
OA was present in 20 (52.6%) patients, with 17 (44.7%) symptomatic 
at final follow-up. OA of the medial compartment was the most 
frequent, with 26 (68.4%) patients. A significant difference was found 
in progression to radiographic OA in BPTP and STG groups: 12/16 
(75%) and 8/22 (36.4%) respectively; as well as in symptomatic OA, 
11/17 (64.7%) and 6/17 (35.3%) respectively. Similarly, the results of 
function and satisfaction levels were superior in STG group (KOOS 
86.05, Tegner 5, VAS 8.1) than in BPTB group (KOOS 64.38, Tegner 
4, VAS 6.3).
This study shows that ACL reconstruction did not protect the knee 
from secondary OA at 8 years of follow-up. The study also showed 
that graft type can affect the risk of radiographic and symptomatic 
progression to OA.
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INTRODUCTION
ACL tear is a devastating injury with potential both short and long 
term complications. 
    It’s reconstruction is one of the most common orthopaedic 
procedures, with an incidence that can reach 60 per 100 000 and 
sport activities athletes more affected[1,2]. 
    Short-term knee functional impairment is successfully addressed 
with ACL reconstruction and rehabilitation. The goal of ACL 
reconstruction is to restore joint stability, with secondary benefits 
with restoration of normal joint kinematics, decrease stress on the 
menisci and chondral surfaces[3]. However, the development of OA 
still prevalent[4], and the long-term consequences of ACL injury 
and the role of ACL reconstruction towards fully restoring knee 
biomechanics and potentially preventing cartilage degeneration post-
traumatically is surrounded with controversy[5,6].
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ABSTRACT
The aim of this study was to evaluate the radiological progression 
to knee osteoarthritis (OA), including compare the results of 
semitendinous and gracilis (STG) and bone-patellar tendon-bone 
(BPTB) grafts. This is a retrospective study that assessed patients 
submitted to anterior cruciate ligament (ACL) reconstruction with 
more than 8 years follow-up, between 2005 and 2011. Tegner activity 
scale, Knee Injury and Osteoarthritis Outcome Score (KOOS), 
and Visual Analogue Scale (VAS) were used to evaluate patient 
perceptions of symptoms and function. The degree and location of 
OA were evaluated according to Kellgren and Laurence classification. 
Progression to radiographic Knee OA was assessed according to 
Felson et al. and symptomatic patients were identified. We evaluate 
38 patients with history of ACL reconstruction, with a mean follow-
up time of 9.86 years. 22 (57.9%) patients were submitted to STG 
and 16 (42.1%) to bone-patellar tendon-bone grafts. Radiographic 



    Reconstructed knees appears to lead to more cases of OA 
compared to healthy non injured knees, according to the majority 
of the authors[4,7]. However, the cause of OA is multifactorial, and 
long-term outcomes after an ACL injury can be largely influenced by 
the presence of associated injuries, such as meniscus and cartilage 
injuries, as well as a high body mass index (BMI)[8,9,10]. 
    The BPTB graft has also been mentioned has a possible risk 
factor for worse outcomes regarding of patella infera and to cause 
patellofemoral problems, namely kneeling, compared with hamstring 
tendon graft[11,12].
    On the other hand, the role of several factors are unclear: age at 
surgery, mean time between ACL tear to surgery and time from 
surgery and the development of OA. 
    The aim of this study was to evaluate the radiological outcome 
and progression of knee OA, including to compare the results of 
hamstrings and patellar tendon grafts. Similarly, the authors pretend 
to evaluate the effects of length of time after surgery and preoperative 
time from injury to surgery. 
   Therefore the authors attempt to answer whether ACL injury leads 
to OA and whether ACL reconstruction can prevent it.

MATERIALS AND METHODS
This is a retrospective study that assessed patients submitted to ACL 
reconstruction with STG or BPTB grafts, with more than 8 years 
follow-up, between 2005 and 2011. 
    All patients had a traumatic ACL injury with instability and were 
previously healthy in both knees, with no radiological signs of OA. 
    Patients who had prior ACL surgery, history of a cartilage  
procedure or who had concomitant knee ligament injury were 
excluded from the study. Similarly, were excluded patients who 
underwent a major knee surgery during the follow-up period.
    Surgical method, graft type and source, associated menisci or 
articular cartilage injury, and associated surgical procedures were 
obtained from a review of patients records.
    The ACL reconstruction procedure was performed with the 
patient in the supine position. The injured knee was examined under 
anesthesia to confirm the diagnosis. A padded tourniquet was placed 
high on the operative thigh. Routine diagnostic arthroscopy was done 
to verify ACL rupture and to address associated meniscal or chondral 
injuries.
    In bone-tendon-bone reconstruction technique, an 8 cm 
longitudinal incision was made with the knee flexed to 90°, from 
the inferior pole of the patella to approximately 2 cm distal to 
the tibial tubercle, along the medial aspect of the patellar tendon. 
Dissection was carried through the subcutaneous tissue to the patellar 
paratendon, that was then incised longitudinally along the mid-
portion of the patellar tendon. A 10 mm, middle-third patellar tendon 
autograft, with 25-mm bone plugs at either end was obtained. The 
bone fragments were roundly edged, and sizing tubes used to confirm 
appropriately size.
    Soft tissues were cleaned including ACL remnants, to identify 
the resident ridge and the posterior articular cartilage of the lateral 
condyle of the femur. An inside-out technique was performed with 
the knee in maximal hyperflexion and a guide pin was placed through 
the medial portal into the medial aspect of the lateral femoral condyle 
at the ACL footprint, and driven out the lateral aspect of the leg 
through the skin. This was over reamed to a predetermined distance 
depending on the chosen graft fixation technique.
    The tibial drill guide was placed through the anteromedial portal, 
at the ACL tibial footprint in line with the medial tibial spine. The 
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external portion of the guide was positioned at anteromedial tibia 
(midway between the anterior tibial tuberosity and the medial tibial 
joint line), generally calibrated in a 45° angle, and tibial tunnel was 
drilled.
    A passing suture was used to pass the graft trough bone tunnels, a 
femoral interference screw was advanced, appropriate tension to the 
sutures on tibial plug was applied before tibial interference screw was 
advanced.
    In the ACL hamstring reconstruction technique, gracillis and 
semitendinous tendons were prepared and looped to create a 
quadrupled graft. An inside-out femoral tunnel drilling technique 
was performed with a cortical suspension device. The guidewire 
was advanced through the femoral cortex and overdrilled to 4.5-mm. 
The tibial and femoral tunnels were created similarly to the method 
used for the patellar tendon graft, the size of the drill bit was selected 
according to the graft size. 
    The tunnels were reamed to the corresponding diameter of the 
larger end of the quadrupled graft, with a femoral depth that allow 
the desired graft-to-tunnel interface, typically around 25 mm. An 
ethibond suture loop was placed through both tunnels to pull femoral 
fixation device through the tibial tunnel, joint space and femoral 
tunnel, exiting the cortex. Finally the tibial cortex was tapped and an 
interference screw was used for tibial fixation.
    All subjects underwent an immediate rehabilitation program 
protocol after the first day of the surgery, articular range of motion 
0°-90° for the first 3 weeks, and then 0-120° as tolerated. A brace was 
used, locked at full extension only for weight bearing initially.
    Tegner activity scale was used to measure the type and level of 
leisure time, walking, and sporting activities and KOOS was used to 
evaluate patient perceptions of symptoms and function. A VAS was 
used to access knee pain.
    Standard radiographic assessment was performed in both knees, 
through anteroposterior (AP) view in standing position, lateral (30 
degrees of knee flexion) and patellar axial views. On the other hand, 
the degree and location of OA according to Kellgren and Laurence 
classification were assessed preoperatively by AP and lateral 
radiographs, and at the final follow-up. 
    All radiographs were evaluated by a senior knee surgeon and were 
classified according to the Kellgren and Lawrence (K-L) grading 
scale. Progression to radiographic knee OA was assessed according 
to Felson et al[13], using Kellgren and Lawrence grade 2 (significant 
osteophytes and/or cartilage reduction up to 50%), as the cut-off for 
the presence of osteoarthritis. We used changes from K-L0 or K-L1 
to K-L ≥ 2 from the total follow-up as new onset of OA. 
    To identify symptomatic OA, we used a previously published 
definition according to the KOOS combined with radiological 
results. A patient with a KOOS below a threshold on any parameter 
has a symptomatic knee: 86.1 for pain, 85.7 for symptoms, 86.8 for 
function and daily living, 85.0 for function, sports and recreational 
activities, 87.5 for quality of life. Symptomatic OA was defined based 
on this subgroup of patients with radiological OA[14].
    Clinical evaluation included knee range of motion with a 
goniometer, and instability, with anterior drawer and Lachman tests at 
final follow-up. Similarly, time to return to activities of daily living, 
to work and to sports were recorded. 
 

RESULTS
Sample Characteristics
One hundred twenty-three patients had been treated with ACL 
reconstruction between 2005 and 2011, and only 38 subjects (31%) 
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consented to participate at the follow-up revision, with a mean 
follow-up time of 9.86 years (SD 1.28).
    The mean age at time of injury was 28.7 (SD 8.29) with 34 males 
(89.5%) and 4 females (10.5%). 23 (60.5%) patients had a right knee 
injury, and 15 (39.5%) a left knee. 35 (92.1%) patients had been 
submitted to surgery more than 6 months after injury.
    22 (57.9%) patients were submitted to an ACL-reconstruction with 
hamstrings graft and 16 (42.1%) with patellar tendon.
    Only three patients were submitted to surgery in the first 6 months 
after injury. Therefore, we couldn’t analyze the variable time to 
surgery.

Prevalence of OA
Radiographic OA was present in 20 (52.6%) patients, with 17 
(44.7%) symptomatic at final follow-up.
    Of those patients with radiographic progression to OA, medial 
compartment involvement was the most frequent, with 14 (70.0%) 
patients, followed by anterior compartment [3 (15.0%)], lateral 
compartment [1 (5.0%)] and tricompartimental OA [2 (10.0%)].
    When we analyze separately the group of patients based on graft 
types, we found a statistical significant difference between the two 
groups, with 12/16 (75%) and 8/22 (36.4%) of radiographic OA 
criteria in OTO and STG group respectively (p = 0.019).
    Of those patients with symptomatic OA, 6/17 (35.3%) and 
11/17 (64.7%) belongs to STG and OTO group respectively, with a 
statistical significant difference (p = 0.011).

Function and satisfaction scores
Table 1 resumes functional and satisfaction results. The mean KOOS 
was 76.92 (SD 22.37), with 64.38 (SD 23.11) for OTO group and 
86.05 (SD 17.13) for STG group. 
    The mean Tegner score was 6.08 (SD 1.38) and 4.71 (SD 1.71) 
before injury and at final follow-up, respectively. For BPTB group 
the values varied from a mean of 5.88 (SD 1.09) before and 4.25 (SD 
1.57) after surgery at final follow-up, and for STG varied from 6.23 
(SD 1.57) to 5.04 (SD 1.76).
    Mean VAS was 7.34 (SD 2.13) at final follow-up, with 8.10 (SD 
1.63) for STG and 6.31 (SD 2.36) for BPTB groups.
    We do not have data for associated lesions, namely meniscal 
ruptures, or osteochondral lesions due to information loss in clinical 
records. 

DISCUSSION
Our study shows that ACL reconstruction did not protect knee from 
secondary OA at 8 years follow-up. This findings are supported by 
the literature[4,15], the incidence of OA post-ACL reconstruction are 
very high, it can reach 47% at 7 years follow-up, and 80% at 15 
years[10,16,17,18].
    It also showed that graft type can affect the risk of radiographic 
and symptomatic progression to OA. BPTB graft can be related to 
a worse functional and satisfaction outcomes compared to STG. 
Sajovic et al, as well as other papers, found a higher prevalence 
of OA in BPTB reconstructions and a significantly more frequent 
positive pivot-shift test in this group[11,12,16,19]. For this reason, we 
gradually lost surgical experience with BPTB graft procedure, which 
could be an important factor in the worse outcome of this patients.
    The majority of patients had OA progression at final follow-up, 
being the medial compartment the most frequently affected. This 
findings were presented in other studies, namely Barenius B et al[11,20].
    No conclusions could be taken regard the effect of time between 

injury and ACL reconstruction on the prevalence of OA, due to the 
small group of patients (only 3), that had been submitted to surgery 
lesser than 6 months after injury. However, results from the literature 
establish an increasing frequency of meniscus injuries with increasing 
time between injury and surgery and the effect of meniscus resection 
on OA[21]. There is also data in literature suggesting an increased 
risk of OA among patients with longer times between injury and 
reconstruction[22].
    The reason for the variation between studies in the prevalence 
of OA after ACL reconstruction appears to be multifactorial, as are 
different treatment regimens, different times to follow-up, different 
study populations, different OA grading systems and other factors 
such as bone mass index and age.
    Currently, there is a broad consensus in the literature about 
increased prevalence of knee osteoarthritis after an ACL 
reconstruction over the time, including level I studies and meta-
analysis[23,24].
    Despite the limitations associated with the surgical management, it 
is considered the “gold standard” of care in young active adults that 
desire to return to pre-injury activity. The non-operative management 
are associated with poor functional outcome with an increased risk of 
secondary ACL and meniscus surgery[25,26]. 
    An important limitation of this study was the lack of information 
regard associated lesions, namely meniscal ruptures and osteochondral 
lesions at the time of surgery. This did not allow to evaluate their role 
as risk factors to radiologic and clinical knee OA progression. On 
the other hand, we have a limited number of patients that agreed to 
participate in the study, which can interfere with the results.

CONCLUSION
ACL reconstruction did not protect knee from secondary radiographic 
and clinical OA at 8 years follow-up, being the medial compartment 
the most frequently affected. In our experience, BPTB graft can be 
related to a worse functional and satisfaction outcomes compared 
to STG. Despite the limitations associated with the surgical 
management, it is the “gold standard” of care in young active adults 
that desire to return to pre-injury activity. 

REFERENCES
1.	 Mall NA, Chalmers PN, Moric M, Tanaka MJ, Cole BJ, Bach 

BR,  Paletta GA. Incidence and trends of anterior cruciate 
ligament reconstruction in the United States.  Am J Sports 
Med   2014;  42 :  2363-2370.  [PMID: 25086064];  [DOI: 
10.1177/036354651454279].

2.	 Prodromos CC, Han Y, Rogowski J, Joyce B, Shi K. A meta-
analysis of the incidence of anterior cruciate ligament tears 
as a function of gender, sport, and a knee injury-reduction 

Table 1 Functional and satisfaction results.

Variables Mean ± SD

Total KOOS 76.92 ± 22.37

     KOOS other symptoms 76.26 ± 22.35

     KOOS pain 78.89 ± 22.21

     KOOS activities of daily living 83.47 ± 19.69

     KOOS sports and recreation 62.94 ± 32.38

     KOOS knee related quality of life 57.41 ± 35.35

Tegner before injury 6.08 ± 1.38 (3-9)

Tegner final follow-up 4.71 ± 1.71 (2-9)

VAS 7.34 ± 2.13 (2-10)



versus patellar tendon-bone autograft: a randomized study with 
10-year follow-up. Am J Sports Med. 2010; 38(3): 448-454. 
[PMID: 20097928]; [DOI: 10.1177/0363546509350301].

16.	 Järvelä T, Paakkala T, Kannus P, Järvinen M. The incidence of 
patellofemoral osteoarthritis and associated findings 7 years after 
anterior cruciate ligament reconstruction with a bone-patellar 
tendon-bone autograft. Am J Sports Med 2001; 29: 18-24. [PMID: 
11206250]; [DOI: 10.1177/03635465010290010701].

17.	 Oiestad BE,  Holm I, Aune AK,  Gunderson R,  Myklebust 
G, Engebretsen L, Fosdahl MA, Risberg MA. Knee function and 
prevalence of knee osteoarthritis after anterior cruciate ligament 
reconstruction: a prospective study with 10 to 15 years of follow-
up. Am J Sports Med 2010; 38: 2201-2210. [PMID: 20713644]; 
[DOI: 10.1177/0363546510373876].

18.	 Salmon LJ,  Russell VJ,  Refshauge K,  Kader D,  Connolly 
C,  Linklater J,   Pinczewski LA.  Long-term outcome of 
endoscopic anterior cruciate ligament reconstruction with 
patellar tendon autograft: minimum 13-year review.  Am J 
Sports Med 2006; 34: 721-732.  [PMID: 16399931]; [DOI: 
10.1177/0363546505282626].

19.	 Sajovic M, Strahovnik A, Dernovsek MZ, Skaza K. Quality of life 
and clinical outcome comparison of semitendinosus and gracilis 
tendon versus patellar tendon autografts for anterior cruciate 
ligament reconstruction: an 11-year follow-up of a randomized 
controlled trial. Am J Sports Med. 2011; 39(10): 2161-2169. 
[PMID: 21712483]; [DOI: 10.1177/0363546511411702].

20.	 Lohmander LS, Ostenberg A, Englund M, Roos H. High 
prevalence of knee osteoarthritis, pain, and functional limitations 
in female soccer players twelve years after anterior cruciate 
ligament injury. Arthritis Rheum. 2004; 50(10): 3145-3152. 
[PMID: 15476248]; [DOI: 10.1002/art.20589].

21.	 Shelbourne KD, Urch SE, Gray T, Freeman H. Loss of normal 
knee motion after anterior cruciate ligament reconstruction is 
associated with radiographic arthritic changes after surgery. Am 
J Sports Med. 2012; 40(1): 108-113. [PMID: 21989129]; [DOI: 
10.1177/0363546511423639].

22.	 Liden M, Sernert N, Rostgard-Christensen L, Kartus C, Ejerhed 
L. Osteoarthritic changes after anterior cruciate ligament 
reconstruction using bone–patellar tendon–bone or hamstring 
tendon autografts: a retrospective, 7-year radiographic and clinical 
follow-up study. Arthroscopy. 2008; 24(8): 899-908. [PMID: 
18657738]; [DOI: 10.1016/j.arthro.2008.04.066].

23.	 Mark E. Cinque, Grant J. Dornan, Jorge Chahla, Gilbert Moatshe, 
Robert F. LaPrade. High Rates of Osteoarthritis Develop After 
Anterior Cruciate Ligament Surgery: An Analysis of 4108 Patients. 
The American Journal of Sports Medicine. 2018 Jul; 46(8): 2011-
2019. [PMID: 28982255]; [DOI: 10.1177/0363546517730072].

24.	 Bjorn Barenius, Sari Ponzer, Adel Shalabi, Robert Bujak, Louise 
Norlén, Karl Eriksson. Increased Risk of Osteoarthritis After 
Anterior Cruciate Ligament Reconstruction: A 14-Year Follow-
up Study of a Randomized Controlled Trial. 2014. The American 
Journal of Sports Medicine; 2014 May; 42(5): 1049-57. [PMID: 
24644301]; [DOI: 10.1177/0363546514526139].

25.	 Fithian DC, Paxton EW, Stone ML, Luetzow WF, Csintalan 
RP,  Phelan D,  Daniel DM.  Prospective trial of a treatment 
algorithm for the management of the anterior cruciate ligament-
injured knee.  Am J Sports Med  2005; 33: 335-346. [PMID: 
15716249]; [DOI: 10.1177/0363546504269590].

26.	 Kessler MA, Behrend H, Henz S, Stutz G, Rukavina A, Kuster 
MS. Function, osteoarthritis and activity after ACL-rupture: 11 
years follow-up results of conservative versus reconstructive 
treatment. Knee Surg Sports Traumatol Arthrosc 2008; 16: 442-
448. [PMID: 18292988]; [DOI: 10.1007/s00167-008-0498-x].

1192

Oliveira M et al.  Osteoarthritis and acl reconstruction

regimen. Arthroscopy 2007; 23: 1320-5 e6. [PMID: 18063176]; 
[DOI: 0.1016/j.arthro.2007.07.003].

3.	 Louboutin H, Debarge R, Richou J, Selmi TA, Donell ST, Neyret 
P, Dubrana F. Osteoarthritis in patients with anterior ruciate 
ligament rupture: a review of risk factors. Knee. 2009; 16(4): 239-
244. [PMID: 19097796]; [DOI: 10.1016/j.knee.2008.11.004].

4.	 Øiestad BE, Holm I, Engebretsen L, Risberg MA. The association 
between radiographic knee osteoarthritis and knee symptoms, 
function and quality of life 10-15 years after anterior cruciate 
ligament reconstruction. Br J Sports Med. 2011; 45(7): 583-588. 
[PMID: 20647299]; [DOI: 10.1136/bjsm.2010.073130].

5.	 Meunier A, Odensten M, Good L. Long-term results after primary 
repair or non-surgical treatment of anterior cruciate ligament 
rupture: a randomized study with a 15-year follow-up. Scand J 
Med Sci Sports. 2007; 17(3): 230-237. [PMID: 17501866]; [DOI: 
10.1111/j.1600-0838.2006.00547.x].

6.	 Oiestad BE, Engebretsen L, Storheim K, Risberg MA. Knee 
osteoarthritis after anterior cruciate ligament injury: a systematic 
review. Am J Sports Med. 2009; 37(7): 1434-1443. [PMID: 
19567666]; [DOI: 10.1177/0363546509338827].

7.	 Wipfler B, Donner S, Zechmann CM, Springer J, Siebold R, 
Paessler HH. Anterior cruciate ligament reconstruction using 
patellar tendo versus hamstring tendon: a prospective comparative 
study with 9- year follow-up. Arthroscopy. 2011; 27(5): 653-665. 
[PMID: 21663722]; [DOI: 10.1016/j.arthro.2011.01.015].

8.	 Ryan T. Li, Stephan Lorenz, Yan Xu, Christopher D. Harner, 
Freddie H. Fu and James J. Irrgang. Predictors of Radiographic 
Knee Osteoarthri t is  After  Anterior  Cruciate Ligament 
Reconstruction. Am J Sports Med 2011; 39: 2595. [PMID: 
22021585]; [DOI: 10.1177/0363546511424720].

9.	 Keays SL, Newcombe PA, Bullock-Saxton JE, Bullock 
MI, Keays AC. Factors involved in the development of 
osteoarthritis after anterior cruciate ligament surgery. Am J 
Sports Med. 2010; 38(3): 455-463. [PMID: 20051501]; [DOI: 
10.1177/0363546509350914].

10.	 Li RT, Lorenz S, Xu Y, Harner CD, Fu FH, Irrgang JJ. Predictors 
of radiographic knee osteoarthritis after anterior cruciate ligament 
reconstruction. Am J Sports Med. 2011; 39(12): 2595-2603. 
[PMID: 22021585]; [DOI: 10.1177/0363546511424720].

11.	 Barenius B, Nordlander M, Ponzer S, Tidermark J, Eriksson 
K. Quality of life and clinical outcome after anterior cruciate 
ligament reconstruction using patellar tendon graft or quadrupled 
semitendinosus graft: an 8-year follow-up of a randomized 
controlled trial. Am J Sports Med. 2010; 38(8): 1533-1541. 
[PMID: 20566719]; [DOI: 10.1177/0363546510369549].

12.	 Mohtadi NG, Chan DS, Dainty KN, Whelan DB. Patellar 
tendon versus hamstring tendon autograft for anterior cruciate 
ligament rupture in adults. Cochrane Database Syst Rev. 2011; 
(9): CD005960. [PMID: 21901700]; [DOI: 10.1002/14651858.
CD005960.pub2].

13.	 Felson DT, Niu J, Guermazi A, Sack B, Aliabadi P. Defining 
radiographic incidence and progression of knee osteoarthritis: 
suggested modifications of the Kellgren and Lawrence scale. Ann 
Rheum Dis. 2011; 70(11): 1884-1886. [PMID: 21908453]; [DOI: 
10.1136/ard.2011.155119].

14.	 Lohmander LS, Ostenberg A, Englund M, Roos H. High 
prevalence of knee osteoarthritis, pain, and functional limitations 
in female soccer players twelve years after anterior cruciate 
ligament injury. Arthritis Rheum. 2004; 50(10): 3145-3152. 
[PMID: 15476248]; [DOI: 10.1002/art.20589].

15.	 Holm I, Oiestad BE, Risberg MA, Aune AK. No difference in 
knee function or prevalence of osteoarthritis after reconstruction 
of the anterior cruciate ligament with 4-strand hamstring autograft 


