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Background: Few studies have investigated the outcome �20 years after an anterior cruciate ligament reconstruction (ACLR)
with a bone–patellar tendon–bone autograft, and there is a wide range in the reported rates of radiographic osteoarthritis (OA).

Purpose: To report on radiographic OA development and to assess risk factors of knee OA at a median 25 years after ACLR with
a bone–patellar tendon–bone autograft.

Study Design: Case-control study; Level of evidence, 3.

Methods: Unilateral ACLRs performed at a single center from 1987 to 1994 were included (N = 235). The study population was
followed prospectively with clinical testing and questionnaires. Results from the 3-month, 12-month, and median 25-year follow-
up are presented. In addition, a radiographic evaluation was performed at the final follow-up. Radiographic OA was defined as
Kellgren-Lawrence grade �2 or having undergone ipsilateral knee replacement surgery. Possible predictors of OA development
included patient age, sex, time from injury to surgery, use of a Kennedy ligament augmentation device, any concomitant meniscal
surgery, and return to preinjury sports after surgery.

Results: At long-term follow-up, 60% (141/235) of patients had radiographic OA in the involved knee and 18% (40/227) in the
contralateral knee (P\ .001). Increased age at surgery, male sex, increased time between injury and surgery, a Kennedy ligament
augmentation device, and medial and lateral meniscal surgery were significant predictors of OA development in univariate anal-
yses. Return to preinjury level of sports after surgery was associated with less development of OA. In the multivariate model,
medial meniscal surgery and lateral meniscal surgery were independently associated with OA development. The adjusted
odds ratio was 1.88 (95% CI, 1.03-3.43; P = .041) for medial meniscal surgery and 1.96 (95% CI, 1.05-3.67; P = .035) for lateral
meniscal surgery. Patients who had developed radiographic signs of OA had significantly lower Knee injury and Osteoarthritis
Outcome Score and Lysholm scores at long-term follow-up.

Conclusion: At 25 years after ACLR, 60% of patients had developed OA in the involved knee, and these patients reported sig-
nificantly lower subjective outcomes. Medial meniscal surgery and lateral meniscal surgery were independent predictors of OA
development at long-term follow-up.
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Injury to the anterior cruciate ligament (ACL) leads to an
increase in lifetime risk of knee osteoarthritis (OA) in the
ipsilateral knee.1,31,42 As compared with a noninjured popu-
lation, those with an ACL injury have a 7-fold increased risk
of developing OA41 or undergoing knee replacement sur-
gery.19 Pathologic knee laxity, with episodes of instability,

contributes to further injuries to the cartilage, subchondral
bone, and menisci, which can predispose the knee to OA.9,25

Meniscal injuries—in particular, a medial meniscal tear at
the time of ACL rupture or later—has been found to relate
to degenerative changes in the knee.5,31,38,47 Whether
a reconstruction of the torn ACL will reduce the incidence
of OA is still uncertain,1,22 and conflicting results have
been presented among studies comparing nonoperative
treatment with operative treatment.20,37,46,48

Other important factors possibly related to OA develop-
ment are older age at surgery, male sex, early loss of knee
extension, and persistent increased knee laxity after the
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ACL reconstruction (ACLR).3,7,21,38,47 Continued participation
in pivoting sports also comes with a high risk of new ACL
injuries to both the ipsilateral and the contralateral
knee.24,49 One could therefore suspect that those going back
to pivoting sports are more prone to develop knee OA. How-
ever, there is a paucity in the literature supporting or reject-
ing such a hypothesis.6

Across the few studies that have reported on outcomes
�20 years after an ACLR with a bone–patellar tendon–
bone (BPTB) autograft, the OA incidence ranges from
20% to 80%.5,7,11,32,38,44,48 With a need for more knowledge
on the long-term outcome after reconstruction of a torn
ACL, the primary aim of this study was to report OA devel-
opment at 25 years after ACLR with a BPTB autograft.
The secondary aim was to evaluate how factors such as
addition of a Kennedy ligament augmentation device
(LAD), meniscal injuries, loss of knee extension, increased
knee laxity, or return to sports would affect the incidence
of OA. First, we hypothesized that the prevalence of OA
would be higher in the ACL-reconstructed knee as com-
pared with the uninjured knee after 25 years. Second, we
hypothesized that increasing time between injury and sur-
gery, any meniscal surgery to the involved knee, or return
to preinjury sports would increase the incidence of radio-
graphic OA at long-term follow-up.

METHODS

Patient Population

All ACLRs performed at a single center from 1987 to 1994
using an ipsilateral BPTB autograft qualified for inclusion.
Data were extracted from a prospectively held database;
only patients with a unilateral ACL injury at the time of
index surgery were included. Patients with concomitant
injuries to the posterior cruciate ligament or collateral lig-
aments requiring surgery were excluded. A flowchart of
the participants is presented in Figure 1.

The study population was followed prospectively with
clinical testing and questionnaires. Results from the 3-
month, 12-month, and 25-year follow-up are presented.
At the final follow-up, radiographic evaluation was per-
formed in addition to clinical testing and evaluation by
patient-reported outcome measures. For analyses regard-
ing OA development, patients who had undergone an ipsi-
lateral knee replacement before the last follow-up were
defined as having a Kellgren-Lawrence (K-L) grade �2.
Furthermore, knee replacement surgery led to exclusion

from the clinical and subjective evaluations. Any contralat-
eral ACL injury experienced during the follow-up period
did not lead to exclusion from the study, but range of
motion and knee laxity results were not analyzed in these
patients at the follow-up.

The study was approved by the regional ethical commit-
tee (REK 2016-00571). Eligible patients first received
a study invitation by post, and nonresponders received
a phone call or text message with a reminder after 2 weeks.

Surgical Technique and Postoperative
Rehabilitation Protocol

All ACLRs were performed or supervised by the same 2
experienced knee surgeons.

The BPTB autograft was harvested from the central
third of the patellar tendon of the ipsilateral knee. Initially,
ACL surgery was performed as a mini-open procedure per-
formed ‘‘through the defect’’ created by the patellar tendon
harvest, using outside-in drilling of the femoral tunnels. A
limited notchplasty was performed.13 The tibial tunnel
was positioned anteriorly and medially, whereas the femo-
ral tunnel was placed in a posterior and superior position
relative to the femoral anatomic center.4 The last 53 recon-
structions were performed arthroscopically by drilling the
femoral tunnel through the tibial tunnel.26 The tibial tunnel
aimed for a central anteromedial position, and the femoral
tunnel ended up in a proximal and posterior position depen-
dent of the tibial tunnel placement. A moderate notchplasty
was performed in every case. The graft was tested for isom-
etry throughout the flexion movement and was normally
fixed in nearly full extension.

Meniscal surgery, mostly partial resection, was per-
formed arthroscopically assisted. Most ruptures of the
medial and lateral meniscus were treated with a partial
resection. Bucket-handle injuries and unstable menisco-
capsular tears in the vascularized zone were treated with
meniscal repair if possible. A severe knee extension deficit
at the 3-month follow-up led to a repeat arthroscopic proce-
dure to remove a cyclops lesion and, where needed, per-
form an extended notchplasty.

A Kennedy LAD was used in 25 cases.18 The Kennedy
LAD was sutured to the graft and fixed with staples to
the femoral and tibial condyles through a mini-open proce-
dure. This polypropylene band was intended to take the
main load in the early phase before gradually transferring
the load over to the autograft and hence facilitating safer
and faster healing of the graft.14,18 The Kennedy LAD
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was dynamized after 6 months by surgically removing sta-
ples from the lateral femoral condyle.

All patients underwent structured rehabilitation guided
by physical therapists for 6 months after surgery. The
patients underwent a rehabilitation program assisted by
an in-house physical therapist when hospitalized and at
local institutes after discharge. Between 1987 and 1991,
all patients used a DonJoy� orthosis that initially allowed
them full range of motion without weightbearing but with
restriction on the last 20� of knee extension during weight-
bearing until postoperative 6 weeks. After 1991, the reha-
bilitation was based on a protocol by Shelbourne and Nitz40

with no restriction in range of motion during weightbear-
ing, but patients were recommended partial weightbearing
and use of a DonJoy� orthosis for the first 6 weeks.

Radiographic Assessment

A Synaflexer frame (Synarc Inc) was used for standardiza-
tion of the bilateral weightbearing radiographs. The
patients’ knees were placed in 45� of flexion in the frame,
with a 15� craniocaudal radiographic beam for a posteroan-
terior view of the tibiofibular joint. A lateral view of both
knees in maximum extension was also included. The radio-
graphs were evaluated by 1 experienced musculoskeletal
radiologist (C.F-B) at 2 time points with at least a 6-week
interval between evaluations. Interrater reliability was
established with a second radiologist (O.T.O), who evalu-
ated 30 radiographs (60 knees) blinded from the previous
radiographic evaluation.

Radiographs were evaluated according to the K-L
classification17:

Grade 0: no radiographic features of OA are present
Grade 1: doubtful joint space narrowing (JSN) and possible

osteophytic lipping
Grade 2: definite osteophytes and possible JSN
Grade 3: moderate multiple osteophytes, definite JSN,

some sclerosis, and possible bony end deformity

Grade 4: large osteophytes, marked JSN, severe sclerosis,
and definite bony end deformity

Radiographic OA was defined as K-L grade �2.

Clinical Evaluation

At the long-term follow-up evaluation, the patients were
examined by an independent experienced knee surgeon.
However, in cases where classification was unclear, 2
senior surgeons independently examined patients, and
cases were discussed and agreed upon in each case by con-
sensus. Knee extension was recorded as absolute values for
each knee, and the side-to-side difference (STS) between
knees was graded according to the International Knee Doc-
umentation Committee (IKDC) classification system.16

Normal knee extension should be \3� different from the
noninvolved knee.

Evaluation of knee laxity included arthrometer measures
(KT-1000; MEDmetric), Lachman test, and pivot-shift eval-
uation. The maximum manual difference between knees
was used for analyses of the arthrometer testing.8 A side-
to-side difference was graded according to the IKDC classi-
fication: normal, \3 mm; nearly normal, 3 to 5 mm; abnor-
mal, 6 to 10 mm; severely abnormal, .10 mm.16 The
Lachman test45 was graded accordingly. Anterolateral rota-
tional instability was assessed by the pivot-shift test,12,28

graded as 0 (negative), 1 1 (glide), 2 1 (clunk), or 3 1

(gross)16 or as ‘‘guarding’’ if muscular tension prevented
accurate classification. Abnormal residual knee laxity was
defined as a KT-1000 side-to-side difference .5 mm, a Lach-
man test result �2 1 , or pivot-shift test result �2 1 .

Patient-Related Outcome Measures

A return-to-sports questionnaire was used routinely at fol-
low-ups after surgery.24 Patients were classified into 4 lev-
els of sports participation based on self-reported preinjury
and postoperative levels: elite, high competitive, lower

Unilateral ACLR (n = 360)

Loss to follow-up (n = 103)
Long travel distance: 24

Deceased: 6
Not able to come in contact with: 45

Declined to par�cipate: 28

Surgical exclusions (n = 22)
PCL injury or LCL/MCL surgery: 16

Other (ACL suture, Gore-Tex prosthesis): 6

Knee replacement 
surgery (n = 11)

Included ACLR (n = 235)

ACLR (n = 338) 

Radiographic evalua�on 
(n = 224)

Figure 1. Flowchart of the study participants. ACL, anterior cruciate ligament; ACLR, ACL reconstruction; LCL, lateral collateral
ligament; MCL, medial collateral ligament; PCL, posterior cruciate ligament.
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competitive, and recreational. Elite level was defined as
a professional level of sports or the highest possible
national level of sports participation. Overall successful
return to sports was defined as any sports participation
at one of the defined levels for a minimum of 12 months
after surgery. Return to preinjury level was defined as
return to the same level of participation as before injury.
Return to pivoting sports included team handball, basket-
ball, and soccer.

Lysholm evaluation and Tegner score before surgery,
after 12 months, and after 25 years were acquired.43

Knee injury and Osteoarthritis Outcome Score (KOOS)
was acquired at the median 25-year follow-up. It has
been suggested that 8 to 10 points may represent the min-
imal perceptible clinical improvement of the KOOS.33

Statistical Analysis

Data analyses were performed using SPSS Version 25
(IBM Inc). P \ .05 was considered statistically significant.
Descriptive statistics were calculated. Categorical varia-
bles were presented as numbers or percentages. Continu-
ous variables were presented as median and range when
nonnormally distributed or as mean and standard devia-
tion when normally distributed. The Shapiro-Wilk test
was used to test for normality of data.

Comparison between groups (ie, presence or absence of
radiographic OA) was made with odds ratio analyses,
Mann-Whitney U test, or Kruskal-Wallis test as appropri-
ate. Logistic regression analysis was used to assess the rel-
ative contribution of selected variables on a dichotomous
outcome: presence of radiographic OA (K-L �2) 25 years
after surgery. Multivariate analysis was performed to eval-
uate which factors were significant for predicting the pres-
ence of radiographic OA 25 years after surgery: sex, age at
surgery, time between injury and surgery, medial meniscal
surgery, lateral meniscal surgery, the use of a Kennedy
LAD, or return to preinjury sports.

RESULTS

There were 235 patients available for long-term evaluation
at a median 25 years (range, 20-31) after surgery. At fol-
low-up, 20% of the patients had experienced a contralateral
ACL injury, and 9% had undergone ACL revision surgery
of the ipsilateral knee. The median time between ACL
injury and primary reconstruction was 14 months (range,
0-267). Patient characteristics are presented in Table 1.

A Kennedy LAD was used in 11% of cases while the
mini-open technique was used in 77%. For the remaining,
the procedure was performed arthroscopically assisted.
Medial meniscal surgery was performed in 49% (n = 114)
of patients before, at the time of, or after the ACLR. The
median time between the first medial meniscal surgery
and follow-up was 26 years (range, 2-49). Lateral meniscal
surgery was performed in 32% (n = 75) of patients. The
median time between the first lateral meniscal surgery
and follow-up was 26 years (range, 10-33).

TABLE 1
Patient Characteristics (N = 235)a

No. (%)b

Age at injury, y
Median (range) 22 (12-47)
Mean (SD) 22.9 (6.6)

Age at surgery, y
Median (range) 24 (15-52)
Mean (SD) 25.4 (7.1)

Time, median (range)
Between injury and surgery, mo 14 (0-267)
Between surgery and follow-up, y 25 (20-31)

Male sex 115 (49)
Tegner score before injury, median [range] 7 [4-10]
Participation in pivoting sports before injury 177 (75)

Team handball 67
Soccer 101
Basketball 9

LAD 25 (11)
ACL reconstruction

Arthroscopic 53 (23)
Mini-open 182 (77)

During follow-up
Contralateral ACL injury 48 (20)
ACL revision surgery 20 (9)
Knee replacement surgery 14 (6)

Ipsilateral 11 (5)
Contralateral 3 (1)

K-L radiographic grading at final follow-up
Involved knee 224 (95)

0 47 (20)
1 47 (20)
2 57 (24)
3 57 (24)
4 16 (7)

Contralateral knee 224 (95)
0 135 (57)
1 52 (22)
2 18 (8)
3 17 (7)
4 2 (1)

aACL, anterior cruciate ligament; K-L, Kellgren-Lawrence;
LAD, ligament augmentation device.

bValues are presented as No. (%) unless noted otherwise.

TABLE 2
Meniscal Surgery (Partial Resection) From Preoperative

Evaluation Until Long-term Follow-up (N = 235)a

Meniscal Surgery No. (%)

Medial
Before ACLR 49 (21)
At the time of ACLR 38 (16)
Secondary to ACLR 25 (15)

Lateral
Before ACLR 37 (16)
At the time of ACLR 32 (14)
Secondary to ACLR 11 (5)

aACLR, anterior cruciate ligament reconstruction.

4 Lindanger et al The American Journal of Sports Medicine



The median time between injury and ACLR was 24
months (range, 0-267) in patients who had undergone
medial meniscal surgery, as compared with 5 months
(range, 0-148) in patients not in need of medial meniscal
surgery during the follow-up period (P \ .001). There
was no difference in median time from injury to ACLR
between lateral meniscal surgery and no surgery (median,
11 months [range, 0-267] vs 15 months [range, 0-267]; P =
.49). An overview of the meniscal surgery is presented in
Table 2. At final follow-up, 68% (105/154) of the patients
who had undergone surgery to either meniscus had devel-
oped OA vs 44% (36/81) who did not undergo meniscal sur-
gery (P \ .001).

Clinical Evaluation

Knee Extension. The IKDC grading of knee extension is
presented in Table 3. Of total patients, 54% had a knee
extension deficit at 3-month follow-up and 52% at long-
term follow-up. Surgery attributed to an extension deficit
was performed in 21 patients (9%) after a median 6 months
(range, 1-39) after the ACLR. Extension deficit at the 3-
month follow-up did not increase the odds of having an
extension deficit at long-term follow-up (odds ratio, 1.04
[95% CI, 0.57-1.90]; P = .90). Having an extension deficit
at long-term follow-up increased the odds of having OA
by 2.22 (95% CI, 1.20-4.41; P = .010).

Knee Laxity. The graft laxity evaluation at 1-year and
long-term follow-up is presented in Table 4. Fifteen patients
(12%) were classified as having abnormal residual knee

laxity at the 1-year follow-up, and the odds of having this
residual laxity at long-term follow-up was 5.56 (95% CI,
1.82-16.98). However, 75% of those (27/36) with residual
knee laxity at final follow-up had a normal knee laxity at
the 1-year follow-up (P = .002). Having residual knee laxity
at long-term follow-up was associated with less development
of OA (odds ratio, 0.43 [95% CI, 0.21-0.87]; P = .019).

Radiographic Evaluation

The OA evaluation of the involved and contralateral knees
is presented in Table 1. Sixty percent (141/235) of patients
had OA in the involved knee and 18% (40/227) in the con-
tralateral knee at long-term follow-up (P \ .001). Patients
with a contralateral ACL injury had 3.49 (95% CI, 1.66-
7.39) increased odds of developing contralateral OA at
long-term follow-up as compared with those with an unin-
jured contralateral knee (P = .001). In patients with an
LAD, 76% (n = 19) had developed OA and 8% (n = 2) had
undergone knee replacement surgery at follow-up. The
intra- and interrater reliability test of the radiographic
evaluation using the K-L classification revealed weighted
kappas of 0.9 and 0.8, respectively.

Variables Associated With OA at Long-term Follow-up

The univariate and multivariate analyses of factors associ-
ated with the development of OA at long-term follow-up
are presented in Tables 5 and 6. In the univariate analy-
ses, patients with older age at surgery, increasing time
between injury and surgery, medial meniscal surgery, or

TABLE 3
IKDC Distribution of Knee Extension at 3-Month and Long-term Follow-upa

Normal, \3� Nearly Normal, 3�-5� Abnormal, 6�-10� Severely Abnormal, .10�

Knee extension
At 3 mo (n = 228) 104 (46) 74 (33) 32 (14) 18 (8)
At long-term follow-up (n = 179) 86 (48) 75 (42) 18 (10) 0 (0)

aValues are presented as No. (%). IKDC, International Knee Documentation Committee.

TABLE 4
Knee Ligament Evaluation at 1-Year and Long-time Follow-upa

Follow-up Normal Nearly Normal Abnormal Severely Abnormal

1 y
KT-1000 STS difference (n = 213) 141 (66) 59 (28) 12 (6) 1 (1)
Lachman test (n = 211) 121 (57) 82 (39) 8 (4) 0 (0)
Pivot-shift test (n = 215)b 158 (74) 39 (18) 13 (6) 0 (0)

Long term
KT-1000 STS difference (n = 171) 84 (49) 67 (39) 20 (12) 0 (0)
Lachman test (n = 179) 87 (49) 72 (40) 20 (11) 0 (0)
Pivot-shift test (n = 176)c 87 (49) 51 (29) 28 (16) 1 (1)

aValues are presented as No. (%). STS, side-to-side.
bGuarding (n = 5).
cGuarding (n = 9).
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lateral meniscal surgery were more likely to have devel-
oped OA at long-term follow-up. A trend was also seen
for sex and the use of a Kennedy LAD (P \ .1). Return to
preinjury level of sports after surgery was, however, asso-
ciated with less development of OA (P = .062). In the mul-
tivariate analysis, medial and lateral meniscal surgery
were independently associated with OA development at
long-term follow-up, after adjusting for the aforementioned
variables. The adjusted odds ratio was 1.88 (95% CI, 1.03-
3.43; P = .041) for medial meniscal surgery and 1.96 (95%
CI, 1.05-3.67; P = .035) for lateral meniscal surgery.

Return to Sports

Of total patients, 75% participated in pivoting sports
before injury (see Table 1). Of these, 76% returned to their
pivoting sports (135/177). Overall 178 patients (76%)
returned to any kind of sports, and 115 (49%) returned at
their preinjury level. The median postoperative duration
of sports participation in those who returned to their prein-
jury levels was 8 years (range, 1-25). Return to the prein-
jury level of sports after surgery decreased the odds of
developing OA in univariate analyses by 0.607 (P = .06)
(Table 5).

Subjective Evaluation

Patients presenting with OA had significantly lower KOOS
outcomes for all 5 subscales at long-term follow-up (P \

.001) as compared with those with no significant OA (K-L
\2) (Table 7, Figure 2). In addition, the median Lysholm
score was 10 points lower in the group presenting with
OA vs the group with no significant OA (K-L \2). The
median Lysholm score at preoperative evaluation and after
1-year follow-up was not significantly different between
those who developed OA and those who did not (Figure 3).

DISCUSSION

The main finding of the present study, investigating the
ACL injury outcome at a median 25 years after ACLR,

TABLE 5
Odds Ratio for Developing Osteoarthritis (K-L �2) at the 25-Year Follow-upa

K-L, Median (Range) or No. (%)

Variable \2 (n = 94) �2 (n = 141) Odds Ratio (95% CI) P Value

Age at surgery, y 23 (15-47) 25 (15-52) 1.046 (1.005-1.088) .023
Sex: male vs female 39/55 76/65 0.606 (0.358-1.027) .062
Time

From injury to surgery, mo 11 (0-153) 17 (0-267) 1.010 (1.002-1.018) .011
From ACLR to long-term follow-up, y 25 (22-32) 26 (19-31) 1.003 (0.993-1.013) .588

LAD 6 (6) 19 (13) 2.284 (0.876-5.953) .075
Arthroscopic procedure 25 (27) 28 (20) 0.684 (0.369-1.267) .229
ACL revision surgery 7 (7) 13 (9) 1.262 (0.484-3.291) .631
Return to

Sports 76 (81) 102 (72) 0.619 (0.329-1.166) .132
Preinjury level 53 (56) 62 (44) 0.607 (0.359-1.027) .062

Duration of sport participation at preinjury level, y 8 (1-25) 8 (1-25) 0.999 (0.951-1.049) .967
Meniscal surgery

Medial 33 (35) 81 (57) 2.495 (1.455-4.279) .001
Lateral 23 (24) 52 (37) 1.804 (1.008-3.226) .043

Time from first meniscal surgery to follow-up, mo
Medial 302 (25-380) 309 (47-590) 1.002 (0.998-1.007) .281
Lateral 307 (269-393) 307 (119-389) 0.998 (0.985-1.011) .785

Knee extension deficit at 3-mo follow-upb 44 (48) 80 (58) 1.499 (0.879-2.556) .136
Abnormal residual knee laxity at the 1-y follow-upc 9 (11) 11 (9) 0.800 (0.316-2.025) .640

aACL, anterior cruciate ligament; ACLR, ACL reconstruction; K-L, Kellgren-Lawrence; LAD, ligament augmentation device.
bn = 44/91; n = 80/137.
cn = 9/83; n = 11/124.

TABLE 6
Multivariate Analysis of Factors Associated
With Osteoarthritis (Kellgren-Lawrence �2)

at 25-Year Follow-up (N = 235)

Variable
Adjusted Odds
Ratio (95% CI) P Value

Age at surgery 1.025 (0.978-1.074) .304
Sex 0.777 (0.424-1.424) .414
Time from injury to surgery 1.006 (0.997-1.015) .206
Ligament augmentation device 1.723 (0.619-4.798) .298
Return to preinjury level 0.766 (0.430-1.362) .364
Meniscal surgery

Medial 1.876 (1.026-3.431) .041
Lateral 1.960 (1.048-3.669) .035
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was an OA development rate of 60% (K-L �2) in the
involved knee as opposed to just 18% in the contralateral
knee (P \ .001). Older age at surgery, prolonged time
between injury and surgery, male sex, use of Kennedy
LAD reinforcement, medial meniscal surgery, or lateral
meniscal surgery increased the odds of having developed
OA at long-term follow-up. Return to preinjury level of
sports after surgery was associated with lower odds of
OA development. In the adjusted regression analysis,
medial meniscal surgery and lateral meniscal surgery
were the only variables independently associated with
OA development. Patients who had developed radiographic
signs of OA had significantly lower KOOS and Lysholm
scores at long-term follow-up.

Just a few studies have evaluated the rate of radio-
graphic OA .20 years after ACLR.** The current study
reports results from 235 patients with a median follow-
up of 25 years. Although 60% of the current patients had
developed signs of OA at follow-up, only 36% (including
11 knees that had undergone arthroplasty) had developed
severe OA in the involved knee (K-L grade 3 or 4). Also
using the K-L classification of OA (K-L �2), Risberg
et al,32 Zaffagnini et al,50 and van Yperen et al48 reported
the following rates of OA development 20 years after
ACLR: 42%, 65%, and 80%, respectively. Shelbourne
et al38 evaluated the prevalence in .400 knees at a mini-
mum 20 years after ACLR using a BPTB autograft. In
their study, 29% had an IKDC radiographic rating of
abnormal or severely abnormal, and 65% had an IKDC rat-
ing of less than normal. If we assume that a K-L classifica-
tion �2 is similar but not identical to the IKDC
classification of less than normal, the rate of long-term
development of OA found in our study seems to be in accor-
dance with the study by Shelbourne et al. Costa-Paz et al5

presented results in 72 knees .20 years after ACLR with
a BPTB autograft. In that study, 28% had an IKDC classi-
fication of abnormal or severely abnormal, but 85% were
rated as less than normal. Curado et al7 presented results
in 182 patients .20 years after ACLR (92.8% BPTB auto-

graft). Twenty-nine percent of patients had developed OA
according to the IKDC classification (abnormal or severely
abnormal) and 50% had developed signs of OA. These
results reflect the variations in reports of long-term devel-
opment of OA after ACLR and the challenges in comparing
results across various studies and different radiological
classification systems.4 Although there is high variability
in rates of OA in long-term studies, the conclusion remains
the same: the rate of OA development after ACL surgery is
higher than the expected prevalence rate of a comparable
noninjured knee and often results in ‘‘young patients
with old knees.’’

TABLE 7
KOOS, Lysholm, and Tegner Scores Among Patients

With and Without Radiographic OA
(K-L �2 vs \2) at 25-Year Follow-upa

Score, Median (Range)

Measure OA (n = 130) No OA (n = 91) P Value

KOOS

Pain 80.5 (13.8-100) 97.2 (47.2-100) \.001

Symptoms 73.2 (14.2-100) 89.2 (42.8-100) \.001

Activities of Daily Living 94.1 (25.0-100) 100 (50.0-100) \.001

Sport/Recreation 60.0 (0-100) 90 (15-100) \.001

Quality of Life 56.2 (0-100) 81.2 (18.7-100) \.001

Lysholm 80 (26-100) 90 (52-100) \.001

Tegner 4 (0-9) 4 (0-7) .087

aK-L, Kellgren-Lawrence; KOOS, Knee injury and Osteoarthritis Out-

come Score; OA, osteoarthritis.
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Figure 3. Median Lysholm score at preoperative, 1-year,
and 25-year evaluation related to OA. K-L, Kellgren-Law-
rence; OA, osteoarthritis.

No OA (K-L  <2)

OA (K-L  ≥2)

MPCI

KOOS Subscales

The Knee injury and Osteoarthritis Outcome Score

M
ed

ia
n 

K
O

O
S 

sc
or

es

I

Figure 2. The KOOS at long-term follow-up related to OA.
The MPCI of the KOOS represents a difference of 8 to 10
points. ADL, Activities of Daily Living; K-L, Kellgren-Law-
rence; KOOS, Knee injury and Osteoarthritis Outcome Score;
MPCI, minimal perceptible clinical improvement; OA, osteo-
arthritis; QoL, Quality of Life.

**References 5, 7, 11, 15, 32, 34, 38, 44, 48.
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Several studies have evaluated risk factors for the
development of OA after an ACLR. In the present study,
increasing age at surgery was associated with increased
odds of developing OA in the univariate analyses. This
result is in line with comparable studies.7,38

Elveos et al11 evaluated ACLRs using a BPTB autograft
with and without the Kennedy LAD after 25 years. No signif-
icant difference in outcomes, including the development of
OA, was seen between the groups. In the current cohort,
a Kennedy LAD was used in 11% of patients. The develop-
ment of OA was not statistically higher than in patients with-
out this augmentation, but in the univariate analysis, the
odds of developing OA after 25 years was 2.28 if the Kennedy
LAD was added (P = .075). This trend toward a less favorable
result supports the earlier recommendations to avoid the use
of reinforcement with synthetic bands.2,10,27

The importance of intact menisci to protect against OA
development after ACLR has been noted by several
authors.5,15,30,38 Results of the current study are in line
with these findings, as the odds of developing OA in the
involved knee was 1.9 times as likely in patients with
a medial meniscal resection and 2.0 times as likely in
patients with a lateral meniscal resection. One could also
suspect that the odds of developing OA is related to the
time between injury and surgery, as increasing time until
surgery places the involved knee at risk of reinjury. How-
ever, high-quality evidence supporting this notion is lack-
ing.14 In the current study, the time between injury and
surgery significantly influenced the rate of medial meniscal
surgery, and patients developing OA underwent surgery
later than those with normal radiographs (17 vs 11 months;
P = .011); however, the differences were not significant in
the final regression model. The time until surgery was lon-
ger in the current study than in our current practice (and
others). Furthermore, more effort is now placed on preserv-
ing the menisci. Thus, the rate of meniscal resections in the
current patient series is probably higher than what will be
seen in future long-term studies. This will ideally reduce
the long-term prevalence of OA.

A loss of knee extension after ACLR has been shown to
affect the development of OA.35,39 In the current study,
a loss of knee extension 3 months after surgery was not
unusual, but it did usually resolve with time and was there-
fore not a significant predictor of OA development. In con-
trast with our findings, Shelbourne et al38 noted that if
the knee lacked normal extension at discharge, the odds of
lacking normal extension at follow-up was 19.7. Further-
more, the early extension deficit increased the odds of OA
development. Similar to the current study, their study
revealed that lacking normal knee extension at follow-up
increased the odds of having developed OA at the same
time. However, the loss of knee extension seen at long-
term follow-up is probably due to the development of degen-
erative changes in the knee joint over time and should prob-
ably not be considered a risk factor for OA development.

Early residual knee laxity after ACLR is associated with
increased risk of revision surgery.23 However, the presence
of abnormal residual knee laxity at 12 months or long-term
follow-up did not increase the odds of having developed
long-term OA in this study, as supported by Shelbourne

et al.38 On the contrary, in the current study it seems as
though residual knee laxity could be considered favorable
after 25 years. Because restriction in range of motion is
the natural path in the development of OA, it might affect
knee laxity, causing the knee to become more stable in ante-
roposterior translation and in anterolateral rotation move-
ment over time. Furthermore, a knee with a very tight
ACLR might be at risk of loss of motion over time and hence
develop OA attributed to overconstraint of the knee joint.36

Thus, when residual knee laxity does not cause bothersome
symptoms of instability, it could be considered favorable for
knee function at long-term evaluations.

Oiestad et al29 investigated the association between
return to sports and the risk of developing OA 15 years
after ACLR. Patients who returned to pivoting sports had
lower odds of long-term knee OA and better self-reported
activities of daily living as compared with those who did
not return to sports. These results are in line with the cur-
rent study, as we found that the return to preinjury level of
sports was associated with less development of OA. Ath-
letes who aim for a return to sports after surgery may be
more motivated during the phase of rehabilitation. This
could lead to better restoration of knee stability and func-
tion after surgery and, by this, further improve the long-
term outcome. However, the knee-related causes for not
returning to sports after surgery are potential biases to
this finding, as patients with concomitant injuries (eg,
meniscal or cartilage injuries) are probably less likely to
return to sports after surgery and at the same time have
an increased risk of OA development. This could partially
explain the counterintuitive finding of lower odds of OA
in those who returned to their preinjury levels of sports

In the current study, the KOOS at long-term follow-up
was significantly lower in patients with radiographic OA
(K-L � 2) as compared with patients without significant
OA. The suggested minimal meaningful clinical difference
of 8 to 10 points between groups was reached in all sub-
scales except in activities of daily living. Furthermore,
the Lysholm score was 10 points lower in the group classi-
fied with radiographic OA. Although a direct association
between the subjective scores and the presence of OA on
radiographs cannot be established, this finding unsurpris-
ingly shows that patients with radiographic OA develop-
ment have a less favorable subjective long-term outcome.
Other long-term studies have shown that patients had pro-
gressively lower subjective scores as the level of OA
increased.5,30,38

The strength of the current study is the long follow-up
period (median, 25 years). Furthermore, to our best knowl-
edge, this is one of the largest prospectively held cohorts
after ACLR all performed with a BPTB autograft. How-
ever, long-term studies have some inherent limitations.
The surgical technique and rehabilitation protocol have
evolved over the past 25 years, and the results of the cur-
rent study may therefore be inferior to results from future
long-term studies. Moreover, during the current follow-up,
meniscal injuries were mainly treated with a partial resec-
tion. Today’s shift toward saving the menisci by repair
instead of partial resection may improve the rates of OA
development in the future. Cartilage damage at the time

8 Lindanger et al The American Journal of Sports Medicine



of ACLR or during the follow-up period might affect the OA
development rate. Unfortunately, we were not able to
report the cartilage status, as the data were partially miss-
ing and of poor quality and no classification system for car-
tilage status was established at our clinic when the current
patient cohort underwent surgery. Finally, data on body
mass index were not analyzed.

CONCLUSION

At a median 25 years after ACLR with a BPTB autograft,
60% of patients had developed OA in the involved knee,
and 18% had radiographic signs of OA in the contralateral
knee. Medial meniscal surgery and lateral meniscal sur-
gery were the only variables independently associated
with the development of OA. This finding suggests that
as more effort is placed on saving the menisci by repair
instead of partial resection, the rates of OA development
may improve in the future. Finally, patients who had
developed radiographic OA had significantly lower subjec-
tive scores at long-term evaluation as compared with
patients with normal radiographic evaluation results.
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