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Abstract 

Continuous loop cortical suspension devices have been demonstrated to be more consistent and 

biomechanically superior compared to adjustable loop devices; however, continuous loop devices 

present unique challenges compared to adjustable loop devices, especially in short tunnel 

reconstruction applications. Specifically, adjustable loop devices have the a

the intratunnel graft length to be maximized. Nevertheless, the reliability of continuous loop 

devices has sustained their widespread use. We hypothesized that continuous loop cortical 

suspension devices from different manufacturers would exhibit equivalent 15 mm loop lengths, as 

advertised. Loop length was measured using a tensile testing machine. Contrary to our hypothesis, 

continuous loop cortical suspension devices with equivalent advertised lengths exhibited different 

loop lengths for continuous loop devices could have serious clinical implications and additionally 

complete disclosure of the dimensions and specifications associated with each continuous loop 

device is critical. Furthermore, surgeon awareness of true loop length dimensions and 

inconsistencies among devices is needed to ensure optimal implantation and resultant clinical 

outcomes. This article is protected by copyright. All rights reserved 

K ey Words: cortical button; flipping distance; loop length; ACL reconstruction; ligament 
reconstruction 
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Introduction 

Recent biomechanical studies have identified continuous loop cortical suspension devices 

to be more consistent and biomechanically superior to adjustable loop devices, especially with 

regard to cyclic displacement at time-zero.1, 2 Nevertheless, there remain challenges unique to the 

proper implementation of continuous loop compared to adjustable loop devices. Specifically, the 

fixed loop length of continuous loop devices necessitates careful surgical planning and execution 

to achieve the desired graft fixation and minimize the potential development of time-zero and/or 

future problems (e.g., inability to flip/deploy the button, cortical blowout or bone bridge collapse, 

insufficient intratunnel graft length, amount of unused tunnel, and tunnel widening).3-6 These 

concerns are magnified for anteromedial femoral tunnel reaming for modern anterior cruciate 

ligament (ACL) reconstructions, in which anatomic femoral tunnel placement requires shorter 

femoral tunnels.5, 7, 8 

approach, and the ability to tension these devices following button flipping allows for the 

intratunnel graft length to be maximized. 

Given the inherent challenges associated with proper implementation of continuous loop 

cortical suspension devices, especially in cases of short reconstruction tunnels where intratunnel 

recise 

disclosure of pertinent dimensions and specifications. As such, one might reasonably assume that 

continuous loop cortical suspension devices from different manufacturers that are advertised as 

having an identical loop length would be correspondingly identical in loop length and have a high 

accuracy to the advertised loop length. However, as the present study demonstrates, these 

assumptions are inaccurate and could have serious clinical implications. 
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During pilot testing for another study,2 we inadvertently identified differences between the 

loop lengths of continuous loop devices from different manufacturers that were advertised as 

having equivalent 15 mm loop lengths. To our knowledge, no other studies have reported on the 

differences in loop length between devices and the concomitant clinical implications. Therefore, 

our objective was to investigate differences in the loop length among advertised equivalent 

continuous loop cortical suspension devices. We hypothesized that continuous loop cortical 

suspension devices from different manufacturers would exhibit equivalent loop lengths, as 

advertised. 

Methods 

Devices 

Continuous loop cortical suspension devices from three manufacturers, each with a 

manufacturer reported loop length of 15 mm, were evaluated in this study (F ig. 1). The devices 

were the ENDOBUTTON CL ULTRA (Smith&Nephew, Inc., Andover, MA, USA), XO Button 

(ConMed Linvatec, Inc., Largo, FL, USA), and RIGIDLOOP (DePuy Mitek, Inc., Raynham, MA, 

USA). Manufacturing lot numbers were identical for each device for a given manufacturer. All 

devices were donated gratis, and the study was funded internally to avoid any perceived bias. 

Mechanical testing 

Twenty-four continuous loop devices from three different manufacturers (n = 8/each) were 

tested using an identical protocol. Testing was performed using a clinically relevant custom 

fixture (F ig 2) and a tensile testing machine (ElectroPuls E10000, Instron Systems, Norwood, 

MA, USA). Measurement error of the testing machine was certified by Instron to be less than or 
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equal to ±0.01 mm and ±0.3% of the indicated force. Two, 5 mm thick steel inserts, each with a 

for the ENDOBUTTON and RIGIDLOOP, and 5.0 mm for the XO Button), simulated the 

femoral cortex. Device loops were placed around a 4.5 mm diameter hardened, precision ground 

steel rod, simulating half the diameter of a 9 mm soft tissue graft,1 which was rigidly attached to 

the testing machine actuator with a custom clevis. The cortical suspension devices were then 

passed through the hole of the steel insert using the passing sutures and secured against the 

inferior surface of the steel insert. The force vector was in-line with the suture loop and 

perpendicular to the button, as described previously.1, 2 Note that, prior to device insertion or 

testing, the actuator of the testing machine was independently positioned such that the steel rod 

was in 1 N of compression with each steel insert and these positions were recorded for subsequent 

loop length calculations. 

Devices were subjected to a single tensile ramp loading profile from 1 to 75 N over 10 

seconds. Loop lengths at 5 and 75 N were calculated as the sum of the steel insert thickness, the 

respective displacement of the testing machine actuator relative to the rod in contact with the top 

of the steel insert (-1 N), and the diameter of the steel rod (F ig. 2). The thickness of each steel 

insert and diameter of the rod were measured with digital calipers (Swiss Precision Instruments, 

Inc., Garden Grove, CA, USA) with a manufacturer reported accuracy of 0.03 mm.  

Statistical analysis 

Analysis metrics included loop lengths at 5 and 75 N and the difference between them, as 

well as the difference between the loop length at 75 N and advertised loop length. The primary 

loop length was defined as the length of the continuous loop suture under a tensile load of 75 N to 

be representative of the load and corresponding length at which the device would be fixed 
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intraoperatively. Loop length was compared to the manufacturer advertised loop length via one-

sample t-tests using IBM SPSS Statistics, Version 20 (Armonk, NY, USA). Intra-device 

elongation was assessed using paired-sample t-tests. Inter-device elongation and differences in 

loop length were assessed Games-Howell 

test for post hoc group comparisons. 

Results 

Intra-device dimensional accuracy and precision 

Device loop lengths (mm) are reported here (mean ± SD) and in Table 1. The Rigidloop 

loop length at 75 N (15.1 ± 0.3) was accurate and not significantly different from the 

manufacturer advertised loop length (P=0.264) (F ig. 3). In contrast, the Endobutton and XO 

Button loop lengths at 75 N (17.7 ± 0.3, 19.0 ± 0.7, respectively) were not accurate and were 

significantly different from the manufacturer advertised loop length (P<0.001, P<0.001). 

Intra-device elongation 

Increased loading of the devices from 5 N to 75 N resulted in a significant increase in loop 

length (mm) (mean ± SD) for the Endobutton (0.5 ± 0.1, P < 0.001), Rigidloop (0.4 ± 0.2, P = 

0.001), and XO Button (1.3 ± 0.4, P < 0.001). However, compared to both the Endobutton and 

Rigidloop, the XO Button loop length increased significantly more when loaded from 5 N to 75 N 

(P = 0.003 and P = 0.001, respectively). 
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Inter-device dimensional variability 

In addition to the significant differences observed for measured device loop lengths at 75 

N in comparison to the manufacturer advertised loop length, significant differences were also 

observed between devices (F ig. 3). The mean differences between loop lengths for the 

Endobutton compared to the Rigidloop (2.6 mm, P < 0.001) and XO Button (1.3 mm, P = 0.002) 

devices were significant. Similarly, the mean difference in loop length between the Rigidloop and 

XO Button (3.9 mm, P < 0.001) was significant. 

Discussion 

Contrary to our hypothesis, continuous loop cortical suspension devices from different 

manufacturers exhibited significantly different loop lengths, in spite of being advertised as 

equivalent in loop length. Deviations from the advertised loop length, whether as-manufactured 

and/or upon initial loading of the continuous loop, could negatively affect the outcome of surgical 

reconstructions. For example, in the setting of ACL reconstructions, several concerns may arise 

from deviations in the advertised loop length and include an inability to flip/deploy the button, 

cortical blowout or bone bridge collapse, insufficient intratunnel graft length, amount of unused 

tunnel, and tunnel widening.3-6 Notably, several of these potential problems are compounding; 

e.g., in an attempt to facilitate button flipping, the socket must be drilled deeper which increases 

the risk of cortical blowout or bone bridge collapse5 and the amount of unused tunnel 

correspondingly increases which could promote tunnel widening.6 Similarly, a longer-than-

advertised loop length may facilitate button flipping but may not provide sufficient intratunnel 

graft length9, 10 and would increase the amount of unused tunnel and concomitant tunnel 

widening. 



This article is protected by copyright. All rights reserved 8 

The above concerns are all worthy of consideration; however, the amount of unused 

tunnel (related to button flipping) and graft insertion distance have been shown to affect the 

quality and success of a reconstruction. First, femoral ACL reconstruction sockets are drilled 

deeper than the graft insertion distance (related to the advertised loop length) by necessity to 

provide additional distance to flip the button (i.e., the flipping distance). As such, the principal 

concern is the inherent tradeoff between the ease of button flipping (longer tunnels) and resultant 

effects of longer tunnels (e.g., increased amount of unused tunnel leading to tunnel widening6 and 

risk of cortical blowout or bone bridge collapse5). The current literature is limited and does not 

contain a consensus regarding the effect of tunnel widening on graft function and knee laxity; 

nevertheless, tunnel expansion is generally undesirable and may lead to increased laxity.6, 11 

Second, a minimum of approximately 15 mm of graft insertion has been reported to be necessary 

for optimal reconstruction outcomes,9 and graft insertions of only several millimeters less (e.g., 5, 

9 and 14 mm compared to 17 mm) resulted in reduced strength and stiffness, especially in the 

critically important early postoperative healing period.10 However, none of the devices achieved 

15 mm of graft insertion in clinically relevant short tunnels, and only one device achieved the 

expected 10 mm insertion distance based on its advertised loop length in this study (Fig. 3). 

Additionally, current graft preconditioning protocols may not optimally reduce initial graft 

viscoelastic lengthening (approximately 2 mm using current clinical techniques).12 Therefore, the 

concomitant effect of less-than-expected graft insertion and viscoelastic lengthening could have 

serious clinical implications. 

The above concerns are magnified for anatomic ACL reconstructions, which utilize an 

anteromedial arthroscopic portal for femoral tunnel reaming and subsequently create shorter 

femoral tunnels, relative to the transtibial technique.5, 7, 8 Recent studies have demonstrated an 
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ability to create femoral tunnels greater than 30 mm in length;13, 14 however, Golish, et al. 

reported the median length to be 25 mm for anteromedial reamed tunnels7 which is consistent 

with the technique and experience of the senior surgeon. Therefore, the current study results are 

schematically represented in 25 mm femoral tunnels for ACL reconstruction (F ig. 3). Note that in 

this clinically relevant example, the XO Button should technically not be deployed according to 

packaging literature which explicitly advises against deployment of the device in tunnels shorter 

than 30 mm. Moreover, upon inspection of the advertised loop length (15 mm), recommended 

flipping distance (15 mm), and requirement of a minimum 5 mm bone bridge, the XO Button 

packaging literature seems incorrect because tunnels shorter than 35 mm would violate the 

dimensional constraints. Additionally, the ENDOBUTTON was the only device with a 10 mm 

continuous loop option; therefore, although not tested in this study, the 10 mm device may be 

better suited to this short tunnel application and may provide an additional 5 mm of graft insertion 

(12.3 mm, assuming all else equal) compared to its 15 mm loop counterpart. 

This study had some limitations. Only three manufacturers were represented; however, 

continuous loop devices chosen were consistent with those of other studies and among the most 

popular.1-3, 8, 9 Additionally, loop length was measured to the end of the suture loop; however, 

other measurement references (e.g., to the middle or top of the doubled-over graft) could have 

resulted in shorter loop lengths and larger resultant graft insertion distances. Nevertheless, in 

measuring loop length (and corresponding graft insertion distance) to the end of the suture loop, 

the results of this study are conservative and not subject to unconstrained variables (e.g., graft 

size, graft spreading and thinning on the loop, etc.). Furthermore, differences in measurement 

references may be the underlying and previously underappreciated inconsistency among 

manufacturers. 
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reported loop lengths for continuous loop cortical suspension devices. As noted above, these 

inconsistencies could have potentially serious clinical implications. Consequently, we recommend 

associated with each continuous loop device. Furthermore, surgeon awareness of true loop length 

dimensions and inconsistencies among devices is necessary to ensure optimal implantation and 

resultant clinical outcomes. 
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F I G UR E L E G E NDS 

F ig. 1. Photographs of continuous loop cortical suspension devices evaluated in this study and 

their respective product packaging descriptions with equivalent advertised lengths. 

Note that devices were photographed and are displayed at an equivalent scale. 

F ig. 2. Photograph (left) and section view schematic (right) depicting the fixtures and 

methodology, respectively, used to measure the loop length of continuous loop cortical 

suspension devices. Left: A = testing machine actuator; B = custom clevis and steel 

rod; C = steel insert with a single hole. Right: loop lengths at 5 and 75 N (Step 2) were 

calculated as the sum of the (C) steel insert thickness, (D) displacement of the testing 

machine actuator relative to the rod in contact with the top of the steel insert (Step 1), 

and diameter of the (B) steel rod. 

F ig. 3. Illustration highlighting differences in the loop lengths and resultant graft insertion 

distances for continuous loop cortical suspension devices deployed in a clinically 

relevant, short tunnel representative of anatomically placed femoral tunnels for ACL 

reconstruction. In this example, the total tunnel length is 25 mm, and advertised 15 mm 

continuous loop devices with manufacturer recommended socket depths for device 

flipping distance are shown with the expected graft insertion distance of 10 mm 

(dashed line). *The XO Button packaging literature explicitly advises against the 

deployment of the device in tunnels shorter than 30 mm. 
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Table 1. Lengths of advertised equivalent continuous loop cortical suspension devices under 5 and 75 

N of force, and the differences between these states and between the manufacturer reported and 75 N 

loop length. 

 

Device 

Manufacturer 
Reported Loop 
L ength (mm) 

5 N 
Loop 

L ength 
(mm)a 

75 N 
Loop 

L ength 
(mm)a,c,d N (mm)a 

 
75 N 

(mm)a 

Endobutton 15 17.2 (0.3) 17.7 (0.3)b 0.5 (0.1) 2.7 (0.3) 
Rigidloop 15 14.7 (0.4) 15.1 (0.3) 0.4 (0.2) 0.1 (0.3) 

X O Button 15 17.8 (0.8) 19.0 (0.7)b 1.3 (0.4)e 4.0 (0.7) 
aData reported as: mean (standard deviation) 
bLoop length was significantly different from the manufacturer reported loop length (p < 0.001, 
one-sample t-test) 
cSignificant differences existed between the 5 N and 75 N loop length of each device (p 
for all post hoc comparisons, paired-sample t-test) 
dSignificant differences existed between all pairings of devices (p post hoc 
comparisons, Games-Howell) 
eLoop length increased significantly more compared to the other devices (p post 
hoc comparisons, Games-Howell) 
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