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Abstract ACL-reconstruction aims to restore joint sta-

bility and prevent osteoarthritis; however, malfunction and

osteoarthritis are often the sequelae. Our study asks whether

ACL-reconstruction or conservative treatment lead to better

long-term results. In this retrospective cohort study, 136

patients with isolated ACL-rupture who had been treated

by bone-ligament-bone transplant or conservatively were

identified. Twenty-seven of these were excluded because of

a revision operation in the 11.1 years follow-up period,

leaving 109 patients (60 reconstructions and 49 conserva-

tively treated) for evaluation based on clinical, radiological

and internationally accepted knee-scores (Tegner, IKDC,

Kellgren and Lawrence). An individual cohort study is

classified as EBM level 2b according to the Oxford Centre

of EBM. We observed significantly better knee-stability

(P = 0.008) but more osteoarthritis (Grade II or higher)

after ACL-reconstruction (42% vs. 25%). Physical activity

levels were similar in both groups during the follow-up

period (P = 0.16). Eleven years after ACL-rupture the

physical activity levels are similar for both groups. After

ACL-reconstruction, stability is higher as is osteoarthritis,

whereby the result is not necessarily perceived as better

subjectively. Specifically, this retrospective study yielded a

24% incidence of oseoarthrits 11 years after conservative

management of ACL-rupture in patients not needing sec-

ondary surgery. The risk of secondary meniscal tears is

reduced after ACL reconstruction, which reduces the neg-

ative effects of OA after surgery. The ultimate objective

would be to achieve a good subjective outcome by con-

servative treatment followed by a rehabilitation program

designed to keep secondary meniscus tears at a low level.

Keywords ACL-rupture � Reconstruction �
Conservative � Long-term � Osteoarthritis

Introduction

Rupture of the anterior cruciate ligament (ACL) occurs

frequently and leads to changes in the kinematics of the

knee joint. Therefore, the main aims of ACL-reconstruc-

tion are to reconstruct the kinematics, prevent joint

instability and thus preclude the development of osteo-

arthritis. Nevertheless, malfunction and osteoarthritis are

frequently seen after ACL-reconstruction [17,25].

The indication for ACL-reconstruction cannot be regar-

ded as absolute. Some authors are of the opinion that if

physical activity is kept to a minimum and pivotal sports

activities are avoided, then the situation may remain stable

for many years [8]. Kostogiannis et al. observed 100

patients with an acute total ACL injury without recon-

struction for 15 years and concluded that early modification

of activity and neuromuscular rehabilitation resulted in

good knee function and an acceptable activity level in the

majority of patients [22]. On the other hand, Strehl and

Eggli, in their investigation of conservative treatment for

ACL rupture found that almost two-thirds of those patients
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selected for primary conservative treatment required sur-

gical reconstruction in the long-term [37]. Furthermore,

some authors conclude that patients with a high level of

activity may suffer secondary damage. In this context,

meniscectomies as a result of meniscal lesions have been

described in 20–80% of cases after 5–10 years [4,16,34].

Cohen et al. report a statistically significant relationship

between medial or lateral arthrosis of the knee and meniscal

injury 10–15 years after arthroscopy-assisted ACL-recon-

struction [9]. The loss of the meniscus as a secondary

stabilizer promotes instability, which is associated with a

high risk of osteoarthritis [11,2].

After ACL-rupture there seems to be a far greater risk of

degenerative joint disease than in the unaffected population

and this has been quantified by various authors, namely,

McDaniel 40% [26], Indelicato 54% [18], Neyret 80%

[31]. In addition to restoration of knee stability and func-

tionality, ACL-reconstruction is also regarded as an

important measure to prevent the risk of osteoarthritis. But,

there are only a few studies that permit any valid statement

as to whether surgical management is more advantageous

than conservative management [24], and whether it can be

justified on the basis of osteoarthritis prevention [3] and

there are few reports on isolated ACL-ruptures whose

status has been assessed after 11 years or more. Meunier

et al. completed a follow-up of 15 years and found that,

regardless of the treatment approach, the status of the

menisci was the most important predictor of developing

osteoarthritis. Their findings support the hypothesis that

early stabilization of the knee after ACL injury is beneficial

to the long-term outcome [28]. The aim of our study was to

record and compare functionality, activity, and arthrotic

manifestations after isolated ACL-ruptures for conservative

treatment and ACL-reconstruction in the long-term.

Patients and methods

Patient sample

From January 1989 to September 1997 posttraumatic ACL-

rupture was confirmed by arthroscopy in 194 patients. The

choice of subsequent treatment was based on consensus

between the treating surgeon and the patient independent

of the sports activity level. We excluded 58 patients for

the following reasons: concomitant ligamentous injuries

(n = 3), meniscal and/or cartilaginous lesions (n = 38),

fractures (n = 1), BMI [ 30 and age (n = 1), non-atten-

dance due to lack of symptoms (n = 5), no reply and non-

attendance (n = 5), unknown address (n = 5). A further 27

patients with isolated ACL rupture (OP = 8 vs. NOP = 19)

were excluded from the study because they had undergone a

revision operation at some time during the 11-year follow-up

period, leaving a total of 109 patients (60 reconstructions, 49

conservative treatment) as the definitive sample of patients

available to follow-up (total 85 exclusions). The need for

surgery in the follow-up period for patients with isolated

ACL rupture is therefore eight out of 68 (12%) compared to

19 of 68 treated non-operatively (28%) (P \ 0.035). These

revision procedures were mainly due to meniscal lesions,

namely, OP, six instabilities with ACL rerupture and/or

seven meniscus lesions (total of eight patients), and NOP, 18

meniscus lesions with 12 concomitant instabilities (total of

19 patients). Overall, the requirement for meniscal surgery

was seven out of 68 in the operatively treated group (10%)

and 18 out of 68 in the non-operatively treated group (26%)

(P \ 0.03) and/or knee instabilities, six out of 68 in the

operatively treated group (9%) and 12 out of 68 in the non-

operatively treated group (18%). None of the patients

included in this retrospective study had received revision

surgery during the follow-up period.

The reasons for the injuries are summarized below:

NOP: Distortion sport

OP: Distortion sport

Overall total: 100% (109 patients)

The data indicate that more cases of direct contusion are

recorded as the type of accident in the OP group. Whether

this has any effect on the later development of osteoar-

thritis is speculative, partly because the effects of the force

and distortion mechanisms cannot be quantified but are

based on descriptions given by the patients, and partly

because other intra-articular lesions or fractures were

excluded.

The results recorded at the time of the final follow-up

were based on the clinical and radiological findings and

were quantified by means of the scores reported in the

Skiing 22% (24 patients)

Football 10% (11)

Volleyball 3% (3)

Handball 1% (1)

Direct contusion (accident/fall) 4% (4)

Skiing 29% (32)

Football 13% (14)

Volleyball 1% (1)

Handball 5% (6)

Direct contusion (accident/fall) 12% (13)
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manuscript. MRI investigation was not performed at the

time of the final follow-up.

Follow-up

In 2004 and 2005 the authors MAK and HB performed

final follow-up evaluations, including consensus readings

of the radiographs. The surgeons who had operated on

these patients were not involved in the present study. The

mean follow-up time was 11.1 years (min 7.5, max

16.3 years) and the mean age at the time of trauma was

30.7 years (12.5–54.0 years), whereby the gender distri-

bution was 68 males versus 41 females. The evaluation was

based on internationally recognized knee evaluation scores

for function, namely, IKDC [19] incl. KT-1000 bilaterally,

Tegner for sports ability [38], and Kellgren and Lawrence

for radiological alterations (radiological views under full

loading as described by Rosenberg, in 0� flexion a.p. and

lateral, the patella axially in 45� flexion) [21]. Radiographs

were not taken of the healthy knee to avoid unnecessary

radiation exposure.

Matching

Matching criteria, such as gender, identical age ±5 years,

BMI ±3, Tegner-Score ±1, follow-up period ±6 months,

were applied to ensure that habitual knee loading in both

groups was comparable.

Operative management

ACL-reconstruction had been performed by various senior

registrars specialized in knee ligament surgery. The

reconstruction was performed with bone-patellar tendon-

bone graft with extra-articular screw fixation of tibia

and femur in arthroscope-assisted and mini-arthrotomy

technique.

Rehabilitation

Both groups followed the same rehabilitation program

based on a standard physiotherapy protocol. This involved

wearing an ACL brace for 6 weeks, training of hamstrings

and quadriceps muscle, proprioception training, no flexion

under load greater than 60� for 6 weeks, return to sports

activities after 3 months, and return to contact/pivoting

sports after 9 months. The patients attended their physio-

therapist of choice. The criteria for return to sports were no

pain, no swelling during or after loading, and no sense of

instability. All patients were advised to participate in sports

activities regardless of the treatment method.

Statistical analysis

Data are presented as means and standard deviations,

percentages and rates, or odds-ratios and 95% confidence

intervals. Categorical variables were univariately com-

pared by Fisher’s exact test or Chi-square test for trend.

Binary outcomes were multivariately analyzed by logistic

regression. Continuous outcomes (including scores) were

univariately compared by Student’s t-tests or Wilcoxon’s

tests as appropriate according to normality assumptions,

and multivariately by linear regression. Variables were

included in the final models if they were significant pre-

dictors of the outcome variables in a stepwise elimination

procedure or if they were considered clinically relevant

(e.g. BMI, gender, and age) irrespective of their statistical

significance.

Results

Function by IKDC_score

At follow-up the patients with ACL-reconstruction

achieved a significantly better IKDC score (P = 0.008).

The scores were distributed as follows: IKDC normal (A)

for OP n = 32, this corresponds to 53% of all patients after

ACL-reconstruction. In contrast, only seven NOP patients,

corresponding to 14% of all NOP, were assessed as IKDC

normal (A). IKDC nearly normal (B) for OP 11(18%)

versus NOP 20 (41%), IKDC abnormal(C) for OP = 12

(20%) versus NOP = 15 (31%), IKDC severely abnormal

(D) for OP = 5(8%) versus NOP = 7 (14%). The KT1000

difference between the healthy and the affected knee at the

time of follow-up produced a mean for OP of 3.9 mm

(min = 0; max = 12) versus a mean of 5.7 mm (min = 0,

max = 16) for NOP. A statistically significant difference

(P \ 0.05) could be demonstrated (Fig. 1).

Radiological evaluation on the Kellgren and Lawrence

score

About 52% (57 of 109) of all the cases evaluated had no

osteoarthritis (Grade 0) at the time of follow-up, whereas

48% (52 of 109) were already doubtful (Grade I) or arth-

rotic changes were definitely present (Grades II–III). With

reference to the specific therapeutic procedure, no osteo-

arthritis (Grade 0) was observed after ACL-reconstruction

in 45% (27 of 60) or in 61% (30 of 49) after conservative
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treatment. A doubtful osteoarthritis with debatable or slight

involvement of the intercondylar eminence or the patella

(Grade I) was identified after OP in 10% (6 of 60) and after

NOP in 14% (7 of 49). Distinct involvement of the tibia

and joint space narrowing (Grade II) was recorded after OP

in 42% (25 of 60) and after NOP in 20% (10 of 49).

Moderate osteoarthritis (Grade III) was identified after OP

in 3% (2 of 60) and after NOP in 4% (2 of 49). If the risk of

osteoarthritis after ACL-rupture is calculated (cut-off

between Grades I and II), it can be shown that the risk is

24% after a conservative procedure in contrast to 45% after

ACL-reconstruction (Fig. 2). This difference can be shown

to be statistically significant (P = 0.03).

In a multivariate analysis other factors (age, BMI) were

also identified as being associated with a significantly

higher osteoarthritis rate (Table 1).

Sports ability on the Tegner score

Sports ability, expressed as a Tegner score, came to 5.4

(2.0–10) points for OP and 5.9 (2.0–10) for NOP before the

trauma (P = n.s.). At the time of follow-up, the OP group

scored 5.3 (2.0–10) points compared to the NOP group

with 4.9 (2.0–10) points (P = n.s.). The loss of sports

ability was expressed as the difference (delta-Tegner), i.e.

of 0.48 (-1–4) points for OP and 0.55 (0–7) points for

NOP (P = n.s.). Therefore, no difference between the two

groups could be proven with regard to loss of sports ability

(Fig. 3).

Discussion

The concept of reconstruction to prevent osteoarthritis,

and maintain function and activity cannot be accepted

unquestioningly. ACL-reconstruction is often indicated

to treat concomitant injuries to the meniscus or lateral

collateral ligament; however, in the case of an isolated

ACL-lesion, many different considerations will play a role

in deciding whether to proceed with a surgical or a con-

servative treatment.

In our study, comparison of the groups based on the

IKDC criteria showed a clear advantage in favor of ACL-

reconstruction (Fig. 1). Nevertheless, it must be remem-

bered that the overall IKDC score is determined by the

worst individual parameter. Therefore, it is not a surprise to

find that patients without ACL have greater a.p. translation

and achieve lower IKDC scores. Even though surgical

procedures might be preferred on the basis of these results,

a large proportion of the patients with distinct, objective

a.p. instability (IKDC B,C,D) are subjectively almost

symptom-free and have high level of activity (Fig. 3).

After ACL-rupture some patients achieve a subjectively

satisfactory result after special training, whereas some

patients have residual persistent subjective instability [27].

In this context, reference should be made to R. Jakob’s

theory of the ACL dominant knee, ‘‘apparently there are

today unexplained and poorly understood factors that place

the dominant onus for stability on the ACL in one knee

(ACL dominant knee) while the other joint functions nor-

mally without the ACL’’[20].

Progressive destruction of the joint structures is described

after ACL-rupture and reconstruction is recommended [26].

This is partly justified by increased a.p. translation and

rotational instability [7], leading to cartilaginous and meni-

scal damages. Vasara et al. were able to show a correlation

between the time of ACL-rupture and the number of carti-

laginous lesions in the context of symptomatic knee

instability [39], whereby Daniel et al. in their investigations

found this effect to be more distinct if the menisci were also

injured [11]. Therefore, the prevention of osteoarthritis is

often brought forward as a strong argument in favor of ACL-

reconstruction. The theory that ACL-plasty is valuable as a

means of preventing premature degeneration of the joint
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Fig. 1 The IKDC Score at the time of follow-up. Significantly better

values are achieved after ACL-reconstruction (P = 0.0077). This was

to be expected since a.p. translation, measured by means of KT-1000,

is also included in the evaluation
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Fig. 2 The risk of radiologically evident osteoarthritic alterations in

relation to the specific treatment procedure. The risk of mild or

moderate arthrosis (Grades II and III) after ACL-reconstruction is

45%, whereas it is only 24% after conservative treatment. A 24% risk

of arthrosis after 11.4 years can be regarded as the natural course
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cannot be confirmed by the data obtained in this present study

(Fig. 2). Not only was a significantly lower rate of osteoar-

thritis recorded in our patient group after conservative

treatment (42% vs. 25%), but also comparison with the data

obtained from other studies failed to reveal the clear supe-

riority of ACL-reconstruction [17].

Fink et al. did not find any differences in osteoarthritis

development in their comparison of the conservative and

reconstructive treatment of patients over a period of

7 years, although it should be stated that their patient

sample included 50% meniscal lesions [13]. Fithian [15]

implemented a prospective investigation of 209 patients

with 6.6 years follow-up and came to the conclusion that

reconstruction cannot prevent the occurrence of degenera-

tive alterations, whereby the study included a mixture of

patients with and without meniscal lesions and evaluation

was only by MRI and not arthroscopy. It should be

emphasized that internal damage to the knee with ACL-

rupture frequently consists of a combination injury with

meniscal lesion (Feagin [12] at 19%, Mc Daniel [27] at

70%), whereas an isolated ACL-lesion rarely occurs [14].

In a study by Nebelung [30] involving 19 patients with

a follow-up of 35 years following conservative treatment

of ACL rupture, it was established that meniscectomies

were necessary after 10 years in 79% and after 20 years

in 95%. Ten patients required total knee replacement. In

comparison with our study, the initial diagnosis of ACL

rupture ‘‘was based on acute hemarthrosis, the history of

the injury and the anterior drawer test’’. Arthroscopy was

not performed to confirm the diagnosis. Associated con-

comitant injuries such as meniscal or chondral lesions

cannot be excluded so that these data cannot be compared

with ours.

In our study we were able to investigate a patient sample

with isolated ACL-lesions but without meniscal lesions.

Results for the high number of patients and long follow-up

time that we have been able to achieve in our study have

not been published previously. A follow-up of 11.4 years is

regarded as long-term follow-up; however, when one

considers that the majority of injuries occur in the second

and fourth decades of life, even more long-term investi-

gations would be desirable.

Nevertheless, the issue of increased risk of osteoarthritis

after surgery needs further discussion. This paper shows

that operatively treated isolated ACL rupture is compli-

cated by a higher rate of osteoarthritis in the follow-up

period than non-operatively treated rupture not needing

surgery in the follow-up period. Non-operatively treated

rupture leads to a significantly higher rate of meniscal

lesions requiring later surgery than operatively treated

ACL rupture. However, it was not possible to determine

the degree of oseoarthritis in these knees with secondary

meniscal tears.

Abnormal mechanical relationships may arise due to

suboptimal technique, whereby placement of the graft

insertion in vertical or horizontal alignment is still under

discussion [36], or they may be caused by the level of

tension in hamstring tendon grafts [10]. According to

Stergiou et al. [35] activities that are more demanding

than walking can cause excessive anterior and rotational

loading of the knee. This leads to abnormal loading of

cartilage areas that are not usually loaded in the healthy

knee. Alteration of the biomechanical situation caused

by graft harvesting is another issue that has not yet

Table 1 Predictors of

osteoarthritis adjusted for

gender, Tegner score and time

of follow-up

Predictors of higher rates of osteoarthritis (Kellgren score [ 1)

Odds ratio 95% CI P

Surgery 2.8 1.06–7.5 0.04

Greater age (by 10 years) 1.7 1.04–2.9 0.03

Higher BMI (by each BMI increment) 1.2 1.02–1.3 0.03
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2

29

35

16
18

5

43

22

12

18

0

10

20

30

40

50

1-2

in %

conservative

ACL Plasty

Tegner-Score at Follow-up

4

35

43

6

12

6

47

27

7

13

0

10

20

30

40

50

1-2

%

conservative

ACL Plasty

9-107-85-63-4

9-107-85-63-4

Fig. 3 Difference between the Tegner Score prior to trauma and at

the time of follow-up. Patients from the highest levels of activity (7–8

and 9–10) were also included in the study. No difference in activity

loss between the two groups could be proved (P = 0.9)
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been fully clarified; however, Pinczewski et al. [32,40]

concluded that decreased harvest-site symptoms and

radiographic osteoarthritis were observed after hamstring

tendon compared with patellar tendon autograft. On the

other hand, important antagonists to inner rotational

stability are sacrificed during hamstring tendon harvest-

ing, which may lead to an increased incidence of

osteoarthritis in the long-term. In our study, we harvested

the patellar tendon, which may have affected the elastic

properties of the extensors and, consequently, altered

the compression forces acting on the knee joint. This

situation may also tend to induce osteoarthritis, but

conclusive evidence is not available at this time and

more research will have to be done in this area.

It has to be noted with regard to this investigation that it

was not a prospective, blinded, randomized study. This

means that bias in terms of making one particular treatment

approach more attractive to the patient, either due to the

influence of the treating physician or individual patient

factors, cannot be excluded.

It is unclear what secondary damage may develop

after conservative treatment. Renewed knee trauma may

occur even after many years, sometimes perceived by the

patient as a trivial sprain, and may take the form of

meniscopathy or massive instability. This may require a

secondary surgical procedure with ACL-plasty. On the

other hand, persistent instability, meniscopathy or re-

rupture of the transplant has been described in up to

10% of cases even after primary ligament reconstruction

[1]. In our patient sample a slightly increased recon-

struction rate after conservative treatment is apparent and

might be considered an argument in favor of primary

ACL-reconstruction. On the other hand, if a patient is

expected to do well with primary conservative treatment,

then this method should be preferred because of the

apparent lower risk of osteoarthritis compared with sur-

gical management.

The success of surgical treatment is partly a question of

technique whereas, in the case of conservatively treated

injuries, the surgeon has little influence on the healing

process [23,6,29]. The data presented here, especially the

osteoarthritis rate after conservative treatment, can there-

fore be understood as reference values. From a preventive

point of view, the aim must be to lower these values by

improvement of surgical procedures. Surgical methods

have indeed been modified in various ways over the last

12 years—position of the reaming channel, anchoring

techniques, choice of transplant, rotational stability—and

the process is ongoing [5,33]. It is therefore to be hoped

that an investigation of current procedures in the near

future will demonstrate the superiority of a surgical

approach and that the osteoarthritis rate can be diminished

further.
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