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Abstract

Purpose To investigate the differences in the incidence

and severity of knee osteoarthritis (OA), joint space nar-

rowing, knee laxity, and knee flexion and extension

strength between an anterior cruciate ligament (ACL)-

reconstructed knee and the contralateral non-reconstructed

limb.

Methods Retrospective case series of patients from a

single surgeon that had an ACL reconstruction with a

semitendinosus/gracilis autograft more than 12 years ago.

Outcome measures included radiographic analysis, Inter-

national Knee Documentation Committee Subjective Knee

Evaluation Form (IKDC), KT-1000, Tegner Activity Level

Scale, Lysholm Knee Score, ACL quality of life score

(ACL-QOL) and knee flexor/extensor strength.

Results Seventy-four patients consented and sixty-eight

(43 male, 25 female) were included for analysis. Average

age (SD) at the time of surgery was 31.2 (±9.1) years. At

follow-up of 14.6 (1.9) years, 9 % had re-ruptured their

ACL, whereas 5 % ruptured the contralateral ACL.

Reconstructed knees had a greater incidence and severity

of OA (P \ 0.01). Medial meniscus surgery was a strong

predictor of OA. Seventy-five per cent scored a normal or

nearly normal knee on the IKDC. The mean Lysholm score

was 75.8 % and Tegner Activity Level Scale scores

decreased (P \ 0.001) from the time of surgery. Knee

extension strength was greater in the contralateral knee at

speeds of 60�/s (P = 0.014) and 150�/s (P = 0.012).

Conclusions Reconstructed knees have a greater inci-

dence and severity of OA than non-reconstructed knees,

which suggests degenerative changes are secondary to

ACL rupture. Medial meniscus surgery is a strong predictor

of OA. Despite this, 75 % of patients reported good

outcomes.

Keywords ACL reconstruction � Hamstring autograft �
Muscle strength � Osteoarthritis

Introduction

The anterior cruciate ligament (ACL) plays a critical role as

a primary stabilizer of the human knee [5]. Rupture of the

ACL is one of the most common knee injuries with an

annual incidence in the United States of 80,000 tears and a

cost of more than 1 billion dollars to the health care system

[11]. Adolescents and young adults who sustain an ACL

injury are at an increased risk for the development of

osteoarthritis (OA) [3–6, 8, 22, 21, 30], with [50 % of ACL

injured knees demonstrating OA 5–15 years after initial

injury [7, 11, 12, 15, 30, 32]. Reconstruction attempts to

re-establish normal joint kinematics and structural integrity,

while at the same time decreasing the likelihood of suffer-

ing further joint injury or deterioration [14].
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Since 2005, several studies have investigated long-term

results (7 years or greater) of ACL reconstruction [2, 4, 12,

13, 15, 16, 19, 20, 22, 25, 28, 29, 32, 35, 37–40]. However,

ACL reconstruction is an oversimplified description of the

procedure since several variations exist, including, but not

limited to, tunnel placement, graft fixation and type of graft

used to reconstruct the ligament. Current autograft options

include the patellar tendon or the semitendinosus/gracilis

Table 1 Summary of ACL reconstruction studies with long-term follow-up C7 years

References Follow-up Sample size Graft choice Outcome measures from current study

X-ray KT

1000 or

2000

IKDC Lysholm Tegner Strength ACLQOL

Ahn et al. [1] 10.3 (mean) 117 117 BPTB autograft • • • • •
Almqvist et al.

[2]

10.6 (mean) 55 55 TA or TP allograft • • • •

Asik et al. [4] 6.8 (mean) 271 271 HT autograft • • • • •
Gerhard et al.

[9]

16.1 (mean) 63 63 BPTB autograft • • • • •

Kessler et al.

[15]

11.1 (mean) 109:60 op,

49 non-op

BPTB autograft • • •

Leys et al. [18] 15 180 90 BPTB, 90 HT

autograft

• • • •

Lidén et al. [20] 7 (median) 113 72 BPTB and 41 HT

autograft

• • • • •

Melton et al.

[24]

10 (median) 75:35 op,

40

controls

31 BPTB, 4 HT • •

Meunier et al.

[3]

15 (mean) 94:42 op,

52 non-op

32 augc, 10 non-aug,

36 non-op, 16 non-op

with late

reconstruction

• • • •

Mihelic et al.

[26]

17-20 54:33 op,

18 non-op

33 BPTB autograft

(open)

• • • • •

Möller et al.

[28]

11.5 (mean) 56 56 BPTB autograft • • •

Nakata et al.

[29]

11.5 (mean) 61 61 bone-free

allogeniec

• • • •

Nueman et al.

[31]

15 94:22 op,

72 non-op

22 BPTB autograft • • • • •

Pernin et al.

[31]

24.5 100 100 BPTB autograft

with extra-articular

tenodesis

• •a •

Roe et al. [32] 7 120 59 BPTB autograft, 61

HT autograft

• • • •

Sajovic et al.

[30]

11 52 25 BPTB, 27 HT

autograft

• • • •

Struewer et al.

[35]

13.5 (mean) 73 73 BPTB autograft • • • • •

Wipfler et al.

[37]

8.8 53 28 BPTB autograft, 25

HT autograft

•b • • •

Zaffagnini et al.

[40]

8.6 (mean) 79:39 39 single-bundle

autograft, 40 double-

bundle autograft

• • • •

The outcome measures listed in the table are consistent with the current study, but are not necessarily the only outcome measures used in the

referenced study
a An instrumented device other than the KT-1000 or 2000 was used to measure anterior tibial translation
b Magnetic resonance imaging was used for diagnostic imaging of the knee rather than X-ray
c ACL reconstruction was augmented with a strip of the iliotibial band
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(hamstring) tendons [23]. In addition, several allograft

(tissues from cadaver) options are available, including, but

not limited to, patellar tendon, hamstring tendons, Achilles

tendon and tibialis anterior or posterior tendons [7].

Long-term follow-up studies that included patients who

had undergone ACL reconstruction using hamstring ten-

dons, as a case series or compared to bone–patellar tendon–

bone grafts, have been reported [4, 18, 20, 32, 33, 37];

however, the number of patients evaluated beyond 10 years

is limited. The high incidence of OA in long-term studies

of ACL reconstruction [15, 20, 25, 26, 29, 31, 32] and

paucity of information on thigh strength in these patients

[25, 28] motivated the authors to undertake this study

(Table 1). Since major muscle tendons are harvested dur-

ing ACL reconstruction, the authors felt it was imperative

to investigate the thigh strength at long-term follow-up to

determine whether graft site morbidity persists beyond

14 years following surgery. To date, this is the largest

sample size of patients that have undergone strength testing

on long-term follow-up following an ACL reconstruction

with a hamstring autograft.

The primary objective of this retrospective study was to

determine whether ACL-reconstructed knees with a ham-

string autograft have a greater incidence of degenerative

changes compared with the contralateral non-reconstructed

knee. Secondary objectives were to determine whether

there was a difference between the ACL- and non-recon-

structed knees in knee flexion and extension concentric

strength; to determine whether there was an association

between patient quality of life and joint degeneration; and

to identify risk factors that may predispose individuals to

long-term degenerative changes of the knee joint, including

age, gender, body mass index (BMI), time to surgery and

medial/lateral meniscal damage at the time of surgery.

The primary hypothesis of this study was that there is no

difference in the incidence and severity of knee OA in the

ACL-reconstructed limb compared with the contralateral

limb of patients that had surgery more than 12 years ago.

Secondary hypotheses were that there is no difference in

knee laxity and knee flexion and extension strength

between ACL- and non-reconstructed-knees.

Materials and methods

Human research ethics approval was obtained from the

local review board prior to the initiation of any study

activities. All study activities took place at a sports medi-

cine clinic.

This was a retrospective case series of consecutive

patients from a single surgeon. The surgeon is a fellowship

trained orthopaedic sports medicine surgeon with over

20 years of experience. All patients that underwent ACL

reconstruction between 1992 and 1998 were eligible for the

study. Potential patients were identified through a computer

database and medical records reviewed to confirm eligi-

bility. Patients were excluded if they had an ACL recon-

struction or previous knee surgery, other than an

arthroscopic surgery, on either knee.

Surgical procedure

Patients were given a spinal or general anaesthetic. A trans-

tibial tunnel technique was utilized and a four-strand

semitendinosus/gracilis autograft was harvested to recon-

struct the native ACL. Tension was maintained on the graft

while a bioscrew was placed on the guidewire and into the

tibial tunnel. Bioscrews (Linvatec, Largo, FL) were used to

secure the reconstructed ligament in both the femoral and

tibial tunnels. A standardized post-operative rehabilitation

program emphasized early swelling control and knee range

of motion.

Outcome measures

Standardized bilateral weight-bearing radiographs were

obtained for each patient at the commencement of the

assessment appointment. The primary outcome measure

was evidence of OA based on the Kellgren–Lawrence

Scale [16], where 0 = none; 1 = doubtful; 2 = minimal;

3 = moderate; and 4 = severe. This scale takes into

account joint space narrowing, osteophytes and sclerosis.

Bilateral anterior/posterior-, lateral- and notch-view X-rays

were obtained and reviewed by a musculoskeletal-trained

radiologist. The radiologist also reported presence and

severity of joint line narrowing in each of the medial and

lateral compartments as ‘none’, ‘mild’, ‘moderate’ or

‘severe’.

Secondary measures included the following: (1) demo-

graphic information, (2) ACL quality of life subjective

outcome score, (3) Lysholm Knee Scale, (4) Tegner

Activity Level Scale, (5) the International Knee Docu-

mentation Committee (IKDC) clinical assessment form, (6)

anterior tibial translation and (7) concentric knee flexion

and extension strength. The ACL-QOL subjective outcome

score is a self-administered disease-specific questionnaire

developed and validated for patients with ACL deficiency

[27]. The IKDC is a well-referenced knee joint-specific

clinical assessment that includes range of motion, as well

as pertinent clinical tests to evaluate laxity of ACL, PCL,

and medial and lateral collateral ligaments: Lachman’s test,

anterior drawer, posterior drawer, pivot shift and external

rotation (IKDC 2000). It also includes a single hop func-

tional test. The KT-1000 arthrometer (Medmetric Corpo-

ration, San Diego, CA) was used for measuring anterior

tibial translation on the femur [3].
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Concentric isokinetic knee flexion and extension

strength were measured in a seated position from 58 to 858
knee flexion on a Biodex III dynamometer (Biodex Med-

ical Systems Inc., Shirley, NY). After warm-up, three

repetitions were performed for each movement at 60�/s,

150�/s and 240�/s with 20-s rest between speeds. Peak knee

flexion and knee extension torques were determined for

each velocity.

Approval was obtained from the University of Manitoba

Health Research Ethics Board and the Winnipeg Regional

Health Authority Research Access Committee prior to the

initiation of any study activities.

Statistical analysis

Descriptive statistics were generated for demographic data.

Wilcoxon signed-rank tests were performed to evaluate the

differences in Kellgren–Lawrence ratings between knees,

as well as differences between medial and lateral joint line

narrowing. Repeated measures t tests were used to compare

knee laxity, as well as pre-operative and current Tegner

scores. A repeated measures ANOVA was utilized to

compare reconstructed and non-reconstructed knee flexion

and extension strength at all three velocities.

Linear regression was performed to determine the con-

tribution of specific variables in predicting Kellgren–

Lawrence grade in the reconstructed knee. The variables

included the following: present age, age at the time of

surgery, height, weight, BMI, gender, and medial and lat-

eral meniscal damage at the time of surgery. A Pearson

correlation was also conducted to identify the association

between the presence or absence of ACL reconstruction

and OA grade according to Kellgren–Lawrence Scale.

All analyses were performed using SPSS 16.0 (IBM

SPSS, Atlanta, GA). Statistical tests were considered sig-

nificant at a = 0.05.

Results

Investigators made verbal contact with a total of 107 patients.

Thirty-three patients refused to participate (Fig. 1). There-

fore, a total of 74 (69 %) individuals consented to the study.

Ten per cent (7/74) of participants underwent a subsequent

Eligible patients who attended study assessment 
(n=74) 

Patients undergoing ACL reconstruction 
between 1992 and 1998 

 (n=334) 

Verbal communication 
(n=101)

Patients who opted out 
(n=33)

Patients who had undergone 
previous knee surgery 

(Excluded:  n=4) 

Patients with current contact information 
(n=173) 

Patients with no current 
contact information 

(n=157) 

Fig. 1 Flow diagram of

patients screened and consented
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ACL revision, while an additional five per cent (4/74) had an

ACL reconstruction on the opposite leg following initial

injury. Participants that had an ACL rupture of the opposite

leg were excluded from the analysis. One patient was

excluded for having a previous ACL reconstruction and high

tibial osteotomy and another for an ongoing workers com-

pensation claim. Therefore, 68 patients (43 male, 25 female)

were included in the analysis.

The mean (SD) age of participants at the time of initial

surgery was 31.2 (9.1) years and at the time of follow-up

was 45.8 (9.2) years. The mean number of years since

surgery was 14.6 (1.9). The average BMI at the time of

follow-up was 28.5 (4.7). Forty-six per cent (31/68) of

participants underwent reconstruction of the right knee and

54 % the left.

Radiological findings

The frequency distribution of Kellgren–Lawrence grades

for reconstructed and non-reconstructed knees is presented

in Fig. 2. Six per cent of non-reconstructed knees had

normal radiological findings; however, 95 % demonstrated

a Kellgren–Lawrence grade of 1 or greater. All recon-

structed knees had a Kellgren–Lawrence grade of 1 or

greater with a higher percentage of knees demonstrating

Grade 3 changes (19 %) compared with non-reconstructed

knees (4 %). Reconstructed knees presented with increased

arthritic changes compared to the contralateral side

(P = 0.001). Reconstructed knees had increased medial

(P \ 0.001) and lateral (P \ 0.01) joint line narrowing

compared with the non-reconstructed side (Fig. 3). Medial

joint space narrowing was more prevalent than lateral

(P \ 0.001) joint space narrowing for both reconstructed

and non-reconstructed knees.

Clinical assessment

International Knee Documentation Committee (IKDC)

clinical assessment scores are presented in Fig. 4 with

65 % (44/68) of participants attaining Grade B. Ligament

laxity was 7.2 mm (2.7) for the reconstructed side and

6.2 mm (1.8) for the non-reconstructed side. The difference

in laxity, as measured by the KT 1000, between the

reconstructed side and non-reconstructed side was statisti-

cally significant (difference = 1.0; 95 % CI = 0.2–1.8;

P = 0.02), although this difference is not considered

clinically significant [3].

Knee flexor and extensor strength

Mean (SD) side-to-side knee flexion and extension strength

are presented in Table 2. Knee extension strength was

greater in the contralateral knee at speeds of 60�/s

[reconstructed = 113.9 N/m, contralateral = 120.9 N/m;

difference = 7.0 N/m (95 % CI’s = 1.5, 12.5), P = 0.01]

and 150�/s (reconstructed = 81.6 N/m, contralateral =

86.2 N/m; difference = 4.6 N/m; 95 % CI’s = 1.1, 8.22;

P = 0.01). Conversely, there were no differences between

limbs in knee flexion strength at 60�/s (P = n.s.), 150�/s

(P = n.s.) or 240�/s (P = n.s.).

Subjective assessment

The mean (SD) Lysholm score was 76.7 (15.4), 5 (7.5 %)

patients scored[91, 32 patients (47 %) 81–90, 15 patients

(22 %) 71–80 and 16 patients (24 %) below 70. Partici-

pants reported a decrease in activity level based on the

Tegner Activity Level Scale (P \ 0.001). The median pre-

operative score was 7 (range = 3–10) and score at long-

term follow-up was 5 (range = 1–9). The mean ACL-QOL

score was 67.4 % (24.0).
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In terms of sporting activity, 23 % (15/64) of partici-

pants reported involvement in light sports, 19 % (12/64) in

moderate, 1 % (1/64) in moderate and light, and 5 % (3/64)

in moderate and contact sports. Fifty-two per cent (33/64)

were not involved in any sports.

Factors related to degenerative changes

Potentially relevant variables were included in a regression

analysis in an attempt to identify variables that predict

Kellgren–Lawrence grade in the reconstructed knee.

Medial meniscal surgery (repair or partial meniscectomy)

was the only variable found to be a statistically significant

predictor (P = 0.012). The presence of joint degeneration,

based on Kellgren–Lawrence grade, was found to be sig-

nificantly correlated with ACL reconstruction (r = 0.366;

P = 0.005). In other words, ACL-reconstructed knees were

associated with higher (worse) Kellgren–Lawrence grades.

Discussion

The most important finding of this study was that recon-

structed knees had a greater incidence and severity of OA

than the non-reconstructed side. Medial meniscal surgery

(repair or partial meniscectomy) was a strong predictor of

OA. Although activity level decreased compared to pre-

surgery levels, clinical and subjective outcome measures

demonstrated that most patients were satisfied with the

surgical outcome and quality of life. Despite harvesting of

the semitendinosus and gracilis tendons for the ACL graft,

there was no difference in knee flexor strength between the

reconstructed and non-reconstructed limbs. However, knee

extension strength was decreased in the reconstructed limb

compared with the non-reconstructed knee at 60�/s and

150�/s, but not at 240�/s.

Results of the present study demonstrated that in this

cohort of hamstring tendon ACL reconstructions, recon-

structed knees demonstrate a greater incidence and severity

of OA than the control knee. In addition, within ACL-

reconstructed knees, medial joint line narrowing was more

prevalent than joint space narrowing on the lateral side.

Nakata et al. [29] demonstrated that 25 (41 %) patients that

had an ACL allograft reconstruction 10 years earlier pre-

sented with radiographic evidence of OA. However, there

was a greater incidence of joint degeneration in the lateral

compartment (33 %) compared with the medial compart-

ment (15 %), which is in contrast to our study and others [2].

Shorter-term follow-up studies have showed a very low

incidence of OA in ACL-reconstructed knees at 10- [1] and

7-year post-operatively [4, 20]. Although there is a large

variation in the incidence, severity and location of OA in

ACL-reconstructed knees at long-term follow-up, menis-

cectomy has been shown to be a very strong predictor of OA

[25, 29–31]. OA has been demonstrated in both ACL-defi-

cient and ACL-reconstructed knees in longer than 10-year

follow-up. Reconstructing the ACL has not been shown to be

protective against preventing joint degeneration.

International Knee Documentation Committee (IKDC)

assessments at long-term follow-up demonstrated that

75 % of patients had normal and nearly normal knees

which is consistent with other findings, 80 % [2] and 76 %

at 11.5 years [31]. In all three studies, less than 20 % of

patients had abnormal knees and 10 % or fewer had
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Fig. 4 Frequency distribution of participants with respect to IKDC

knee assessment scores

Table 2 Mean difference between non-reconstructed and reconstructed knee flexion and extension concentric isokinetic strength

Muscle action Velocity (�/s) Mean diff SD SEM 95 % CI of difference P value

Lower Upper

Extension 60 7.0 21.8 2.8 1.5 12.5 0.014*

150 4.6 13.9 1.8 1.1 8.2 0.012*

240 2.7 10.9 1.4 -0.1 5.5 n.s.

Flexion 60 -3.8 15.4 2.0 -7.7 0.1 n.s.

150 -2.4 10.5 1.4 -5.1 0.3 n.s.

240 -0.3 11.6 1.5 -3.3 2.6 n.s.

* Significant mean difference (P \ 0.05)
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severely abnormal knees. In contrast, 99 % of patients that

had bone-free allogeneic tendon grafts have reported nor-

mal or nearly normal knees at greater than 10-year follow-

up [29]. Although the long-term natural history of ACL-

reconstructed knees has yet to be determined, IKDC scores

at 24.5-year post-surgery have indicated that normal knees

remain normal, but nearly normal knees degrade to an

abnormal or severely abnormal status [28]. This is cause

for concern since more than 75 % of knees that were nearly

normal at an 11.5-year follow-up had degraded to abnormal

or severely abnormal 13 years later [31].

Using a hamstring graft for ACL reconstruction did not

result in decreased knee flexion strength at a mean of

14.6 years following surgery. Although Nakata et al. also

assessed leg strength at long-term follow-up, a statistical

analysis was not performed and strength was only tested at

a slow speed of 60 /s. Our results showed that knee

extension strength of the ACL-reconstructed knee was

decreased compared to the contralateral control limb. This

is in agreement with Nakata et al., but again, a statistical

analysis was not performed. Decreased quadriceps strength

has been demonstrated almost immediately after ACL

rupture [6] and at 5-year post-operatively [17]. To date,

there is no mechanistic explanation as to why this muscle

group decreases in strength and size following ACL injury.

Decreased quadriceps strength and size may be a protective

mechanism since contraction of the quadriceps muscle

group causes anterior tibial translation with respect to the

femur, which would stress the reconstructed ACL.

At long-term follow-up, ACL-reconstructed patients had

a median score of 5 on the Tegner Activity Level Scale

which was 2 points lower than the median score of 7 at the

time of surgery. Several long-term follow-up studies have

demonstrated a similar decrease in activity level years after

surgery [2, 20, 26]. This suggests that patients continue to

play sports like soccer, rugby, hockey, etc., but do so at a

recreational level compared to a competitive level at the

time the injury occurred. However, Zaffagnini et al. [40]

have demonstrated that non-anatomical double-bundle

hamstring autograft resulted in less of a decrease in Tegner

Activity Level Scale scores compared to lateralized single-

bundle bone–patellar tendon–bone autograft [40]. Given

the average age at the time of injury and then at the time of

follow-up, the decrease in activity may be more a reflection

of lifestyle change and not decreased function.

Anterior cruciate ligament (ACL) quality of life score

was approximately 67 at long-term follow-up which is

similar to three-year follow-up results (67) of ACL-

reconstructed patients randomized to a physical therapy-

supervised rehabilitation protocol versus a home-based

program [8].

There are several limitations to this study. A recruitment

bias may have been present since 72 of the patients with

current contact information did not respond to our request.

In addition, 33 patients that were contacted opted not to

participate in the study. Therefore, study participants that

did consent to the study may have had more favourable

outcomes than those that did not. Subjective outcome

scores used in this study have all been validated; however,

the validity and reliability of these outcome measures was

determined at a shorter time of follow-up and does not

necessarily ensure these scores are valid and reliable in the

long term. All surgeries were performed by one surgeon,

which can be interpreted as either a strength or weakness of

the study.

Conclusion

To our knowledge, this is the longest follow-up reported on

the largest sample size of patients that had an ACL

reconstruction with a semitendinosus/gracilis autograft by

a single surgeon. At a mean of 14-year post-operative,

ACL-reconstructed knees demonstrated a higher incidence

and severity of OA than control knees, more so in patients

that also had a medial meniscus repair or excision. How-

ever, despite a higher incidence of OA on the reconstructed

knee, most participants were satisfied with the surgical

outcome and current quality of life. Despite harvesting

semitendinosus/gracilis tendons, knee flexor strength was

not compromised and participants remained active. The

higher incidence of OA in the reconstructed knee is cause

for concern and should be investigated further to determine

when this sequelae of events is initiated, and whether it can

be prevented.
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