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Abstract

Purpose Because distance between the knee ACL femo-

ral and tibial footprint centrums changes during knee

range-of-motion, surgeons must understand the effect of

ACL socket position on graft length, in order to avoid graft

rupture which may occur when tensioning and fixation is

performed at the incorrect knee flexion angle. The purpose

of this study is to evaluate change in intra-articular length

of a reconstructed ACL during knee range-of-motion

comparing anatomic versus transtibial techniques.

Methods After power analysis, seven matched pair

cadaveric knees were tested. The ACL was debrided, and

femoral and tibial footprint centrums for anatomic versus

transtibial techniques were identified and marked. A

suture anchor was placed at the femoral centrum and a

custom, cannulated suture-centring device at the tibial

centrum, and excursion of the suture, representing length

change of an ACL graft during knee range-of-motion,

was measured in millimeters and recorded using a digital

transducer.

Results Mean increase in length as the knee was ranged

120�–0� (full extension) was 4.5 mm (±2.0 mm) for

transtibial versus 6.7 mm (±0.9 mm) for anatomic ACL

technique. A significant difference in length change occurs

during knee range-of-motion both within groups and

between the two groups.

Conclusions Change in length of the ACL intra-articular

distance during knee range-of-motion is greater for

anatomic socket position compared to transtibial position.

Surgeons performing anatomic single-bundle ACL recon-

struction may tension and fix grafts with the knee in full

extension to minimize risk of graft stretch or rupture or

knee capture during full extension. This technique may

also result in knee anterior–posterior laxity in knee

flexion.

Keywords Knee � ACL � Anatomic � Transtibial �
Technique � Isometry

Introduction

In 1995, Morgan et al. [9] published that anatomic ACL

footprint positioning using endoscopic, transtibial tech-

nique should result in minimal graft elongation during knee

range-of-motion, a nearly isometric state. However, while

the goal of transtibial ACL was to minimize graft length

change [1, 5, 6, 9, 11, 14, 15], anatomic ACL reconstruc-

tion is associated with graft length change during knee

range-of-motion [4, 9]. Because there is a strong basis for

anatomic ACL reconstruction [7], it is vital that surgeons

understand the effect of ACL socket position on graft

length, in order to avoid graft rupture which may occur

when tensioning and fixation is performed at the incorrect

knee flexion angle.

The purpose of this study is to evaluate change in length

of the ACL single-bundle centrums intra-articular distance

during knee range-of-motion comparing anatomic socket

position versus transtibial.

The hypothesis is that anatomic ACL reconstruction has

larger length change during range-of-motion, and distance

between the femoral and tibial footprints increases during

knee range-of-motion.
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Materials and methods

Seven matched pairs of cadaveric knees (average

age = 68 ± 5 years, six males, one female) were used for

this testing. All knees had ACL present, and no history or

examination signs of instability, previous arthrotomy, or

ACL reconstruction. The native ACL was arthroscopically

debrided, sparing fibers of the tibial stump as an anatomic

reference.

Anatomic footprint technique

The anatomic centrums of the ACL femoral and tibial

footprint were identified using arthroscopic rulers (Flip-

cutter guide, Arthrex, Inc., Naples, FL), and a radiofre-

quency device was used to mark the positions (OPES,

Arthrex). First, the center of the femoral footprint was

marked via the anteromedial arthroscopic portal at a

position 43 % of the distance from the proximal cartilage

border to the distal cartilage border, and 7.5 mm anterior to

the posterior cartilage border on the lateral wall of the

femoral intercondylar notch [12]. Then, the tibial centrum

was marked 15 mm anterior to the PCL (adjusting for

patient size by referencing the actual tibial ACL footprint

stump appearance), and 40 % the interspinous distance

from the medial to the lateral intercondylar eminence [2].

Transtibial footprint technique

The anatomic centrums of the ACL femoral and tibial

footprint were identified using femoral and tibial aimers for

endoscopic (transtibial, one-incision) ACL technique

(Arthrex). First, the tibial aimer was used to centera 2.4-mm

drill-tipped guide pin 7 mm anterior to the PCL [8]. After

over-drilling using a 10-mm cannulated drill, a transtibial

femoral guide (Arthrex) was used to center a beath pin

7 mm distal to the proximal cartilage border of the femoral

lateral intercondylar notch wall at the 10:00 (right knee) or

2:00 clock-face position with the knee at 90� [3].

Experimental technique

The outcome measure is change in length of the ACL

during knee range-of-motion while changing ACL femoral

and tibial footprint centrums positions (anatomic vs. tran-

stibial technique).

The technique involved a cadaveric knee model where a

suture is attached to the femur in the positions for the

techniques described above. For both techniques, the suture

is attached to the femur with a 2.4-mm self-tapping, metal

suture anchor (FasTak, Arthrex). To measure change in

length of the ACL, on the tibia side, the suture is free to

slide through a tibial interosseous tunnel, while the knee is

brought through its range-of-motion. On the tibia side, the

suture position is controlled using a centring device

described below where the device positions the suture in

the positions for the techniques described above. For both

techniques, on the tibia, a custom (cut-off) tip of a 10-mm

ACL tunnel dilator (Arthrex) was used as a suture-centring

device to keep the sutures centred in the footprint after

over-drilling with a 10-mm cannulated drill. The suture

was held distally, under tension, using a 2-lb weight.

A Differential Variable Reluctance Transducer (DVRT;

MicroStrain, Inc. Williston, VT) is an instrument that

measures displacement of the head of a pin when con-

nected to a signal processor, which in turn relays data to a

laptop computer to be read by MicroStrain software at

10 Hz. The transducer was attached to the tibia with screws

(Fig. 1). The head of the DVRT pin is placed through the

tails of a suture (Fiberwire, Arthrex). When the knee moves

through a range-of-motion, the suture moves, which moves

the pin a variable distance that is equal to the change in

length of the ACL during knee range-of-motion. In sum-

mary, during knee range-of-motion, the suture moves rel-

ative to the tibial tunnel (via the suture-centring device)

and moves the head of the pin, and movement of the head

Fig. 1 Differential Variable Reluctance Transducer (DVRT; Micro-

Strain, Inc. Williston, VT) is an instrument that measures displace-

ment of the head of a pin. The head of the pin is placed through the

tails of a blue suture (Fiberwire, Arthrex), where suture excursion

represents ACL graft length change in millimeters. The DVRT is

screwed to the proximal, anteromedial tibia (left knee), just distal to

the suture exit point from the tibia (top center)

Knee Surg Sports Traumatol Arthrosc (2014) 22:1190–1195 1191

123



of the pin is measured in millimetre using the DVRT

(Figs. 1, 2).

The DVRT was positioned at 0 mm with the knee at 90�
flexion using a bubble-meter goniometer as a guide

(Arthrex). Next, change in length of the distance between

the ACL femoral and tibial centrums during knee range-of-

motion (anisometry) was measured at 15� increments,

using the goniometer as a reference, as the knee was ranged

through 120�. Figure 3 illustrates knee samples at 0�, 30�,

60�, and 120�. The clinically important outcome measure is

maximum length change for each group, and the range-of-

motion increment resulting in maximum length change is

primarily analysed in the results.

Statistical analysis

Four cadaveric pairs were originally evaluated (pilot ana-

lysis details below) to determine the number of samples

required. We determined that seven matched pairs (sample

size) would result in power [0.8, assuming standard

deviation of 1.5 mm and paired mean difference of 2.0 mm

and a = 0.05 based upon pilot analysis of four matched

pairs measured at 0 and 90 only, PASS 11 software (ver-

sion 11.0.7, NCSS, LLC; Kaysville, UT). Data were ana-

lysed using OriginPro 8.0 software (OriginLab Corp.,

Northampton, MA). A two-way repeated-measures

ANOVA (a = 0.05) was performed to compare differences

in anisometry between anatomic and transtibial technique,

and between the various flexion angles. The statistical

analysis was performed using SigmaPlot 11.0 software

(Systat Software, Inc.).

Results

The data are summarized in detail in Tables 1 and 2 and

illustrated in Fig. 4. Both techniques result in significantly

longer intra-articular distance in full extension versus any

other position, and maximum increase in length occurs

when the knee is extended from 90� to 0� knee flexion for

both techniques.

Anatomic ACL results in significantly longer intra-

articular distance in full extension (0�) versus 15�, 30�, 45�,

60�, 75�, 90�, 105�, and 120�, where p \ 0.001 for each

comparison. Mean maximum increase in length at 0� was

6.7 mm (±0.9 mm).

Transtibial ACL also results in significantly longer intra-

articular distance in full extension (0�) versus 15�, 30�, 45�,

60�, 75�, 90�, 105�, and 120�, where p \ 0.001 for each

comparison. Mean maximum increase in length at 0� was

4.5 mm (±2.0 mm).

Comparing the two techniques, anatomic ACL results in

significantly longer intra-articular distance compared to

transtibial technique at full extension: 0� (p \ 0.001), 15�
(p \ 0.001), 30� (p = 0.006), and 45� (p = 0.035).

Discussion

The results show that ACL graft length (the distance

between the ACL femoral and tibial footprint centrums)

increases significantly for both groups during knee exten-

sion, and the increase is significantly greater for anatomic

ACL technique than for transtibial technique. Maximum

length change occurs when the knee is extended from 90�
to 0� knee flexion for both techniques. The results are

similar to other recent literature reporting that the func-

tional length of the ACL becomes longer in the extended

position and shorter in the flexed position [5, 6, 11, 14, 15],

and topical as surgeons make the transition from transtibial

to anatomic technique [7].

The results may be clinically relevant because ACL

graft length change of[4 % will result in irreversible graft

Fig. 2 Differential Variable Reluctance Transducer (silver, DVRT,

MicroStrain, Inc. Williston, VT) is screwed to the proximal,

anteromedial tibia (left knee), just distal to the suture exit point from

the tibia. The tails of a blue suture (Fiberwire, Arthrex, where suture

excursion represents ACL graft length change in millimetre) are

affixed by the head of the DVRT pin (see Fig. 1), and the DVRT

measures suture excursion in millimeters. Distally, the suture is held

under tension using a 2-lb weight. Proximal to the DVRT, the suture

passes through the proximal, anteromedial tibial metaphysis via a

custom suture-centring device, which allows suture excursion (rep-

resenting ACL graft length change in millimeters) during knee range-

of-motion
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stretch or graft failure [16], and considering ACL maxi-

mum intra-articular distance = 35 mm [13], a

mean = 4.5 mm increase in graft length for transtibial

technique, and a mean 6.7 mm increase in graft length for

anatomic technique (Table 1), the results show length

change of[4 % for all specimens in both groups when the

knee is extended from 90� to 0� knee flexion (full

extension).

Fig. 3 Differential Variable Reluctance Transducer (silver, DVRT,

MicroStrain, Inc. Williston, VT) is screwed to the proximal,

anteromedial tibia (left knee), just distal to suture (blue, Fiberwire,

Arthrex) tibial exit point. The DVRT measures suture excursion

(representing ACL graft length change in millimeters) during knee

range-of-motion. A bubble-meter goniometer (Arthrex) guides knee

position for measurement from 0� through 120� at 15� increments.

Knee samples at 0� (a), 30� (b), 60� (c), and 120 (d) are illustrated

Table 1 Length change in millimeters by mean (average) and stan-

dard deviation (SD) by anatomic versus transtibial techniques and by

knee flexion angle relative to zero position (initial 90� position)

0� 15� 30� 45� 60� 75� 90� 105� 120�

Anatomic

Average 6.7 4.3 2.5 1.6 1.1 0.7 0 -0.6 -0.6

SD 0.9 1.6 1.5 1.3 1.1 0.1 0 0.8 0.8

Transtibial

Average 4.5 2.2 1.0 0.5 0.3 0.1 0 -0.5 -0.1

SD 2.0 2.2 1.5 1.2 1.0 0.8 0 0.3 0.3

Table 2 Statistical analysis (results of a two-way repeated-measures

ANOVA) of between-group change in length of ACL by knee flexion

angle in degrees (0�–120� in 15� increments) comparing anatomic

versus transtibial techniques

Anatomic versus transtibial technique

0 p \ 0.001

15 p \ 0.001

30 p = 0.006

45 p = 0.035

60 n.s

75 n.s

90 X

105 n.s

120 n.s

Highlighted values represent significant difference in millimeters of

length change between anatomic and transtibial techniques

(p \ 0.05), which represents that anatomic ACL reconstruction is

significantly less isometric than transtibial at 45�–0� extension. X

represents that the DVRT was positioned with the knee at 90� flexion
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A clinical conundrum is that ACL reconstruction graft

fixation in 0� knee flexion (full extension) will result in

knee laxity increase in flexion. Future research is required

to determine whether cadaveric findings correlate in actual

surgical patients. In the experience of the author, the ACL

laxity during flexion is better tolerated by patients than

irreversible graft stretch and graft rupture or extension loss

after ACL reconstructive surgery.

Study limitations include knee joint motion in vivo is

controlled by muscle forces that are not present using our

model. This may result in forces on the ACL graft that do

not represent in vivo forces. Vertical position has been

reported to result in less change in graft length during knee

range-of-motion than the transtibial position tested [10,

15]. The data are specific to the footprint centrum positions

described in the methods. In addition, other methods for

measuring cadaveric knee range-of-motion may be more

precise than goniometer. Finally, hyperextension requires

future evaluation.

The results are clinically relevant because to prevent

graft stretch or graft rupture or knee capture during full

extension, surgeons performing anatomic or transtibial

single-bundle ACL reconstruction could tension and fix

ACL reconstruction grafts in 0� knee flexion (full exten-

sion). This is of significantly greater importance for ana-

tomic technique.

Conclusion

Change in length of the ACL intra-articular distance during

knee range-of-motion is greater for anatomic socket posi-

tion compared to transtibial position.
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