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Background: Radiographic and cadaveric studies have suggested that anatomic anterior cruciate ligament reconstruction (ACLR)
femoral tunnel drilling with the use of a flexible reaming system through an anteromedial portal (AM-FR) may result in a different
graft and femoral tunnel position compared with using a rigid reamer through an accessory anteromedial portal with hyperflexion
(AAM-RR). No prior studies have directly compared clinical outcomes between the use of these 2 techniques for femoral tunnel
creation during ACLR.

Purpose: To compare revision rates at a minimum of 2 years postoperatively for patients who underwent ACLR with AM-FR versus
AAM-RR. The secondary objectives were to compare functional testing and patient-reported outcomes between the cohorts.

Study Design: Cohort study; Level of evidence, 3.

Methods: Included were consecutive patients at a single academic institution between 2013 and 2018 who underwent primary ACLR
without additional ligamentous reconstruction. Patients were separated into 2 groups based on the type of anatomic femoral tunnel
drilling: AM-FR or AAM-RR. Graft failure, determined by revision ACLR, was assessed with a minimum 2 years of postoperative
follow-up. The authors also compared patient-reported outcome scores (International Knee Documentation Committee [IKDC] and
Knee injury and Osteoarthritis Outcome Score [KOOS]) and functional performance testing performed at 6 months postoperatively.

Results: A total of 284 (AAM-RR, 232; AM-FR, 52) patients were included. The mean follow-up time was 3.7 ± 1.5 years, with a
minimum 2-year follow-up rate of 90%. There was no significant difference in the rate of revision ACLR between the AAM-RR and
AM-FR groups (10.8% vs 9.6%, respectively; P ¼ .806). At 6 months postoperatively, there were no significant between-group
differences in peak knee extension strength, peak knee flexion strength, limb symmetry indices, or hop testing, as well as no
significant differences in IKDC (AAM-RR, 81.1; AM-FR, 78.9; P ¼ .269) or KOOS (AAM-RR, 89.0; AM-FR, 86.7; P ¼ .104).

Conclusion: In this limited study, independent femoral tunnel drilling for ACLR using rigid or flexible reaming systems resulted in
comparable rates of revision ACLR at a minimum of 2 years postoperatively, with no significant differences in strength assess-
ments or patient-reported outcomes at 6 months postoperatively.
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While numerous controversies remain regarding the opti-
mal surgical technique for or perioperative management of
patients undergoing anterior cruciate ligament (ACL)
reconstruction (ACLR), the position of the femoral and tib-
ial tunnels is known to be of critical importance to outcome
because of their effect on the resultant translational and
rotational stability of the knee.2,13 In particular, a malposi-
tioned femoral tunnel is cited as being the most common

cause of graft failure after surgery.2,13,32 Despite recogni-
tion of this importance, it is acknowledged that there
remains discrepancy between intended and achieved fem-
oral tunnel position during ACLR.23

Numerous studies have demonstrated that anatomic
positioning of the femoral tunnel at the footprint of the
native ACL more accurately re-creates the native knee
kinematics and improves translational and rotational sta-
bility by better restoring graft tensioning throughout knee
range of motion.29,34,35 Specifically, femoral tunnel posi-
tioning that is too vertical in the coronal plane may lead to
rotational instability, and positioning that is too anterior
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or posterior in the sagittal plane may inadequately restore
the length-tension relationship of the native ACL.29,34,35

As a result, there has been an increased emphasis placed
on achieving anatomic positioning of the femoral tunnel
over the last decade.7,10,11,27,33 This emphasis on achiev-
ing anatomic tunnel placement has caused many surgeons
to abandon transtibial (TT) femoral tunnel drilling
in favor of less constrained or “independent” techniques
for creating the femoral tunnel, as TT drilling has
been repeatedly demonstrated to result in more vertical
graft positioning and inferior rotational stability by
comparison.1,3,10,27

Several methods for independent femoral tunnel drilling
exist, including the use of a rigid reamer through an acces-
sory anteromedial portal with hyperflexion (AAM-RR) or
via an outside-in drilling technique and the use of flexible
reaming systems through a standard anteromedial portal
(AM-FR).10 Most existing studies evaluating clinical out-
comes after ACLR have grouped AAM-RR and AM-FR
together as “independent femoral tunnel drilling,” despite
several technical differences in their use.11,21,22 AAM-RR
requires hyperflexion of the knee to 120�, which can be
challenging in revision ACLR or depending on a patient’s
intrinsic flexibility, musculature, and body habitus.21,22

Additionally, the placement of the anteromedial portal
itself relative to the patient’s femoral notch anatomy can
constrain the ability to anatomically re-create the femoral
tunnel relative to the ACL footprint when using an inflex-
ible guide and reamer.10,21,22,27

More recent radiographic and cadaveric studies have
suggested that these technical differences may result in
AM-FR producing a more radiographically anatomic ACL
graft position; longer, more anteverted femoral tunnels;
and a theoretically decreased likelihood of posterior wall
breakage or damage to posterolateral knee structures.‡ To
date, however, no studies have directly compared clinical
outcomes between the use of AAM-RR and AM-FR for fem-
oral tunnel creation.

The primary objective of this study was to compare revi-
sion ACLR rates at a minimum of 2 years postoperatively
for patients undergoing ACLR between the AAM-RR and
AM-FR femoral tunnel drilling techniques. The secondary
objectives were to compare functional testing and 6-month
postoperative patient-reported outcome scores between
the 2 techniques. We hypothesized that there would
be no difference in revision ACLR rates between the 2
techniques.

METHODS

This retrospective cohort study was approved by the aca-
demic center’s institutional review board. A total of 316
consecutive patients who underwent ACLR at a single aca-
demic institution between March 2013 and August 2018
were evaluated. All eligible patients underwent surgery
performed by 1 of 6 attending orthopaedic surgeons at a
single institution, all of whom are fellowship trained in
orthopaedic sports medicine. Retrospective chart review
was performed to evaluate patients for study inclusion.
Operative notes were evaluated to identify the surgical
technique and reaming system used for femoral tunnel cre-
ation during ACLR. Choice of femoral tunnel drilling was
by surgeon preference and did not change during the study
period. Two surgeons performed exclusively rigid reaming,
and the remaining 4 surgeons performed flexible reaming.

Included in the study were patients who underwent a
primary ACLR without additional ligamentous reconstruc-
tion. Patients were excluded from final analysis of revision
ACLR if they underwent any additional ligamentous recon-
struction or if they had <2 years of postoperative follow-up.
Patients without Lower Extremity Assessment Protocol
(LEAP) testing were also excluded. LEAP testing is a stan-
dard part of the treatment and rehabilitation recommenda-
tion for all patients undergoing ACLR at our institution. The
patients excluded for this reason represented a very small
portion of the overall cases, as it was deemed standard of
care for ACLR at the beginning of this study. All patients
provided informed consent.

The primary outcome measure was graft rupture, which
was identified via retrospective chart review to determine
whether the patient had undergone a revision ACLR. When
graft integrity beyond 2 years postoperatively was not able to
be confirmed via chart review, the patient was contacted via
telephone to determine whether or not revision ACLR had
occurred. It can be assumed that both groups had a similar
likelihood of undergoing revision within the minimum 2-year
follow-up period, minimizing detection bias between groups.

The secondary outcome measures were examined by
assessing functional performance per LEAP testing, which
consisted of a battery of testing that directly evaluated the
operative limb and the noninjured, contralateral side.
These tests were performed at 6 months postoperatively for
all included patients.

Lower Extremity Assessment Protocol

The LEAP at our institution consists of 3 parts: recording of
patient-reported outcomes, measurement of flexion and
extension strength, and hop testing.‡References 5, 8, 11, 12, 15–19, 26, 28, 30, 31, 33.
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Patient-Reported Outcomes. Upon enrollment, all parti-
cipants completed the International Knee Documentation
Committee (IKDC) Subjective Knee Evaluation Form and
the Knee injury and Osteoarthritis Outcome Score (KOOS).
The IKDC and KOOS are both well-established and vali-
dated patient-reported outcome scoring systems designed
to assess patients’ knee symptoms and function based
on their pain, performance, quality of life, and activity
level.4,24

Knee Flexion and Extension Strength. Isokinetic, con-
centric knee extension and flexion strength was measured
bilaterally using a Biodex Systems 4 multimode dynamom-
eter (Biodex Medical Systems, Inc) at a speed of 90 deg/s.
All testing was performed on the uninvolved limb, followed
by testing of the involved limb. The participants completed
practice trials on each limb for practice and familiarization.
The participants provided maximal effort through their full
range of motion for 8 trials. Measures of peak torque for
knee extension and flexion were exported using the Biodex
software and normalized to the participant’s body mass
(N�m/kg). Symmetry measures were calculated as a ratio
between the reconstructed limb and the contralateral limb
and expressed as a percentage of the contralateral limb,
where 100% indicated perfect symmetry.

Hop Testing. Each participant performed 4 single-leg
hopping trials on each limb. Hop tests included single hop
for maximal distance where participants were instructed
to perform a single-hop straight forward as far as possible
with a balanced on the landing (single hop). Participants
also performed 3 consecutive hops in a straight line for
maximal distance (triple hop) and 3 consecutive hops in
a zigzag pattern for maximal distance. Finally, partici-
pants performed a timed hop where they were instructed
to hop as quickly as possible for 6 m. Distances were mea-
sured in centimeters, time was measured in seconds, and
symmetry was expressed as a percentage of the contralat-
eral limb, as described.

Statistical Analysis

A post hoc power analysis was performed to determine the
number of patients necessary to determine a significant dif-
ference in revision ACLR rates. To determine a 5% differ-
ence in the incidence of revision ACLR between the 2 groups,
assuming an even distribution of patients in each group,
alpha of .05, and 80% power, a total of 868 patients would
be necessary. As this was a sample of opportunity with fewer
patients available, a risk of underpowering was present.

Descriptive statistics, including mean, standard devia-
tion, median, minimum, and maximum values, were calcu-
lated for all quantitative variables. Comparison of
categorical data was performed using chi-square and
Fisher exact tests for comparisons with small sample sizes.
Comparisons of continuous data were performed using the
Student t test for those that were normally distributed and
the Mann-Whitney test as a nonparametric alternative for
those that were not normally distributed. Statistical anal-
yses were performed using IBM SPSS Statistics Version
26 (IBM Corp). For all comparisons, P < .05 was considered
statistically significant.

RESULTS

Cohort Characteristics

A total of 284 patients were identified for inclusion to this
study, with 232 patients undergoing femoral tunnel crea-
tion using AAM-RR and 52 using AM-FR (Figure 1). The
overall mean follow-up time was 3.7 ± 1.5 years. The mean
follow-up time was significantly different between groups
(AAM-RR, 4.0 ± 1.5 years; AM-FR, 2.5 ± 0.7 years; P< .001).
Two-year follow-up was confirmed in 89.8% of patients
overall. All data were present for all included patients,
except for identification of minimum 2-year revision ACLR
in patients without confirmed follow-up beyond 2 years.

The flexible reamer and rigid reamer groups did not dif-
fer with regard to mean age, sex, body mass index (BMI), or
patients who underwent concomitant surgical intervention
on the meniscus (Table 1). Groups did differ significantly
with regard to graft type, with 61.2% of patients in the
AAM-RR group receiving a bone–patellar tendon–bone
graft versus 76.9% of patients in the AM-FR group (P ¼
.033). All other patients included in this analysis received
a hamstring tendon graft.

Revision ACLR Rate

With regard to the primary outcome of interest, there was
no significant difference observed in the rate of revision
ACLR between the use of AAM-RR and AM-FR for femoral
tunnel creation during ACLR (AM-FR, 9.6%; AAM-RR,
10.8%; P¼ .806) (Table 2). The revision ACLR rate was also
compared at 2.5 years postoperatively in both cohorts and
was similarly not found to be significantly different (AM-
FR, 9.1%; AAM-RR, 8.6%).

LEAP and Patient-Reported Outcome Measures

Additionally, there were no significant differences found in
6-month knee extension strength and symmetry, knee flex-
ion strength and symmetry, or hop testing between cohorts
(Table 2). Additionally, no significant differences existed in
mean IKDC score (AAM-RR, 81.1; AM-FR, 78.9; P ¼ .269)
or KOOS (AAM-RR, 89.0; AM-FR, 86.7; P ¼ .104) between
the use of AAM-RR and AM-FR for femoral tunnel creation
(Table 2). There were no reported occurrences of posterior
wall breakage or injuries to the posterolateral ligamentous
or neurovascular structures in either group.

DISCUSSION

The most important finding of this study was that the
choice between AAM-RR and AM-FR did not result in a
significant difference in revision ACLR rates at a minimum
of 2 years postoperatively in this study. Additionally, no
differences were found in functional testing or patient-
reported outcomes at 6 months postoperatively. While
radiographic and cadaveric studies have suggested that
using AM-FR may result in a more anatomic ACL graft
position with longer and more anteverted tunnels when
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compared with AAM-RR, this should only affect graft tun-
nel mismatch and not revision ACLR rates.§

The use of AM-FR and AAM-RR has historically not been
subdivided when comparing outcomes among various
methods for femoral tunnel creation. Recently, however,

several studies have suggested that AM-FR may result in
a different ACL graft and femoral tunnel position compared
with AAM-RR. A study by Jamsher et al11 compared sagit-
tal and coronal graft inclination angles on magnetic reso-
nance imaging scans in patients in whom ACLR was
performed using AM-FR and AAM-RR and compared mea-
surements to healthy controls. Those authors found that
the sagittal graft inclination was significantly different

Figure 1. A flowchart of the study participants assessed for eligibility and determination of inclusion for final analysis. ACLR,
anterior cruciate ligament reconstruction.

TABLE 1
Patient Characteristicsa

Overall (N ¼ 284) Flexible Reamer (n ¼ 52) Rigid Reamer (n ¼ 232) P

Age, y 21.6 ± 9.5 22.3 ± 9.1 21.5 ± 9.6 .584
Female sex 157 (55.3) 27 (51.9) 130 (56.0) .590
BMI 24.8 ± 4.6 25.4 ± 4.4 24.7 ± 4.6 .318
Graft type, BTB:HS, n 182:102 40:12 142:90 .033
Meniscectomy 84 (29.6) 12 (23.1) 72 (31.0) .256
Meniscal repair 124 (43.7) 18 (34.6) 106 (45.7) .211
Timing of LEAP, mo 6.7 ± 2.3 6.2 ± 2.1 6.8 ± 2.5 .109
Follow-up, y 3.7 ± 1.5 2.5 ± 0.7 4.0 ± 1.5 < .001

aData are reported as mean ± SD or n (%) unless otherwise indicated. Bolded P values indicate a statistically significant difference between
the study groups (P < .05). BMI, body mass index; BTB, bone–patellar tendon–bone; HS, hamstring; LEAP, Lower Extremity Assessment
Protocol.

§References 5, 8, 11, 12, 15–19, 26, 28, 30, 31, 33.
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between the AAM-RR (56.0� ± 6.1�) group and the healthy
control group (49.3� ± 4.2�) but was not different between
the AM-FR group (49.9� ± 5.0�) and the control group.11

Additionally, the mean angle reported for the AAM-RR
group in that study fell outside the anatomic range vali-
dated by Illingworth et al,9 suggesting that AAM-RR
resulted in tunnel placement outside of an anatomic
range.11 Other studies by Steiner et al,27 Wein et al,31 and
Larson et al17 have similarly found that AAM-RR results in
a more vertical position of the femoral tunnel compared
with AM-FR.

There is also evidence to suggest that the decreased con-
straint arising from using a flexible reamer in comparison
with a rigid reamer may allow for longer femoral tunnels to
be created while also placing tunnels at a greater distance
from critical posterolateral knee structures.8,12,14,16,26,28,31

These differences in tunnel length are even more pro-
nounced when the knee is placed in lesser degrees of flexion
for femoral tunnel creation.5,8,14 Collectively, these findings
suggest that the differences in technical constraint between
the 2 techniques may result in a varying ability to anatom-
ically re-create the ACL and therefore clinically affect knee
kinematics and function, which could manifest in differing
rates of revision ACLR.

Despite the aforementioned radiologic and anatomic dif-
ferences reported, we found no difference in revision ACLR
rates at a minimum of 2 years postoperatively or early out-
comes between flexible and rigid reaming systems for inde-
pendent femoral tunnel creation during ACLR. The revision
ACLR rates reported at the final follow-up were similar in
the AM-FR group (9.6%) and the AAM-RR group (10.8%).
Because of the significantly longer mean follow-up time in
the AAM-RR group, the revision ACLR rate was also com-
pared at 2.5 years postoperatively in both cohorts and was
similarly not found to be significantly different (AM-FR,
9.1%; AAM-RR, 8.6%). This finding of clinical equivalence
with regard to revision ACLR rates, performance testing,

and patient-reported outcomes is an important addition to
the literature, as there are no previous studies that have
directly compared revision ACLR rates or other clinical out-
comes between the use of AM-FR and AAM-RR. Interest-
ingly, while more anatomic graft positioning has
consistently been demonstrated to improve knee kinematics
and rotational stability, this has not always been demon-
strated to translate into improved clinical outcomes.

A cohort study of 17,682 overall patients by Desai et al6

that was published in 2017 using data from the Swedish
National Knee Ligament Register found that nonanatomic
femoral tunnel placement via TT drilling resulted in a
decreased risk of need for revision surgery compared with
anatomic tunnel placement via transportal drilling.
Another prospective study composed of data from the Dan-
ish Knee Ligament Reconstruction Register including 1945
and 6430 ACLR procedures performed either from an inde-
pendent anteromedial portal or via TT drilling, respec-
tively, found a greater risk of needing revision ACLR in
the anteromedial cohort.20 One explanation for this finding
is that transportal femoral tunnel drilling may result in a
higher graft bending angle compared with TT drilling,
therefore leading to increased stress on the bone-graft
interface.30 Other studies have contradicted this finding,
however.14,30 Given the discordance between these data-
base studies and the biomechanical analyses, further large,
prospective, randomized studies are warranted to better
understand the effect of these techniques on biomechanical
and clinical outcome.

Limitations

The methodology of this study has several limitations that
may affect the findings. First, this study was underpow-
ered, and a significant possibility of type 2 error exists. It
was a sample of opportunity, and unfortunately the power
cannot be improved. Second, its retrospective nature

TABLE 2
Outcome Comparisons Between the Study Groupsa

Overall Flexible Reamer Rigid Reamer P

Primary outcome
Revision ACLR rate 30 (10.6) 5 (9.6) 25 (10.8) .806

Extension measures
Normalized peak extension torque of 90� 1.55 ± 0.47 1.47 ± 0.47 1.57 ± 0.46 .159
LSI extension, % 69.5 ± 17.3 65.7 ± 17.2 70.3 ± 17.2 .126

Flexion measures
Normalized peak flexion torque of 90� 0.90 ± 0.27 0.89 ± 0.29 0.90 ± 0.27 .812
LSI flexion, % 93.1 ± 18.0 90.0 ± 19.6 93.8 ± 17.6 .157

Hop tests, %
LSI single hop 89.0 ± 13.0 89.2 ± 14.5 88.9 ± 12.6 .989
LSI triple hop 91.7 ± 11.1 91.4 ± 10.3 91.8 ± 11.2 .814
LSI timed hop 108.3 ± 22.5 108.5 ± 17.9 108.3 ± 23.3 .954

PRO scores at 6 mo
IKDC 80.7 ± 13.0 78.9 ± 11.7 81.1 ± 13.2 .269
KOOS 88.6 ± 9.2 86.7 ± 8.6 89.0 ± 9.3 .104

aData are reported as mean ± SD or n (%). ACLR, anterior cruciate ligament reconstruction; IKDC, International Knee Documentation
Committee; LSI, limb symmetry index; KOOS, Knee injury and Osteoarthritis Outcome Score; PRO, patient-reported outcome.
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introduces the possibility that there exist confounding fac-
tors that were not adequately controlled between groups.
One variable that differed between the groups is mean
follow-up, which was significantly longer in the AAM-RR
group, as this technique was used before AM-FR. This could
potentially bias the results to have a greater incidence of
failure in the AAM-RR group. There are additional factors
that have been demonstrated to affect incidence of ACL
graft failure postoperatively, such as graft size or patient
activity level. The study groups were similar with regard to
age, sex, BMI, and incidence of concomitant meniscal
repair, however, which is suggestive that many potential
patient and surgical characteristics may also have been
relatively equivalent between groups.

Although there was a significant difference between
groups with regard to graft type, prior study has not shown
a difference in revision ACLR rates between bone–patellar
tendon–bone and hamstring tendon grafts according to a
much larger meta-analysis.25 While all included patients
underwent primary ACLR without concomitant ligamen-
tous reconstruction, it is important to highlight that no
significant difference in incidence of meniscal repair
existed between groups. At our institution, patients under-
going concomitant meniscal repair are managed with a dif-
ferent rehabilitation protocol than are patients undergoing
ACLR without meniscal repair. The study cohorts also dif-
fered with regard to size. This discrepancy existed based on
the preferred surgical technique of the respective surgeons
at our institution, which also may have introduced bias. It
remains unclear how having less disparate cohort sizes
would have affected our results; however, given the mini-
mal differences in the outcomes observed in this study,
there would need to be significantly more included patients
in order to detect any significant difference.

Another limitation of this study is that while previous
literature18 exists to suggest that ACLR using AM-FR for
femoral tunnel trends toward resulting in a more anatomic
ACLR, this study lacks direct radiologic evidence that this
difference manifested within our study population. Finally,
as a literature review18 shows that the radiologic and ana-
tomic differences resulting from AM-FR and AAM-RR are
more evident when deep flexion is unable to be achieved, it
is possible that there would have been a difference observed
in patients with less intrinsic flexibility, such as patients
who are more muscular or have larger body habitus. This
study is more representative of the overall population
undergoing ACLR, however, and is therefore more trans-
latable than isolated subgroup analysis based on revision
procedures or a certain population characteristic.

Despite these limitations, the novelty and clinical signif-
icance of the findings in this study make it an important
addition to the literature. Further, the validity of the study
is strengthened by its mean follow-up time of 3.7 years,
with an overall 2-year follow-up of 90.8%. This excellent
follow-up time and incidence greatly decreases the possibil-
ity that not capturing the incidence of revision ACLR would
have affected the findings of the study. Additionally, the
use of both structured performance testing and validated
patient-reported outcome scores reinforces this study’s
finding that no significant differences in clinical functional

outcome arose based on the choice of flexible versus rigid
reamers for ACLR.

CONCLUSION

In this limited study, independent femoral tunnel drilling
for ACLR using rigid or flexible reaming systems resulted
in comparable rates of revision ACLR at a minimum of 2
years postoperatively and no significant differences in
strength assessments or patient-reported outcomes at 6
months postoperatively.
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