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Background: Bone—patellar tendon-bone (BPB) autografts and hamstring tendon (HT) autografts are 2 popular choices for
anterior cruciate ligament reconstruction (ACLR). Although existing meta-analyses have explored the clinical outcomes between
BPB and HT autografts, none have based their analysis on studies with just femoral suspensory fixation methods.

Purpose: To evaluate and compare clinical outcomes, particularly graft failure and knee stability, of ACLR with BPB or HT
autografts with suspensory femoral fixation.

Study Design: Systematic review; Level of evidence, 4.

Methods: A literature search was conducted of studies reporting single-bundle ACLR with BPB autografts and HT autografts with
suspensory fixation with a minimum 24-month follow-up. Graft failure rate, knee stability, and clinical outcomes were compared for
BPB versus HT autografts. Knee stability was measured with the Lachman test, pivot-shift test, and KT-1000/2000 arthrometer
side-to-side difference (SSD). Clinical outcomes were measured with Lysholm scores and the Tegner activity scale, as well as rate
of return to preinjury sports. Donor site morbidity among included studies was reviewed. A random-effects model was used for
calculations of summary estimates. Subgroup, sensitivity, and trial sequential analyses were conducted.

Results: Five studies were included. Graft failure was seen more often in the HT group than the BPB group, and this was statistically
significant (P = .03). However, the trial sequential analysis outcome indicated that the included sample size was not large enough to
support a solid positive finding. The analysis showed no significant difference in SSD, Lachman test, pivot-shift test, rate of return to
sports, Lysholm score, or Tegner score between groups. Subgroup analyses found no significant difference between groups.

Conclusion: This meta-analysis demonstrated no significant differences in knee stability and knee functional outcomes between
BPB and HT autografts with suspensory fixation. More evidence is needed to prove the lower risk of failure with use of BTB
autograft with suspensory fixation.
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Bone—patellar tendon-bone (BPB) autografts and
4-strand hamstring tendon (HT) autografts are two pop-
ular graft choices for anterior cruciate ligament recon-
struction (ACLR).2%*! Because there is controversy on
the specific advantages and disadvantages of these
2 grafts, a number of meta-analyses have compared
these 2 choices over the past years.?%21,29,30.32:44 1
et al?! and Xie et al** reported that there was no statis-
tical difference of postoperative graft failure between
BPB grafts and HT grafts. However, Samuelsen et al32
reported that HT autografts failed at a higher rate than
BPB autografts. Of note however, these meta-analyses
included studies with both suspensory fixations (eg,
EndoButton) and aperture fixations (eg, interference
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screw), which introduced a significant confounding factor
to the results of the comparisons.

Although the interference screw is the most common
type of femoral fixation for ACLR with BPB,'22 screws
present several disadvantages, which include the risk of
blowout of the bone tunnel as well as damage to the bone
blocks and tendons.2* Conversely, suspensory femoral fixa-
tions such as EndoButton (Smith & Nephew) or Tightrope
(Arthrex) show the advantages of precise position of the
tunnel and high tensile strength.!>1337-3% However, there
are 2 concerns regarding BPB grafts with suspensory fixa-
tion.”1%2* First, the graft-bone motion of BPB grafts with
suspensory fixation is higher than that of BPB grafts with
interference screw fixation, which might influence BPB
bone graft healing with the host bone tunnel.”'® Moreover,
it has been observed that BPB grafts with suspensory but-
ton fixations fail as a result of the sutures cutting through
the bone during biomechanical testing.?* Hence, whether
suspensory fixation is a beneficial complement to BPB auto-
grafts is still in dispute.

The purpose of this study was to systematically review
and compare the clinical outcomes of BPB and HT auto-
grafts with femoral suspensory fixation in ACLR and to
evaluate the feasibility of concomitant utilization of sus-
pensory fixation and BTB autografts.

METHODS
Search Strategy

In June 2018, 2 independent reviewers (W.C. and H.L.)
performed a literature search in the PubMed, Embase, and
Cochrane Library databases in accordance with the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines and reviewed the
search results, with a senior author (Y.W.) arbitrating on
any disagreement.?> The detailed search strategy was as
follows: (anterior cruciate ligament OR ACL) AND (bone—
patellar tendon—-bone OR BPB OR bone tendon bone OR
BTB OR patellar tendon OR PT) AND (hamstring OR semi-
tendinosus OR gracilis).

The titles and abstracts were reviewed for all search
results, and potentially eligible studies received a full-text
review. Finally, the reference lists of the included studies
and literature reviews found in the initial search were man-
ually screened for additional articles meeting the inclusion
criteria. When a series of published articles reported on the
same population, they were regarded as a single study.

Inclusion Criteria

The inclusion criteria for clinical articles were as follows: (1)
clinical studies reporting graft failure or graft retear after
anatomic ACLR with BPB autografts and HT autografts,
including prospective cohort studies, retrospective cohort
studies, and randomized controlled trials; (2) mean follow-
up time longer than 24 months; (3) single-bundle reconstruc-
tion; (4) suspensory femoral fixation; and (5) full-text
availability.
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Exclusion Criteria

The exclusion criteria were (1) case series; (2) failure to
report postoperative clinical or functional outcomes; (3) use
of other grafts (eg, allografts); and (4) nonclinical studies,
including reviews, cadaveric studies, biomechanical stud-
ies, surgical technique articles, and case reports.

Evaluation of the Study Quality

The Jadad Scale was used to evaluate the methodological
quality of the randomized studies,'® and the Newcastle-
Ottawa Scale was used to evaluate the methodological qual-
ity of nonrandomized studies.'” The Jadad Scale is a 5-point
scale, with >3 points indicating a relatively high-quality
study, and the Newcastle-Ottawa Scale is a 9-point scale,
with >7 points rating a study as relatively high quality.**
Each study was independently assessed by 2 authors (W.C.,
H.L.), and disagreements were resolved by discussion.

Data Extraction

Two blinded reviewers (Y.C., F.J.) conducted data extrac-
tion and analysis using a predetermined data sheet. The
relevant information included the following: study design,
population size, population age, graft failure, postoperative
functional outcome measures, return-to-sports rate, and
follow-up time points. The functional outcomes focused on
Tegner score, Lysholm score, Lachman test, pivot-shift test,
and KT-1000/2000 arthrometer results. Given the hetero-
geneity of description among studies, we reviewed the inci-
dence of donor site morbidity discretely—specifically,
anterior knee pain and kneeling pain—instead of pooling
the inconsistent results together. The detailed information
of graft failure was also summarized. Failure rate was
selected as the primary outcome. As 2 of the articles
reported on the same population,’®*3 when the outcome
was not available in the article published in 2016,*® data
were borrowed from the 20032 article.

Statistical Analysis

All statistical analyses were performed with Review Man-
ager 5.3 software (The Cochrane Collaboration). A random-
effects model was applied in consideration of the varied
follow-up time and study designs across trials.?*3® Means
were calculated for age and follow-up time. When the range
was given instead of a standard deviation, the standard
deviation was calculated with a method by Hozo et al.*® For
data unable to be merged owing to inconsistent or absent
data, a descriptive analysis was performed. A P value of
<.05 was considered statistically significant.

Sensitivity and trial sequential analyses (TSAs) were
conducted as described in our previous study.?® The hetero-
geneity was quantified with the I? statistic.'* When I? >
75%, which indicated high heterogeneity across studies,
sensitivity analysis was used to reveal the potential source
of heterogeneity. TSA was performed for the primary out-
come to avoid an early false-positive conclusion drawn by
traditional meta-analysis techniques. Based on the study
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Results identified through database search:
2443 records (PubMed, Embase, Cochrane)

Duplicates removed 811 studies excluded

A 4

[ Records screened (n = 1632) }

Records excluded after screening of
title/abstract (n = 1584)

A4

[ Full-text articles assessed for eligibility (n = 48) ]

43 full-text articles excluded after
inclusion and exclusion criteria applied
A4

[ 5 articles (492 patients) included }

Figure 1. Flowchart of the literature search process.

design (randomized controlled trial [RCT] or non-RCT),
subgroup analysis was conducted.

RESULTS

The initial literature search resulted in 2443 articles. After
removal of duplicates, the articles were screened according
to inclusion and exclusion criteria, and 48 unique articles
were evaluated and full texts assessed for eligibility. Ulti-
mately, 6 articles>1%1825:49:43 were included in this review,
but as 2 of the articles’®*® reported on the same cohort,
they were considered a single study for the purposes of this
review (Figure 1). The characteristics of the studies are
summarized in Table 1. There were 492 patients in total,
however 11 patients were lost to follow-up, leaving 481
patients for analysis. Of these 481 patients, 233 had BPB
autografts (BPB group) and 248 had HT autografts (HT
group).

Graft Failure

Graft failure was reported in all 5 studies. Overall, 29 of 233
patients in the BPB group and 49 of 248 patients in the HT
group experienced graft failure. The analysis showed that
the BPB group (12.4%) was less likely to experience graft
failure than the HT group (19.8%) (risk ratio, 0.63; 95% CI,
0.41-0.96; P = .03) (Figure 2A). However, the TSA indicated
that there was not enough evidence proving a lower failure
rate when BPB was used compared with HT (Figure 2B).
The detailed information regarding graft failure is summa-
rized in Table 2.

KT-1000/2000 Arthrometer Side-to-Side Difference

All 5 studies used instrumented laxity measurements as an
outcome measure. Barrett et al® reported that 6 BPB cases
and 9 HT cases had a side-to-side difference (SSD) >3 mm.
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Ibrahim et al'® demonstrated that the KT-1000 arthrom-
eter revealed 5 BPB cases and 7 HT cases that had an SSD
>3 mm. Taylor et al*® evaluated SSD using the KT-2000
arthrometer (134 N) in only 8 patients with BPB and 11
with HT grafts and found that 4 each had an SSD >3 mm.
Webster et al*® reported that 1 BPB case and 2 HT cases
had an SSD >3 mm at 15-year follow-up. Mohtadi et al®®
assessed anterior knee stability using a KT arthrometer
and found that the SSD (mean *+ SD) was 4.9 £ 2.3 mm for
the BPB group and 5.0 + 2.1 mm for the HT group. Four
studies®84043 reporting patients with an SSD >3 mm
were used for the meta-analysis. The analysis showed no
significant difference between the groups, and the risk ratio
for a KT-1000/2000 SSD >3 mm was 0.88 in favor of BPB
(95% CI, 0.50-1.54; P = .65) (Figure 3).

Lachman Test
Three studies®'®1® including 209 patients reported data
regarding the postoperative Lachman test. The analysis
showed no significant difference between the groups, and
the risk ratio for positive Lachman test result was 0.56 in
favor of BPB (95% CI, 0.29-1.06; P = .08) (Figure 4).

Pivot-Shift Test
The pivot-shift test was performed in 4 studies®13:18:25
including 415 patients. The analysis showed no significant
difference between the groups, and the risk ratio for posi-
tive pivot-shift test was 0.62 in favor of BPB (95% CI, 0.38-
1.01; P = .06) (Figure 5).

Return to Sports

Two studies reported the outcome of return to sports after
surgery. Taylor et al*® reported that 81% of the patients
with BPB and 52% with HT grafts were able to return to
their preinjury activity levels. In 2016, Webster et al*3
reported that 82% and 68% of patients with BPB and HT
grafts returned to sports, respectively, but the level of
activity was unknown. Nevertheless, in their report,
which focused on the same cohort dating back to the
2003 study,'® the authors indicated that 53.8% of patients
in the BPB group and 51.6% in the HT group returned to
their preinjury level of sports participation 3 years after
surgery. The analysis showed that the difference between
groups in the rate of return to preinjury sports was non-
significant (risk ratio, 1.29; 95% CI, 0.87-1.91; P = .20)
(Figure 6).

Tegner Score

Tegner scores were reported in 4 studies®'®2?%° comprising
200 patients with BPB autografts and 215 with HT auto-
grafts. There was no significant difference between the
groups (mean difference [MD], 0.70; 95% CI, —0.06 to
1.46; P = .07) (Figure 7A). The I? of 76% indicated signifi-
cant heterogeneity among the studies. Hence, a sensitivity
analysis was conducted, and we found that the study by
Barrett et al2 contributed to most of the heterogeneity. Yet,
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TABLE 1
Study Characteristics®

Study: Design Patients, n Mean Age, y Male:Female, n Follow-up, mo Jadad or NOS Score

Barrett et al (2002)% CS 7
BPB 37 25.2 0:37 52
HT 39 23.2 0:39 40.9

Ibrahim et al (2005)'®: PCS 22.3 81 9
BPB 40 40:0
HT 45 45:0

Taylor et al (2009)*°: RCT 36 3
BPB 32 21.7 25:7
HT 32? 22.1 28:4

Mohtadi et al (2016)%%: RCT 5
BPB 110 28.7 63:47 24
HT 110 28.5 59:51 24

Webster et al (2016)*>: RCT 5
BPB 22 26.6 16:6 184
HT 25 26.1 20:5 182

Feller and Webster (2003)'%<: RCT 5
BPB 31 25.8 23:8 36
HT 34 26.3 24:10 36

“BPB, bone—patellar tendon—bone; CS, case series; HT, hamstring tendon; NOS, Newcastle-Ottawa Scale; PCS, prospective cohort study;

RCT, randomized controlled trial.

bThere were 8 patients in the BPB group and 3 in the HT group lost to follow-up.
“These studies reported on the same cohort and were considered 1 study.

A

BPB HT Risk Ratio Risk Ratie

Study Events Total Events Total Weight M-, Random,95% Cl M-H, Random, 95% C1
Barrett 2002 3 ¥ 9 30 11.8% 0.35(0.10,1.20)
Ibrahim 2005 3 M 4 45 B86% 0.84 [0.20, 354 —
Mohtadi 2016 19 110 28 110 66.9% 0,66 10.39,1.10) -
Taylor 2009 3 H 4 2 91% 0.910.22, 3.66] F—r—
Webster 2015 1 2 3 5 3% 0.380.04,3.38] —
Total (95% CI) 213 248 100.0% 0.63 [0.41, 0.96] <>
Total events 29 49

: e i i " . \ |
Heterogeneity. Tau®= 0.00; Chi*=1.53, df= 4 (P=082); F= 0% IIJUI U‘W IIU 1UU'

Testfor overall effect Z= 217 (P=003) Favours [BPB] Favours [HT]

Favours
BPB

Faveurs

&

umulative
Z-Score

TSA-F1s a Two-sided graph

T

Number of
patents
(Linear scaled)

Figure 2. (A) Traditional analysis of graft failure rate. Risk ratio for graft failure was in favor of BPB (95% Cl, 0.41-0.96; P =.03). (B) Trial
sequential analysis of graft failure rate. The Z curve crossed the conventional boundary (horizontal brown lines), suggesting the
superiority of BPB, but failed to cross the 2-sided significance testing boundaries, futility boundaries, and trial sequential monitoring
boundaries (red curves). The sample size of included studies also did not reach the required number (vertical red line). BPB, bone-
patellar tendon-bone; HT, hamstring tendon; M-H, Mantel-Haenszel; TSA-F, trial sequential analysis-—.

excluding this study did not make much difference to the
result (MD, 0.39; 95% CI, -0.29 to 1.07; P = .26)
(Figure 7B).

Lysholm Score

Lysholm scores were reported in 3 studies®'®*® comprising

98 patients with BPB autografts and 107 with HT

autografts. There was no significant difference between the
groups (MD, -0.79; 95% CI, —-2.44 to 0.86; P = .35)
(Figure 8).

Subgroup Analysis

The subgroup analyses to eliminate the influence of study
design found no significant difference with regard to graft
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TABLE 2
Graft Failure Information®
Study: Group Information
Barrett (2002)
BPB Clinical failure occurred in 3 patients: 2 had a 1+ pivot shift and 1+ Lachman, and 1 had a 2+ Lachman and 2+ pivot shift.
HT Failure of the graft occurred in 9 cases at final follow-up, as determined by the presence of a 1+ pivot shift in 5 cases, a KT-

1000 arthrometer difference >5 mm in 1 case, and a 2+ Lachman and 1+ or 2+ pivot shift in 4 cases.

Ibrahim (2005)'% Occasional giving way was reported by 2 patients in the BPB group and 3 in the HT group. Two patients reported giving
way during physical activity (1 BPB and 1 HT).

Taylor (2009)*°

Mohtadi (2016)®

BPB 3 patients with complete traumatic tear and 16 with atraumatic graft failure

HT 12 patients with complete traumatic tear and 17 with atraumatic graft failure
Webster (2016)*2

BPB 1 rupture occurred at 6 mo owing to a significant trauma.

HT Between 3 and 15 y, 3 patients experienced rerupture.

There were 3 BPB and 4 HT graft ruptures: 75% of the HT ruptures occurred before or at 1 y, while all the BTB ruptures
occurred after 1 y; 6 graft ruptures occurred because of a noncontact injury mechanism and 1 in a contact injury.

“BPB, bone—patellar tendon—bone; HT, hamstring tendon.

Barrett 2002
Ibrahim 2005
Taylor 2009

Webster 2016

Total (95% CI)

Risk Ratio
M-H. Random, 95% CI

BPB HT Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI
] 37 g 39 36.8% 0.70[0.28,1.78]
5 40 7 45 28.0% 0.801[0.28, 2.33]
4 ] 4 11 29.2% 1.38[0.48, 3.91]
1 17 2 20 6.0% 0.59 [0.06, 5.94]
102 115 100.0% 0.88 [0.50, 1.54]

16 22

Total events

Heterogeneity: Tau®= 0,00, ChiF=1.10,df=3 (P=0.78), F=0%
Testfor overall effect: Z=0.45 (P = 0.65)

RN S—
R S—
PR E—

T

0.01

01 1 10
Favours [BEPB] Favours [HT)]

100

Figure 3. Analysis of instrumented laxity measurement of side-to-side difference >3 mm. BPB, bone-patellar tendon-bone; HT,

hamstring tendon; M-H, Mantel-Haenszel.

BPB HT Risk Ratio Risk Ratio
Study or Subgroup  Fvents Total Events Total Weight M-H. Random. 95% Cl M-H, Random, 95% CI
Barreft 2002 6 a7 14 39 58.9% 0.45[0.19, 1.05] ——
Feller 2003 021 127 42% 0.42[0.02,9.92]
Ibrahim 2005 5 40 745 36.9% 0.80 [0.28, 2.33] —
Total (95% Cl) 98 111 100.0% 0.56 [0.29, 1.06] g
Total events 1" 22
Heterogeneity: Tau= 0.00; Chi*= 0.72, df= 2 (P = 0.70); F= 0% =D o 011 g 1:0 100

Test for overall effect: Z=1.77 (F = 0.08)

Favours [experimental] Favours [control]

Figure 4. Comparison of positive Lachman test result between BPB and HT groups after anterior cruciate ligament reconstruction.
BPB, bone—-patellar tendon-bone; HT, hamstring tendon; M-H, Mantel-Haenszel.

Risk Ratio

BPB HT Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H Random, 95% CI
Barrett 2002 3 7 9 39 15.8% 0.35[0.10,1.20]
Feller 2003 1] 21 5 27 2.9% 0.12[0.01,1.98]
Ibrahim 2004 ] 40 8 45 22.1% 0.70[0.25,1.98]
Mohtadi 2016 14 102 19 104 59.0% 0.75[0.40,1.42]
Total (95% CI) 200 215 100.0% 0.62 [0.38, 1.01]
Total events 22 41

Heterogeneity: Tau®= 0.00; Chi*= 266, df=3(P=045), F=0%
Test for overall effect: Z=1.91 (P = 0.06)

M-H. Random, 95% CI

e

—
.
>

0.0

01 1 10
Favours [BPB] Favours [HT]

100

Figure 5. Comparison of positive pivot-shift test result between BPB and HT groups after anterior cruciate ligament reconstruction.
BPB, bone—-patellar tendon-bone; HT, hamstring tendon; M-H, Mantel-Haenszel.
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BPB HT Risk Ratio Risk Ratio
Study or Subgroup  Fvents Total Fvents Total Weight M-H, Random, 95% Cl M-H. Random, 95% CI
Feller 2003 14 26 16 31 46.2% 1.04 [0.64,1.71]
Taylor 2009 17 4| 12 23 53.8% 1.55[1.00, 2.42]
Total (95% Cl) a7 54 100.0% 1.29 [0.87, 1.91]
Total events H 28

Heterogeneity: Tau®= 0,02, ChiF= 140 df=1(P=024), F=29%

Test for overall effect: Z=1.28 (P = 0.20)

om

0.1 1 10 100

Favours [HT] Favours [BPB]

Figure 6. Analysis of return to preinjury sports rate. BPB, bone—patellar tendon-bone; HT, hamstring tendon; M-H, Mantel-

Haenszel.

A

BPB HT Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barrett 2002 659 1.8 37 517 1.25 39 26.4% 1.42[0.72,2.12] —
lbrahim 2005 79 1.8 40 78 18 45 253% 010 [-0.67, 0.87) __t__
Mohtadi 2016 65 1.8 103 6.4 2 107 29.5% 010 [-0.41, 0.61]
Taylor 2009 6.75 1.81 20 529 217 24 18.38% 1.46 [0.28, 2.64] e
Total (95% CI) 200 215 100.0% 0.70 [-0.06, 1.46] ‘

Heterogeneity: Tau®= 0.44, Chi*=12.50, df= 3 (P = 0.006), F= 76% T

Test for overall effect: Z=1.81 (P = 0.07)

g B

-4 ) 0 2
Favours [HT] Favours [BPB)

BPB HT Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
lbrahim 2005 79 1.8 40 78 18 45 340% 0.10[-0.67,0.87)
Mohtadi 2016 65 18 103 6.4 2 107 447% 0.10[-0.41, 0.61]
Taylor 2009 6.75 1.81 20 529 217 24 21.3% 1.46 [0.28, 2.64) e —
Total (95% Cl) 163 176 100.0% 0.39 [-0.29, 1.07]
Heterogeneity: Tau?= 0.20; Chi*= 4.54, df= 2 (P = 0.10); F= 56% 4 2 5 2 4

Test for overall effect: Z=1.13 (P = 0.26)

Favours [HT] Favours [BPB]

Figure 7. Analysis of Tegner scores (A) before and (B) after sensitivity analysis. BPB, bone-patellar tendon-bone; HT, hamstring

tendon; IV, inverse variance.

SD Total Weight IV, Random. 95% CI

Mean Difference Mean Difference

IV, Random, 95% Cl

BPB HT
Study or Subaroup Mean SD Total Mean
Barrett 2002 87.41 7.88 37 B51 1775 39 7.3%
lbrahirm 2005 916 425 40 927 4 45 83.0%
Taylor 2009 904 1148 21 98025 1431 23 47%
Total (95% CI) 98 107 100.0%

Heterogeneity. Tau*= 0.00; Chi*=1.16, df=2 (P = 0.56); F=0%
Test far overall effect: Z=0.94 (P = 0.35)

231 [3.81, 8.43]
-1.10 [-2.86, 0.66]
015 [-7.48, 7.78]

-0.79[-2.44, 0.86]

200 -10 0 10 20

Favours [HT] Favours [BPB]

Figure 8. Analysis of Lysholm scores. BPB, bone—patellar tendon-bone; HT, hamstring tendon; IV, inverse variance.

failure, SSD, Lachman test, pivot-shift test, Tegner score,
or Lysholm score between groups (Table 3). All studies pre-
senting the rate of return to sports were RCTs; thus, the
subgroup analysis was unnecessary.

Donor Site Morbidity

Donor site morbidity was described differently among stud-
ies. Feller and Webster!® reported that there were

significantly fewer patients with anterior knee pain in the
HT group at 8 months and 2 years postoperatively. In addi-
tion, the incidence of kneeling pain was significantly
greater in the BTB group at all follow-up times. Webster
et al*® presented results in a 15-year follow-up of the same
population, at which point the incidences of anterior knee
pain and kneeling pain were similar between groups.
According to Ibrahim et al,’® patients with anterior knee
pain were significantly more represented in the BTB group
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TABLE 3
Subgroup Analysis Outcome®

Outcome: Study Design Studies, n Patients (BTB:HT), n ? % Risk Ratio (95% CI) P Value
Graft failure

RCT 3 156:164 0 0.66 (0.41 to 1.06) .09

Non-RCT 2 77:84 0 0.51 (0.20 to 1.29) .16
Side-to-side difference

RCT 2 25:31 0 1.19 (0.46 to 3.08) 72

Non-RCT 2 77:84 0 0.74 (0.37 to 1.50) 41
Lachman test

RCT 1 21:27 NA 0.42 (0.02 to 9.92) .59

Non-RCT 2 77:84 0 0.56 (0.29 to 1.09) .09
Pivot-shift test

RCT 2 123:131 41 0.49 (0.10 to 2.40) .38

Non-RCT 2 77:84 0 0.53 (0.24 to 1.16) 11
Tegner score

RCT 2 123:131 77 0.67 (-0.64 to 1.99) .32

Non-RCT 2 77:84 84 0.77 (-0.52 to 2.06) .24
Lysholm score

RCT 1 21:23 NA 0.15 (-7.48 to 7.78) .97

Non-RCT 2 77:84 9 —0.71 (-2.84 to 1.43) .52

“BPB, bone—patellar tendon—bone; HT, hamstring tendon; NA, not applicable; RCT, randomized controlled trial.

(10 of 40) versus the HT group (3 of 40) at a mean follow-up
of 81 months. Taylor et al*® reported no significant differ-
ence between groups in terms of pain associated with kneel-
ing at 5 years postoperatively.

DISCUSSION

The purpose of this study was to evaluate clinical outcomes,
particularly graft failure and knee stability, of ACLR with
BPB or HT autografts with suspensory femoral fixations
only. We found that the BPB group (12.4%) had a lower
graft failure rate than the HT group (19.8%) (risk ratio,
0.63; P < .03). But this finding was opposed by the TSA,
which indicated that a larger sample size must be acquired
by conducting more well-designed clinical trials before the
cessation of this debate. Furthermore, there were no signif-
icant differences in knee stability or knee function out-
comes between BPB and HT autografts with suspensory
fixation.

It is universally acknowledged that graft failure is the
first thing to avoid after ACLR.2® The time required for
bone-to-bone incorporation of the BPB graft is shorter than
that for bone-tendon incorporation of HT, which may con-
tribute to the difference of failure rate between these
choices.!® Recently published meta-analyses comparing
ACLR with BPB autografts and HT autografts, regardless
of fixation methods, resulted in 2 divergent conclusions
concerning failure rate. Most found no significant differ-
ence between these types of graft,>1%44%5 while 2 studies
with much larger sample sizes, including 47,613 patients>?
and 15,557 patients,?” revealed a significantly lower sec-
ondary rupture rate after the BPB procedure. Although the
difference was statistically significant in the study that
included 47,613 patients, rerupture rates were low: 2.80%
in the BPB and 2.84% in the HT group.3? Whether such a

narrow difference is of any clinical importance should be
deliberated.

SSD measured by KT-1000/2000 arthrometer, Lachman
test, and pivot-shift test are indicators to determine knee
stability after ACLR. A number of meta-analyses pub-
lished in recent years have reported better stability in
knees reconstructed with BPB autografts. Xie et al** in
2015, Mohtadi et al*® in 2011, and Li et al*" in 2011 found
significantly higher risk ratios for positive pivot-shift test
result in the HT autograft group. Li et al and Mohtadi et al
also observed significantly decreased SSD (as measured
by KT-1000) in the BPB group. A significantly higher risk
ratio of positive Lachman test result was reported by Moh-
tadi et al in 2011. The conclusions are quite plausible, as
all 3 of these studies were highly appraised according to
the Quality of Reporting of Meta-analyses (QUOROM)
score system, which was designed to evaluate the quality
of meta-analyses.?3 In the current review, all of these joint
stability outcomes were comparable between the BPB and
HT groups. This divergence may be explained by a meta-
analysis conducted in 2017 that compared suspensory and
aperture fixation in HT autografts.® The analysis showed
a significantly higher incidence of SSD >3 mm in the
patients with aperture fixation, which confirms our find-
ings of similar joint stability outcomes between BPB and
HT grafts when aperture fixation was not included.

The primary purpose of ACLR is to help patients return
to their preinjury activity levels.! Most previous meta-
analyses reported no difference between BPB and HT
grafts in terms of activity level and knee function, includ-
ing rate of return to preinjury sports, Tegner score, and
Lysholm score, which tallied with our outcomes.25:32
Given the donor site morbidity with the use of BTB auto-
graft, including anterior knee pain and patellofemoral
problems, as reported in most of our included studies with
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a follow-up period <5 years,'®® HT autograft may be the
preferred option.

Nevertheless, the reliability of bone-to-bone healing once
made BPB autograft the “gold standard” graft choice of
ACLR.?8 Unlike reconstructing with HT autograft, the sus-
pensory fixation method was utilized less often than inter-
ference screws, merely in about 10% of cases as reported,*?
when fixing BPB autograft. However, drilling the screws
increases the risk of bone block damage, and the block
sometimes slips in the tunnel when the fixation is not rigid
enough.?* Moreover, with the popularization of anatomic
ACLR, the femoral tunnel is placed lower on the lateral
wall of the intercondylar notch, which can lead to issues
with graft passage and the likelihood of graft-tunnel mis-
match.® Employing suspensory fixation can solve these pro-
blems,?* especially when it is difficult to preserve sufficient
bone stock in the bone tunnel or when it is at risk of pos-
terior wall blowout. Moreover, suspensory fixation can be
a solution when an interference screw is inapplicable in
revision cases with tunnel enlargement.!! Taketomi
et al®” confirmed that that EndoButton is a reliable
method for BTB by evaluating patients with 3-
dimensional computed tomography 1 year after surgery.
In a biomechanical study, Mickelson et al?* found that
adjustable-loop cortical buttons had similar failure loads
as compared with interference screws. The results of our
review also indicated that the clinical outcome of BPB
autografts with suspensory fixation is comparable with
that of HT autografts.

A well-designed RCT with long-term follow-up is one of
the best ways to evaluate a surgical technique.?® The rerup-
ture rates of BTB autografts with traditional interference
fixation in 2 recently published RCTs comparing BTB and
HT autografts were 6.6% (4 of 61 patients) at 16-year
follow-up® and 9.4% (3 of 32 patients) at 17-year follow-
up.?! In addition, in one of our included RCTs, Webster
et al*® reported a rerupture rate of 4.5% for BTB autograft
by suspensory fixation at 15-year follow-up. However, their
sample size was small, suggesting that more studies com-
paring BTB via different fixation methods should be con-
ducted in the future.

This meta-analysis comparing BPB and HT autografts,
both with suspensory fixation, eliminated the bias caused
by multiple fixation methods in previous studies. The low
heterogeneity across most outcomes, as well as the consis-
tent conclusions drawn by the subgroup analyses and the
regular analyses in most cases, strengthens the credibility
of the results. In addition, the selected outcomes are all
clinically relevant and may offer practical advice for sur-
geons when choosing an optimal graft. Moreover, TSA was
applied to ensure that a reliable positive conclusion was
drawn with a sufficient sample size and power of a test.

Limitations

There are several limitations in this study that need to be
specified. First, not all the studies included were well-
designed RCTs with the highest evidence level,
which may introduce biases to the results. Second, the
KT-1000/2000 arthrometer measurements were performed
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with varying forces, which made comparison of SSD less
accurate. Finally, follow-up time varied greatly, from 2 to
15 years among the studies, which may undermine the
credibility of the outcomes.

CONCLUSION

This meta-analysis demonstrated that there were no signif-
icant differences in knee stability and knee functional out-
comes between BPB and HT autografts using suspensory
fixation methods. More evidence is in need to confirm there
is a lower risk of failure with the use of BTB autograft with
suspensory fixation.
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