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Abstract
Purpose The aim of this investigation was to study patient-
reported long-term clinical outcome, instrumental stablitity
and prevalence of radiological osteoarthritis (OA) a minimum
of ten years after isolated anterior cruciate ligament (ACL)
reconstruction.
Methods An average of 13.5 years after ACL reconstruc-
tion with bone–patellar tendon–bone (BTB) autograft, 73
patients were evaluated. Inclusion criteria consisted of an
isolated ACL rupture and reconstruction with BPTB graft
with no associated intra-articular lesions, in particular,
cartilage alterations or meniscal lesions. Clinical assessment
was performed using the International Knee Documentation
Committee (IKDC) and Tegner and Lysholm scores.
Instrumental anterior laxity testing was carried out with
the KT–1000™ arthrometer. Degree of degenerative

changes and prevalence of OA were determined using the
Kellgren- Lawrence scale.
Results Mean follow-up was 13.5 years. Mean age was
43.8 years. About 75% of patients were graded A or B
according to the IKDC score. The Lysholm score was 90.2±
4.8. Radiological assessment reported degenerative changes of
grade II OA in 54.2% of patients. Prevalence of grades III or IV
OAwas found in 20%. The incidence of OAwas significantly
correlated with stability and function at long-term follow-up.
Conclusion Arthroscopic ACL reconstruction using BPTB
autograft resulted in a high degree of patient satisfaction and
good clinical results on long-term follow-up. A higher degree
of OA developed in 20% of patients and was significantly
correlated with increased anterior laxity at long-term follow-up.

Introduction

Anterior cruciate ligament (ACL) reconstruction surgery
and techniques have changed over recent decades. The need
for operative re-stabilisation is generally accepted. Resto-
ration of long-term knee-joint stability and function remain
the basic principles of any treatment strategy to avoid
serious sequelae such as meniscus and cartilage damage
and, in particular, progression of degenerative changes. [3,
6, 29]. The need for arthrometric graft positioning adapted
to the individual factors of the knee has been proven in
several studies and remains a cardinal assumption for
achieving stability and free range of motion (ROM) of the
operated knee joint [10, 19]. Furthermore postoperative
individualised rehabilitation programmes represent basic
requirements for overall therapeutic success. Modern
arthroscopic management and reconstruction provide a high
degree of patient satisfaction and good clinical results at short-
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and mid-term intervals [9]. However, progressive degenera-
tive changes may develop over time. Important factors in
osteoarthritis (OA) onset are concomitant meniscectomy or
the time elapsed from injury to reconstruction [3, 10, 16]. On
reviewing the literature, we found that many authors report
successful results after ACL reconstruction [2, 5, 8, 22].
However, many studies focus on short- and mid-term results.
Reports with follow-up periods over ten years or more
remain rare [5, 20, 23]. Further limitations are the delay
between primary injury and definitive operative treatment or
major associated intra-articular injuries, particularly meniscal
and cartilage lesions at reconstruction [3, 15, 29]. The
primary objective of this study was to evaluate long-term
functional and clinical outcomes and the incidence of
potential OA based on a large study cohort after isolated
ACL rupture and operative restoration.

Material and methods

Between January 1994 and December 1995 166 isolated ACL
reconstructions were performed at our institution. Only
patients with an isolated ACL rupture confirmed by arthros-
copy in the course of treatment were included. All other
patients with significant articular surface damage, meniscus
lesions or osteoarthritic lesions of grade I or greater according
to the Kellgren–Lawrence classification (17 patients) or
concomitant medial collateral ligament repair (13 patients) at
the time of reconstruction were excluded. Operative treatment
was performed within two to three weeks from injury. Within
the framework of the entire follow-up period of ten to 15 years,
11 patients (6.6%) suffered a graft rupture due to new trauma;
four of them underwent an ACL revision procedure. Graft
failure occurred on average 38 months after ACL reconstruc-
tion (range 12–120 months). Secondary partial or total medial
meniscectomy was performed in 24 patients and lateral
meniscectomy in 12. Five further revisions were for infected
postoperative intra-articular haematomas. During the follow-
up period, 14 patients (8.4%) suffered a contralateral ACL
rupture and were excluded. At two year follow-up, the study
group consitsed of 126 patients. On long-term follow-up,
there were 78 patients, with 73 having a complete data record,
which accounts for an overall follow-up rate of 44% [46 men,
27 women; median age 43 (range 24–63) years] 13 years after
ACL reconstruction. Additional reasons for the high rate of
loss on final follow-up were geographical limitations to
attending the follow-up examination. In 53 cases the right
knee and in 20 the left knee was affected.

Operative technique and postoperative rehabilitation

Operative technique was standardised in all patients: ACL
reconstruction was performed with an autogenous bone–

patellar tendon–bone (BTB) graft from the middle third of
the patellar tendon. The central third (ten mm in width) was
harvested through a single longitudinal incision. The graft
was removed with a rectangular bone plug (20–25 mm in
length). The tendon portion was freed from fat, and bone
blocks were trimmed to fit a ten-mm-diameter bone tunnel.
An arthroscopic-assisted reconstruction was used. The
ruptured ACL was debrided and the anatomical tibial and
femoral footprints were identified and left intact. The tibial
tunnel was drilled using a drill guide under arthroscopic
view through the posterior part of the middle of the tibial
ACL footprint. To create the femoral tunnel a five-mm
offset guide system was placed transtibially at the posterior
margin of the intercondylar notch. The patellar tendon
autograft was passed through the tibial tunnel using an
Ethibond pull-through suture. Bone blocks were posi-
tioned in the tunnel, and the autograft was placed with
its cortical edge oriented posteriorly within the femoral
tunnel. The position of the femoral tunnel was deter-
mined with the knee in 120º of flexion using the five-mm
offset instrument. Femoral-graft fixation was performed
by press-fit positioning in the tunnels and by additional
remote mini-plate fixation via a lateral incision. Exact
intra-articular graft position of the tibial tunnel was
performed with the knee in 90° of flexion, positioned in the
footprint of its anatomical insertion. Afterwards, tibial-graft
fixation was performed by press-fit fixation and additional
joint-distant staple fixation. After femoral fixation, the
affected knee was cycled several times to assess graft fixation
and isometry. For the final tibial fixation, staples were used to
fix the threads outside the tunnel. Postoperatively, patients
were immobilised in a full-extension orthesis for the two days.
Our concept of rehabilitation allows a free knee ROM.
Isometric muscle exercises were then started with no
limitations, and full weight bearing was allowed according
to the patient’s pain level. During the entire rehabilitation
period of six weeks, there was no additional external
protection. High-demand pivoting sports activities were
allowed after six to nine months.

Assessments

Clinical and functional follow-up assessment was based on the
International Knee Documentation Committee (IKDC) score
[1]. Further clinical evaluation criteria consisted of Tegener
and Lysholm score [16, 26]. Patients who scored >92 points
were considered to have excellent results; scores between 91
and 76 points were good; scores <76 points were fair/poor
according to the Lysholm score [18]. Clinical evaluation
using both IKDC and Lysholm scores was performed
24 months after surgery and at the ten to 15-year follow-
up. Pretrauma status was documented. Anterior laxity was
assessed using the KT 1000™ arthrometer (MEDmetric

172 International Orthopaedics (SICOT) (2012) 36:171–177



Cooperation, San Diego, CA, USA) according to IKDC
graduation (degree of differential instrumental laxity in side
comparison) [27]. The degree of degenerative changes was
determined according to the Kellgren and Lawrence score.
Conventional radiographs in three planes were used to
evaluate the incidence of radiographic tibiofemoral and
patellofemoral knee OA. Radiographic evaluation of the
pretrauma status supplemented the overall radiographic
assessment. Radiographs were evaluated according to the
Kellgren and Lawrence classification: grade 0, no changes;
grade 1, doubtful narrowing of the joint space and possible
osteophytic lipping; grade 2, definite osteophytes and
possible narrowing of the joint space; grade 3, moderate
multiple osteophytes, definite joint-space narrowing, some
sclerosis and possible deformity of the bone ends; and
grade 4, large osteophytes, marked joint-space narrowing,
definite sclerosis and definite deformity of the bone ends.
Evidence of degenerative changes of grade II OA or
greater according to the Kellgren–Lawrence classification
were used to define OA whereas grade III and grade IV
degenerative changes should account for symptomatic OA
[11, 23].

Statistical analyses

Statistical analysis was performed by using the software
SPSS 17.0. version for windows. Correlations were
regarded as significant at p<0.05 using the Pearson and
chi-square tests and the Kruskal–Wallis test.

Results

IKDC evaluation

Clinical evaluation according to IKDC scores showed
deterioration of the patient’s clinical constitution over the
long term in comparison with results of the two year
follow-up (Fig. 1).

Two years after the ACL reconstruction, functional assess-
ment according to the IKDC score revealed 47 patients (37.3%)

with an IKDC grade A, 60 (48.4%) with grade B, 18 patients
(14.3%) with a grade C and one ( 0,8%) with grade D. On long-
term follow-up, 17 (23.3%) patients with physiological clinical
condition (IKDC A), 35 ( 47.9%) with a nearby physiological
condition (IKDC B), 17 (23.3%) with an abnormal condition
(IKDC C) and four (5.5%) with a severe abnormal clinical
condition (IKDC D) were recorded. However, 75% of patients
were graded A or B. Mean subjective IKDC score was 78.4
points on long-term follow-up. Reasons for abnormal clinical
discoveries according to the IKDC score accounted for pain
and progressive swelling of the knee joint during substantial
load in the subjective IKDC questionnaire. Furthermore, an
evident extension deficit, intermittent intra-articular effusion
formation or a striking differential laxity on assessment with
the Lachman test accounted for worse results within the
objective IKDC evaluation.

Lysholm knee scoring scale

Clinical assessment according to the Lysholm score showed
deterioration in average values over the long term (Table 1). On
long-term follow-up—13 years after ACL reconstruction—13
(17.8%) patients scored <76 points; 41 (56.1%) patients
scored >91 (excellent) and 29 (39.7%) scored between 77 and
91 (good).

Tegener activity scale

During the entire follow-up, there was a decrease in activity
level according to the Tegener score (Table 1). On final
follow-up, 12 patients (16.4%) had stopped or never
returned to sports, whereas 75.6% were participating in
sports and their follow-up remained excellent (55 of 73).
However, pivoting and contact sports decreased from
77.8% to 45.2%. Furthermore, competitive involvement
decreased from 65.3% to 18.5%. Forty-five patients
(61.8%) stated that their level of performance had
decreased. Only 19 (26.3%) patients indicated that these
changes were related to the reconstruction. Socioprofes-
sional factors were the main reason cited for the change in
sports participation.

47

60

18
1

17

35

17

4

2 years 13,5 years

IKDC D

IKDC C

IKDC B

IKDC A

     2y      13,5 y 
IKDC A:   37,3%    23,3% 
IKDC B:   47,6%    47,9% 
IKDC C:   14,3%    23,3% 
IKDC D:     0,8%      5,5%

N= N= 

Fig. 1 Knee function and
patient activity level according
to the International Knee
Documentation Committee
(IKDC) score
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Assessment of anterior laxity (Lachman test)

Assessment of anterior translation with the KT-1000
arthrometer showed a slight deterioration on long-term
follow-up in comparison with results at the 2-year follow-
up. However, overall long-term knee-joint stability
remained satisfactory to excellent after 13 years (Table 2).

Incidence of osteoarthritis

Radiographic assessment according to Kellgren and Lawrence
revealed no signs of degenerative changes on pretrauma
assessment. On two year and long-term follow-ups, a marked
increase of degenerative changes was detected (Fig. 2).

Discussion

This retrospective clinical study evaluated clinical and
radiological long-term outcomes after isolated ACL recon-
struction with BTB graft. There was a high rate of loss on final
follow-up (55.6%). Reasons for the lack of return visits
represented the strict exclusion criteria, such as intermittent
operative procedures due to partial or total menisectomy and
geographical limitations. Various studies reviewing the liter-
ature have reported mid- and long-term results after ACL
reconstruction [4, 5, 7–9, 13, 18, 21, 22]. Limitations of the
majority of these studies were variable intervals between
injury to ACL reconstruction, concomitant meniscectomy
procedures or variable rehabilitation programmes. This study
intended to identify factors associated with our long-term
outcomes, focussing in particular on long-term knee-joint
stability and prevalence of knee OA. It was also based on a

homogenous sample, a standardised operative procedure and
postoperative rehabilitation, and a short interval from injury
to ACL reconstruction of only two to three weeks [3, 4, 13,
20]. Furthermore, it only focussed on isolated ACL injuries.
All other patients—in contrast to other studies that included
patients with concomitant intra-articular injuries such as
significant articular surface damage, meniscal tears or
concomitant medial collateral ligament repair at the time of
reconstruction—were excluded. Results of clinical and
functional evaluation, according to subjective and objective
questionnaires of IKDC score on long-term follow-up,
showed a decrease in comparison to mid-term results.
Reasons for abnormal clinical findings according to IKDC
score were pain and swelling on strenuous activity in the
subjective IKDC questionnaire. Furthermore, obvious exten-
sion deficit, intra-articular effusion formation or a striking
differential laxity on assessment with the Lachman test,
accounted for worse results within the objective IKDC
evaluation. The mean subjective IKDC score was 78.4
points on long-term follow-up. However, 75% of all patients
could be evaluated as IKDC A or IKDC B grade; 85%
subjectively judged the outcome of their ACL reconstruction
at ten years as satisfactory. This judgment was based on a
questionnaire provided in addition to IKDC evaluation. This
questionnaire consisted of a four-step graduation from
excellent to very poor for the subjective perceived overall
therapeutic success. Therefore, 95% of the study population
would have ACL reconstruction performed again. These
results were comparable with those found in the literature. In
a review of studies, Fox et al. and Lebel et al. reported that
91–98% of patients were satisfied with their ACL recon-
struction at follow-up [7, 13]. Lebel et al. and Möller et al.
reported high satisfaction rates and good to excellent clinical
outcomes according to IKDC score (80–92 points on
average) based on a population of similar age and overall
constitution (13,189). In addition, Hertel et al. reported that
at an average of 11 years after ACL reconstruction, 96% of
re-evaluated patients would undergo ACL reconstruction
surgery again. Furthermore, the reported mean IKDC
subjective score was >90 points [8]. These results emphasise
the fact that ten years after ACL reconstruction, most patients
had nearly normal knee function. In a prospective study on
63 patients, Wu et al. reported similar results from patients
with ACL rupture and reconstruction surgery [29]. They also
reported a significant deterioration in clinical condition with
associated meniscectomy or imperfect control of laxity and

Table 1 Results of Tegener and Lysholm scores throughout the
follow-up period

Before
injury

2 years
postoperatively

13.5 years
postoperatively

Knee function:
Lysholm
scoring
scale

95.7 (65–100) 92.4 ( 35–100) 90.2 ( 25–100)

Activity level:
Tegener
activity
score

5.8 ( 2–10) 5.4(2–10) 4.9 (1–10)

Table 2 Results of anterior lax-
ity assessment via the
KT-1000 arthrometer

IKDC A IKDC B IKDC C IKDC D

1–2 mm 3–5 mm 6–10 mm >10 mm

Mid-term follow-up at 2 years 64.3% (n=81) 30.2% (n=38) 5.5% (n=7) 0% (n=0)

Long-term follow-up at 13.5 years 58.9% (n=43) 31.5 % (n=23) 8.2% (n=6) 1.4% (n=1)
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increasing incidence of OA. On the other hand, the authors
could not show a significant correlation of IKDC score
deterioration and OA increase based only on isolated ACL
reconstruction. In contrast; Salmon et al. found that even
though evidence of degeneration was present on radiographs,
it was not yet reflected in patients’ self-reported results [23].
Mihelic et al. and Streich et al. published a report comparing
operative versus conservative treatment. They found signif-
icant differences in mean IKDC score of the two groups and
reported significant differences in the rate of OA in both
groups, with a significantly higher rate of OA in conservative
treatment [17, 25].

Lysholm and Tegener scores showed deterioration of
patents’ clinical constitution in comparison with results two
years after ACL reconstruction. The median Tegener score
of 5 at final follow-up to that in studies with more than
ten years of follow-up, which reported Tegener scores
between 4 and 6 [13–15, 19]. Mean Lysholm score >90
points at long-term follow-up was similar to other studies
with over ten years of follow-up, which reported scores
between 82 and 94 points [19, 21, 22, 29]. Reasons for
worse clinical scores are in relation to pain and progressive
swelling on very strenuous activity. However, a satisfactory
rate of 75.6% of patients still participated in sports at final
follow-up. Socioprofessional factors were the main reason
cited for the change in sports participation [19].

Assessment of long-term anterior laxity via the KT-
1000 arthrometer showed deterioration in average values.
On the other hand, overall results for the entire follow-up
remained excellent: 79% of all patients showed a
differential laxity less than three mm on long-term
evaluation. Overall performance concerning the anterior
translation measured on KT 1000 arthrometer was
comparable with those found by Fox et al. and other
study groups at mid- to long-term follow-up, with 70–
90% of patients having a KT–1000 arthrometer result
less than three mm [7]. Milhelic et al. published a report
comparing operative versus conservative treatment and
reported significant differences in OA rate between
groups, with a significantly higher rate of OA with
increased laxity. Furthermore, they reported the highest
OA rate with concomitant menisectomy [18]. In this

report, radiographic evaluation of OA revealed no signs
of degenerative changes in 86.7% of patients on pretrauma
assessment. On mid- and long-term follow-up, a marked
increase in degenerative changes was detected upon
radiographic evaluation.

In our study, radiological assessment revealed mild to
moderate degenerative changes in 73.8% of patients
regarding grade I or II OA according to Kellgren and
Lawrence. Symptomatic OA grades III and IV was found in
17% and 6% on long-term follow-up, respectively. The
study demonstrated a significant correlation for the inci-
dence of OA and performance on instrumental anterior
translation assessment on long-term follow-up. The study
also showed a significant increase in degenerative changes
and OA progression in patients with increased anterior
laxity (p<0.05) (Fig. 3). Our investigation showed that
even maintenance of excellent scores concerning long-term
anterior translation were not able to prevent the onset of
degenerative changes and OA progression. A great advan-
tage of this study is its strict inclusion criteria, because only
patients with isolated ACL injuries were evaluated. Various
studies have reported on long-term results after ACL
reconstruction. However, few of these studies focusing in
particular on the incidence of OA [5, 12, 13, 21, 22].
Limitations of those studies were an unselected patient
group and, in particular, a high prevalence of accompanying
intra-articular injuries such as meniscal lesions and signif-
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Fig. 2 Prevalence of
osteoarthritis according to the
Kellgren–Lawrence scale
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Fig. 3 Correlation analysis of the anterior translation and radiological
evaluation of osteoarthritis (OA) on long-term follow-up showed a
significant increase in degenerative changes and OA progression in
patients with increased anterior laxity (p<0.05)
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icant cartilage damage [3–5, 12, 13, 21, 22]. For example,
Lohmander et al. and von Porat et al., evaluating soccer
players, reported a high prevalence of knee OA (69% and
59%, respectively) in individuals with ACL injuries
combined with meniscal injuries [14, 15, 28]. Furthermore,
Lebel et al. retrospectively examined 98 individuals after
ACL injury reconstruction with BTB autograft [13] and
reported a 13.6% prevalence of knee OA in individuals
with isolated injuries and 21.5% in individuals with
combined injuries. Additionally, a detailed review of the
study shows a rate of concomitant intra-articular lesions and
meniscectomies and graft ruptures over the entire assessment
period. These patients were not excluded. Other prospective
studies found a lower prevalences of radiographic knee OA
(1–11%) in individuals who have undergone ACL reconstruc-
tion surgery [22]. Other investigations could demonstrate that
partial meniscal resection induces less radiographic OA over
time than does total meniscectomy [4, 16]. Wu et al. reported
a strong correlation between the magnitude of the meniscec-
tomy and the incidence of OA [29]. Øiestad et al. evaluated
181 individuals at ten to 15-year follow-up [21] and reported
no significant differences in knee function and clinical
constitution over time between isolated- and combined-
injury groups. Individuals with combined injury had a
significantly higher prevalence of radiographic knee OA
compared with those with isolated injury (80% and 62%,
respectively), but no significant differences were shown
between groups for symptomatic radiographic knee OA
(42% and 36%, respectively) [20]. In another review of
different study populations and reconstruction techniques, the
authors concluded that variation in the reported prevalence of
degenerative changes may be explained by different study
designs, different ACL populations or different surgical
procedures. Another reason for the wide variation of reported
radiographic knee OAmay be explained by the use of different
radiological classification systems [24]. For instance, Kellgren
and Lawrence grade 2 involves osteophytes and possible
joint-space narrowing, whereas the IKDC classification and
the Ahlback classification involve mainly joint-space narrow-
ing for defining knee OA. In the study reported here,
radiological changes were observed in >80% of patients. On
the other hand, the majority of these changes were graded I
and II OA according to the Kellgren-Lawrence classification.
The rate of severe OA (grades III and IV) was 22.1%, which
is comparable with other published long-term studies after
ACL reconstruction [8, 12, 13, 21].

The striking variation in the literature for the prevalence
and significance of degenerative changes after ACL
reconstruction emphasises the need for studies on selected
patient samples, which was the primary objective of our
study. We showed that even maintenance of excellent
scores concerning long-term anterior translation were not
able to prevent the onset of degenerative changes and

progression of OA. Therefore, OA after ACL reconstruc-
tion remains of multifactorial genesis, and further research
is needed.

Conclusion

The primary goal of ACL reconstruction is to restore and
maintain knee-joint stability and function. ACL reconstruc-
tion with the BTB autograft resulted in a high degree of
patient satisfaction levels and good clinical results after
13 years. Prevalence of symptomatic OA developed in
about 20% and significantly correlated with increased
anterior laxity. On the other hand, despite excellent long-
term scores and good knee-joint stability, degenerative
changes progressed over time, and obviously OA develop-
ment is not preventable.
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