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What is the best hamstring graft 
configuration for ACL 

reconstruction? 

INTRODUCTION



COMPARE ACL HS CONFIGURATION: 

ACL + ALL 

Versus

ACL Quintuple or Sextuple 

OBJECTIVE



RANDOMIZED CONTROLLED TRIAL

https://www.randomizer.org

Block Randomization

METHODS

Multicentric



Primary ACL injury 
in high risk (for relesion) patients 

from 14 /16  – 40 years

Population



• Age (  14 – 25 years;  16 - 25 years)

• Explosive pivot-shift

• Chronic ACL injury (>12 months)

• Athlete (Tegner Scale ≥ 7)

• Tibial slope > 12o 

• Recurvatum

• Hypermobility (Beighton > 5)

Inclusion Criteria (ONE or more)



• Age > 40years

• ACL revision

• Other ligament injury: PCLinjury (grade 2 and 3); MCLinjury (grade 2 and 3) or 

(grade 1 with valgus aligned axis); PLCinjury (grade 2 and 3 Fanelli classification)

• Recurrent patellar dislocation

• Chondral lesion ICRS grade 3 and 4>1cm2

• Previous ipsilateral knee surgery

• Kellgren-Lawrence grade 3 o 4

• Inflammatory disease

• Contralateral knee ligament injury

• Malalignment: >5o of clinical asymmetry or symmetric >10o varus or valgus

• Final ACL graft diameter <=7mm (Final graft diameter HAD TO BE be >=8mm)

• BMI >35 or < 18

• Active malignant neoplasia

• Pregnancy

• Psychiatric-disorders

Non-Inclusion Criteria



Data Collection

• Remote and blinded
• HIPAA-compliant
• SMS, WhatsApp (IKDC, Lysholm, Tegner, VAS) 

Physicians: in person visits



Outcomes

Primary

Clinical Failure 
Pivot shift  > 1+ in more than one return 
                   > 2+ at any return

Graft Rupture
(confirmed by MRI or arthroscopy in 
the presence of any clinical failure 

criteria) 



Outcomes

Secondary

• IKDC
• Lysholm
• Tegner
• Objective IKDC
• Digital Rolimeter
• Tampa Scale of Kinesiophobia
• Anxiety and Depression Scale 
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Statistical Analysis

Sample Size
126 patients (Power 80%) 

15% loss: 145 patients 

Continuous numerical variables
Means, standard deviation,

independent-samples t tests or Mann–
Whitney U tests 

Qualitative Variables
% in each group

chi-square or Fisher’s exact tests 



Results

Recruitment: 3 years and 5 months
(Started August 2022) (Public Health System)

112/129 patients with at least 1y FU (13% loss)
Follow-up: 29.72 ± 11.95 months (12 - 41.8)



Results

Recruitment: 3 years and 5 months
(Started August 2022) (Public Health System)

63 ACL+ALL 49 ACL (5/6xHamstring)X

112/129 patients with at least 1y FU (13% loss)
Follow-up: 29.72 ± 11.95 months (12 - 41.8)

75% Males

68.8% ACLs combined with meniscal injury

58.9% Meniscal injuries repaired



Results Pre-op

Variable ACL (n = 63) ACL + ALL (n = 49) P value SMD

FOLLOW-UP TIME 29.94 ± 11.83 (3.91–41.46) 29.50 ± 12.07 (4.17–41.79) 0.849 0.04

SEX Female 18 (28.6%) / Male 45 (71.4%) Female 6 (12.2%) / Male 39 (79.6%) 0.012 —

AGE 31.12 ± 7.45 (18–44) 27.09 ± 6.05 (14–39) 0.003 0.59

BMI 25.95 ± 3.11 (19.9–33.0) 24.84 ± 2.75 (19.7–33.6) 0.090 0.38

PREOP FLEXION 126.54 ± 26.71 (0–140) 130.03 ± 24.26 (0–140) 0.522 -0.14

PREOP EXTENSION 1.62 ± 20.67 (-34–140) 3.85 ± 21.39 (-11–130) 0.622 -0.11

PREOP ROM 124.92 ± 41.75 (-140–142) 126.18 ± 44.08 (-130–151) 0.891 -0.03

PRE-INJURY TEGNER 6.26 ± 2.19 (1–10) 5.79 ± 1.75 (1–10) 0.245 0.24

PREOP IKDC 51.03 ± 18.58 (15–92) 49.30 ± 19.03 (16–86) 0.660 0.09

PREOP LYSHOLM 49.37 ± 19.00 (16.09–86.20) 54.85 ± 30.11 (0–94) 0.324 -0.22

PREOP VAS PAIN 3.19 ± 2.84 (0–9) 3.24 ± 3.10 (0–8) 0.922 -0.02

PREOP TAMPA 38.81 ± 9.36 (19–58) 44.08 ± 9.85 (21–65) 0.011 -0.55

PREOP ANXIETY 6.26 ± 4.00 (0–17) 5.68 ± 3.34 (0–14) 0.446 0.16

PREOP DEPRESSION 3.44 ± 3.21 (0–14) 3.46 ± 3.20 (0–12) 0.977 -0.01

MENISCAL INJURY 43 / 63 (68.3%) 34 / 49 (69.4%) 0.899 —

MENISCAL REPAIR 26 / 63 (41.3%) 20 / 49 (40.8%) 0.328 —

PARTIAL 
MENISCECTOMY

17 / 63 (27.0%) 13 / 49 (26.5%) 0.675 —

Baseline Characteristics & Group Homogeneity



Primary Outcome

Outcome ACL ACL + ALL
Between-

Group 
Comparison

Failure rate (%) 9.8% 18.2%
+8.4% absolute 

difference

Risk Ratio 
(ACL+ALL vs 

ACL)
— 1.85x

ACL + ALL 
higher risk

P value — — 0.33

1 YEAR FAILURE



Outcome ACL ACL + ALL
Between-

Group 
Comparison

Failure rate (%) 9.8% 18.2%
+8.4% absolute 

difference
Pivot > 1+ in more 

than one return 
7.8% 

(95% CI: 2.5-18.9%)
15.2%

(95% CI: 6.7-30.9%) +7.4%

Pivot > 2+ at any 
return

2%
(95% CI: 0.3-10.4%)

3%
(95% CI: 0.5-15.3%)

+1%

Primary Outcome

1 YEAR FAILURE

Most of the failures:
Persistent low-grade pivot 1+, rather than 

gross instability



Outcome ACL ACL + ALL
Between-

Group 
Comparison

Failure rate (%) 9.8% 18.2%
+8.4% absolute 

difference
Pivot > 1+ in more 

than one return 
7.8% 

(95% CI: 2.5-18.9%)
15.2%

(95% CI: 6.7-30.9%) +7.4%

Pivot > 2+ at any 
return

2%
(95% CI: 0.3-10.4%)

3%
(95% CI: 0.5-15.3%)

+1%

Graft Rupture (MRI or 
Arthro)

0
n=1

*new trauma at 8 
months

n=1

Primary Outcome

1 YEAR FAILURE



PROs & Change Scores

Outcome ACL ACL+ALL P  value SMD

IKDC 63.3 ± 21.6 63.5 ± 19.9 0.958 −0.01

Lysholm 64.9 ± 27.9 59.3 ± 28.6 0.467 −0.20

Tegner 4.58 ± 2.72 3.81 ± 1.44 0.190 +0.35

IKDC Δ +23.7 ± 19.8 +25.1 ± 17.3 0.809 −0.07

Lysholm Δ +22.4 ± 25.4 +20.1 ± 22.8 0.792 +0.09

Tegner Δ −1.36 ± 3.02 −1.58 ± 1.89 0.759 +0.09

No difference 

Secondary Outcomes - 1 year



MCID Achievement (Distribution-Based)
*MCID definition: improvement ≥ 0.5 SD of pooled baseline score 

Outcome ACL ACL+ALL P value

IKDC MCID+ 70.8% 89.5% 0.257

Lysholm MCID+ 81.0% 70.6% 0.703

High rates of meaningful improvement in both cohorts
No difference 

PASS Achievement 
*IKDC PASS ≥ 75.9; Lysholm PASS ≥ 85 

Outcome ACL ACL+ALL P value

IKDC PASS+ 60.0% 71.4% 0.553

Lysholm PASS+ 71.0% 85.7% 0.318

Trends higher in ACL+ALL but without statistical 
support

Secondary Outcomes - 1 year



Objective IKDC

Test Group A% B% C% D% P value

Lachman ACL 55.9 44.1 0 0 0.260

ACL+ALL 39.1 56.5 4.3 0

Anterior 
Drawer

ACL 32.4 64.7 2.9 0 0.858

ACL+ALL 26.1 69.6 4.3 0

Pivot 
Shift

ACL 64.7 35.3 0 0 0.658

ACL+ALL 73.9 26.1 0 0

Digital Rolimeter (mm)

Group Mean ± SD P value

ACL −3.83 ± 31.31

ACL+ALL −3.72 ± 27.58 0.989

Secondary Outcomes - 1 year



Secondary Outcomes - 1 year

Complications & Reoperations

ACL ACL+ALL P value

Complications
7.9% 6.1% 1.000

Reoperation 3.2%
2 MUA

6.1% 
New trauma at 8 
months – GRAFT 

RUPTURE: Revision 
BTB + Lemaire

MM Root: Reinsertion

Stress fracture: Plate 
+ Iliac graft 

0.652

No difference 



Conclusion

At 1 year, outcomes did not differ significantly between 

ACL+ALL versus hamstring quintuple or sextuple ACL 

reconstructions in high-risk patients, despite a 

numerically higher clinical failure rate with ACL+ALL (NS).



Thank You

Study is still ongoing
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