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Abstract

Purpose To compare objective measures of in vivo joint

laxity between patients treated with single-bundle (SB) or

double-bundle (DB) anterior cruciate ligament (ACL)

reconstructions.

Methods Sixty-four patients matched by age, height,

weight, and that had undergone unilateral SB or DB

hamstring ACL reconstruction participated in this study.

Bilateral anterior tibial translation (ATT) was recorded using

the KT1000 arthrometer, and a robotic testing system was

used to assess side-to-side differences in rotational charac-

teristics. Each reconstruction was evaluated to determine

how well it mimicked the anteroposterior (AP) and rotational

biomechanics of the normal knee. A reconstruction was

defined as mimicking the normal knee if ATT and internal

rotation (IR) were within 3 mm and 3.5�, respectively.

Results Side-to-side differences in ATT were significantly

higher for the SB group (2.2 ± 1.4 mm) than the DB group

(1.1 ± 1.0 mm, P = 0.001). While relative side-to-side

differences in IR did not differ between the SB (1.3�) and DB

groups (1.1�, P = 0.82), absolute IR differences were sig-

nificantly less with the DB reconstruction (2.1� vs. 4.7�,

P = 0.001). A significantly greater percentage of DB

patients (81%, P = 0.0003) had both ATT and IR similar to

the normal knee, compared to 34% of the SB patients;

however, IKDC subjective scores did not differ between

groups. Regardless of technique, patients with the greatest

rotational laxity of their non-operative knee demonstrated

significantly worse IKDC scores.

Conclusion DB reconstruction resulted in reduced side-

to-side differences in both ATT and IR. The DB technique

more consistently reproduced the biomechanical profile of

the uninjured limb than did the SB technique without

increasing the risk of over-constraining the knee.

Keywords Anterior cruciate ligament � Rotational

stability � Double bundle � Single bundle � Robotic testing

Introduction

Despite demonstrating inferior knee stability when com-

pared to double-bundle (DB) ACL reconstruction, [14, 15,

18, 19, 21, 29, 43, 50, 51] single-bundle (SB) ACL

reconstruction techniques have provided successful clinical

outcomes for many patients [2, 5, 12, 31, 34, 41, 42].

Subjective scores provide useful information about a

patient’s postoperative recovery however, may be too blunt

of a tool to judge differences between two surgical tech-

niques. Patient-reported function scores have been deter-

mined to be influenced by pain and/or function of the

non-operative limb [17, 28, 46]. In addition, factors asso-

ciated with postoperative rehabilitation such as range of

motion and quadriceps strength may influence subjective

scores, again questioning the sole use of these measures for

clinical decision-making.

While short-term clinical results may not be affected by

reduced stability, the long-term implications of reduced

stability have been demonstrated to be involved with the
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etiology of osteoarthritis in ACL reconstructed knees [9,

10, 20, 48]. To ensure both short- and long-term clinical

success, accurately assessing true knee instability in all its

forms is vital prior to, during, and following ACL recon-

struction. Subjective tests of joint stability may limit our

ability to truly gauge potential differences between ACL

reconstruction techniques. The ligaments, tendons, and

capsular structures are interdependent, work together as a

system, and are related to one another in a complex manner

[30]. Characterizing the direction and magnitude of knee

laxity is correspondingly complex, as it is related not only

to the relative stiffness of these structures, but also to their

three-dimensional positions and orientations.

Specifically, while results of the pivot shift test have

been previously reported to be significantly correlated with

subjective outcome measures, [22] this test has been

described as being a difficult test for clinicians to interpret

[23]. It is also difficult to attain an accurate impression of

laxity during the pivot shift in the presence of muscle

guarding as evidenced by the dramatic differences between

pivot shift results when testing injured patients in an awake

or anesthetized states. Due to the inherent variability of

subjective manual laxity testing, an objective clinical

comparison of the potential biomechanical advantages of

DB reconstruction techniques has not been performed to

date.

The purpose of this study was to compare instrumented

tests of knee stability between patients treated with an

arthroscopic four-tunnel DB ACL reconstruction to those

with a SB ACL reconstruction with autologous quadruple

hamstrings. We hypothesized that the DB technique would

demonstrate improved anterior and rotational stability

compared to the SB ACL reconstruction.

Materials and methods

Patients with a minimum of one-year follow-up following

SB or DB hamstring ACL reconstruction [43] were inclu-

ded in a matched-pairs analysis in order to compare the

clinical outcomes, patient satisfaction, and manual and

instrumented knee stability of the two procedures. Inclu-

sion criteria for the matched-pair analysis were as follows:

age, time from injury to surgery, uninjured contralateral

knee, and no severe injury to secondary restraints at time of

operation and follow-up. Examples of severe injury or

secondary restraints included additional knee ligament

injuries, previous knee ligament surgery, arthritic changes

of Outerbridge grade 3 or 4, [32] malalignment, and

pathology to the patella. Patients were examined carefully

during pre- and postoperative clinical evaluation, and any

evidence of other ligament injury was also noted at the

time of surgery in order to identify and exclude those

patients with evidence of a combined ligament injury from

this matched-pairs analysis.

The study was conducted in November, 2007, and 68

patients were included in the matched-pair analysis.

Patients were selected to participate in the current inves-

tigation from the patient populations of two participating

surgeons provided they met the inclusion criteria, matching

was possible, and they were willing to attend the clinical

follow-up for testing. Prior to participation, patients pro-

vided informed consent for the IRB-approved protocol. At

the time of testing, 3 patients were identified as having an

injured opposite extremity and 1 patient did not attend the

follow-up, leaving an active sample of 64 patients. The

groups were well matched, as there were no differences in

age, sex, height, weight, or follow-up (Table 1).

Surgical techniques

Skin incisions were identical for both the SB and DB

groups, and no notchplasties were performed. Both tech-

niques have been previously reported, and tunnel locations

for the SB and DB techniques are presented in Figs. 1 and

2 [43]. The SB ACL reconstruction utilized a double loop

semitendinosis and gracilis graft; therefore, both tendons

were looped over one 20-mm EndoButton CLTM. After

positioning of the graft, the femoral EndoButton CLTM was

flipped and the tibial biodegradable interference screw

(Smith and Nephew Endoscopy, Mansfield, MA, USA) was

inserted. The 30-mm long screw was the same diameter as

Table 1 Patient demographics

(median (range)) of the single-

bundle (SB) and double-bundle

(DB) reconstruction groups

* ns not significant (P [ 0.05)

SB DB P value*

Sample size 32 32 –

Age at surgery years 28.9 (16.6–60.5) 31.6 (17.6–60.8) ns

Gender (male/female) 20/12 21/11 ns

Side (right/left) 19/13 18/14 ns

Height (cm) 177.5 (160–190) 175.0 (162–186) ns

Weight (kg) 74 (54–100) 78 (52–99) ns

Days between injury and surgery 54 (5–3650) 60 (3–2420) ns

Follow-up interval (days) 498 (347–672) 434 (340–1016) ns
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the tibial bone tunnel or 1 mm larger [44]. In four-tunnel

DB ACL reconstruction (Fig. 2), the semitendinosus ten-

don (for the AM bundle) and the gracilis tendon (for the PL

bundle) were looped over a 20-mm EndoButton CLTM

(Smith and Nephew Endoscopy, Mansfield, MA, USA).

After positioning of the two grafts, the two femoral

EndoButton CLTM were flipped. Tibial AM bundle fixation

was by means of a 8- or 9-mm by 23-mm biodegradable

interference screw (Arthrex Inc, Naples, FL) having the

same diameter or 1 mm larger as the AM bone tunnel, and

tibial PL bundle fixation was by means of a 7 9 23 mm

biodegradable interference screw (Arthrex Inc., Naples,

FL) for all patients. The AM bundle was fixed in 60� and

the PL bundle in 10� of knee flexion. No bone grafting was

used in either tunnel [43].

Data collection

At clinical follow-up, patients were asked to complete the

International Knee Documentation Committee (IKDC)

2000 questionnaire during the same visit in order to cal-

culate the subjective IKDC score. All patients were

examined by a single, experienced orthopedic surgeon.

This independent surgeon was not affiliated with the

operating surgeons’ facility, was not the operative surgeon

for any of the study patients, and was blinded to the

Fig. 1 Tibial and femoral tunnel placement for the single-bundle reconstruction technique. Reprinted from Arthroscopy: the Journal of

Arthroscopic and Related Research, [43] with permission from the Arthroscopy Association of North America

Fig. 2 Tibial and femoral tunnel placement for the double-bundle reconstruction technique. Reprinted from Arthroscopy: the Journal of

Arthroscopic and Related Research, [43] with permission from the Arthroscopy Association of North America
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surgical technique during data collection. The patients

themselves were not blinded to the type of procedure at

follow-up. Anterior stability of both limbs was assessed

using a manual maximum test with the KT1000TM

(MEDmetric� Corp., San Diego, CA), and side-to-side

differences in anterior tibial translation (ATT) were cal-

culated between the reconstructed and normal knee.

Rotational laxity was examined using a custom robotic

knee testing system (RKT, Fig. 3) using previously

reported testing procedures [3]. Patients were positioned

supine with knees flexed to approximately 25�. Simulta-

neous bilateral testing was performed with every patient,

with the RKT cycling the lower extremities into tibial

external rotation until the torque threshold of 5.65 Nm was

achieved, at which point the RKT rotated the tibia into

internal rotation (IR) until the threshold of 5.65 Nm was

again achieved. Three preconditioning cycles were per-

formed, followed by four test cycles. Independent exam-

iners using the RKT were blinded to the surgical technique.

All rotational stability data were collected by independent

surgeons and researchers that are not affiliated with the

operating surgeons’ facility. All data were collected over

the course of 2 days, and the surgeons and researchers

responsible for data collection were not informed of each

patient’s surgical technique until after all data had been

collected. There were two separate, but identical RKT

systems used during testing. The RKT consisted of a spe-

cial system of servo motors and ankle and hip entrapment

devices designed to isolate rotation at the knee and ankle,

and the rotational measures have previously demonstrated

excellent reliability (ICC = 0.97) [3].

In order to describe the loading characteristics of the

joint specifically during IR, the torque and rotational dis-

placement data for the concentric loading phase of each

patient’s four cycles of IR were used for analysis. The

slope between 0 and 1 Nm was calculated in an effort to

describe the compliance of the joint in a neutral position,

and the slope between 4.65 and 5.65 Nm was also calcu-

lated in an effort to describe the endpoint stiffness (Fig. 4).

For both neutral compliance and endpoint stiffness, values

were expressed as Nm/� with lower values being associated

with a ‘‘looser’’ joint and higher values being associated

with a ‘‘tighter’’ joint.

Statistical analyses

Two-tailed, independent t-tests were used to compare

dependent variables between the group of SB and DB ACL

patients. Dependent variables included: IKDC subjective

scores, relative and absolute side-to-side differences in

tibial IR (�) and anterior translation (mm), as well as

neutral compliance (Nm/�), and IR endpoint stiffness

(Nm/�) of the reconstructed and normal contralateral knees.

Absolute side-to-side differences were defined as the

absolute value of the difference in either translation or

rotation between the two knees and were calculated in

order to determine the magnitude of differences regardless

of direction. Relative side-to-side differences were defined

as the amount of either translation or rotation of the

operative knee subtracted from the value measured of the

contralateral knee. It has been previously suggested that

Fig. 3 The robotic knee testing system that was used to evaluate

rotational laxity
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Fig. 4 Internal rotation loading curve from 0 to 5.65 Nm of torque

for a single patient. For this patient, the reconstructed knee had a

greater degree of maximal internal rotation at 5.65 Nm of torque than

the normal knee. The slope of Line A is representative of the neutral

compliance of the normal knee, and slope of Line B represents the

neutral compliance of the reconstructed knee. The slope of Line C
represents the endpoint stiffness of the normal knee, and the slope of

Line D represents the endpoint stiffness of the reconstructed knee
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DB reconstruction may over-constrain the joint, relative

side-to-side differences were calculated in order to deter-

mine whether there was a directional bias in one or both the

surgical techniques. The variability of side-to-side differ-

ences in both ATT and IR was compared between the two

groups using an F-test of the equality of two variances. In

order to evaluate the relationships between the dependent

variables, Spearman’s rho correlations coefficients were

calculated.

Fisher’s exact tests were used to compare the preva-

lence of knees with side-to-side differences within 3 mm

and 3.5� of ATT and IR, respectively, between the two

surgical groups. The 3 mm of anterior displacement was

based the original work of Daniel et al. [8] that 3 mm of

additional anterior tibial displacement during KT1000

testing when compared to the healthy contralateral limb

was consistent with the presence of an ACL injury. The

target of 3.5� was used as it was consistent with a pre-

vious in vivo study of knee kinematics in which patients

with unilateral ACL tears demonstrated 3.5� greater tibial

IR with the ACL deficient knee than with the healthy

knee [11].

In a previous unpublished study (Branch et al. 2005), we

determined that patients with greater rotational laxity of the

non-operative limb demonstrated significantly reduced

subjective postoperative outcomes. In the current study, we

attempted to evaluate whether patients with greater maxi-

mal IR of the contralateral healthy knee demonstrated

lower IKDC subjective scores, regardless of surgical

technique. Patients were divided into quartiles based on

tibial IR of the normal knee. We then compared IKDC

between three groups: the 25% (16 patients) with the

greatest amount of IR, the 50% that surrounded the mean

(32 patients), and the 25% (16 patients) with the least

amount of IR. By classifying the three groups, the data was

not normally distributed, and a Kruskal–Wallis test was

used to compare the groups.

All analyses were performed using Statistical Package

for the Social Sciences v 17.0 (SPSS Inc., Chicago, IL),

and an a-level of P B 0.05 was considered significant.

Results

There were no differences in IKDC subjective scores

between the SB (79.4, 95% CI, 73.9–84.9) and DB groups

(82.2, 95% CI, 76.5–87.8; P = 0.49). Side-to-side dif-

ferences in anterior translation were significantly lower

for the DB group (1.1 mm, 95% CI, 0.8–1.5 mm) than the

SB group (2.2 mm, 95% CI, 1.7–2.7 mm, P = 0.001).

Relative side-to-side differences in maximal IR did not

differ between SB (1.3�, 95% CI, -0.6 to 3.3�) and DB

groups (1.1�, 95% CI, 0.3–1.9�; P = 0.82); however,

the DB group demonstrated significantly lower absolute

side-to-side differences (2.1�, 95% CI, 1.6–2.6�;

P = 0.001) than the SB group (4.7�, 95% CI, 3.6–5.8�).

The lack of relative differences coupled with the significant

absolute differences suggests that the magnitude of side-to-

side differences is greater with the SB technique, and that

neither technique consistently resulted in under- or over-

constraint. In addition, the variability of the SB technique

was significantly greater for both side-to-side differences in

ATT (P = 0.05) and IR (P = 0.0007) than that of the DB

technique.

A significantly greater proportion (26/32, 81%) of the

DB patients demonstrated symmetrical reconstructions,

whereas 11/32 (34%) SB patients were reconstructed

within 3 mm of anterior translation and 3.5� of IR

(P = 0.0003, Fig. 5). No patients in either group had

greater ATT of the normal knee when compared to the

reconstructed knee. In the SB group, 11 were within 3 mm

and 3.5�, nine were within 3 mm but under-constrained

more than 3.5�, seven were within 3 mm but over-con-

strained more than 3.5�, three were under-constrained in
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Fig. 5 Graphical representation of the side-to-side differences in

internal rotation (x-axis) and anterior translation (y-axis) for each

patient treated with a single-bundle reconstruction and b double-

bundle reconstruction. Side-to-side values were calculated by sub-

tracting values measured with the operative knee from the values

measured with the normal knee. Positive values are indicative of

under-constraint, and negative values are indicative of over-constraint
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anterior translation but were within 3.5� of IR, and two

were under-constrained in both translation and rotation. In

the DB group, 26 were within 3 mm and 3.5�, and the

remaining six knees were within 3 mm but were under-

constrained in rotation.

The knees reconstructed with the SB technique dem-

onstrated significantly reduced neutral compliance

(0.21 Nm/�, 95% CI, 0.18–0.23 Nm/�) when compared to

the DB group (0.24 Nm/�, 95% CI, 0.22–0.26; P = 0.03).

Lower slopes are indicative of increased compliance, or a

‘‘looser’’ knee. The two groups did not differ in endpoint

compliance of the operative limb, nor did they differ in

either neutral compliance or endpoint stiffness of the non-

operative contralateral knee. Furthermore, when dividing

the entire sample population of 64 patients into three

groups based on maximal IR of the non-operative limb,

the most lax group demonstrated significantly lower

IKDC postoperative scores than the other two groups

Fig. 6.

Discussion

The most important findings of this study were that DB

ACL reconstruction demonstrated superior anteroposterior

(AP) and rotational laxity when compared to SB recon-

struction and that a much greater percentage of DB

reconstructions recreated AP and rotational stability similar

to the contralateral healthy knee. The second most impor-

tant finding was that regardless of the type of reconstruc-

tion that was used, the patients with the greatest rotational

laxity of the contralateral healthy knee demonstrated

significantly worse IKDC scores. The following discussion

has therefore been separated into two sections addressing

(1) the comparison of SB and DB ACL reconstruction

techniques and (2) considerations related to the laxity of

the non-operative limb.

Comparison of the SB and DB techniques

The results supported the hypotheses that the DB technique

would demonstrate reduced anterior and rotational laxity

and more consistently mimicked that of the uninjured

contralateral limb. The side-to-side anterior laxity results in

the current study demonstrated a statistically significant

difference between the two techniques of 1.1 mm. These

results are consistent with the results of a 2008 meta-

analysis reported mean reduction in side-to-side differ-

ences in anterior translation of 0.52 mm with a DB

reconstruction [27]. More recent studies have reported that

DB techniques did not result in statistically significant side-

to-side translation reductions, demonstrating 0.6-mm [43]

and 0.2-mm [15] reductions when compared to a SB

technique at a short-term follow-up. Regardless of whether

a study demonstrated statistically significant differences

between the techniques, the clinical relevance of sub-mil-

limeter differences between the techniques has been

questioned [27].

Increased laxity has been associated with not only

abnormal translation, but also abnormal rotation of the tibia

with respect to the femur [10]. With increased laxity comes

greater and more abrupt joint motion, as well as less con-

gruent contact between poorly fitting joint surfaces [10].

The two most common long-term failure mechanisms after

ACL reconstruction are the development of osteoarthritis

(OA) requiring surgical intervention or failure of the graft,

and both may be dependent on joint laxity.

Increased laxity may result in damage to the articular

cartilage and/or menisci, which further contribute to the

progression of OA [10]. While increased laxity in each of

the three planes of motion has been individually implicated

in the development of OA, [10, 20, 24, 35, 37–40, 45, 47,

49] excessive tibial rotation has been specifically suggested

to be involved with the progression of knee OA [33, 45].

Furthermore, 20–25% of poor outcomes following ACL

reconstruction have been suggested to be attributed to

rotational instability [52].

Recent studies performed at the time of surgery (time

zero) using computer-assisted navigation have reported

conflicting results when comparing SB and DB recon-

structions. In a study of 90 patients, Ishibashi et al. [16]

reported improved anterior and rotational stability with a

DB technique, highlighting the importance of both the AM

and PL bundles. On the contrary, in a study of 20 patients,

Ferretti et al. reported that DB reconstruction provided no
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Fig. 6 Regardless of reconstruction technique, patients were divided

into three groups based on the maximum internal rotation of the

contralateral, non-operative knee (Most lax 25% (16 knees, ‘‘Lax’’),

the middle 50% that surrounded the mean (32 knees, ‘‘Normal’’), and

the tightest 25% (16 knees, ‘‘Tight’’). The Lax group demonstrated

significantly lower postoperative IKDC Subjective Scores than both

the Normal and Tight groups
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additional stability when compared to a more anatomic SB

technique [13]. While studies such as these are necessary to

improve our understanding of joint kinematics at the time

of surgery, it remains unclear if anterior and rotational

laxity measurements determined at time zero influence the

long-term clinical and radiographic outcomes. Further-

more, the performance of intraoperative manual evalua-

tions is still subject to the same inherent limitations of

inter- and intra-tester reliability as the manual clinical

exam and does not allow for bilateral comparison [4].

The current study utilized instrumented laxity evaluation

systems to compare SB and DB reconstructions at median

follow-up of more than 15 months. The results of the

current study demonstrated that DB reconstruction did

indeed restore the native function of the ACL more con-

sistently than the SB technique. Relative side-to-side dif-

ferences in tibial IR did not differ between groups;

however, the DB demonstrated significantly lower absolute

side-to-side differences. These results highlight the concept

that solely looking at group means may not provide a clear

comparison of surgical techniques. If errors are evenly

distributed both above and below the mean, incorrect

interpretation of results may occur. In the current study,

relative differences were similar between groups; however,

when evaluating the absolute magnitude of error from the

targeted range of ±3.5� of tibial IR, the SB group had

significantly larger side-to-side differences. While either

technique may result in the restoration of normal knee

rotational kinematics, less variable results were demon-

strated with the DB technique, resulting in more consistent

restoration of rotational kinematics. The differences in var-

iability between the SB and DB group are clearly depicted in

Fig. 5.

Many comparative clinical studies have reported

improved pivot shift results with DB reconstruction tech-

niques [6, 15, 18, 19, 29, 43, 51]; however, recent cadav-

eric studies have suggested that improved stability

achieved with DB techniques may come at a price [25, 26,

36]. Over-correction of rotational laxity may reduce the

incidence of grade 1 pivot shift tests, [15, 43] but may also

over-constrain the joint, thus potentially increasing the risk

of early graft failure by increasing forces in the PL graft

[25, 26, 36]. Cook et al. [7] demonstrated contrary results

in their cadaveric study. The authors utilized a custom 6

degree of freedom robot to recreate the pivot shift test in

the laboratory. Using 125 N anterior load with combined

10 Nm valgus and 5 Nm IR torques, they reported that the

DB technique yielded 81% recovery of the mechanics of

the ACL-intact state, compared to only 43% of the

recovery yielded by the SB technique [7]. The current

clinical investigation very closely matched the results of

Cook et al., as our results demonstrated that the DB

technique more consistently recreated the patients’ normal

knee biomechanics. Side-to-side differences in anterior

translation and IR were significantly lower for the DB

group, and 81% of the DB reconstructions closely matched

the biomechanical profile of the normal knee compared to

34% of the SB reconstructions. Furthermore, none of the

DB reconstructions were over-constrained in rotation.

Laxity of the non-operative limb

In addition to the comparison of the two surgical tech-

niques, we also compared IKDC subjective scores between

patients based on the rotational laxity of their contralateral

normal knee. In a previous study, we determined that

patients with a unilateral ACL tear had increased tibial IR

of the contralateral normal knee when compared to a group

of healthy volunteers [3]. Building on this concept, when

we divided the current study patients into groups based on

rotational laxity of the normal knee, the group with the

greatest amount of tibial rotation demonstrated signifi-

cantly worse IKDC scores when compared to the other

groups. In short, excessive tibial IR of the normal knee may

be a risk factor for ACL injury and may also be a risk

factor for a poor postoperative outcomes following ACL

reconstruction. Considering the statement from Zaffagnini

et al. [52] that 20–25% of poor outcomes following ACL

reconstruction may be attributed to rotational instability,

we suggest that this subgroup of rotationally lax patients

may require more complex reconstruction to control rota-

tion. Future studies are needed to determine whether

additional stability provided by double-bundle reconstruc-

tion or reconstruction with a lateral extra-articular

augmentation results in improved clinical outcomes in this

subgroup of rotationally lax patients.

Limitations

This study was not without limitation. The average follow-

up of patients in this study was 16 months. It has been

reported that the properties of the graft may continue to

change up to 2 years following surgery, and it is possible

that the results reported at 16 months could differ from

those potentially collected at a later follow-up. In addition,

we attempted to control for ankle motion with the use of

dorsiflexion wedges; however, motion at that joint did

occur during testing. While motion did occur, by testing a

subset of 48 knees with the integrated use of electromag-

netic sensors, we were able to identify the relative amount

of rotation that could be attributed to the knee, and these

results were demonstrated to have excellent reliability.

While this measurement system has demonstrated excellent

reliability, validation studies comparing results of this non-

invasive system with other direct measures of skeletal
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motion, such as surgical navigation, have not been per-

formed to date. The measurements derived from this non-

invasive system may have been influenced by soft tissue

artifact and/or voluntary muscle activation. In addition,

while the instrumented laxity tests were performed in a

single degree of knee flexion, which is consistent with the

positioning used during clinical examination, it is unclear if

similar results could be expected at other flexion angles.

The reader should be cautioned that we only evaluated

one SB and DB technique, and these results may not be

able to be generalized to all ACL reconstruction tech-

niques, graft types, fixation methods, etc. The results of the

current study suggest that achieving appropriate AP and

rotational biomechanics can be very difficult with this SB

technique. Other SB techniques have been reported to

allow for more anatomic tunnel placement [1], and future

instrumented clinical studies are warranted to determine

whether these more anatomic SB techniques are able to

more consistently reproduce the biomechanical character-

istics of the normal knee than the techniques used in the

current study. Future studies are also necessary to deter-

mine whether a more anatomic reconstruction using

either a single- or double-bundle technique improves

postoperative outcomes for the apparent difficult group of

patients who demonstrate the greatest IR of their normal

contralateral knee.

Conclusion

The theoretical advantage/benefit of anatomic ACL

reconstruction is the potentially improved ability to restore

biomechanical and clinical characteristics similar to that of

the uninjured joint [53]. While the current results suggest

that this can be achieved with either a SB or DB technique,

DB ACL reconstruction more consistently reproduced the

biomechanical profile of the uninjured limb than did the SB

technique. The DB technique demonstrated significantly

reduced side-to-side differences in ATT and IR, and a

significantly greater proportion of the DB reconstructions

were within 3 mm of anterior translation and 3.5� of IR

when compared to the healthy contralateral knee.
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