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Abstract

Purpose—Many clinical studies and systematic reviews have compared the short-term (2 year)
outcomes of ACL reconstruction with hamstring and patellar tendon autograft. Few differences
have been observed, with the exception of increased kneeling pain with patellar tendon grafts. The
goal of this systematic review isto determine where there are differencesin clinical, patient
reported, or radiographic outcomes based on graft choice at a minimum of 5 years after ACL
reconstruction.

Methods—A systematic review was performed to identify all prospective outcome studies
comparing patellar tendon and hamstring autograft ACL reconstruction with minimum follow-up
of at least five years. Seven studies were identified and meta-analysis of select data determined to
be sufficiently homogenous was performed (failure and laxity).

Results—Five randomized controlled trials and two prospective cohorts comparing hamstring
and patellar tendon autografts were identified. Clinical assessment [failure rate, International Knee
Documentation Committee (IKDC) class, Lachman, pivot shift, and KT 1000 testing] showed no
difference between grafts. Patient-reported outcomes (Lysholm, Cincinnati, and IKDC) showed no
difference. Both anterior knee pain (3/3 studies) and kneeling pain (4/4 studies) were more
frequent in the patellar tendon group. However, the patient-reported outcomes in these studies
were not different. Radiographic evidence of osteoarthritis was inconsistent between autograft
choices.

Conclusion—This Level 1l systematic review demonstrates no difference in major clinical
results between graft types with the exception of increased anterior knee and kneeling pain. There
exists a potential for increased incidence of osteoarthritisin the patellar tendon group but
increased sample sizeis required. These longer-term outcomes are similar to results of prior
systematic reviews with two-year follow-up.

Introduction

The anterior cruciate ligament (ACL) is frequently injured and its reconstruction is among
the most common procedures performed by orthopaedic surgeons. The orthopaedic literature
is replete with papers reporting outcomes of ACL reconstruction and univariate analyses of
factors felt to influence outcome. These hypothesized factors include patient characteristics
such as meniscus or articular cartilage status at the time of reconstruction, mechanism of
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injury, or body massindex (BMI), aswell as surgical factors such as graft choice or surgical
technique.

Numerous authors have investigated the impact of autograft choice on outcome after ACL
reconstruction and several authors have published systematic reviews on the subject with
varying results (Table 1).[16, 24] Some favor bone-patellar tendon-bone[ 26] and some favor
hamstring tendon,[17] while the majority note strengths and weaknesses of each graft type
without concluding that oneis superior.[1, 3-5, 10, 23] While many of these studies focus
on prospective data, they all have minimum follow-up requirements of two years or less. A
systematic review of minimum five-year follow-up after ACL reconstruction has not been
reported.

The last decades have seen a significant focus on evidence based medicine, with a
subsequent increase in the quality of published studies.[8] The last ten years have witnessed
the publication of numerous papers detailing long-term outcomes following ACL
reconstruction. Numerous authors have suggested that longer-term follow-up is required for
accurate assessment of results after ACL reconstruction.[7, 21, 25] The aim of this
systematic review is to determine whether graft choice affects clinical, patient-reported, and
radi ographic outcomes after ACL reconstruction based on published prospective
comparative studies with 5-year minimum follow-up. We hypothesize that no significant
differences will be noted between the two graft types.

Material and Methods

A MEDLINE literature search was performed to identify all publications from January 1,
1966 through May 1, 2009 reporting long-term outcomes of ACL reconstruction. A search
for articles containing the terms “reconstruction,” “follow-up,” and either “anterior cruciate”
or “ACL" yielded 1381 results. Thetitle, abstract, and full text where necessary of these
publications were reviewed and studies failing to meet inclusion and exclusion criteria
outlined in Table 2 except for prospective nature were excluded. Full texts of the resulting
42 articles were obtained. Subsequent review led to the exclusion of 22 studies that were
retrospective in nature, two that were duplicate publications, and one study which included
patients represented at longer follow-up in another included study.

A search of the Embase database was then performed utilizing the same search strategy. The
title and abstracts of the resulting 974 studies were reviewed and 933 papers were excluded
in the same manner asin the MEDLINE search. Thirty-six of the remaining 41 articles had
previously been identified in the MEDLINE search. Full text of the remaining 5 articles was
obtained and 4 were excluded because they were retrospective studies.

The resulting 18 prospective studies were reviewed to identify those evaluating outcome
based on autograft choice (hamstring versus bone-patellar tendon-bone) and 7 studies were
identified.[11, 12, 14, 15, 18, 20, 27]

Assessment of Quality of Included Studies

A Modified Coleman Methodology Score was utilized to assess the quality of included
studies.[2] This scoring system awards points for study design and size, patient selection,
length and compl eteness of follow-up, and outcomes assessment. Points are totaled to yield
amaximum of 100 points (Appendix 1).

Data Extraction

A templated EBM literature review form was utilized to assist in data collection. Extracted
dataincluded study design and follow-up, patient demographics (age, sex, and body mass
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index), surgical and rehabilitation technique, clinical outcome assessment [International
Knee Documentation Committee (IKDC) class, Lachman, pivot shift, KT 1000 testing, and
range of motion], failure rate, patient reported outcomes (Lysholm, Cincinnati, IKDC,
subjective anterior knee and kneeling pain) quadriceps and hamstring strength testing, and
radiographic findings (IKDC[9] or Rosenberg[19] rating scales). Radiographic evidence of
osteoarthritis was defined as an IKDC score of B or worse or the presence of major
Rosenberg changes. Data were extracted by two authors independently and discrepancies
were resolved by consensus.[6, 22]

Statistical Analysis

Results

Heterogeneity was qualitatively assessed by comparing the study populations, interventions,
and outcomes among the included studies. In addition, statistical tests of homogeneity (chi-
square testing for failures and for grouped frequency distribution of instrumented laxity)
were employed to determine if any individual study findings refute the null hypothesis that
the findings of the individual studies are the same. If the observed variation among studies
was inconsistent with this null hypothesis (P < 0.10), then heterogeneity was assumed.

A study was withdrawn from meta-analysis of a particular outcome if that outcome was not
studied or not reported adequately. A Mantel-Haenszel analysis utilizing a random effects
model allowed for pooling of results by graft type, while accounting for number of subjects
of individual studies. In order to ensure that the findings were robust, a sensitivity analysis
was performed, varying the included studies in the meta-analysis based on study
methodology (randomized study design or prospective cohort) as well as on the consistent
inclusion or exclusion of clinical failuresin the instrumented laxity data.

Study Design and Quality

The literature review described above yielded 7 prospective (level | or 1) manuscripts with
at least 5-year minimum follow-up. These studies include five randomized controlled
trialg[11, 14, 15, 20, 27] and two prospective cohort studies/ 12, 18] comparing outcomes of
ACL reconstruction with bone-patellar tendon-bone autografts and hamstring tendon
autografts.

All studies had minimum follow-up of 5 years after reconstruction. Mean follow-up ranged
from 5to 8.5 years. Clinical follow-up was performed in all 7 studies, with a mean follow-
up rate of 86%, with individual papers' follow-up rates ranging from 67% to 100%.
Instruments utilized for clinical follow-up included KT-1000 (100%), range of motion
(86%), subjective measures of stability (Lachman/anterior drawer) (71%), overall IKDC
score (71%), and validated patient oriented outcome scores (86 %): Lysholm score (57%),
subjective IKDC score (14%), and Cincinnati score (14%). Radiographic follow-up was
available in 6 studies, with amean follow-up rate of 83%, with individual papers’ follow-up
rates ranging from 58% to 100%. Modified Coleman Methodology Scores for the studies
ranged from 66 to 78 (Table 3).

Patient Demographics

Mean patient age at reconstruction was 25 years. Mean patient age in the six studies
reporting it ranged from 22 to 31 years. Overall, 66% of patients were male, with the
percentage in the seven studies ranging from 50% to 100%. The time from injury to ACL
reconstruction varied considerably between studies. Exclusion criteria among the studies
varied, but al excluded knees with multiple ligament injuries other than low-grade medial
collateral ligament injuries. Demographic information is detailed in Table 4.
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Surgical and Rehabilitation Technique

All studies utilized autograft for ACL reconstruction performed using all endoscopic,
arthroscopic-assisted, or two incision mini-arthrotomy techniques. Fixation of al patellar
tendon grafts was with interference screw. Hamstring fixation was variable, with staple,
interference screw, and endobutton techniques all utilized (Table 5). Six studies reported
details of their rehabilitation protocol. Four (67%) allowed immediate full weight
bearing[12, 14, 18, 20]. One author allowed immediate partial weight bearing and full
weight bearing at 2 weeks[27] while one allowed full weight bearing after 2-3 days.[11]
Postoperative extension bracing was utilized by 2 authors (33%) for time periods ranging
from 1-3 weeks.[12, 20]

Clinical Outcome Assessment

Clinical outcomes of the two graft types were compared in each of the seven studies outlined
above. No study showed significant differencesin overall IKDC score, manual stability,
KT-1000 testing, or extension deficit between the patellar tendon and hamstring groups.
Dataare shown in Table 7.

Graft failure Rate

Graft failure rate was reported in five studies, none of which demonstrated a difference in
failure rate between graft types.

Patient-Reported Outcomes

Six studies utilized validated patient-reported outcome scores including Lysholm,
Cincinnati, and IKDC in outcome assessment. None demonstrated significant differences
between graft types. The three studies reporting anterior knee pain showed a higher
incidence in the patellar tendon group (range 25-36%) than the hamstring tendon group
(range 7-14%). Similarly, kneeling pain was reported in four studies with three reporting
more kneeling pain in the patellar tendon group. The patient-reported outcomes in the
studies that reported anterior knee and kneeling pain were not different (Table 8).

Strength Testing

Isokinetic strength test results were reported in two studies.[12, 15] Keays et al noted nearly
full strength of both quadriceps and hamstrings compared to the contralateral side in both
groups. O'Neill noted a deficit of at least 10% of quadriceps strength in 34% of patientsin
the BTB groups and 13% of patientsin the hamstring group. A similar deficit in hamstring
strength was noted in 10% of patientsin the BTB groups and 19% of patientsin the
hamstring group.

Radiographic Evaluation

Six of the above studies described the rate of development of radiographic evidence of
osteoarthritis with a patellar tendon graft versus ahamstring graft. All six compare the rates
of tibiofemoral osteoarthritis,[11, 12, 15, 18, 20, 27] four compare the rates of
patellofemoral arthritis,[11, 12, 18, 20] and three present sufficient data to allow comparison
of therate of osteoarthritis in either location.[12, 18, 20]

A minority of studies (2/6) showed a significantly increased rate of tibiofemoral
osteoarthritis in the patellar tendon group[12, 18] and four showed no differencein
tibiofemoral osteoarthritis between groups.[11, 15, 20, 27] All four studies comparing rates
of patellofemoral osteoarthritis noted higher rates of osteoarthritis in the patellar tendon
group but none demonstrated a statistically significant difference.[11, 12, 18, 20] However,
all three studies that allowed calculation of the rate of development of osteoarthritisin either
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location demonstrated a significantly increased rate in the patellar tendon group.[12, 18, 20,
27] Rates of osteoarthritis in each location by graft type in each study are shown in Table 9.

Assessment of Heterogeneity

Statistical tests of homogeneity supported the null hypothesis that the findings of these seven
individual studies were the same with respect to clinical failure rate and instrumented laxity
(P> 0.10). Remaining outcome measures demonstrated significant heterogeneity and were
not subjected to meta-analysis.

Meta-analysis of Graft Failures

Graft failures were reported in five of the seven studiesidentified for this review.[12, 14, 15,
18, 20] Failure was defined by clinical exam in the five studies without specific criteria
reported. The clinical failures from these five studies were pooled by graft type, and the
meta-analysis (Figure 1) estimates an odds ratio of 0.63 favoring bone-patellar tendon-bone
[95% CI of 0.31t0 1.27, P=0.20].

Meta-analysis of Instrumented Laxity

Six studies reported the grouped frequency distribution of instrumented laxity.[11, 12, 15,
18, 20, 27] The instrumented laxity results of these six studies were pooled by graft type,
and the meta-analysis of instrumented laxity more than 5 mm (Figure 2) estimates an odds
ratio of 0.87 favoring bone-patellar tendon-bone [95% CI of 0.58 to 1.31, P = 0.50]. Of note,
when clinical failures are consistently included in the instrumented laxity data, the funnel
plot assumes the characteristic funnel shape. In that setting, the meta-analysis of
instrumented laxity more than 5 mm estimates an odds ratio of 0.78 favoring bone-patellar
tendon-bone [95% CI of 0.53to 1.16, P = 0.22].

Discussion

The most important finding of our study is the absence reproducible differencesin clinical
assessment, instrumented laxity, or patient-reported outcomes based on autograft choice.
Thus we reach a similar conclusion to those of numerous two-year systematic reviews that
no reproducible difference exists between autograft choices and confirm that at minimum of
five years these results are maintained. Based on this longer-term follow-up, both autografts
should be considered equivalent.

Both anterior knee pain and kneeling pain were evaluated in aminority of studies but were
consistently worse with bone-patellar tendon-bone grafts. However, anterior knee pain in
patientsin these studies was not assessed using a validating tool for assessing anterior knee
pain such as the Kujala score.[13] It isinteresting to note that in each study reporting
increased anterior knee pain or kneeling pain in the patellar tendon group, the patient-
reported outcomes and clinical assessments did not differ between groups. Further research
utilizing validated measures is needed as to the cause of anterior knee pain following ACL
reconstruction. Currently available data suggest that patients whose occupation, recreation,
or religion requires repetitive kneeling, a hamstring graft should be considered.

The papersincluded in this review are inconsistent in regard to the influence of graft choice
on the development of osteoarthritis. Two of the six papers strongly link the devel opment of
osteoarthritis with the use of patellar tendon grafts while the other four do not. It should be
noted that the two studies which demonstrated this effect were not randomized. In both
papers, consecutive cohorts are compared. It is possible that other unknown differencesin
the patient populations, surgical environment, or rehabilitation contributed to the increased
osteoarthritis in the patellar tendon group. All papers evaluating the effect of graft choice on
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the development of patellofemoral osteoarthritis had a p value between 0.05 and 0.20. It is
likely that these studies were underpowered to detect a difference. The three studies that
allowed for comparison of rates of osteparthritisin either location showed a statistically and
clinically significant increased rate with patellar tendon grafts.

If an increased patellofemoral osteoarthritis rate with patellar tendon graftsis shown in
future studies, this may represent the technique of graft harvest and suggest that extreme
care be taken during harvest to avoid chondral injury. Reasons for increased tibiofemoral
osteoarthritis are less clear, but may be related to the increased rate of postoperative stiffness
reported by some authors utilizing patellar tendon grafts. Regardless of the etiology of the
effect, it might be advisable to avoid patellar tendon graftsin patients who already exhibit
early signs of osteoarthritis. Future studies with multivariable analysis are needed to identify
modifiable risk factors for osteoarthritis following ACL reconstruction.

The strengths of this study are the prospective nature and relatively long-term follow-up of
the papersincluded in the analysis. To our knowledge, no previously published systematic
review of the influence of autograft choice on outcome after ACL surgery has had such rigid
inclusion and exclusion criteria. Theincluded studies are al level | or Il datawith at least
five-year minimum follow-up and thus provide a high level of evidence for analysis for
clinical decision making.

The weaknesses of this study are the heterogeneous outcomes eval uated in each study and
lack of validated instruments for anterior knee or kneeling pain. However, these weaknesses
do not preclude a systematic review. Further standardization of rehabilitation, utilization of a
blinded clinical examiner, and use of additional validated patient-reported outcome measure
would improve the strength of conclusions and meta-analysis. Similarly, there remains no
universally applied, validated outcome measure for rotationa stability following ACL
reconstruction, forcing usto rely on the quite subjective pivot-shift examination.
Additionally, this study suffers from aweakness inherent to all assessments of relatively
long-term outcome data: the data presented above represents surgical instrumentation and
techniques that are at least five years old and may not entirely represent current practice.
Finally, the strict inclusion criteriafor this review have led to the collection of datafrom a
relatively small number of papers selected from numerous studies addressing outcome after
ACL reconstruction. The findings of this study thus reflect only this relatively small amount
of data.

Conclusion

Data from prospective studies with minimum five-year follow-up indicate that the choice of
bone-patellar tendon-bone autograft versus hamstring autograft does not significantly
influence clinical outcome at minimum five-year follow-up. Radiographic datais more
inconsistent with respect to evidence of osteoarthritis following autograft ACL
reconstruction. Both anterior knee pain and kneeling pain occurred more frequently in
patellar tendons but the patient-reported outcomes were not different. These findings are
consistent with previous two-year systematic reviews and meta-analysis which fail to
consistently demonstrate the superiority of one autograft type over the other. Thus, both
should be considered the current standard for ACL reconstruction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BPTB Hamstring Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Keays 2007 0 29 1 27 4.7% 0.30[0.01, 7.67]
Liden 2007 2 32 2 36 12.2% 1.13 [0.15, 8.55] e
O'Neill 2001 9 150 6 75 43.2% 0.73 [0.25, 2.15] ——
Roe 2005 4 90 9 90 33.6% 0.42[0.12, 1.41] — &
Sajovic 2006 1 30 1 31 6.3% 1.03 [0.06, 17.33]
Total (95% Cl) 331 259 100.0% 0.63 [0.31, 1.27] -
Total events 16 19
Heterogeneity: Tau2 = 0.00; Chi2 = 1.16, df = 4 (P = 0.88); 12 = 0% =0 o1 041 120 1005

Test for overall effect: Z = 1.30 (P = 0.20) Favours BPTB Favours Hamstring

Figure 1.
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BPTB Hamstring Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ibrahim 2005 5 40 7 45  11.0% 0.78 [0.23, 2.67] —
Keays 2007 4 27 4 22 7.3% 0.78[0.17, 3.57] —
O'Neill 2001 29 150 19 75 38.8% 0.71[0.37, 1.37] —
Roe 2005 15 59 12 61 22.7% 1.39[0.59, 3.29] T
Sajovic 2006 5 26 4 28 8.1% 1.43[0.34, 6.03] B e —
Zaffagnini 2006 7 25 10 25 12.0% 0.58[0.18, 1.91] S
Total (95% CI) 327 256 100.0% 0.87 [0.58, 1.31]
Total events 65 56
Heterogeneity: Tauz = 0.00; Chi2 = 2.47,df = 5 (P = 0.78); 12 = 0% ; + 1 t {
Test for overall effect: Z = 0.67 (P = 0.50) 001 Fa(\)lblurs BPTBlFavours :I(a)lmstrir%go

Figure2.
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Table 2

Inclusion Criteria

Exclusion Criteria

Prospective comparative studies comparing outcomes of primary
ACL reconstruction with hamstring and patellar tendon grafts
(Level | and 11 evidence)

Retrospective comparative studies and case series (Level 111 and IV
evidence)

Five-year minimum follow-up

Less than 5-year minimum follow-up

Reconstruction with patellar tendon or hamstring tendon
autograft

Utilization of graft tissue other than patellar tendon or hamstring tendon

All-arthroscopic, arthroscopic-assisted, or mini-arthrotomy
technique

Open ACL reconstruction

Report separate outcomes based on graft type

Multi-ligament knee injury other than low grade MCL injuries

Inclusion of skeletally immature patients

Use of alograft

Animal studies

In vitro studies

Non-English studies

Reviews without original data

Inclusion of revision ACL reconstructions

Use of artificial ligaments

Knee Surg Sports Traumatol Arthrosc. Author manuscript; available in PMC 2013 August 16.
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