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Abstract

Purpose 1Is it rational to recommend surgical recon-
struction of the torn anterior cruciate ligament to every
patient? Is conservative management still a valid option?
Method Through a literature review, we looked for the
arguments from each side and checked their validity.
Results Unfortunately results of most studies cannot be
compared because of the following reasons not exhaus-
tively cited: studied populations differed with respect to
age, sex, professional and sports activity level, lesions
associated with ACL rupture, patient recruitment methods,
time from injury to treatment and different therapeutic
modalities. Furthermore, various methods were used to
evaluate the clinical and radiological results and there was
no consensus of their interpretation. Some authors assumed
that the incidence of further meniscus lesions could prob-
ably be reduced if the torn ACL was surgically recon-
structed. But, we have no evidence to believe that this
would be due to the surgical repair rather than to a decrease
of involvement in strenuous activities. At present it is not
demonstrated that ACL-plasty can prevent osteoarthritis.
Numerous factors could explain evolution to arthrosis
whatever the treatment for the ACL-ruptured knee. Studies
comparing surgical and conservative treatments confirm
that ACL reconstruction is not the pre-requisite for
returning to sporting activities. More recent and scientifi-
cally well-designed studies demonstrate that conservative
treatment could give satisfactory results for many patients.
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They suggest some methods to help them choose the best
treatment.

Conclusion At present there are no evidence-based
arguments to recommend a systematic surgical recon-
struction to any patient who tore his ACL. Knee stability
can be improved not only by surgery but also by neuro-
muscular rehabilitation. Whatever the treatment, fully
normal knee kinematics are not restored. While the patients
wish to go back to their sport and want everything possible
done to prolong their ability to perform these activities,
they should be informed that the risk of further knee lesions
and osteoarthritis remains high, whatever the treatment,
surgical or conservative.

Level of evidence Systematic review of Level I, II, IIT and
IV studies, Level IV.

Keywords Knee osteoarthritis - ACL reconstruction -
Non-operative treatment - Literature review

Introduction

Thirty-five years ago, it was stated that a rupture of the
anterior cruciate ligament was ‘the beginning of the end’ of
the knee [105].

In 1983, Noyes et al. [76] wrote ‘A dilemma still exists
concerning the proper treatment of a knee with a deficient
anterior cruciate ligament, largely because of a lack of
knowledge of the extent of the functional disability caused
by such an injury.’

In 1987, Kannus and Jérvinen [47] began their report
published in the Journal of Bone and Joint Surgery by the
following sentence: ‘Controversy still exists concerning the
proper treatment of a knee with a ruptured anterior cruciate
ligament.” They suggested some explanations. The first one
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as to why the controversy exists is the heterogeneity of the
initial injury in the patients whose cases have been studied.
So, the populations may have differed with respect to
sports activity, degree of injury, lesions associated with the
injured ACL. Susceptibility bias arises when comparing the
results of therapy for groups that are prognostically dis-
similar. This could be avoided by randomly allocating to
the same population either a conservative or a surgical
treatment.

A quarter century later such a study still does not exist.
Moreover, a discussion about the proper treatment after an
ACL rupture could seem obsolete as it is illustrated by the
imbalance between the number of reports on operative
treatment compared with those on non-operative treatment.

Numerous studies concerning ACL functional anatomy
and technical progress progressively induced modifications
of the recommended surgical treatments from extra-artic-
ular ACL substitution to intra-articular reconstructive
procedures of one single or double or triple bundles of the
ACL. More and more studies recommend earlier surgical
reconstruction after ACL injury in order to prevent further
meniscal damage and to decrease the risk of degenerative
arthritis [14, 19, 30, 34, 46, 49, 55, 79, 103]. Are these
assertions well demonstrated or still speculative?

On the other hand, a few studies demonstrated that good
functional results could be obtained by conservative mea-
sures in the majority of subjects with unilateral unrecon-
structed ACL injury.

The purpose of this paper is to critically review the
literature regarding scientific support for different treat-
ment algorithms after an ACL injury. This information
could help physicians to choose the best treatment for each
patient.

ACL rupture could induce degenerative changes
in the knee joint

Several studies [13, 47, 66, 74, 76, 95], most of them
published before 2000, revealed an increasing [76] or
greater frequency [13, 47, 66, 74, 95] of abnormal radio-
graphs over time, between 24 [13] and 86% [74] of cases
5-34 years after the injury causing ACL rupture left
untreated. But, some of these retrospective studies con-
cerned only patients with ACL tear who sought treatment
for relief of their symptoms [76, 95]. This selection bias
induced an overestimation of the incidence of symptomatic
arthrosis after untreated ACL rupture. Others contacted
patients who had undergone initially either a medial or a
bi-compartmental meniscectomy and who also had an ACL
rupture. The prevalence of radiographic arthrosis was
between 77 and 86% of the patients and was seven times
greater than in the contralateral normal knee at a mean

follow-up of 27 years (20-34 years) [74, 75]. It is not a
surprise that after such a long follow-up the incidence of
arthrosis was so high in knees where not only the ACL was
absent but also one or both menisci were excised. It was
well demonstrated that 14 years after an ACL tear what-
ever the treatment, conservative or surgical, subjects with a
meniscus tear associated with an ACL rupture had a higher
prevalence of radiographic osteoarthritis than those with an
isolated ACL rupture, 59% versus 31% [108]. When the
selection criteria to recall the patients was an initial ACL
rupture left untreated associated or not with other lesions,
the incidence of radiographs demonstrating some joint
space narrowing was present in 24% of the patients after a
mean follow-up of 8.5 years (5-12 years) [13] or 31% after
15 years [66].

These small samples cannot illustrate the true natural
history of the ACL-deficient knee. This could only be
characterised by a well-designed randomised clinical trial
that does not exist. Nevertheless, it is evident that an ACL
rupture can induce degenerative changes over time,
although we do not know the risk. Because of this, we are
not able to give undeniable information to our patients.

After ACL reconstruction, the incidence of abnormal
radiographs varied between 10 and 71% of the patients
followed for 7 to more than 15 years [40] on average and a
minimum of 5 years [15, 19, 22, 26, 35, 37, 40, 45, 46, 50,
56-58, 88, 90, 93, 94, 100, 111]. By comparing these
results with those of series where the ruptured ACL was
left untreated, could we conclude that radiographic
abnormalities were less frequent after a surgical treatment?
For different reasons, already well explained by Kannus
and Jarvinen [47], it is not scientifically valid to compare
results between studies published at different historical
periods. Moreover, various radiographic techniques and
definitions of arthrosis were used, inducing detection bias
and thus reliable comparisons between these studies are
impossible. Firstly, radiographs were taken with the
patients sometimes standing and sometimes lying on the
table with the knee in extension or 20-45° flexed. Sec-
ondly, radiographs were evaluated according to criteria of
Ahlbick, Fairbank, Kellgren and Lawrence or IKDC form.
Thirdly, the interpretation of these criteria to evoke a
diagnosis of arthrosis was different from one study to
another which used ‘adapted’ classifications [82] or scales
developed by the authors but unpublished [47]. Finally, the
great differences of arthrosis frequency between all these
studies could be explained by susceptibility bias due to the
studied populations who might have differed with respect
to age, sex, participation in sports activity, accompanying
meniscal injury, patient recruitment methods and time from
injury to inclusion in the study.

At present we cannot assume that the incidence of
arthrosis radiographically illustrated by some degree of
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space narrowing is less frequent in ACL-reconstructed than
in ACL-unreconstructed knees. This statement was con-
firmed by a systematic review of studies on the prevalence
of knee osteoarthritis more than 10 years after ACL injury
[77]. In the same way, no one study led us to suggest that
ACL reconstruction would be able to prevent the pro-
gressive deterioration of the knee. No one study was
designed to give a clear answer to this question despite the
recommendations already formulated in 1994 by Loh-
mander and Roos who encouraged prospective, controlled,
randomised and masked studies that could aim to evaluate
the utility of ligament reconstruction to prevent post-trau-
matic osteoarthritis [60].

Radiographic classifications

In 1963, Ahlbéick observed knee radiographs with patho-
logic bone remodelling at the medial femorotibial articu-
lation even though the distance between the articular joint
surfaces was normal indicating articular cartilage of normal
thickness [4]. He realised that these pathologic signs were
observed on radiographs obtained under non-weight-bear-
ing conditions as was generally done in most departments
of diagnostic radiology at this time. Since this publication,
it had been recommended to obtain radiograms under
weight-bearing conditions with the knee in extension fol-
lowing the technique used by Ahlbdck. At present, weight-
bearing anteroposterior radiographs with the knee in slight
flexion are considered as the gold standard to diagnose
arthrosis precociously [18]. In his publication, Ahlbick did
not propose any radiographic staging of arthrosis. Never-
theless, Ahlbiack classification criteria were described in
recent publications in order to classify knee arthrosis in six
stages, from O to V where stage 0 indicates no radiographic
sign of arthrosis and stage I indicates a narrowing of the
joint space of at least 50% of the space width in the other
compartment or in the homologous compartment of the
other knee [31]. It is a little different from the criteria
explained in the study of Lidén et al. [58] where stage I is
characterised by a narrowing less than 50%. But these
subtle differences could not lead to different estimations of
arthrosis incidence since it was decided that radiographic
arthrosis was found present or absent when there was a
joint space narrowing or not, whatever its amount.
Fairbank studied the pre-operative and post-operative
radiographs in one hundred and seven cases, 3 months to
14 years after meniscectomy [25]. He described three types
of radiographic changes: the formation of an anteroposte-
rior ridge from the margin of the femoral condyle, flat-
tening of the marginal half of the femoral articular surface
and narrowing of the joint space. He noted that the femoral
ridge may be seen even before operation and that no
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correlation was found between clinical and radiographic
findings. With observations of arthrograms he demon-
strated that the ridge consists solely of bone and that the
articular cartilage is still present. He concluded that men-
iscectomy interferes with the mechanics of the joint and
that it seems likely that narrowing of the joint space will
predispose to early degenerative changes. But he did not
present any type of classification. Nevertheless, for exam-
ple, in their study, Cohen et al. [15] analysed the radio-
graphs following the criteria of Fairbank and classified
them into 4 grades: grade O (normal), 1 (mild changes), 2
(moderate changes) and 3 (severe changes) without any
other information. They considered that arthrosis was
present from the radiographic grade of 1. For others,
osteoarthritis was classified according to Ahlbick and
Fairbank on a composite scale from grade 0 to grade III
where in grade I there are some osteophytes and remod-
elling of the condyle but no joint space narrowing and in
grade II joint space was reduced up to 50% [66].

The publication of Kellgren and Lawrence presented the
radiological assessment of osteoarthrosis in eight groups of
joints: distal interphalangeal, metacarpophalangeal, first
carpo-metacarpal, wrist, cervical spine, lumbar spine, hip
and knee. Osteoarthrosis was divided into five grades: none
(0), doubtful (1), minimal (2), moderate (3) and severe (4)
[48]. On the illustrations of knee radiographs, we can
observe that the one illustrating a grade 1 of osteoarthrosis
demonstrates some flattening of the condyle, minimal os-
teophytes of the joint margins and of the tibial spines but
no joint space narrowing. The radiograph of a grade 2
reveals more developed osteophytes and a minimal joint
space narrowing indicating in the opinion of the authors
that osteoarthrosis is definitely present though of minimal
severity. The radiograph used to illustrate a grade 3
arthrosis demonstrates a joint space narrowing equal or
greater than 50% of the space width observed on the grade
1 radiograph and in grade 4, there is an obliteration of the
joint space.

It must be remembered that a diagnosis of arthrosis can
only be evoked when articular cartilage is damaged. Con-
sequently it could induce a joint space narrowing which has
to be present to evoke knee osteoarthritis following some
authors [19, 37, 50, 56, 57, 74, 75, 108]. This definition of
osteoarthritis corresponds to Kellgren and Lawrence
osteoarthritis grade 2 as specified by von Porat et al. [108].
But in some studies they used an ‘adapted’ grading system
where radiographs demonstrating osteophytes without joint
space narrowing were considered as Kellgren and Law-
rence grade 2 rather than grade 1 [82]. This definition,
different from the original description of the authors, could
lead to an overestimation of arthrosis frequency.

In order to prevent the detection bias induced by the
different methods of evaluation of arthrosis, it could be
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better to consider three types of radiographs: normal and
abnormal with or without joint space narrowing as pre-
sented in IKDC form published in June 1993 [36]. Fol-
lowing the recommendations of the IKDC form authors,
radiographs should be taken in a standing position with the
knee in 30° of flexion. But because of tibial slope angles
varying between the subjects, the radiologic beam should
be aligned parallel with the tibial plateaus. This was well
demonstrated by Buckland—Wright et al. who recom-
mended radiography of each knee in the standing position
and flexed until the tibial plateau was horizontal relative to
the floor, parallel to the central X-ray beam and perpen-
dicular to the radiographic film. They reported that the
degree of flexion ranged between 179 and 160° depending
on the tibial slope angle which varies between individuals
[10]. Following the IKDC form, radiographs are rated
nearly normal (grade B) if there are minimal changes: os-
teophytes, slight sclerosis or flattening of the condyle but
the joint space is wider than 4 mm. Arthrosis will be
evoked only when some joint space narrowing is present.
It can be concluded that the discrepancies between all
these classifications and their interpretation could explain
the great variability of arthrosis frequency calculated in the
different series as was also concluded in a recent system-
atic review of literature [77]. Arthrosis is always less fre-
quent in the publications using Ahlbick [22] or IKDC form
definitions [37, 56, 90] than in those using Fairbank’s
criteria [15, 111] where some remodelling of the condyle
or osteophytes even without space joint narrowing were
considered as signs of arthrosis while others considered
these features as ‘typical post-meniscectomy changes, but
not arthritis’ [75]. This was well illustrated in the study of
Lidén et al. [58] where degenerative changes indicating
arthrosis were identified in 23 or 74% of the patients
according to Ahlbéck or Fairbank criteria, respectively.

Could ACL reconstruction prevent osteoarthritis?

Studies comparing surgically reconstructed ACL knees
with ACL-deficient knees conservatively treated could be
better to give a more definite answer.

The first comparative study was that of Dale Daniel and
co-workers who reported on average 64 months after an
injury which ruptured the ACL higher incidence of
arthrosis in ACL-reconstructed knees than in un-operated
ACL-deficient knee, even if the menisci were intact and
while the activity level was not different between the
groups at last follow-up or review [17]. Rather than indi-
cating that ACL reconstruction induced arthrosis, this study
suggested that ACL reconstruction did not prevent arthro-
sis. Nevertheless, some reconstruction procedures used in
this study are not recommended at present. Indeed, the

difference between both knees of anterior tibial displace-
ment at manual maximum force measured by KT-1000
arthrometer was less than 3 mm in only 30% of the
reconstructed knees versus 16% of the unreconstructed.
However, this higher incidence of arthrosis in patients
surgically treated was also reported in a more recent study
from the same hospital where ACL was reconstructed with
a BPTB autograft [27]. Early reconstructed patients had
higher rates of degenerative changes on radiographs than
did unreconstructed patients but Tegner scores were sig-
nificantly lower in conservatively treated patients. This
resulted from non-randomisation of treatments. Early ACL
reconstruction, defined as within 3 months of injury, was
recommended to those patients participating in Level I or II
jumping or cutting sports more than 50 h per year and
where KT-1000 arthrometer manual maximum injured-
normal difference was at least 5 mm. Conservative treat-
ment was recommended to patients where the KT-1000
arthrometer difference was inferior to 5 mm except if they
participated more than 200 h per year in jumping or cutting
sports. The two cohorts of patients were therefore different
not only in activity level but also concerning the amount of
post-traumatic laxity which was greater in the surgically
treated patients.

Different samples of the Swedish soccer players who
ruptured their ACL in 1986 were evaluated at 7 [85], 12
[61] and 14-year follow-up [108]. Sixty per cent of the
players had undergone reconstructive surgery of the ACL
and the others were conservatively treated. Radiographs
demonstrating some joint space narrowing were observed
in 51% of the female players reviewed after 12 years and in
41% of the male players reviewed after 14 years. These
percentages were calculated in relation to all the subjects of
the series and no differences were seen between surgically
and conservatively treated patients with regard to not only
radiographic arthrosis but also prevalence of symptoms or
sports activity level. Seven years after the index injury,
32% were still participating in organised soccer compared
to 7.8% at the 14-year follow-up. One reason evoked by the
authors was that as the subjects got older they had families
and had less time for soccer [108].

In their study of ACL injuries suffered by players in the
three upper divisions of the Norwegian handball team
during two seasons of competition, the authors were able to
review 79 patients on average 7 years after their injury
[70]. The treatment was conservative and the ACL was not
reconstructed in 22 cases. Out of the 57 players in the
operative group, 47 (82%) had a bone-patellar tendon-bone
(BPTB) graft reconstruction, in 8 the ligament was sutured
(14%) and the procedure performed in 2 players (4%) was
unknown. Meniscal or cartilage associated lesions were not
mentioned in this study. Although laxity was somewhat
greater in the conservatively treated group, return to the
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same level of sports was significantly more frequent in the
conservatively treated patients, 82% versus 58% of the
surgically treated patients. But, the incidence of knee
arthrosis defined as grade C or D in the IKDC classification
was not different between the two groups, 42 and 46% in
the operated and the conservatively treated group, respec-
tively. Furthermore, there was no correlation between
arthrosis and pain scores.

Fink et al. [26] in 2001 presented the long-term outcome
of early reconstructed ACL with a BPTB graft compared to
conservatively treated ACL-ruptured knee patients. There
was no significant difference for additional injuries, extent
of anterior laxity or sports participation prior to injury
between the two groups. The incidence of radiographs
demonstrating some joint space narrowing was 48 and 50%
of the cases in the non-operative and operative groups,
respectively after a mean follow-up of 11 years. But the
initial treatment, surgical ACL reconstruction or not, was
chosen by the patients. This introduced susceptibility bias
by comparing the results of therapy for groups that could
be prognostically dissimilar. While there was no difference
of the level of sports participation between the two groups
before ACL rupture, the level of sports participation was
significantly lower in the non-operative group at last fol-
low-up. The authors concluded that ACL reconstruction
can provide long-term patient satisfaction and continued
sports participation. The degree of arthrosis increased over
time in both the operative and non-operative groups. This
study could not conclude that ACL reconstruction had a
beneficial effect on further degeneration of the knee.
A significant correlation between participation in high-risk
pivoting sports such as soccer or basketball and osteoar-
thritic changes was also found for the non-operative group.

A more recent study reported the results of 109 patients
with an isolated ACL rupture and without any meniscal or
cartilage associated lesion [50]. The choice of treatment
was based on agreement between the surgeon and the
patient independent of the sport activity level. The inci-
dence of radiographs demonstrating some joint space nar-
rowing was significantly higher in the ACL reconstructed
with a BPTB graft (n = 60) than in the conservatively
treated group (n = 49), 45% versus 24%. The mean fol-
low-up time was 11.1 years (7.5-16.3 years). They con-
cluded that the risk of developing osteoarthritis after ACL
rupture was significantly greater after ACL reconstruction
than after a conservative procedure, while no difference
between the two groups could be proven with regard to loss
of sports activity.

At present the theory that ACL-plasty is valuable as a
means of preventing degeneration of the joint is not con-
firmed by the published data reviewed by @iestad et al.
[77]. Despite these data, some authors find it appropriate to
publish an Editorial where they state that ‘prompt operative

@ Springer

intervention reduces long-term osteoarthritis after ACL
tear’ [84]. These opposite opinions and persistent contro-
versy are the reflection of the divergent results in published
studies, in the majority of which the level of evidence is III
or IV or sometimes V, such as the Editorial cited before
[84]. Furthermore, in two recent systematic reviews of
randomised controlled trials on choice of graft type and
surgical technique, or aspects of rehabilitation after ACL
injuries, the authors discovered several weaknesses in the
study design that could cast doubt on the conclusions
[5, 91]. This emphasises the need for further high-quality
studies, especially with long-term follow-up [91].

Furthermore, these studies demonstrated that return to
sports activities did not depend on the treatment, surgical
or conservative. ACL reconstruction is not the pre-requisite
nor gives guarantee for participating in sports activities. In
an Editorial, Reider [83] noted that even the surgical
patients did not return to the same functional levels as
before the injury. But, we could not tell from the available
information how often this result was due to persistent
symptoms, reduced performance, fear of reinjury or a
change in athletic opportunities. It was effectively dem-
onstrated that patients who did not return to their pre-injury
activity level had more fear of re-injury [54]. In a study
where 65% of the patients returned to the same level of
sports after an ACL reconstruction, it was revealed that an
important factor influencing return to previous sports
activity was the psychological profile [33]. This was also
very different in patients choosing a reconstructive surgery
when compared to those treated conservatively [101]. In
the same way, patients choosing ACL reconstruction rather
than conservative treatment had higher pre-injury activity
level [100]. Although treatment randomisation would be
the only way to give a definite answer to the superiority of
one or another treatment, all these observations could
indicate that randomisation cannot be accepted by the
patients who believe that they get enough information,
often from internet, to make the right choice.

Multiple etiological factors of post-traumatic
osteoarthritis

Numerous factors could explain evolution to osteoarthritis
whatever the treatment for the ACL-ruptured knee. These
were exhaustively discussed in the literature analysis done
by Lohmander et al. [62].

A persistent and evolving disturbance in cytokine and
keratinsulfate profiles was observed in patients’ ACL-
deficient knees compared with subjects’ uninjured knees
[12]. Arthrosis could be induced by these biochemical
alterations that perhaps cannot be corrected by ACL
reconstruction.
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The lesions associated with ACL rupture, not only those
concerning the menisci, but also those affecting the capsule
or the cartilage were underestimated. A biomechanical
study on cadaver knees demonstrated that significant
damage occurred to the articular cartilage and underlying
subchondral bone during rupture of the ACL. They con-
cluded that the type and extent of these tissue injuries were
a function of the mechanism of ACL rupture [67]. The risk
of osteochondral damage is especially present if the
mechanism of injury involves a high compression loading
component, such as during a jump landing [67].

Marrow signal changes detected only by MRI were
frequently observed at time of ACL rupture [16]. They are
the signs of subchondral lesions that induced changes in the
overlying cartilage in some patients who had evidence of
cartilage thinning adjacent to the site of osteochondral
lesion demonstrated by MRI 6 years after initial injury and
ACL hamstring autograft reconstruction [24]. By review-
ing the scientific literature on the natural history of bone
bruises after acute knee injury, Nakamae et al. [71] con-
cluded that the results of numerous clinical and experi-
mental studies supported the suggestion that severe bone
bruise is a precursor of early degenerative changes.

At a second-look arthroscopy, 15 months on average
after an ACL reconstruction by a double bundle of semi-
tendinosus graft, a significant worsening of the status of
articular cartilage was observed in all compartments except
the lateral femoral condyle independently of residual laxity
or of a meniscal lesion [6]. Although it has been well
established that articular cartilage, once damaged, has very
little response to healing, another study, 6-52 months fol-
lowing ACL reconstruction observed, at second-look
arthroscopy, a significant recovery of untreated chondral
lesions on both the medial and lateral femoral condyles, but
no recovery at the tibial plateaus [72]. The great majority
of the cartilage lesions were partial thickness injuries gra-
ded I and II by using the Outerbridge classification [78].
The prevalence and severity of concomitant articular car-
tilage injuries among acute ACL tears are not precisely
known. Brophy et al. reviewed five articles, four of them
published before 1995, suggesting that the incidence of
articular cartilage injury in acute ACL tears was between
16 and 46% [9]. This wide range of incidence could be
explained by differences of inclusion criteria between the
studies. Furthermore, the grade or location of these carti-
lage injuries were often not specified. Nevertheless, when
present, these cartilage lesions could induce evolution to
osteoarthritis even if ACL had been reconstructed.

In a minimum 10-year follow-up study after arthro-
scopic ACL reconstruction using a bone-patellar tendon-
bone autograft, it was demonstrated that arthrosis was
correlated with body mass index and age of the patient at
time of injury [56].

The activity level was often less rigorously evaluated
though it was clearly demonstrated that heavy physical
activity is an important risk factor for the development of
arthrosis in uninjured knees especially among obese indi-
viduals [65]. In the same way, it was reported that weight-
bearing sports activity in ex-elite athlete women was
associated with a 2-3 fold increased risk of radiologic
osteoarthritis in hips and knees in comparison with a
control group of the general population [99].

Meniscal lesions and osteoarthritis

Clinical studies where the ACL was intact reported an
incidence of 30 [8] to maximum 71% [87] of radiographs
demonstrating some degree of space narrowing after total
[74] or partial meniscectomy [8] after a minimum follow-
up of 5 years [8] and after 21 years [87] or more than
30 years [74]. The incidence of radiographic osteoarthritis
was 3-7 times higher than in the contralateral normal knee
more than 30 or 25 years, respectively after meniscectomy
[74]. By using a control group without previous knee injury
or surgery rather than the contralateral knee, the incidence
of radiological changes, representing definite tibiofemoral
osteoarthritis was seven times greater in the studied than in
the control group [86]. The great variability of osteoar-
thritis incidence between the different studies could be
explained by the duration of follow-up, the procedures
performed or the diversity of patients studied. Without
preoperative radiographs, some studies did not know the
incidence of pre-existing arthritic changes [8, 74]. Despite
this high percentage of radiological changes, there was no
significant correlation between these and the subjective
symptoms or functional outcome and subsequent surgical
treatments for osteoarthritis were rare [74]. This weak
correlation between symptoms and radiographic findings of
osteoarthritis was also mentioned in the study of Roos et al.
[87]. They found that only patients with the more signifi-
cant radiographic changes had substantially more pain and
more functional impairment than those without any radio-
logical changes.

While numerous studies confirmed that any alteration of
the meniscus anatomy could by itself induce radiographic
degenerative signs, it was also reported that a successful
meniscal repair in intact-ACL knees could not eradicate the
risk of secondary radiographic remodelling in 100% of the
cases [64]. This could be another demonstration that post-
traumatic osteoarthritis is multifactorial in origin.

We conclude that radiographic osteoarthritis, even in
intact-ACL knees, is frequently present more than 20 years
after a meniscectomy, 3—7 times more frequent than in the
contralateral uninjured knee. This could explain why
meniscal injury was the most frequently reported risk
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factor for development of knee osteoarthritis in the studies
where the ACL had been injured and yet reconstructed
[77].

Timing of ACL reconstruction and prevention
of meniscal lesions

As many authors observed that the incidence of meniscal
lesions and subsequent meniscectomy [14, 30, 46, 49, 57,
63, 79, 102, 103] or the incidence of cartilage damage [14,
63, 102] as well as the incidence of radiographic degen-
erative changes [46] were greater in patients operated on
later after the index injury, some of them recommended the
earliest ACL reconstruction possible [14, 30, 46, 49, 79,
103]. The validity of their recommendations would be
confirmed by the studies [19, 34, 55] reporting that early
ACL reconstruction after the initial injury is associated
with better results than late reconstruction. Conversely in a
systematic review of the literature, no difference in clinical
outcome was found between patients who underwent ACL
reconstruction early, within a mean of 3 weeks post-injury,
or delayed, a minimum of 6 weeks post-injury [97]. A
randomised trial of treatment of acute ACL tears compared
early ACL reconstruction plus structural rehabilitation and
early rehabilitation with the option of delayed reconstruc-
tion [29]. At the 2-year follow-up, there was no difference
between the patient-reported outcomes of the two groups.
With the use of the delayed reconstruction strategy, ACL
reconstruction was avoided in 61% of the subjects without
adversely affecting outcomes. This latest study could
confirm the hypothesis, already formulated by Holmes
[39], that rather than the earliness of the treatment, the
differences between the results could also be explained by
the inclusion in the early ACL reconstruction group of
patients who would have had a successful evolution with a
conservative treatment whereas the group of late ACL
reconstruction concerned only patients unsatisfied by the
conservative treatment. Better results could also be
explained by the lower frequency of meniscal tears in the
early reconstructed study groups. It was found 10-15 years
after an ACL reconstruction, that meniscectomy was
associated with poorer results on objective tests [15, 111]
or with significant increase in degenerative changes [37]
and that after 7 years the most severe osteoarthritic chan-
ges were seen with meniscectomy [46]. It was also reported
that after 24.5 years on average (range: 21-28 years) fol-
lowing ACL reconstruction, 61% of the patients with a
healthy medial meniscus versus 31% of those having
undergone total medial meniscectomy had satisfactory
IKDC grade A or B radiographs [81]. Conversely, no dif-
ferences were found between patients with an ACL tear,
isolated or with accompanying injuries, 5-9 years after an
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ACL reconstruction with a bone-patellar tendon-bone
autograft but tibiofemoral osteoarthritis was rare [45].

Evidence is that the results of ACL reconstruction were
the poorest in the most injured knees. Therefore, better
results could be obtained in the series dealing with acutely
reconstructed knees and therefore most likely less injured
[38]. Does it mean that ACL would have to be recon-
structed systematically in any knees of any subjects? Some
surgeons justify this attitude by their fundamental beliefs
that with ACL reconstruction the menisci could be pre-
served and that further articular cartilage damage could be
avoided with the result that knee osteoarthritis will be less
frequent. At present, as previously noted, no published data
confirmed that ACL-plasty could prevent osteoarthritis.
But may we state that ACL reconstruction could preserve
the integrity of the menisci?

A study of Dunn et al. [23] demonstrated that the risk of
further meniscal injuries after an ACL rupture was higher
when ACL was not reconstructed. It was a retrospective
study of 6,576 active-duty army personnel who had been
hospitalised for at least an arthroscopy demonstrating an
ACL injury from 1990 to 1996. By analysing the ICD-9-
CM diagnostic codes (International Classification of Dis-
eases, 9th Revision, Clinical Modification), they found that
3,795 (58%) underwent ACL reconstruction and 2,781
(42%) did not. They reported that the risk of a subsequent
meniscal re-operation was two times higher when the ACL
was not reconstructed without indicating the percentages of
patients. They also observed that a later ACL reconstruc-
tion was done in 27% of the initially unreconstructed ACL
patients and also in 6% of the patients in the reconstructed
ACL group. Unfortunately, this retrospective follow-up
study using administrative databases has limitations: sub-
jects with ACL injury but not hospitalised were not
included. The initial hospitalisation did not necessarily
indicate the initial time of ACL injury. The diagnostic
codes do not include a laterality indicator. This could
introduce bias into the study if the contralateral re-injuries
were not equally distributed between the two groups. It did
not give any information about the activity level or the
functional outcome. And finally, at the last follow-up, on
average 36 months, with a range of 0.2-107 months, this
study could not know if the status of the menisci was
different in the two groups and did not give any informa-
tion about arthrosis incidence.

Frobell et al. suggested another explanation for this
higher risk of subsequent meniscal operation when ACL
was not reconstructed. In their randomised trial, they
mentioned that small meniscal tears diagnosed by MRI
immediately after injury were managed more aggressively
in the subjects in whom the ACL was reconstructed early
and were more likely to be left untreated in the subjects
assigned to rehabilitation plus optional delayed ACL
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reconstruction. This difference of initial management could
explain the greater frequency of meniscal surgery during
follow-up in the latter group [29].

A reduction of the frequency of further meniscal damage
or surgery after ACL reconstruction was also stated in
some studies [56, 57, 81]. But it could not be explained
only by ACL reconstruction and could also result from a
decrease of involvement in strenuous and pivoting sports.
In a population with less strenuous sporting activities fol-
lowed for 2—-12 years after an ACL tear treated conserva-
tively, only 5.4% needed ACL surgery and 3.5% required
secondary meniscus surgery [13].

At present we do not have any incontestable argument to
recommend a systematic surgical reconstruction to any
patient who tore his ACL to prevent further meniscus
lesions and subsequent degeneration of the joint.

Conservative management after ACL rupture

Some studies [11, 13, 32, 51] confirmed that a conservative
treatment remains an option and could give satisfactory
results.

Casteleyn and Handelberg [13] reviewed 109 out of 132
patients coming from a general population less interested
in sporting activities, at a mean of 8.5 years (range:
5-12 years) after an ACL rupture treated conservatively.
The overall IKDC evaluations put 73% of the patients in
grades A or B.

In a more recent study, one hundred patients with an
acute ACL injury were observed for 15 years [51]. After
arthroscopy, they underwent a rehabilitation programme.
They were advised to modify their activity level especially
by avoiding contact sports. Patients with recurrent giving-
way episodes and/or secondary meniscal injuries requiring
fixation were excluded. The majority of these excluded
cases underwent ACL reconstruction. Sixty-seven % of the
initial patients never underwent ACL reconstruction.
Among them 60% had the same or higher activity level as
before injury at the 3-year follow-up and 31% (n = 21)
had a lower activity level which was a decrease of one
level in 38% of them. The remaining 9% represent missing
or unknown data. The decline in activity level of patients
engaged in contact sports at the time of injury affected their
subjective quality of life more than patients involved in
non-contact sports.

The prevalence of tibiofemoral osteoarthritis was also
reported in this same cohort [73]. Only 16% of the patients
developed radiographic osteoarthritis. All these patients
had their knee meniscectomised. In contrast, none of the
non-meniscectomised knees developed osteoarthritis.

Sixty-seven patients from this same cohort, at 15 years
on average after the initial injury were evaluated and

compared to a control group of uninjured subjects [1].
Their motor function was evaluated by one leg hop test.
Their knee muscle strength was determined throughout a
range of motion from 0 to 100° flexion and peak torque and
total work in isokinetic extension and flexion were mea-
sured with a Biodex isokinetic dynamometer at an angular
velocity of 90° per second. Their sensory function was
evaluated by measuring the threshold for detection of
passive motion when performing knee extension or flexion.
All these data were compared with those of uninjured
individuals. There were no differences between the two
groups in hop distance and knee muscle strength. But the
patients had significantly poorer kinaesthesia in both legs
than the controls.

These observations were confirmed by more recent
studies [2, 68]. The study of Ageberg et al. [2] is a ran-
domised controlled trial on training and surgical recon-
struction or training only. In the Norwegian study [68], the
treatment was not randomly allocated but was chosen by
the patients. At a one-[68] or two-year [2] follow-up
examination, no differences were detected between the two
groups with regard to the ability to resume pre-injury
activity level, muscle strength or functional performance.

The randomised study of Frobell et al. also demon-
strated that an ACL reconstruction could be avoided in
61% of the patients without compromising the results
evaluated at 2 years after injury by providing initially a
structured rehabilitation followed by an optional delayed
ACL reconstruction instead of an early and systematic
reconstruction [29]. The frequency of meniscal resections
was greater in the delayed-surgery than in the early-surgery
group, 70% versus 48% of the patients, respectively. These
data might demonstrate following some authors that
menisci may be saved by an early surgical reconstruction
[84]. If probably true, at least in young active patients, it
has not yet been demonstrated that early reconstruction
reduced long-term osteoarthritis incidence after ACL tear.

From these results, ACL-injured subjects should be
informed of the possibility of success after non-operative
treatment. But informed of the somewhat lesser risk of
further meniscal injuries when ACL was reconstructed
early, this last therapeutic option could be the more
desirable choice for some patients [7]. Can we differentiate
the patients who would be satisfied by a conservative
treatment from those for whom ACL reconstruction would
give greater satisfaction?

Patient’s selection for conservative or surgical
treatment

Different methods have been described to make this
selection. Fithian et al. [27] used the surgical risk factor
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(SURF) algorithm of Daniel et al. [17] to prospectively
classify 209 patients with acute, isolated ACL injury by
surgical risk according to activity level and side-to-side
laxity values. The patients with small side-to-side laxity
differences and low activity levels were not significantly at
risk for later ACL reconstruction or meniscus surgery.
Following this algorithm, an ACL reconstruction would be
recommended to all patients with high activity levels or/
and great side-to-side laxity differences. However, some
studies already mentioned that AP knee laxity measure-
ments cannot differentiate compensators and non-com-
pensators [80, 98].

A recent study of Kostogiannis et al. [52] demonstrated
that a positive pivot-shift test at 3 months after injury in an
awaken patient is the strongest predictor for the future need
for ACL reconstruction.

It was also demonstrated that preoperative questionnaire
about the functional impairment due to knee injury and its
auto-evaluation by the patient could be a predictor of
outcome 1 year after anterior cruciate ligament recon-
struction [104].

Other studies identified a BMI greater than 30 kg/m? or
smoking as factors strongly associated with lower patient-
reported outcome as measured by the IKDC subjective
knee form after ACL reconstruction [53].

A team from Newark, Delaware used a screening
examination to classify highly active patients with and
without good dynamic knee stability early after ACL rup-
ture [41, 42]. One of the study inclusion criteria was reg-
ular participation in IKDC level I or II activities. They used
simple hop tests and validated knee outcome surveys
(KOS-ADLS: Knee Outcome Survey—Activities of Daily
Living Scale [44]) to identify patients who have a good
potential to be conservatively treated with physical therapy
over a 2- to S-week protocol [28]. These so-called
‘potential copers’ represented 42% of the initial population
of ACL-injured patients. This short-term non-operative
care allowed a rapid return to previous high level activities
for nearly 50% of the selected patients. After this suc-
cessful return to sports activities, the patients were coun-
selled to return to their physicians for further treatment that
was ACL reconstruction for 59% of them. The others chose
not to undergo surgery, returned to pre-injury sports
activities and were very satisfied with this choice at the
latest follow-up (range: 1-10 years). This screening
examination was able to identify candidates who might
safely return to sports and delay the surgical management
at a more convenient time or finally choose a non-operative
management. They estimated that clinical tests that capture
neuromuscular adaptations may be more useful in guiding
individualised patient management after ACL injury than
only the magnitude of knee laxity and pre-injury activity
level used by the SURF algorithm [42].
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We can conclude that a conservative treatment gave
satisfaction to a great majority of the patients when their
sporting activities did not imply competition or could be
modified by avoiding contact sports. In a population with
an IKDC level I or II activity before injury, it was also
demonstrated that some patients could successfully return
to the same sporting activities with non-operative
management.

Several severity grades of ACL tear

We all know patients with an ACL rupture who do well
without surgery. Indeed, it has been clearly demonstrated
in cadaver studies that sectioning the ACL induces variable
degrees of knee laxity in different specimens [96]. Spon-
taneous healing of ACL rupture conservatively treated was
sometimes observed in our current practise (Fig. 1) and
was already well documented by Ihara et al. [43] with the
help of sequential MRI evaluations and laxity measure-
ments on stress radiographs. This was further confirmed in
a more recent communication describing normal magnetic
resonance imaging of previously totally ruptured ACL, and
an excellent result in 13 out of 17 patients conservatively
treated [20].

The physicians who manage patients with ACL injury
have to keep in mind that spontaneous healing of torn ACL
could occur. It is our duty to give the best information
to our patients and to advertise them that a too soon
performed ACL reconstruction cancels any chance of
spontaneous healing that could also give satisfaction.

Complications after surgery

We cannot forget that ACL reconstruction remains associ-
ated with some morbidity. Some studies reported that 23
[55] to 28% [106] of the patients underwent additional
surgery after ACL reconstruction during a median follow-
up of 32 or a mean follow-up of 89 months, respectively.
The most frequent reason for additional surgery was men-
iscal lesion (6.9%) [55]. More serious complications such as
range of motion deficits (6.3%) or infection (0.6%) requir-
ing a second surgical procedure were also reported [55].
Some complications may be considered as minor such as
morbidity due to graft harvest or fixation devices or the
development of a Cyclops lesion [21]. Others are more
serious: neurologic or vascular lesions, arthrofibrosis,
infections [92, 107, 109]. The incidence of the most severe
complications, not readily published, is probably underes-
timated. In the future, a better evaluation of the compli-
cation incidence as well as of the functional outcome could
be obtained from the data collected in a national registry
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Fig. 1 These images illustrate the healing potentialities of a partially
ruptured ACL. a This man aged 44 years suffered a knee sprain
during an assault. At first examination, 3 months later, an ACL tear
was suspected because the Lachman sign was present and a glide
pivot shift was evoked. MRI confirmed the diagnosis of an acute ACL
tear which was probably partial because some fibres kept a normal
direction. b The patient was satisfied with a conservative treatment.

like that established in Denmark in 2005 [59]. Technical
errors occurred in 9.6% of the cases during graft harvest-
ing, tunnel placement or graft fixation that might have no
effect on the final outcome if the surgeon has the required
expertise to deal with these incidents intraoperatively [3].
The incidence of graft rupture increases with time after
surgery: 3% [110], 6% [89] and between 9 and 12% [22,
50, 90] at 2-, 5- and between 8- to 13-year follow-up,
respectively. A contralateral ACL rupture was reported to
occur in 3-24% of the surgically treated patients,
depending on the length of the follow-up [22, 40, 70, 90,
110]. It is not known if this incidence is higher than this
observed in a normal active population or in subjects who
were conservatively treated after an ACL injury. But as
that was mentioned by Salmon et al., the high percentage
(34%) of patients in their series suffering a subsequent
ACL injury, graft rupture or contralateral ACL rupture,
might be greater than that seen in the normal population
[90]. They suggested that specific motor-retraining pro-
grammes, as described by Myklebust et al. [69] should be
added to the rehabilitation of ACL-reconstructed patients
to reduce this risk. Finally, the increase of ACL revision
reconstruction publications gives evidence that ACL
reconstruction is not a 100% guaranteed successful
treatment.

All these unforeseen events could explain that return to
the same level of sport activities which is the primary goal
of ACL reconstruction was generally reported for 65% of
the patients on average [33], or that the results were judged
A or B with the IKDC form in only 70% of the patients and

At one year after initial injury, the Lachman sign was only a little
increased with a hard endpoint in comparison with the other knee and
the pivot shift was no more evoked. MRI demonstrated a nearly
normalised aspect of the ACL. This patient could have undergone
unnecessary surgery if an early ACL reconstruction was more
systematically recommended

that the Tegner activity level dropped from 8 to 6 at a
median of 32 months follow-up (21-117 months) [55].

Limitations

For the literature search, the online MEDLINE database
was used, but a hand search of relevant journals was also
undertaken to find studies related to ACL injuries and
published between 1983 and 2011. Not only English but
also French articles were included. Studies written in other
European languages were not searched. Despite this
extensive research, it could be that some studies were not
discovered. Nevertheless, these could probably not change
the conclusions which tell us that the few evidence-based
data do not firmly discredit any kinds of treatment after
ACL injuries.

As underlined by others [5, 91], positive studies indi-
cating effectiveness of a treatment are more likely to be
published. Our research did not find a lot of publications on
surgical complications. Their incidence could probably be
underestimated because less successful outcomes are rarely
published. Therefore, we are not able to correctly measure
the potential benefits and risks of all forms of treatments
and particularly of surgical ones.

By reviewing not only Level I and II trials but also
Level III and IV studies as well as Level V expert opinions,
we artificially lower the Level of Evidence of our work
although the conclusions were mainly suggested by the
results of Level I or II studies.
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Conclusion

This literature review demonstrates that ACL reconstruc-
tion does not reduce the incidence of further radiographic
osteoarthritis nor guarantee return to sports. There is no
doubt that ACL rupture can initiate degeneration of the
knee joint. At present no one study has firmly demonstrated
that ACL reconstruction is the right way to prevent
osteoarthritis. The lesions associated with ACL rupture can
be numerous following the injury mechanism and could
explain an inescapable evolution to arthrosis despite ACL
reconstruction. Furthermore when knee laxity has been
improved by ACL-plasty, the best advice given to our
patients is probably not to promote return to high-risk
pivoting sports.

The patients with an ACL tear should be informed that a
surgical reconstruction is not the prerequisite or the only
way to return to sports activities that can be resumed also
with a conservative treatment. A better selection of the
patients for surgical or conservative management is pos-
sible and a systematic surgical treatment cannot be sug-
gested only by the amount of laxity or the level of sports
activity. This attitude could be beneficial for the patients.
Furthermore, less surgery and consequently fewer com-
plications would result in lower healthcare costs which are
partly borne by the taxpayer. The primary goal of surgery
remains the improvement of knee stability which however
can also be improved by a correct neuromuscular rehabil-
itation in some patients.

Whatever the treatment, surgical or conservative, the
patients should be informed that the risk of further knee
lesions and osteoarthritis remains high especially if they
resume high-risk pivoting sports.
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