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Abstract

Purpose The aim of this study was to examine clinical and

patient-reported outcomes as well as return to sport in athletes

younger than 25 following ACL reconstruction with either

bone-patellar tendon-bone (BTB) or hamstring (HS) auto-

grafts using a matched-pairs case–control experimental

design.

Methods Twenty-three matched pairs were obtained

based on gender (57% women), age (18 ± 3 years BTB vs.

18 ± 3 HS), and length of follow-up (5 ± 2 years BTB vs.

4 ± 2 HS). Patients reported participating in very strenu-

ous (soccer, basketball, etc.) or strenuous (skiing, tennis,

etc.) sporting activity 4–7 times/week prior to their knee

injury. Patient-reported outcomes included return to play

data, the IKDC, SAS, ADLS, and SF-36 forms. Clinical

outcomes included knee range of motion, laxity, and hop/

jump testing.

Results The majority of patients in both groups were able

to participate in very strenuous or strenuous sporting

activity 4–7 times per week following surgery [17 (74%)

BTB vs. 16 (70%) HS]. However, only 13 (57%) of the

BTB subjects and 10 (44%) of the HS patients were able to

return to pre-injury activity levels (P = n.s.). HS patients

showed higher ADLS (P \ 0.01) and SAS (P \ 0.01)

scores, better restoration of extension (P \ 0.05), and less

radiographic evidence of osteoarthritis (P \ 0.05).

Conclusions Hamstring and bone-patellar tendon-bone

autografts allow approximately 70% of young athletes to

return to some degree of strenuous or very strenuous

sporting activity, while only approximately half of patients

were able to return to their pre-injury sporting activity

level. Hamstring grafts lead to better preservation of

extension, higher patient-reported outcome scores, and less

radiographic evidence of osteoarthritis.

Level of evidence Therapeutic (case–control study) Level

III.

Keywords Anterior cruciate ligament reconstruction �
Bone-patellar tendon-bone graft � Hamstring graft �
Return to sport

Introduction

Injury to the anterior cruciate ligament (ACL) is becoming

increasingly common in the young athlete [14, 28]. Mul-

tiple factors must be considered when evaluating and

treating the patient with an ACL injury, but in general, the

goal of ACL reconstruction is to minimize operative

morbidity while allowing for safe and rapid return to a
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pre-injury level of function. Arguments exist as to why

certain graft choices provide more favorable advantages,

but to date, no single graft choice has proven to be defin-

itively superior. Currently, the two most commonly

employed options for autograft reconstruction are ham-

string (semitendinosus and gracilis) tendons and the central

one-third of the patellar tendon (bone-patellar tendon-

bone). Multiple prospective randomized studies have

attempted to evaluate the difference between these two

graft choices, but most have shown no difference or only

modest differences [1–4, 7–9, 12, 13, 17, 26, 27, 29].

The objective of this case–controlled study was to spe-

cifically evaluate outcomes of bone-patellar tendon-bone

autograft versus hamstring autograft ACL reconstruction in

the young athlete. To achieve this objective, objective

measures of knee stability and subjective patient-reported

parameters with an emphasis on the ability to return to pre-

injury levels of sporting activity were evaluated. The

hypothesis of this study was that hamstring autograft ACL

reconstruction would provide no statistically significant

differences in patient-reported outcome scores, post-opera-

tive level of sports function, KT-1000 laxity measurements

(MEDmetric, San Diego, CA), harvest-site morbidity, and

post-operative degenerative changes on radiographs when

compared with patellar tendon autograft ACL reconstruction

in a matched group of high-demand patients.

Materials and methods

Patients with 25 years of age or less who had undergone

primary ACL reconstruction by one of two senior surgeons

and self-reported participation in strenuous or very stren-

uous sporting activity four to seven times per week were

eligible for inclusion in this study. Patients with less than

2 years of follow-up, bilateral knee injuries, prior liga-

mentous surgery on the knee of interest, PCL insufficiency,

collateral ligament injury manifesting as grade III varus or

valgus instability, patients with evidence of posterolateral

instability, and patients with partial- or full-thickness car-

tilage defects (Modified Outerbridge grades II–IV) recor-

ded at the time of surgery were excluded from this study.

Adhering to these criteria, 36 patients with primary patellar

tendon ACL reconstruction and 47 patients with primary

hamstring ACL reconstruction were identified within the

institution’s patient outcome database. The rate of revision

surgery in the two samples used to obtain matches was

similar (5% in the patellar tendon group and 8% in the

hamstring group), but revisions were unable to be matched

based on the matching parameters described below.

A matched-pairs, case–control analysis was performed.

Matching parameters included age (with a radius of 3 years

accepted), gender, length of follow-up, and surgeon.

Excluding patients with less than 2 years follow-up at the

time of final analysis, 23 matched pairs were identified

with follow-up ranging from 2 to 10 years.

Patient demographics were recorded including age,

gender, BMI, sporting activity, presence and nature of

associated injuries, concomitant procedures performed at

the time of ACL reconstruction, prior knee surgeries,

subsequent knee surgeries, and length of follow-up. As per

inclusion criteria, all subjects engaged in strenuous or very

strenuous activity four to seven times per week (Table 1).

Return to sport and patient-reported outcomes

Patient-reported outcomes including return to play and

current activity level were evaluated using written ques-

tionnaires including the International Knee Documentation

Committee Subjective Knee Form (IKDC) [15], Activities

of Daily Living (ADLS) and Sports Activity Scales (SAS)

of the Knee Outcome Survey [16], and the Medical Out-

comes Study Short Form-36 (SF-36) [22, 23, 32]. The

degree of return to play and activity level were evaluated

with stand-alone questions in which the patient’s pre-

injury, highest post-operative, and current activity level

were ranked as very strenuous (jumping/pivoting; e.g.,

soccer, basketball), strenuous (running/twisting/turning;

e.g., racquet sports, skiing), moderate (no running, twist-

ing, or turning; e.g., golf, swimming), or no sports. Patients

also reported their sport participation frequency as 4–7

times/week, 1–3 times/week, or 1–3 times/month. Patients

responded to two additional stand-alone questions in which

they were able to rate their current activity level and

function as normal, nearly normal, abnormal, or severely

abnormal. If a subject reported their current activity level

was worse than their pre-injury activity level, then the

patient responded to a question asking whether their

change in activity level was due to their knee injury, a

change in lifestyle, or a combination of both. Finally,

patients responded yes or no to a question asking whether

they would undergo the reconstructive procedure again.

Table 1 Patient-reported sport types

BTB #

of patients

Hamstring #

of patients

Basketball 10 10

Football 3 4

Soccer 3 4

Skiing 2 2

Dance/gymnastics 3 1

Martial arts 1 0

Wrestling 1 0

Softball 0 1

Lacrosse 0 1
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Clinical outcomes

Post-operative patient outcome measures included knee

range of motion, manual assessment of knee laxity

(Lachman and pivot shift testing), and KT-1000 arthrom-

eter testing (MedMetric Inc., San Diego, CA). Side-to-side

differences were recorded and both range of motion and

laxity were graded in accordance with IKDC guidelines

[15]. Functional strength was evaluated with hop and ver-

tical jump indices. Three single-leg hop trials were per-

formed by each patient with distances measured with a tape

measure before 2001 and using a Gill Athletic Standing

Long Jump Testing Mat after 2001 (Gill Athletics,

Champaign, IL). Three single-leg vertical jump trials were

performed by each patient using the Vertec unit (Sports

Imports, Inc., Columbus, OH). Both hop and vertical jump

indices were calculated by dividing the average hop or

vertical jump of the involved leg by the average hop or

vertical jump of the non-involved leg and multiplying

by 100.

Radiographic evaluation of osteoarthritis

Post-operative radiographs including standing long leg cas-

sette, flexion weight-bearing, lateral, and Merchant views

were obtained at follow-up. Radiographic outcomes were

evaluated with the Kellgren-Lawrence grading system [20]

for narrowing of joint space, osteophytes, sclerosis, and

deformation of joint contour for all compartments of the knee

(patellofemoral, medial, and lateral).

Surgical technique

Bone-patellar tendon-bone graft

A medial parapatellar longitudinal incision was used and

the middle third of the patellar tendon was then harvested

with proximal and distal bone plugs. The graft was fash-

ioned and trimmed as needed with 10-mm trapezoidal bone

plugs. A thorough diagnostic arthroscopy was performed

and associated meniscal or chondral pathology was

addressed as necessary. Attention was then turned to cre-

ation of the femoral and tibial tunnels. The femoral tunnel

was drilled through an anteromedial portal with the knee

held in maximal flexion. The tibial tunnel was established

using a conventional ACL tip drill guide system set at

47.5�. A guide wire was first passed until it just pierced the

tibial ACL footprint stump. The knee was brought into full

extension and appropriate tunnel position was confirmed

both by direct visual inspection and with a lateral fluoro-

scopic image. Cannulated drill bits and hand-held dilators

were used sequentially in preparation of both the femoral

and tibial tunnels up to the desired tunnel diameter. The

graft was passed via a beath pin and relay sutures. A

pituitary was often needed to gently guide the bone plugs

into appropriate position. Once the graft was passed, the

femoral and tibial bone plugs were fixed with metal

interference screws passed over a guide wire. The tibial

side was fixed last with the knee in 10� of flexion while

manual tension was held on the graft.

Hamstring tendon graft

A 3-cm skin incision was made just medial to the tibial

tubercle and the sartorius fascia was split in line with its

fibers. The semitendinosus and gracilis tendons were har-

vested with an open-ended tendon stripper. A 4-strand graft

was prepared by whip-stitching the proximal and distal

ends of the hamstring and the tendons were then quadru-

pled with a polyester passing suture placed through each

loop. Femoral and tibial tunnel preparation was identical to

the aforementioned patellar tendon technique. Following

passage of the graft, both ends were tied over 6.5 AO

cancellous screw suture posts.

Post-operative rehabilitation

Post-operative rehabilitation protocols were identical for

both groups. Patients began immediate passive flexion and

active quadriceps isometric exercises. Patients were placed

in a functional knee brace locked in extension and allowed

toe-touch weight-bearing using crutches for the first post-

operative week. The knee brace was then adjusted to allow

90� of flexion for the next 3 weeks. Full weight-bearing as

tolerated was allowed at four post-operative weeks, and

patients were allowed full flexion and gradual ambulation

without use of the brace 6 weeks after surgery. Patients

were allowed to ride a bicycle, jog, and swim at

2–3 months after surgery. Unrestricted return to sport or

activity was allowed at 6 months if the patient had no

evidence of effusion, full range of motion, and muscle

strength at least 90% compared to the uninjured side.

Statistical analysis

Statistical analysis was conducted with the SPSS software

package (version 16.0, SPSS Inc., Chicago, IL). Frequency

counts were determined for all nominal variables which

included sex, pivot shift, Lachman, and return to sport.

Measures of central tendency and dispersion were per-

formed on continuous variables such as age, length of

followup, ROM side-to-side differences, KT-1000 side-to-

side differences, and patient-reported outcome scores.

Paired-sample t tests were used to analyze continuous

variables, and McNemar tests were utilized in comparing

the nominal variables. The alpha level was set at P \ 0.05.

1522 Knee Surg Sports Traumatol Arthrosc (2012) 20:1520–1527
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Results

No significant differences were observed between groups

in regards to mean age at time of surgery, length of follow-

up, patient body mass index (BMI), gender, number of

associated injuries, concomitant procedures, knee arthros-

copy prior to ACL reconstruction, or subsequent arthros-

copy following ACL reconstruction (Table 2).

Patient-reported outcomes and return to sport

Patients undergoing hamstring ACL reconstruction reported

significantly higher ADLS (P \ 0.01) and SAS (P \ 0.01)

scores when compared to patients undergoing patellar

tendon ACL reconstruction. No significant differences were

observed between groups in IKDC or SF-36 summary scores

(Table 3).

Likewise, no significant differences were observed

between groups in the number of patients that reported

either recurrent instability after surgery or symptoms of

knee instability at their highest level of sporting activity

after surgery (Table 4).

Thirteen patients in the BTB group (57%) were able to

return to their previous level of sporting activity at any point

following surgery, while 10 patients in the hamstring group

(43%) were able to do the same. Seventeen (74%) BTB

patients returned to strenuous or very strenuous sport activity

4–7 times/week at any point following surgery, while 16

(70%) hamstring patients were able to return to strenuous or

very strenuous sport activity 4–7 times/week. At the time of

latest follow-up, 17 patients (74%) in the BTB group and 18

patients (78%) in the hamstring group were able to participate

in very strenuous sporting activity on a regular basis (Table 5).

Two patients with BTB and three patients with ham-

string grafts reported that their lower activity levels at

follow-up were due solely to their knee injury. Three BTB

patients and two HS patients reported a change in activity

due both to their knee injury and lifestyle changes. One

patient in each group reported a change in activity due to

lifestyle changes. No significant differences were noted

between groups in any of these parameters. Sixteen BTB

patients (70%) and 19 hamstring patients (83%) stated that

they would have the procedure again (P = n.s.).

Physical examination findings

Hamstring ACL reconstruction was able to restore signif-

icantly more passive (P \ 0.05) and active (P \ 0.05)

post-operative extension when compared to BTB recon-

struction. No significant differences were noted between

groups in terms of side-to-side differences in post-operative

active or passive flexion, post-operative knee laxity mea-

sured with KT-1000 arthrometer, post-operative functional

strength as measured by hop and vertical jump indices

(Table 6), or clinical laxity measured by both Lachman and

pivot shift testing (Table 7).

Radiographic outcomes

Sixteen patients (70%) who underwent patellar tendon

ACL reconstruction exhibited post-operative degenera-

tive changes of grade 1 or higher in the lateral tibiofemoral

compartment versus eight patients (35%) in the hamstring

ACL reconstruction group (P \ 0.05). Thirteen patients

(57%) in the patellar tendon group exhibited patellofemoral

degenerative changes versus six patients (26%) in the

hamstring group, but this difference only approached sta-

tistical significance (P = n.s.). No significant differences

were observed between groups in degenerative changes in

the medial compartment of the knee (Table 8).

Complications

No infections, deep vein thromboses, or neurovascular

injuries were encountered in the patients involved in this

study.

Table 2 Patient demographics,

associated injuries, and other

surgeries

n.s. not statistically significant
a Includes 3 patients with

meniscal repairs for PT and 5

patients with meniscal repairs

for HS. The remainder of

procedures was partial

meniscectomies

BTB (n = 23) Hamstring (n = 23) P value

Age (years) 18 ± 3 18 ± 3 (n.s.)

Length of follow-up (years) 5 ± 2 4 ± 2 (n.s.)

Female (%) 57 57 (n.s.)

BMI (kg/m2) 25 ± 4 24 ± 4 (n.s.)

Very strenuous pre-injury activity (%) 91 83 (n.s.)

Pre-injury activity frequency 4–7 times/week (%) 100 100 (n.s.)

Associated lateral meniscus injury (# patients) 10 7 (n.s.)

Associated medial meniscus injury (# patients) 6 5 (n.s.)

Concomitant meniscus procedurea (# patients) 8 8 (n.s.)

Associated MCL injury (# patients) 1 healing grade II 2 healing grade II (n.s.)

Subsequent knee scope/debridement (# patients) 1 1 (n.s.)
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Discussion

The data obtained in this study demonstrated that ham-

string autograft ACL reconstruction was associated with

higher patient-reported outcome scores, better restoration

of extension, and a lower incidence of radiographic evi-

dence of arthritis post-operatively. Post-operative level of

return to sporting activity was not significantly different

between groups.

The incidence of anterior cruciate ligament (ACL) tears

in the United States is 0.38 per 1,000 each year [10]. In

1996 alone, over 100,000 ACL reconstruction surgeries

were performed in the United States [10]. Patient expec-

tations are exceedingly high, particularly in the young

athletic population. A rapid, pain-free return to sporting

activity is expected, with anything less often unacceptable

in the patient’s eyes. The treating surgeon is faced with

many critical decisions in the effort to achieve this ultimate

goal. Despite continued research, graft choice is one such

issue that still remains controversial [30]. Consistent data

are lacking as to the relationship between graft choice

and the ability to ‘‘return to sport’’ in the young, athletic

population. Despite a tremendous amount of research on

this topic, the application of various graft options in dif-

ferent settings still remains largely a matter of surgeon

preference.

Bone-patellar tendon-bone autograft remains the gold

standard for primary ACL reconstruction, with a more

recent shift toward the use of hamstring tendon autograft in

a wider array of patients [21]. Proponents of patellar tendon

autograft argue greater and more rapid graft incorporation

and stability offered by patellar tendon grafts. Decreased

harvest-site morbidity and fewer post-operative complica-

tions, however, have made hamstring grafts an increasingly

popular choice in ACL reconstruction, even in the com-

petitive athlete. To date, randomized clinical trials have

shown contradictory or inconclusive results when com-

paring these two treatment modalities: Three meta-analy-

ses, one of four [11], one of six [33], and one of nineteen

[24] randomized or quasi-randomized clinical trials, could

not clearly define one graft choice as superior to the other.

An additional meta-analysis of six randomized clinical

trials found that BTB autografts were associated with a

decreased risk of positive pivot shift while there was no

difference in the risk of positive Lachman between the

groups [5].

Results have shown that patients undergoing autograft

patellar tendon ACL reconstruction are predisposed to

anterior knee pain and synovitis, which often correlates

with the development of arthrofibrosis [19, 24]. Quadri-

ceps inhibition and weakness may follow, resulting in

delayed or inadequate rehabilitation. If limited rehabilitation

Table 3 Patient-reported outcome scores

BTB Hamstring P value

IKDCa 86 ± 12 91 ± 7 (n.s.)

ADLSb 90 ± 9 96 ± 5 0.006*

SASc 88 ± 10 95 ± 7 0.006*

SF-36 physical components

summary scored
55 ± 5 55 ± 3 (n.s.)

SF-36 mental components

summary scored
53 ± 6 54 ± 4 (n.s.)

Asterisk highlights parameters as being statistically significant

n.s. not statistically significant
a International knee documentation committee subjective knee form
b Activities of daily living scale of the knee outcome survey
c Sports activity scale of the knee outcome survey
d Medical outcomes study short form-36

Table 4 Patient-reported episodes of instability

BTB no.

of patients

Hamstring no.

of patients

P value

Giving way, buckling, or shifting of the knee during activities of daily livinga 7 3 (n.s.)

Partial giving way during sportsb 7 5 (n.s.)

Full giving way during sportsc 3 2 (n.s.)

Partial or full giving way during sportsd 8 5 (n.s.)

Able to participate in very strenuous activities without significant giving waye 20 18 (n.s.)

Two or more episodes of post-op instability 10 7 (n.s.)

n.s. not statistically significant
a Determined by ADLS question #4
b Determined by SAS question #5
c Determined by SAS question #6
d Determined by SAS questions #5 and/or #6
e Determined by IKDC question #7

1524 Knee Surg Sports Traumatol Arthrosc (2012) 20:1520–1527

123



persists, a permanent loss of terminal extension may result

[25]. Such complications, including even the slightest loss

of motion, can be disastrous in the athletic patient. Even if

subsequent rehabilitation manages to reduce anterior knee

symptoms after ACL reconstruction with patellar tendon

autograft, patients are still prone to develop patellofemoral

arthritis and symptoms later in life [18, 27]. This finding

was echoed in our results (Table 8).

Hamstring autografts are gaining increasing popular-

ity. Patients report fewer anterior knee symptoms and

extension deficits when compared to patellar tendon auto-

grafts. Proponents argue that hamstrings represent a viable

alternative to patellar tendon grafts. Opponents of ham-

string grafts in athletes argue delayed graft incorporation

and diminished stability. Recent studies have also shown

that despite the ability of hamstring tendons to regenerate,

significant functional strength deficits persist [6, 12, 31].

This study demonstrates that both bone-patellar tendon-

bone and hamstring autografts restore objective knee sta-

bility in young athletic patients. Objective measures of

Table 5 Patient reported return to sport and sport level at follow-up

BTB no.

of patients

Hamstring no.

of patients

P value

Return to pre-injury sport levela

Same or better than pre-injury level 13 (57%) 10 (43%) (n.s.)

Worse than pre-injury level 10 (43%) 13 (57%)

Return to high-demand sport activitya

Very strenuous or strenuous sport, 4–7 times/week 17 (74%) 16 (70%) (n.s.)

Moderate sport or less 6 (26%) 7 (30%)

Sport level at follow-upb

Very strenuousc 17 (74%) 18 (78%) (n.s.)

Strenuous or less 6 (26%) 5 (22%)

n.s. not statistically significant
a Determined by the highest level of sport patient reported participating in at any point following surgery
b Highest level of sport patient able to participate in on a regular basis at followup
c Very strenuous activity defined by the IKDC as activities that include jumping or pivoting such as in basketball or soccer

Table 6 Clinical examination

outcome measures

Asterisk highlights parameters

as being statistically significant

n.s. not statistically significant
a Expressed as a percentage of

non-involved side

BTB Hamstring P value

Active extension ROM side to side (�) 2 ± 2 0 ± 3 0.020*

Passive extension ROM side to side (�) 2 ± 2 1 ± 2 0.014*

Active flexion ROM side to side (�) 1 ± 4 3 ± 4 (n.s.)

Passive flexion ROM side to side (�) 1 ± 4 3 ± 4 (n.s.)

KT-1000 30 lb side to side (mm) 1.8 ± 2.5 1.7 ± 3.0 (n.s.)

KT-1000 manual maximum side to side (mm) 2.1 ± 2.6 2.0 ± 2.8 (n.s.)

Vertical jump indexa 95 ± 18 98 ± 17 (n.s.)

Hop indexa 97 ± 9 99 ± 9 (n.s.)

Table 7 Pivot shift and

Lachman

n.s. not statistically significant
a Statistical evaluation based on

normal versus ? glide or ??

clunk

BTB no.

of patients

Hamstring no.

of patients

P value

Pivot shift

Equal (normal) 14 19 (n.s.)a

? Glide (nearly normal) 6 4

?? Clunk (abnormal) 3 0

Lachman

Normal 14 14 (n.s.)

Nearly normal or worse 9 9
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stability including KT-1000 instrumented assessment of

laxity showed no significant differences. What was evident,

however, was a small but statistically significant loss of

extension in the patellar tendon group (Table 6). This is

likely to be of clinical significance. The average 2� loss of

extension likely alters normal knee kinematics and results

in early fatiguability. This may explain the significantly

lower patient-reported outcome scores seen in the patellar

tendon group (Table 3). There was a slightly higher rate of

return to pre-injury level of sport activity in the patellar

tendon group (56.5%:BTB vs. 43.5%:hamstrings autograft)

though this difference was not statistically significant. This

number is lower than expected and warrants a closer look

in future studies as to how many ACL reconstruction

patients are actually returning to their pre-injury levels of

sporting activity.

Limitations of this study include the low patient num-

bers and the fact that graft-specific outcome measures such

as kneeling pain, isokinetic strength, and harvest-site

symptoms were not measured. While an a priori power

analysis was unable to be performed due to the retrospec-

tive nature of this study, a post-hoc power analysis revealed

that a few significant differences would have been

observed with a larger sample size. Nine patients (39%) in

the BTB group had a positive pivot shift at follow-up

compared to four patients (17%) in the HS group. With 99

patients in each group, this difference would have been

significantly different. Also, it was determined that 13 BTB

patients (57%) displayed radiographic evidence of patel-

lofemoral arthritis at follow-up compared with six HS

patients (26%). This difference would have been statisti-

cally significant with 59 patients in each group. In terms of

the IKDC subjective score, BTB patients averaged 86 and

HS patients averaged 91. This difference would have been

statistically significant with 59 patients in each group.

These differences are likely to be of clinical significance.

On the other hand, many small differences observed

between the two groups would have only been significantly

different with a very large sample size. For example, 17

BTB patients were able to participate in very strenuous

activity at follow-up compared to 18 HS patients. For this

difference to have been statistically significant, there would

have needed to be 1,666 patients in each group. Also, 17

BTB patients were able to participate in very strenuous or

strenuous activity four to seven times per week at any point

following surgery versus 16 HS patients. Again, 1,666

patients in each group would have been needed for this

difference to be statistically significant. Due to this lack of

evident difference between groups, it is likely that both

graft types are similar in terms of ability to restore patient-

perceived activity level following surgery.

Conclusion

Patients receiving autograft hamstring grafts displayed

higher patient-reported outcome scores, better restoration

of extension, and a lower likelihood of radiographic evi-

dence of osteoarthritis at follow-up when compared to

autograft BTB grafts. Both graft types were similar in their

ability to restore patient-reported activity levels following

ACL reconstruction. Both graft types allowed approxi-

mately 70% of patients to return to strenuous or very

strenuous sport activity 4–7 days per week, though only

approximately 50% returned to self-perceived pre-injury

levels of sport activity. The clinical relevance of this data is

significant, as it allows surgeons to better educate patients

on the differences in ACL graft choices in young, active

patients.
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18. Järvelä T, Paakkala T, Kannus P, Järvinen M (2001) The inci-

dence of patellofemoral osteoarthritis and associated findings

7 years after anterior cruciate ligament reconstruction with a

bone-patellar tendon-bone autograft. Am J Sports Med 29:18–24

19. Kartus J, Magnusson L, Stener S, Brandsson S, Eriksson BI,

Karlsson J (1999) Complications following arthroscopic anterior

cruciate ligament reconstruction. A 2–5-year follow-up of 604

patients with special emphasis on anterior knee pain. Knee Surg

Sports Traumatol Arthrosc 7:2–8

20. Kellgren JH, Lawrence JS (1957) Radiological assessment of

osteo-arthrosis. Ann Rheum Dis 16:494–502

21. Marx RG, Jones EC, Angel M, Wickiewicz TL, Warren RF

(2003) Beliefs and attitudes of members of the American acad-

emy of orthopaedic surgeons regarding the treatment of anterior

cruciate ligament injury. Arthroscopy 19:762–770

22. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD (1994) The

MOS 36-item short-form health survey (SF-36): III. Tests of data

quality, scaling assumptions, and reliability across diverse patient

groups. Med Care 32:40–66

23. McHorney CA, Ware JE Jr, Raczek AE (1993) The MOS 36-item

short-form health survey (SF-36): II. Psychometric and clinical

tests of validity in measuring physical and mental health con-

structs. Med Care 31:247–263

24. Mohtadi NG, Chan DS, Dainty KN, Whelan DB (2011) Patellar

tendon versus hamstring tendon autograft for anterior cruciate

ligament rupture in adults. Cochrane Database Syst Rev

9:CD005960

25. Noyes FR, Berrios-Torres S, Barber-Westin SD, Heckmann TP

(2000) Prevention of permanent arthrofibrosis after anterior cru-

ciate ligament reconstruction alone or combined with associated

procedures: a prospective study in 443 knees. Knee Surg Sports

Traumatol Arthrosc 8:196–206

26. O’Neill DB (1996) Arthroscopically assisted reconstruction of

the anterior cruciate ligament. A prospective randomized analysis

of three techniques. J Bone Joint Surg Am 78:803–813

27. Sajovic M, Strahovnik A, Dernovsek MZ, Skaza K (2011)

Quality of life and clinical outcome comparison of semitendi-

nosus 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 39:2161–2169

28. Schub D, Saluan P (2011) Anterior cruciate ligament injuries in

the young athlete: evaluation and treatment. Sports Med Arthrosc

19:34–43

29. Shaieb MD, Kan DM, Chang SK, Marumoto JM, Richardson AB

(2002) A prospective randomized comparison of patellar tendon

versus semitendinosus and gracilis tendon autografts for anterior

cruciate ligament reconstruction. Am J Sports Med 30:214–220

30. Sherman OH, Banffy MB (2004) Anterior cruciate ligament

reconstruction: which graft is best? Arthroscopy 20:974–980

31. Tadokoro K, Matsui N, Yagi M, Kuroda R, Kurosaka M, Yoshiya

S (2004) Evaluation of hamstring tendon regrowth after har-

vesting for anterior cruciate ligament reconstruction. Am J Sports

Med 32:1644–1650

32. Ware JE Jr, Sherbourne CD (1992) The MOS 36-item short-form

health survey (SF-36). I. Conceptual framework and item selec-

tion. Med Care 30:473–483

33. Yunes M, Richmond JC, Engels EA, Pinczewski LA (2001)

Patellar versus hamstring tendons in anterior cruciate ligament

reconstruction: a meta-analysis. Arthroscopy 17:248–257

Knee Surg Sports Traumatol Arthrosc (2012) 20:1520–1527 1527

123

View publication statsView publication stats

https://www.researchgate.net/publication/51765734

	Bone-patellar tendon-bone autograft versus hamstring autograft anterior cruciate ligament reconstruction in the young athlete: a retrospective matched analysis with 2--10 year follow-up
	Abstract
	Purpose
	Methods
	Results
	Conclusions
	Level of evidence

	Introduction
	Materials and methods
	Return to sport and patient-reported outcomes
	Clinical outcomes
	Radiographic evaluation of osteoarthritis
	Surgical technique
	Bone-patellar tendon-bone graft
	Hamstring tendon graft
	Post-operative rehabilitation

	Statistical analysis

	Results
	Patient-reported outcomes and return to sport
	Physical examination findings
	Radiographic outcomes
	Complications

	Discussion
	Conclusion
	References


