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Abstract
Purpose The aim of this study was to evaluate patient-
reported clinical outcome, instrumental stability and preva-
lence of radiological osteoarthritis (OA) based on a homo-
geneous patient sample after two years and on average
ten years after isolated anterior cruciate ligament (ACL)
reconstruction.
Methods Primarily we performed ACL reconstruction using
a four-strand semitendinosus tendon (ST) autograft in 112
patients. Two years after reconstruction 98 patients could be
re-evaluated. Long-term clinical and functional follow-up
assessment was then performed on 52 patients on average
10.2 years after operative treatment. Inclusion criteria con-
sisted of an isolated ACL rupture, reconstruction with ST
graft and no associated cartilage alterations and meniscal
lesions. Clinical and functional follow-up assessment in-
cluded the International Knee Documentation Committee
(IKDC) score and the scores of Tegner and Lysholm.
Instrumental stability testing was carried out with the

KT1000™ arthrometer. The degree of degenerative changes
and prevalence of OA was based on the Jäger-Wirth score.
Results The mean long-term follow-up was 10.2 years
(eight–13 years), and the mean age was 40.4 years (24–
62 years). About 72 % of patients were graded A or B
according to the IKDC score. Activity levels according to
the scores of Tegner and Lysholm were 4.8 and 88.2 on
long-term follow-up. Radiological assessment revealed de-
generative changes in the sense of a grade I OA in 21.2 % of
patients. Prevalence of a grade II OAwas found in 53.8 % of
patients. A grade III OA and a grade IV OA were found
in 19.2 and 5.7 %. Correlation analysis showed signif-
icant relationships between the long-term stability and
prevalence of OA (p<0.05).
Conclusions Arthroscopic ACL reconstruction using four-
strand ST autograft resulted in high patient satisfaction and
good clinical results at two years and long-term follow-up.
The prevalence of higher degree OA that developed in about
25 % of patients is significantly correlated with long-term
knee joint stability.

Introduction

Rupture of the anterior cruciate ligament (ACL) represents a
common injury, both in amateur and professional sports.
Patients with a lesion of the ACL are characterised by
difficulty with athletic performance and/or giving way
symptoms in daily activities [1, 2]. The necessity of opera-
tive re-stabilisation is generally accepted [1–6]. ACL recon-
struction surgery and techniques have changed over the past
decades [7, 8]. Reconstruction using a bone-patellar tendon-
bone graft (BPTB) and hamstring grafts (semitendinosus
and gracilis graft) are the most commonly used procedures
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for ACL surgery [7, 8]. Anterior knee pain, decreased sen-
sitivity of the knee and kneeling pain have been reported as
donor-site morbidity after harvesting of BPTB grafts [9, 10].
With regard to reconstruction using hamstring grafts (HT)
less donor-site complications have been reported. On the
other hand increased femoral tunnel widening and weakness
of the hamstring muscles postoperatively have been de-
scribed as potential adverse events after HT reconstruction
[11–13].

Restoration of long-term stability and free knee joint
function remain basic treatment principles in order to avoid
serious sequelae like meniscus and cartilage alterations and
in particular progression of degenerative changes [3, 6,
14–17].

Meniscectomy, cartilage lesions or a prolonged interval
from injury to reconstruction illustrate important factors for
the onset of osteoarthritis (OA) [17–20]. With regard to the
current literature many authors report successful short- and
midterm results after ACL reconstruction [9, 21–27].
However, reports with follow-up periods of ten years
or longer remain rare. The priority objective of this
study was to evaluate long-term functional and clinical
outcomes as well as the incidence of potentially pending
OA based on a large study sample after isolated ACL
rupture and operative restoration using four-strand sem-
itendinosus tendon graft.

Material and methods

In the years 1999–2002, a total of 112 patients with an
isolated ACL rupture were treated via four-strand semite-
ndinosus tendon graft reconstruction at our institution. Only
patients with an isolated ACL rupture confirmed during the
arthroscopic reconstruction were included in this investiga-
tion. All other patients with significant intra- articular carti-
lage damage, concomitant meniscus lesions or higher degree
osteoarthritic lesions (> grade I according to the Jäger-Wirth
classification) were excluded. At the scheduled two year
follow-up 98 patients could be re-evaluated according to
functional and radiological scores. Of this patient sample a
total of 52 (46.4 %) patients could be re-assessed on long-
term follow-up an average of 10.2 years after primary re-
construction. Reasons for patient dropout from the long-
term evaluation included intermittent partial or total medial
meniscectomy, graft rupture due to new trauma and finally
geographical limitations and reluctance to attend the follow-
up examination. Based on these criteria long-term follow-up
was performed on 52 patients (30 male/22 female). The
average age was 40.4 years (24–62 years). In 39 cases the
right knee joint was affected and in 13 the left knee. Long-
term follow-up examination occurred on average 10.2 years
(eight–13 years) after reconstruction

Operative technique and rehabilitation

ACL reconstruction was performed with the anatomical
single-bundle technique with the patient under general an-
aesthesia with an interval from injury to surgery of about two
to three weeks. The semitendinosus tendon was harvested
(min. 26 cm long) through a 2.5-cm long incision centred
1 cm medial and 1 cm distal to the medial margin of the tibial
tubercle. ACL reconstruction was then performed via so-
called transtibial conventional single-bundle reconstruction,
which represented the standard operative technique at our
institution till 2004. The tibial tunnel was drilled using a drill
guide under arthroscopic visualisation through the posterior
part of the middle of the tibial ACL footprint. A tibial tunnel
was created with a cannulated drill with a diameter matched
to the width of the prepared graft. To create the femoral
tunnel a 5-mm offset guide system was placed transtibially
at the posterior margin of the intercondylar notch. A
Kirschner wire was then drilled into the lateral femoral
condyle at the 1:30 o’clock (or 10:30 o’clock) position.
Then the drill system for EndoButton™ fixation (Smith &
Nephew Endoscopy, Andover, MA. USA) was used to create
a femoral tunnel. The graft was then passed and the
EndoButton™ was flipped in the standard fashion for fem-
oral fixation. Afterwards the knee was cycled from 0 to 120°
approximately 25 times for preconditioning of the graft.
Afterwards, tibial graft fixation was performed by Suture
Disc™ fixation (Smith & Nephew Endoscopy, Andover,
MA, USA) with the knee at full extension with a forced
posterior drawer. Postoperatively, patients were immobilised
in a full-extension orthesis for two days.

Full weight-bearing was allowed according to the
patient’s pain level directly after the operation. Afterwards
according to our concept of rehabilitation patients were
treated with a flexion-limiting orthesis (ext./flex. 0°/0°/
90°) for six weeks. After six weeks of rehabilitation there
was no additional limitation of the range of motion of the
operated knee. High-demand pivoting sports activities were
allowed after six to nine months.

Assessments

The clinical and functional follow-up assessment was car-
ried out according to the International Knee Documentation
Committee (IKDC) score [28]. Further criteria of clinical
evaluation were based on the scores of Tegner and Lysholm
[29, 30]. Patients who scored more than 92 points were
considered as excellent. Patients with Lysholm scores be-
tween 91 and 76 points were rated as good and scores less
than 76 points were rated as fair/poor. Clinical evaluation
using the IKDC score and the scores of Tegner and Lysholm
was performed at 24 months after surgery and at final
follow-up. Furthermore, the pre-trauma status was
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documented. Assessment of the anterior laxity was carried out
with the KT1000™ arthrometer (MEDmetric® Corporation,
San Diego, CA, USA) according to a modified IKDC grading
system (degree of differential instrumental laxity in side com-
parison) [31]. Radiographic evaluation was performed using
conventional radiographs in three planes to evaluate the inci-
dence of radiographic tibiofemoral and patellofemoral knee
OA. Radiographic evaluation of the pre-trauma status supple-
mented the overall radiographic assessment. The degree of
OAwas evaluated according to the Jäger-Wirth classification,
a radiographic grading system accepted and commonly used
in Europe, staging OA from grade I to grade IV [32]. Grades I
and II of this classification were defined as minor osteoarthrit-
ic changes, and grades III and IV were defined as major
osteoarthritic changes.

Statistical analyses

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

Results

IKDC evaluation

Clinical evaluation according to the IKDC score showed a
decline of the clinical results in the long-term course in
comparison to the results at two year follow-up (Fig. 1).

Two years after ACL reconstruction, functional assessment
according to the IKDC score revealed 27 patients (27.6 %)
with an IKDC A score, 52 patients (53.1 %) with an IKDC B
score, 16 patients (16.3 %) with a grade C score and 3 patients
(3.1 %) were graded D according to the IKDC criteria.

On long-term follow up nine patients (17.3 %) with an
IKDC grade A, 28 patients (53.8 %) with an IKDC grade B,
seven patients (23.1 %) with an IKDC grade C and three
patients (5.7 %) with a “severely abnormal clinical condi-
tion” (IKDC grade D) could be detected.

However, in total 72 % of all patients could be graded A
or B according to the IKDC score. Reasons for worse

clinical results according to the IKDC grading system in-
cluded pain and progressive swelling of the knee joint with
increasing load on 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 in the objective IKDC evaluation.

Lysholm knee scoring scale/Tegner activity scale

Clinical assessment according to the Lysholm knee scoring
scale and the Tegner activity scale showed a deterioration of
the overall clinical constitution on long-term follow-up and
is presented as mean value and range in Table 1.

Assessment of anterior laxity (Lachman test)

Instrumental assessment of anterior translation with the
KT1000™ arthrometer showed a deterioration of the results
on long-term follow-up in comparison with the two year
results. However, overall long-term knee joint stability was
satisfactory to excellent on average ten years after recon-
struction (Table 2).

Prevalence of osteoarthritis

Radiographic assessment according to the Jäger-Wirth clas-
sification revealed no signs of degenerative changes in 101
patients (90.2 %) on pre-trauma assessment. In 9.8 % of the
cases (11 patients) degenerative changes according to grade
I OAwere detected on radiographic assessment. Prevalence
of grade II–IV OA was not detected on radiological pre-
trauma assessment. At the two year follow-up and long-term
follow-up a marked increase of degenerative changes was
detected on radiological evaluation (Fig. 2).

Correlation analysis

Instrumental stability vs prevalence of osteoarthritis

Correlation analysis of the instrumental anterior laxity with
the KT1000™ arthrometer and radiological evaluation of
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Fig. 1 Knee function and
activity level according to the
IKDC score
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OA showed a significant correlation with p<0.05. The anal-
ysis pointed out a significant increase of degenerative
changes and progression of OA with concomitant decrease
in long-term stability (Fig. 3).

Discussion

This retrospective clinical study evaluated clinical and ra-
diological long-term outcomes after isolated ACL recon-
struction using four-strand semitendinosus tendon
autograft. The results from our study confirmed the hypoth-
esis that long-term clinical outcome and prevalence of OA
are correlated with restoration and conservation of stability
after isolated ACL rupture. With regard to the current liter-
ature various studies have reported midterm and long-term
results after ACL reconstruction with satisfactory to excel-
lent clinical outcomes [6, 9, 22, 23, 25, 33, 34].

Limitations of the majority of these studies include var-
iable intervals between injury and ACL reconstruction, con-
comitant meniscectomy procedures or variable rehabilitation
programmes [2, 9, 15, 17, 18]. This study intended to identify
factors associated with our long-term outcomes in particular
focussing on long-term knee joint stability and prevalence of
knee OA based on a homogeneous study sample with a stand-
ardised operative procedure and postoperative rehabilitation.
Furthermore, the study only focussed on isolated ACL
injuries. In contrast to other studies, all other patients
with additional intra-articular injuries like cartilage alter-
ations or concomitant meniscectomy procedures at the
time of reconstruction or during the follow-up period
were excluded.

Based on our results we found a decrease of the clinical
condition and subjective functional outcome according to
the IKDC score on long-term follow-up in comparison to
the two year results. However, 72 % of all patients could be
graded A or B according to the IKDC classification and
81 % judged the outcome as satisfactory according to the
subjective criteria of the IKDC score on average ten years

after reconstruction. These results were comparable to those
found in the current literature [3, 6, 9, 23, 24, 35].

In a review of studies, Leys et al. and Mascarenhas et al.
compared long-term clinical and radiographic results after
ACL reconstruction with either BPTB graft or hamstring
grafts reported that 85–92 % of patients were satisfied with
their ACL reconstruction at long-term follow-up [34, 36].
Leys et al. and Mascarenhas et al. also reported high satis-
faction rates and good to excellent clinical outcomes accord-
ing to the IKDC classification (85–94 points on average)
based on a population with similar age and overall consti-
tution [34, 36].

Fox et al. and Lebel et al. focussing on ACL reconstruc-
tion using BPTB grafts reported that 91–98 % of patients
were satisfied with their ACL reconstruction at follow-up
[10, 22]. Lebel et al. and Möller et al. reported high satis-
faction rates and excellent clinical outcomes according to
the IKDC score (80–92 points on average) [22, 23].
Furthermore, Hoffelner et al. reporting on long-term clinical
outcome and prevalence of OA after ACL reconstruction
with hamstring grafts showed an excellent long-term IKDC
score of 89.2±9.3 points. The median pre-injury Tegner
score was 8±2, corresponding to 7±2 at follow-up. In
68 % of patients, the Tegner score was unchanged from
pre-injury to follow-up [21]. These results emphasise the
fact that 10 years after ACL reconstruction, most of the
patients had a nearly normal knee function.

Based on the emphasis of this study of isolated ACL
injury and reconstruction, Wu et al. in a prospective study
reported on 63 patients with isolated ACL rupture and
reconstruction with BPTB graft. They reported a significant
deterioration of the clinical condition with concomitant pro-
vision of meniscectomy or imperfect control of laxity and
with increasing incidence of OA [20]. Hoffelner et al. fo-
cussing on athletes support these results comparing the
incidence of OA after ACL reconstruction with the unin-
jured contralateral knee [21]. They reported ongoing signs
of radiographic OA in 14 % of uninjured knees according to
Kellgren and Lawrence, in comparison with 21 % of injured

Table 1 Results of Tegner and
Lysholm scores during the
follow-up period

Pre-trauma status 2 years 9.9 years

Knee function: Lysholm scoring scale 96.4 (65–100) 92.4 (35–100) 88.2 (25–100)

Activity level: Tegner activity score 5.8 (2–10) 5.5 (2–10) 4.8 (1–10)

Table 2 Results of the anterior
laxity assessment with the
KT1000 arthrometer

Diff. laxity Diff. laxity Diff. laxity Diff. laxity
0–1 mm 2–3 mm 3–4 mm >5 mm

Midterm follow-up at 2 years 39.8 % (n039) 42.8 % (n042) 13.3 % (n013) 4.1 % (n04)

Long-term follow-up at 9.9 years 48.1 % (n025) 36.5 % (n019) 9.6 % (n05) 5.8 % (n03)
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knees. The functional outcomes between the injured knee
and uninjured knee did not show any statistical differences
with regard to the criteria of the IKDC score or the scores of
Tegner and Lysholm. The total Knee Injury and
Osteoarthritis Outcome Score was 92.7±7.8. The median
pre-injury Tegner score was 8±2, corresponding to 7±2 at
follow-up. In 68 % of patients, the Tegner score was un-
changed from pre-injury to follow-up [21]. Mihelic et al.
published a report comparing operative versus conservative
treatment. They found significant differences in the mean
IKDC score of the two groups and reported significant
differences in the rate of OA in both groups with a signif-
icantly higher rate of OA in the conservative treatment
group. Furthermore, they report the highest rate of OA with
concomitant meniscectomy [4].

Our clinical long-term evaluation of functional and ac-
tivity levels according to the scores of Lysholm and Tegner
showed a deterioration of the patients’ overall clinical con-
stitution in comparison to the results two years after recon-
struction. The median Tegner score of 4.8 at final follow-up
is similar in comparison to studies with more than ten years
of follow-up which have reported Tegner scores between 4
and 6 [21, 23, 25, 34, 35]. The mean Lysholm score of
nearly 90 points was similar to other studies with similar
follow-up periods that have reported scores of 82–94 [3, 9,
21, 24, 25, 35]. Reasons for worse clinical results according
to the scores of Tegner and Lysholm included pain and
progressive swelling of the knee joint with increasing load.
Furthermore, an evident extension deficit, intermittent intra-

articular effusion formation or a striking differential laxity
on assessment with the KT1000™ arthrometer accounted
for worse results.

Evaluation of long-term anterior laxity showed deteriora-
tion in the long-term course but conservation of overall sta-
bility remained excellent; 84 % of all patients showed a
differential laxity <3 mm on long-term evaluation. Overall
instrumental stability performance is comparable with those
found by Fox et al. and other study groups at midterm to long-
term follow-up with 70–90 % of patients having a KT1000™
arthrometer result of less than 3 mm [5, 12, 24, 34].

In our study radiographic evaluation of OA revealed no
signs of degenerative changes in 90.2 % of patients on pre-
trauma assessment. At long-term follow-up a marked in-
crease of the degenerative changes was detected in compar-
ison to the midterm results. Radiographic evaluation showed
mild to moderate degenerative changes (grade I or grade II)
according to the Jäger-Wirth classification in about 75% of all
patients. Detection of a symptomatic OA in the sense of a
grade III and grade IVOAwas found in 19.2 and 5.7% at final
follow-up. The study could demonstrate a significant correla-
tion for the prevalence of OA and performance on instrumen-
tal stability assessment on long-term follow-up (p<0.05). We
could show that deterioration of long-term stability is signif-
icantly correlated with progression of OA based on a study
sample after isolated ACL reconstruction. On the other hand
conservation of good long-term stability was not able to stop
the onset of degenerative changes at all. With regard to the
current literature there are various long-term investigations
focussing on the prevalence of OA and potentially associated
risk factors [5, 6, 15, 16, 24, 27, 33].

Holm et al. comparing hamstring and BPTB grafts
showed no significant difference with regard to the preva-
lence of OA at ten years after reconstruction but on the other
hand an increased rate compared with the contralateral knee
[35]. Lidén et al. after seven years of follow-up found
similar results and in particular an increased risk of devel-
oping OA if an associated meniscal injury was present at
primary surgery [12].

Øiestad et al. performed a systematic review and found
variable rates of OA after ACL reconstruction at ten to 15-
year follow-up [24]. They found no significant differences
in knee function and clinical condition between the isolated
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and combined injury groups. Subjects with combined injury
had a significantly higher prevalence of radiographic knee
OA compared to those with isolated injury (80 and 62 %),
but no significant group differences were shown for symp-
tomatic radiographic knee OA (42 and 36 %) [24].
Louboutin et al. reviewed risk factors for developing OA
20 years after injury and again reported a higher rate of
osteoarthritic changes if meniscal injury was present. The
same study also compared reconstructed knees to knees with
cruciate ruptures managed non-operatively and found the
reconstructed knees to have a significantly lower rate of
arthritis [5]. Leys et al. support these findings furthermore
focussing on isolated injuries [34].

Another reason for the wide variation of reported radio-
graphic knee OA may be explained by the use of different
radiological classification systems with no universal method
of radiological classification, making it difficult to draw
conclusions, other than that combined injuries had a higher
rate of osteoarthritic changes than isolated ACL injury [37].

In this study, radiological changes were observed in more
than 75 % of patients. On the other hand the majority of
these changes was graded I and II OA according to the
Jäger-Wirth classification. The rate of severe OA (grade III
and IV OA) was 24.9 %, which is comparable to published
long-term studies after ACL reconstruction.

On the other hand this investigation has limitations. First of
all, our study does not give a randomised report of clinical and
radiological results comparing the incidence of OA after ACL
reconstruction with the uninjured contralateral knee.
Additionally there was a high rate of loss to final follow-up
(46.4 %). Reasons for the lack of return visits included the
strict exclusion criteria like intermittent operative procedures
due to partial or total meniscectomy and geographical limita-
tions. In contrast we intended in particular to focus on long-
term knee joint stability and prevalence of knee OA based on a
homogeneous study sample with a standardised operative
procedure and postoperative rehabilitation.

The striking variation for the prevalence and significance
of degenerative changes after ACL reconstruction in the
literature emphasises the need for studies on selected patient
samples and was the priority objective of the study at hand.
We could demonstrate that conservation of long-term stabil-
ity is significantly correlated with development of OA, but
even maintenance of long-term stability was not able to stop
the onset of degenerative changes at all. OA after ACL
reconstruction remains a condition of multifactorial genesis
and further research is needed.

Conclusion

Arthroscopic ACL reconstruction using four-strand semite-
ndinosus tendon autograft provided high patient satisfaction

and satisfactory to excellent clinical results on long-term
follow-up. The prevalence of symptomatic OA that devel-
oped in about 20 % is significantly correlated with conser-
vation of long-term knee joint stability. Our findings support
the evidence to perform ACL replacement. However, mul-
tiple factors may contribute to the development of knee OA.
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