significantly from pre-
operative evaluation to T1 evaluation (p < 0.05).

No statistically significant differences were found be-
tween the two age groups at Lysholm score, IKDC sub-
jective score, and Tegner activity scale at T1 evaluation.
Group I had a mean return to sport activity of 102 days
while group II had a mean return to sport activity of
93 days (p > 0.05).

No statistically significant differences were found between
the two age groups at Lysholm score, IKDC subjective score,
and Tegner score at final follow-up (T2) (p > 0.05). At the
final follow-up, in group I, 20 patients (56%) returned to the
same pre-injury level of activity, 10 (28%) had 1 point less on
the Tegner score, and 6 (16%) had 2 points less and in group
II, only 22% had a reduced level of sports activity compared to
pre-trauma status.

At IKDC objective evaluation at the final follow-up for
group I, 25 patients were categorized as A, ten patients were
categorized as B, one patient was categorized as C, and no
patients were categorized as D.

At IKDC objective evaluation at the final follow-up for
group II, 23 patients were categorized as A, 11 patients were
categorized as B, 2 patients were categorized as C, and no
patients were categorized as D.

At objective evaluation, no statistically significant differ-
ences were found between the two groups at the final follow-
up (p > 0.05).

Specific data regarding Kt-1000 evaluation are shown
in Fig. 1a–d

The mean side to side (S/S) difference at manual maximum
(MM) KT-1000 evaluation was 1.6 mm (SD = 1.80) in pa-
tients of group II and 2.7 mm (SD = 2.25) in patients of
group II. The mean side to side difference at 30 lb was
1.7 mm (SD = 1.96) in patients of group I and 2.6 mm
(SD = 1.86) in patients of group II. There was a statistical

Table 1 Subjective evaluation.
Tegner Activity Scale as Bpre-
operative^ means Bpre-injury^

Subjective evaluation

Average (SD)

Pre-operative T1 follow-up Final follow-up

IKDC subjective score (p > 0.05)

Under 40 58 (3.12) 94.16 (6.50) 93.7 (7.98)

Over 50 54 (5.32) 92.45 (3.14) 91.4 (4.78)

p value p = 0.16 p = 0.14

Lysholm (p > 0.05)

Under 40 56 (4.32) 95.34 (6.75) 96 (4.59)

Over 50 53 (2.45) 93.75 (3.56) 94.3 (5.14)

p value p = 0.22 p = 0.20

Tegner activity scale (p > 0.05)

Under 40 6.2 (range 3–10) 5.7 (range 3–9) 5.8 (range 3–7)

Over 50 5.8 (range 3–7) 5.2 (range 3–7) 5.4 (range 3–7)

p value p = 0.76 p = 0.36 p = 0.22

*p < 0.05
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significant difference between the two groups at S/
SMMKT-1000 arthrometric evaluation (p = 0.009) and at
30 lb (p = 0.04).

Data regarding radiographic evaluation are
summarized in Table 2

All patients in group I underwent pre- and post-operative x-
rays.

At Fairbank classification, four patients (11%) were in
grade I, 19 (53%) were in grade II, 13 (36%) were in grade
III, and none were in grade IV.

At Kellgren-Lawrence scale, ten patients (28%) were in-
cluded in grade I, 19 (53%) in grade II, seven (19%) in grade
III, and none in grade IV.

The IKDC radiological evaluation showed two patients
(6%) in grade A, 27 patients (75%) in grade B, seven (19%)
in grade C, and no patients in grade D.

Comparing the final follow-up radiological evaluation
with pre-operative images, no statistically significant for
development of degenerative osteoarthritis (DOA) was
detected (p > 0.05). Only three patients (8%) in group I
increased from grade II to grade III at Kellgren-
Lawrence scale; according to the Fairbank classification,
three patients (8%) increased from grade II to grade III
and two patients (6%) increased from grade I to grade II;
and at IKDC radiological evaluation, three patients (8%)
in group I increased from grade II to grade III (Table 2).

Discussion

The subjective and objective outcomes of patients of group I
showed that in a middle-aged population with ACL tears,

Fig. 1 a–d KT-1000 at 30 lb and maximum manual evaluation in group I and in group II

Table 2 Degree of osteoarthritis: radiographic evaluation of the over 50
group

Radiological evaluation Pre-operative Final follow-up

IKDC radiographic score

Group A 2 (6%) 2 (6%)

Group B 27 (75%) 24 (67%)

Group C 7(19%) 10 (28%)

Group D – –

p value p = 0.494

Fairbank classification p = 0.895

Grade I 6 (17%) 4 (11%)

Grade II 20 (55%) 19 (53%)

Grade III 10 (28%) 13 (36%)

Grade IV – –

p value p = 0.895

Kellgren classification

Grade I 10 (28%) 10 (28%)

Grade II 22 (61%) 19 (53%)

Grade III 4 (11%) 7 (19%)

Grade IV – –

p value p = 0.589

1046 International Orthopaedics (SICOT) (2018) 42:1043–1049



selected and motivated patients may have considerable recov-
ery in function and stability after surgical reconstruction, with
a good predictable return also to high-risk pivoting sports
(football, basketball, ski, and volleyball), 100% returned to
sport and 56% returned to pre-injury level. So, the primary
hypothesis of this study was confirmed.

Despite the subjective and objective evaluations of group I
are similar to those obtained in group II, suggesting that the
outcome is not primarily age-related, older patients had a low-
er Tegner activity sport level compared to pre-injury status;
however, all patients (100%) returned to sport activity. The
younger patients were more pleased, even if not statistically
different, to return at pre-injury level than the older patients, as
reported in previous study [14]. Surgical treatment in our sam-
ple of patients of group I ensured favourable results in terms of
patient satisfaction and return to sports without accelerating
the development of DOA. No patients, moreover, have been
submitted to re-intervention.

Although the management of older patients with ACL rup-
ture remains controversial, in recent years, surgical treatment
was recommended regardless of age. In some studies, a high
rate of clinically and functionally satisfactory results has been
reported in patients over 50 years undergoing surgery; conser-
vative treatment, however, seems to suggest an increased risk
of residual laxity and further injury. Ciccotti et al. [2] observed
a satisfactory outcome in 83% of conservatively treated ACL-
deficient knees in the population aged between 40 and
60 years, despite a recurrence rate of 37% and remarkable
modification of activity levels and lifestyles.

In the literature, only few studies evaluated the outcomes of
ACL reconstruction in patients over 50 years. These studies
compared clinical and radiological results detected pre-
operatively and that obtained after reconstruction. Data in
the literature agree, highlighting a statistically significant
functional and clinical improvement [20, 28–33].

One of most important factors to analyze is that despite all
patients of group I return to sport activity, only 56% returned
to pre-injury level; this result seems to be lower especially if
compared to previous study [32].

Struewer et al. [34] evaluated clinical and radiological out-
comes after isolated ACL reconstruction using either autolo-
gous bone patellar tendon bone autograft or DGST autograft
in patients with a mean age of 49.4 years. At a medium follow-
up of two years, all variables improved significantly for both
groups compared to pre-operative values, with 76% of pa-
tients graded A or B according to the IKDC score and symp-
tomatic DOA developing in approximately 30% of patients
without significant inter-group differences.

Dahm et al. [29] reported the outcomes of ACL reconstruc-
tion in a group of 34 patients aged over 50 years treated with
two different surgical techniques. They reported three failures
(8.6%) that required revision surgery. An arthrometric evalu-
ation of the anteroposterior stability was not carried out.

Stein et al. [30] reassessed 19 patients, with a mean age of
54 years, at a medium follow-up of 24 months after ACL
reconstruction performed with the patellar tendon or
Achilles tendon. Reporting a success rate of 79% on the
Lysholm score, they concluded that ACL reconstruction with
allograft is a safe and minimally invasive procedure in patients
over the age of 50 years.

At a mean follow-up of five years, Wolfson et al. [35]
reported a high incidence of reoperation (38%) and residual
instability (19%) in 32 patients with a mean age of 58.4 years
at the time of operation. They concluded that the degree of
patellofemoral arthritis, graded with the Outerbridge classifi-
cation [22], may be associated with poor outcomes and should
be considered in the decision for operative treatment.

Figueroa et al. [31] examined a series of 50 patients over
the age of 50 years who underwent ACLR using hamstring
autografts or allografts. At a mean follow-up of 53.17 months,
they detected a mean post-operative Lysholm score of 93.7
and IKDC score of 90.96. Complications occurred in 6% of
patients: 4% ACL re-ruptures and 2% infections. However,
they did not perform an arthrometric evaluation of joint
stability,

In the study conducted by Blith et al. [28], a side to side
difference at manual maximum of 2.7 mm was reported along
with a correlation between poor clinical results and advanced
DOA.

A comparison of previous studies is showed in Table 3.
Results reported in these articles are similar to those of this

study, especially with regard to the subjective evaluation.
Considering that all patients were performed with the same

ACL reconstruction technique (DGST autografts), this unifor-
mity of treatment allows a more objective comparison of the
results obtained in the two age groups.

The evidence in the literature agreed emphasizing a clinical
improvement and functional reconstruction in patients over
50 years compared to a pre-operative status, which is now
recognized. Another study analyzed the outcomes of ACL re-
construction comparing a group of 20 patients aged over
50 years with 20 patients under 30 years [17]. In contrast to
this study in which no difference was found between the age
groups in the arthrometric evaluation, our results showed a
greater stability in patients of group I compared to those in
group II. Conteduca et al. [16] hypothesized that the increased
stiffness in older patients could be due to a variety of physio-
logical and pathological factors, such as different scar tissue
formations, initial DOA, different hormonal patterns (especial-
ly in women), and loss of elasticity of tissue. In the literature, it
has been widely reported that tendons and myotendinous junc-
tions are modified with aging by changes in the underlying
structure and mechanical properties becoming progressively
stiffer. It can be thought that this could be the reason for the
arthrometric differences found in this study. DOA development
is a well-known consequence after ACL reconstruction [36].
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However, it must also be considered that restoring knee stabil-
ity could prevent further DOA progression from chronic knee
instability following conservative treatment; this is due to a
lower risk of subluxations or further injuries. In the present
study, the pre- and post-operative comparison between the de-
gree of radiographic DOA in patients older than 50 years using
with Fairbank, Kellgren, and IKDC classifications did not
show a statistically significant increase in the degree of arthritis
at final follow-up. The radiographic results of our study in
terms of DOA progression are comparable with those previous-
ly reported in literature [29, 37].

The main limitation of the study was the lack of pre-operative
and final follow-up radiological evaluations of group II that did
not allow to perform a comparison between groups; moreover,
regarding the development of DOA, there were not considered
concomitant meniscal lesions at surgery time. A long-term fol-
low-up is required to analyze progression of DOA related to an
over 50-year-old population and to compare with a younger pop-
ulation. Furthermore, another important limitation is that the data
collection was performed at one year (T1) and at final follow-up
(T2) without yearly follow-up. Finally, limitations of this study
include the small number of patients.

In conclusion, the data of the present study seems to confirm
that ACL reconstruction in patients older than 50 years who
presented an isolated ACL injury, according to exclusion
criteria, is a safe procedure with good to excellent results that
are comparable to those for younger patients. Age itself is not a
contraindication to ACL surgery; we consider clinical symp-
toms and functional requests to be more important. Moreover,
although patients in our study are not large enough to make
definitive conclusions, ACL reconstruction in patients over
50 years seems to not be related to development of early
DOA of the knee.
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