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Background: A novel hybrid transtibial (HTT) approach to femoral tunnel drilling in anterior cruciate ligament reconstruction
(ACLR) has been developed that circumvents the need for knee hyperflexion and orients the graft in the most anatomic position
without sacrificing the tunnel length or aperture.

Hypothesis: Patients who underwent ACLR utilizing the HTT technique would achieve excellent patient-reported outcome scores
and experience low rates of graft failure and reoperations.

Study Design: Case series; Level of evidence, 4.

Methods: Patients who underwent primary ACLR at a single institution between 2005 and 2020 were retrospectively reviewed.
Patients treated with the HTT, anteromedial portal (AMP), and transtibial (TT) approaches were matched based on age, sex, and
body mass index 63 kg/m2. Demographic and surgical data as well as femoral tunnel angle measurements on anteroposterior
and lateral radiographs were collected for the 3 groups. However, clinical outcomes were only reported for the HTT group
because of concerns of graft heterogeneity.

Results: A total of 170 patients (median age, 26.5 years [interquartile range (IQR), 18.0-35.0 years]) who underwent ACLR using
the HTT approach were included. The median coronal- and sagittal-plane femoral tunnel angles were 47� (IQR, 42�-53�) and 40�
(IQR, 34�-46�), respectively. The sagittal-plane femoral tunnel angles in the HTT group were significantly more horizontal com-
pared with those in the TT group (P \ .0001), whereas the coronal-plane femoral tunnel angles in the HTT group were found
to be significantly more vertical compared with those in the AMP group (P = .001) and more horizontal compared with those
in the TT group (P \ .0001). The graft failure and reoperation rates in the HTT group at a minimum 2-year follow-up were
1.8% (3/170) and 4.7% (8/170), respectively. The complication rate was 6.5% (11/170), with the most common complication
being subjective stiffness in 7 patients. The median Lysholm score was 89.5 (IQR, 79.0-98.0); the median International Knee Doc-
umentation Committee score was 83.9 (IQR, 65.5-90.8); and the median Veterans RAND 12-Item Health Survey physical and
mental component summary scores were 55.0 (IQR, 52.6-55.9) and 56.2 (IQR, 49.1-59.3), respectively.

Conclusion: ACLR using the HTT technique was associated with low graft retear and revision surgery rates and good patient-
reported outcome scores at medium-term follow-up and demonstrated femoral tunnel obliquity on postoperative radiographs
that correlated with optimal parameters previously reported in cadaveric and biomechanical studies.
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An anterior cruciate ligament (ACL) tear remains one of
the most common orthopaedic injuries, occurring in an
estimated 120,000 patients each year.16 Arthroscopic-
assisted ACL reconstruction (ACLR) remains the gold-
standard treatment to restore long-term knee joint
stability.8,12,20 The rate of ACLR has increased more
than 12-fold over the past 20 years, and despite the suc-
cessful nature of ACLR, there remains significant contro-
versy over the optimal surgical technique that offers the
best long-term outcomes.1 The influence of anatomic graft
placement during ACLR has been investigated by numer-
ous studies, with results demonstrating that both biome-
chanical and clinical outcomes are optimized when grafts
are placed in the center of the native femoral and tibial
insertion sites.3,4,7,14,21,26,30,35

Traditionally, the femoral tunnel has been prepared via
the transtibial (TT) technique; however, the resulting con-
straint on the femoral drill guide may prevent anatomic
femoral tunnel placement and increases the likelihood of
a vertically oriented graft postoperatively.5,28,35,36 A modi-
fied TT technique has been described for a more anatomic
graft position; however, this comes at the cost of sacrificing
the femoral anatomic footprint with regard to the tibial
tunnel length/aperture, is more technically demanding,
and increases the risk of tibial plateau fractures.13,28,37,39

Alternatively, the anteromedial portal (AMP) approach
in which the femoral tunnel guide is inserted through the
medial portal eliminates tibial tunnel constraints and allows
the surgeon greater accuracy in placing the graft in an ana-
tomic position. However, a different set of challenges is faced
with the AMP approach such as the need for knee hyperflex-
ion, the risk of injuring medial femoral condylar articular
cartilage, and/or posterior wall blowout.4,10,17 Furthermore,
the femoral tunnel length is typically shorter and is more
horizontal in orientation compared to that with the TT tech-
nique and thus subjects the graft to greater stress loads
because of increased acuity of the graft bending angle.24-26,32

To leverage the strengths of both the TT and AMP tech-
niques while mitigating the drawbacks inherent to both,
a novel hybrid TT (HTT) approach to femoral tunnel dril-
ling was developed in which a flexible TT guide wire is
introduced through the tibial tunnel and captured by an
over-the-top guide from the medial portal, circumventing
the need for knee hyperflexion and to orient the graft in
the most anatomic position without sacrificing the tunnel
length or aperture.18,27,32

The purpose of this study was to evaluate the medium-
term clinical outcomes of patients who underwent ACLR

using the HTT technique for femoral tunnel drilling. We
hypothesized that patients who underwent ACLR utilizing
the HTT technique would achieve excellent patient-
reported outcome (PRO) scores and experience low rates
of graft failure and reoperations.

METHODS

After obtaining institutional review board approval for the
study protocol, we reviewed a registry consisting of all
patients with ACL tears who underwent primary ACLR
at a single center between 2005 and 2020. Inclusion crite-
ria were patients aged �13 years at the time of index
ACLR, isolated ACL tears with or without concomitant
meniscal/chondral abnormalities, a minimum 2-year fol-
low-up, and surgical records indicating that the HTT tech-
nique was used. Patients with open physes, prior surgical
interventions on the ipsilateral knee, chondral abnormali-
ties treated with high tibial osteotomy/distal femoral
osteotomy, treatment for other concurrent ligamentous
abnormalities, and preoperative knee radiographs demon-
strating Kellgren-Lawrence grade �219 indicative of mild
to severe osteoarthritis were excluded. After a review, we
identified 195 patients who underwent primary ACLR
using the HTT technique.

The same registry and inclusion criteria were utilized to
search for patients who underwent ACLR with the TT or
AMP technique, except the surgical records indicating
that the TT or AMP femoral tunnel drilling approach
was required for inclusion. Propensity score matching
was utilized to control for differences in patient demo-
graphic characteristics for the 3 groups (HTT vs AMP vs
TT), with patients matched based on age, sex, and body
mass index 63 kg/m2. After propensity score matching,
170 patients in the HTT group, 162 patients in the AMP
group, and 163 patients in the TT group were included in
the study.

Data Collection

Baseline injury data included side affected, history of
ACLR in the contralateral knee, athlete level and preoper-
ative sport leading to the injury if applicable, mechanism
of injury (defined as ultra-low velocity [activities of daily
living], low velocity [sports injuries], or high velocity
[motor vehicle accident]), concurrent meniscal or articular
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cartilage abnormalities, and Kellgren-Lawrence osteoar-
thritis grade on preoperative radiographs. Surgical data
that were reported were femoral tunnel drilling technique
(including AMP and TT), femoral fixation technique, tibial
fixation technique, graft type (autograft, autograft aug-
mented with allograft, or allograft), and choice of graft tis-
sue. Postoperative plain radiographs taken at the most
recent clinical follow-up were used to measure the femoral
tunnel angle in anteroposterior and lateral views using
methods described by Sohn et al34 (Figure 1).

After obtaining operative data and radiographic meas-
urements for all 3 groups, preliminary statistical analyses
were performed. However, the surgeons who performed the
majority of the AMP and TT techniques utilized mainly
hamstring tendon autografts, and the surgeons who per-
formed the HTT technique utilized predominantly bone–
patellar tendon–bone autografts. Given the significant
heterogeneity in graft selection, we determined that the
influence of such a confounding variable would complicate
the interpretation of clinical outcomes based solely on the
femoral tunnel drilling technique. Therefore, the study
protocol was amended, and the postoperative outcomes
for only the HTT group were collected, as this was the pri-
mary focus of the study.

HTT Surgical Technique

The HTT technique utilized in our patient cohort was con-
sistent with that described by Trofa et al.37 The initial
starting point for the tibial tunnel was determined at 30
mm below the joint line and 15 mm medial from the medial
edge of the tibial tubercle. At this junction, a rigid guide
wire was inserted, aimed toward the center region of the
tibial insertion site. The tunnel was subsequently created
by overreaming the wire with a 10-mm cannulated reamer.
With the knee positioned at 90� of flexion, a 7 mm–offset
ACL femoral drill guide (DanaMed) was introduced via

the standard medial portal and positioned to ensure that
its slot entrance sat above the tibial tunnel opening (Figure
2A). A flexible nitinol guide pin enclosed in a custom
sheath (DanaMed) was introduced and advanced through
the tibial tunnel, ensuring its alignment with the open
slot of the drill guide (Figure 2B). Care was taken to posi-
tion the wire’s tip near the center of the femoral ACL foot-
print, and the drill guide was advanced to the lateral wall
of the condylar notch (Figure 2C). After confirming optimal
positioning of the wire, the guide wire was drilled through
the distal femur (Figure 2D). Subsequently, the sheath
encompassing the guide wire was removed, allowing the
drill guide to be easily extracted via the medial portal (Fig-
ure 2E), leaving behind an anatomically positioned transti-
bial guide wire.

Once the pin was placed via the tibial tunnel, our tech-
nique involved viewing from the anteromedial portal to
confirm the appropriateness of the pin location. This
approach provides us with a satisfactory view to ensure
the pin’s proper placement without necessitating addi-
tional procedures (notchplasty or the use of a 70� scope).
To create the femoral tunnel, a 10-mm flexible VersiTomic
reamer (Stryker) was utilized and passed over the wire
(Figure 2F). A typical depth of 35 to 40 mm was obtained.

Outcome Evaluation

The primary outcomes that were evaluated were any graft
failure, defined as revision ACLR or the confirmation of
a graft tear on magnetic resonance imaging, and reopera-
tions to the ipsilateral knee, documented on patients’ med-
ical charts or determined via answers to questionnaires
administered to patients via telephone or email. Postoper-
ative outcomes including complications, reoperations, and
mechanisms of the reinjury were collected from patients
in the HTT group with a minimum 2-year follow-up, along-
side the following PRO scores: Lysholm, International
Knee Documentation Committee (IKDC), Veterans RAND
12-Item Health Survey (VR-12; Mental component sum-
mary and Physical component summary), Knee injury
and Osteoarthritis Outcome Score (KOOS; Pain, Symp-
toms, Activities of daily living [ADL], Sports and recreation
[Sports], and Quality of life [QoL] subscales), and Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC; Pain, Stiffness, and Function subscales).
Patients provided informed consent prior to answering
the PRO questionarres.

Statistical Analysis

All data underwent descriptive statistical analysis using
SAS (Version 9.4; SAS Institute). Continuous variables
with normally distributed data were reported as the
mean 6 standard deviation, and nonparametric continu-
ous variables were reported as the median and interquar-
tile range (IQR). Categorical variables were reported as
frequencies and proportions. Bivariate analysis of the
HTT, AMP, and TT groups was performed using the
Wald chi-square test to analyze categorical variables, and
the t test was used to compare the difference in mean

Figure 1. Postoperative (A) anteroposterior and (B) lateral
radiographs in a patient who underwent anterior cruciate lig-
ament reconstruction using the hybrid transtibial technique,
demonstrating femoral tunnel angle measurements (dotted
lines).
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values for continuous variables. P � .05 was considered
statistically significant.

RESULTS

In the HTT group, the median age at the time of ACLR was
26.5 years (IQR, 18.0-35.0 years), the median body mass
index was 25.1 kg/m2 (IQR, 22.5-28.0 kg/m2), 91 of 170
patients (53.5%) were male, and 16 of 170 patients (9.4%)
had undergone previous ACLR to their contralateral
knee. The mean clinical follow-up was 60.62 6 19.44
months (Table 1).

At the time of ACLR, 56 of 170 patients (32.9%) in the
HTT group had a concurrent meniscal injury, and 4 of 170
(2.4%) had a concurrent articular cartilage injury. Data col-
lected from operative notes revealed that the most common
method of femoral and tibial fixation of the ACL graft was
an interference screw (162/170 [95.3%]) (Table 2).

The most common graft of choice for ACLR was a bone–
patellar tendon–bone autograft (162/170 [95.3%]) in the
HTT group. A hamstring tendon autograft was used in 7
of the 170 patients (4.1%), with 4 of 7 (57.1%) augmented

with a semitendinosus allograft. The median sagittal-
and coronal-plane femoral tunnel angles measured on
anteroposterior and lateral radiographs were 40� (IQR,
34�-46�) and 47� (IQR, 42�-53�), respectively. The
sagittal-plane femoral tunnel angles in the HTT group
were significantly more horizontal compared to those in
the TT group (P \ .0001), whereas the coronal-plane fem-
oral tunnel angles in the HTT group were found to be sig-
nificantly more vertical in comparison to those in the AMP
group (P = .001) and more horizontal in comparison to
those in the TT group (P \ .0001) (Table 3).

At a minimum 2-year follow-up, the graft failure and
reoperation rates in the HTT group were 1.8% (3/170)
and 4.7% (8/170), respectively; 25.0% of the reoperations
(2/8) were revision ACLR, 50.0% (4/8) were meniscal sur-
gery, and 25.0% (2/8) were lysis of adhesions. The compli-
cation rate was 6.5% (11/170), with the most common
complication being subjective stiffness in 63.6% (7/11) of
patients. Of note, 21 patients were not able to be con-
tacted via telephone to obtain the postoperative outcomes
or PRO scores beyond the 2-year office follow-up. The
median Lysholm, IKDC, VR-12, KOOS, and WOMAC
scores are reported in Table 4.

Figure 2. Drilling the tibial and femoral tunnels with the hybrid transtibial technique. (A) A 7 mm–offset anterior cruciate ligament
(ACL) femoral drill guide was inserted via the medial portal. (B) A flexible guide pin enclosed in a custom sheath was advanced
through the tibial tunnel. (C) The wire’s tip was positioned near the center of the femoral ACL footprint. (D) Drilling of the guide wire
through the distal femur. (E) Removal of the custom sheath. (F) Drilling of the femoral tunnel using a 10-mm flexible reamer over
the wire.
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TABLE 2
Surgical Characteristics and Findingsa

HTT (n = 170) AMP (n = 162) TT (n = 163)

P

HTT vs AMP HTT vs TT

Graft type \.001 \.001
Autograft 166 (97.6) 145 (89.5) 103 (63.2)
Autograft augmented with allograft 4 (2.4) 16 (9.9) 57 (35.0)
Allograft 0 (0.0) 1 (0.6) 3 (1.8)

Tissue type \.001 \.001
Bone–patellar tendon–bone 162 (95.3) 30 (18.5) 3 (1.8)
Hamstring tendon 7 (4.1) 131 (80.9) 158 (96.9)
Quadriceps tendon 1 (0.6) 0 (0.0) 2 (1.2)
Other 0 (0.0) 1 (0.6) 0 (0.0)

Hybrid (augmented allograft) tissue type NA NA
Semitendinosus (hamstring) 4 (100.0) 10 (62.5) 52 (91.2)
Tibialis anterior 0 (0.0) 6 (37.5) 0 (0.0)
Gracilis 0 (0.0) 0 (0.0) 4 (7.0)
Other 0 (0.0) 0 (0.0) 1 (1.8)

Femoral fixation method — —
Interference screw 162 (95.3) — —
Suspension 8 (4.7) — —

Tibial fixation method — —
Interference screw 162 (95.3) — —
Spiked washer/screw 4 (2.4) — —
Other 4 (2.4) — —

aData are reported as n (%). Boldface P values indicate a statistically significant difference between groups (P \ .05). Dashes denote var-
iables that have been omitted, as the focus of the study was the clinical outcomes of the HTT group. AMP, anteromedial portal; HTT, hybrid
transtibial; NA, not applicable; TT, transtibial.

TABLE 1
Demographic Characteristics of Patientsa

HTT (n = 170) AMP (n = 162) TT (n = 163)

Age at surgery,b y 26.5 (18.0-35.0) 26.0 (18.0-36.0) 26.0 (18.0-36.0)
Body mass index,b kg/m2 25.1 (22.5-28.0) 25.1 (22.6-28.1) 24.8 (22.7-27.8)
Sexb

Male 91 (53.5) 91 (56.2) 89 (54.6)
Female 79 (46.5) 71 (43.8) 74 (45.4)

Operated side
Left 88 (51.8) — —
Right 82 (48.2) — —

History of contralateral ACLR
No 90 (52.9) — —
Yes 16 (9.4) — —
Missing 64 (37.6) — —

Athlete before injury
No 60 (35.3) — —
Yes 36 (21.2) — —
Missing 74 (43.5) — —

Medial/lateral meniscal injury
Yes 56 (32.9) — —
No 114 (67.1) — —

Concurrent cartilage injury
No 166 (97.6) — —
Yes 4 (2.4) — —

Kellgren-Lawrence grade on preoperative radiography
Grade 0 143 (84.1) — —
Grade 1 6 (3.5) — —
Grade �2 0 (0.0) — —
Missing 21 (12.4) — —

Follow-up, mean 6 SD, mo 60.62 6 19.44 — —

aData are reported as median (interquartile range) or n (%) unless otherwise indicated. Dashes denote variables that have been omitted,
as the focus of the study was the clinical outcomes of the HTT group. ACLR, anterior cruciate ligament reconstruction; AMP, anteromedial
portal; HTT, hybrid transtibial; TT, transtibial.

bComparative analyses were not conducted for variables that were used for propensity score matching.
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DISCUSSION

The principal findings of this large case series of ACLR
using the HTT femoral tunnel drilling technique were
that 1.8% of patients experienced graft failure and the all-
cause reoperation rate was 4.7% at a minimum follow-up

of 2 years. Previous studies have directly compared the out-
comes after ACLR using the TT versus AMP technique; how-
ever, there is no clear consensus as to which technique
provides the best outcome postoperatively.15,22,23 Recent liter-
ature has provided supporting evidence highlighting the
importance of replicating the native footprint of the ACL via
anatomic positioning of the femoral tunnel, thus popularizing
the AMP technique over the conventional TT approach.22,38,40

However, despite the improved anatomic placement of the
ACL graft when using the AMP technique,33 a unique set of
technical challenges associated with this approach has
emerged such as the need to hyperflex the knee, a shorter tun-
nel length, the risk of injuring medial femoral condylar artic-
ular cartilage, and/or posterior wall blowout.4,10,17

To combine the technical ease of the TT approach while
still maintaining the anatomic placement of the ACL graft,
the HTT technique was introduced.18 The utility of the HTT
approach was confirmed in a cadaveric model,32 and further
support for its efficacy was obtained from a subsequent pro-
spective randomized controlled trial.37 These findings vali-
date the novel technique and suggest that it effectively
combines the advantages of the TT and AMP approaches.
Trofa et al37 conducted a prospective randomized controlled
trial assessing the efficacy of the HTT technique compared
to the traditional TT and AMP approaches in 30 patients.
Using 3-dimensional computed tomography of the operative
knee at 6 weeks postoperatively, they found that the HTT
technique achieved anatomically accurate femoral aperture
positions, similar to the AMP approach, while producing
longer femoral tunnels with less angulation. These authors
hypothesized that their findings may potentially reduce
graft strain and mismatch. A finite element analysis study
published in 2022 by Saltzman et al32 evaluated the femoral
tunnel length, graft bending angle, and peak graft stress
using the HTT, TT, and AMP techniques. They confirmed
the true hybrid nature of the HTT technique with regard
to the 3 primary outcomes and provided further evidence
to suggest that ACLR using the HTT approach may be a suc-
cessful alternative while ameliorating the drawbacks of
both the TT and AMP approaches.

Despite emerging evidence to suggest the technical and
biomechanical advantages of utilizing the HTT approach
during ACLR, there is a paucity of medium-term clinical
evidence and outcomes. A systematic review by Loucas
et al22 comparing clinical outcomes after ACLR using the
TT and AMP techniques reported revision rates of 6.2%
and 5.9%, respectively. Furthermore, these authors found

TABLE 3
Femoral Tunnel Angle Measurementsa

HTT (n = 170) AMP (n = 162) TT (n = 163)

P

HTT vs AMP HTT vs TT

Sagittal plane, deg 40.0 (34.0-46.0) 37.5 (30.0-45.5) 32.0 (27.0-38.0) .278 \.0001
Coronal plane, deg 47.0 (42.0-53.0) 44.0 (33.0-54.0) 55.0 (47.0-60.0) .001 \.0001

aData are reported as median (interquartile range). Boldface P values indicate a statistically significant difference between groups (P \
.05). AMP, anteromedial portal; HTT, hybrid transtibial; TT, transtibial.

TABLE 4
Postoperative Outcomes of HTT Groupa

Value (n = 170)

Reoperationb

No 149 (87.6)
Yes 8 (4.7)

Revision ACLR 2 (25.0)
Meniscal surgeryc 4 (50.0)
Lysis of adhesions and manipulation
under anesthesia

2 (25.0)

Complication 11 (6.5)
Stiffness 7 (63.6)
Retear 3 (27.3)
Infection 1 (9.1)

Lysholm score 89.5 (79.0-98.0)
IKDC score 83.9 (65.5-90.8)
VR-12 score

Mental component summary 56.2 (49.1-59.3)
Physical component summary 55.0 (52.6-55.9)

KOOS subscore
Pain 91.7 (86.1-97.2)
Symptoms 89.3 (78.6-92.9)
Activities of daily living 98.5 (95.6-100.0)
Sports 84.2 (65.0-100.0)
Quality of life 81.3 (50.0-93.8)

WOMAC subscore
Pain 100.0 (90.0-100.0)
Stiffness 87.5 (75.0-100.0)
Function 98.5 (94.1-100.0)
Total 97.9 (92.7-99.0)

aData are reported as median (interquartile range) or n (%).
ACLR, anterior cruciate ligament reconstruction; HTT, hybrid
transtibial; IKDC, International Knee Documentation Committee;
KOOS, Knee injury and Osteoarthritis Outcome Score; VR-12,
Veterans RAND 12-Item Health Survey; WOMAC, Western
Ontario and McMaster Universities Osteoarthritis Index.

bData are missing for 21 patients beyond 2-year follow-up.
cOne patient underwent medial meniscal repair and debride-

ment for a partial ACL tear, 1 patient underwent medial meniscus
root repair, 1 patient underwent partial medial meniscectomy,
and 1 patient underwent lateral meniscal debridement and patel-
lar tendon debridement for patellar tendinopathy.
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the overall complication rate to be 2.9% for the TT group
and 3.3% for the AMP group. The complication rate found
in the current study was higher (6.5%); however, the com-
parison of complication rates may be limited by the criteria
with which an outcome was determined to be a complication
by each study included in the Loucas et al22 review. It
should be noted that subjective symptoms such as stiffness
as described by the patients were also included in our defi-
nition of a complication. In contrast, our study reported
a revision ACLR rate of 1.2% in patients who underwent
index surgery using the HTT technique.

A 2021 biomechanical study reported that a drilling
angle of 45� in both the coronal and sagittal planes for
the femoral tunnel during ACLR was optimal to provide
the lowest peak stress on the ACL graft while simulta-
neously providing the lowest peak stress and maximum
strain at the femoral and tibial tunnel entrances, respec-
tively.11 The methodology of evaluating femoral tunnel
obliquity in ACLR using plain radiographs in both the coro-
nal and sagittal planes as described by Sohn et al34 was rep-
licated in our case series. We reported a median coronal-
plane femoral tunnel angle of 47� (IQR, 42�-53�) and
sagittal-plane femoral tunnel angle of 40� (IQR, 34�-46�)
when the HTT technique was used. In contrast, Sohn
et al34 reported mean coronal- and sagittal-plane femoral
tunnel angles of 56.4� and 49.4�, respectively, for the TT
technique and 39.4� and 50.9�, respectively, for the AMP
technique. In summary, utilizing the HTT technique
allowed for femoral tunnel obliquity in both planes to be
closer to the ideal 45� angle for graft longevity.

The PRO scores obtained in the current study demon-
strated good results, with no specific score or subscore indic-
ative of a poor outcome. The median Lysholm score was 89.5
(IQR, 79.0-98.0), which is considered a ‘‘good’’ rating (corre-
sponding to scores of 84-94). The median IKDC score was
83.9 (IQR, 65.5-90.8), which is comparable to the mean
IKDC scores reported by Cheecharern,9 with 79.03 6 19.21
in patients who returned to sports after ACLR and, when
stratified by return-to-sports status, 94.00 6 10.75 in
patients who returned versus 71.90 6 18.34 in those who
did not. For the KOOS, the 2 lowest subscores in our study
were for the KOOS-Sports (median, 84.2 [IQR, 65.0-100.0])
and KOOS-QoL (median, 81.3 [IQR, 50.0-93.8]), which was
also the case in previous studies that surveyed patients after
ACLR.2,31 Similarly, the WOMAC-Stiffness had the lowest
WOMAC subscore (median, 87.5 [IQR, 75.0-100.0]), which
was also similar to that in previous studies.2,6 Roos and Toks-
vig-Larsen29 conducted a validation and comparative study
of KOOS and WOMAC scores in patients after total knee
replacement and found that the KOOS-ADL and WOMAC-
Function subscores were equivalent. Although our case
series specifically focused on patients who underwent
ACLR, we observed that the median KOOS-ADL and
WOMAC-Function subscores were 98.5 (IQR, 95.6-100.0)
and 98.5 (IQR, 94.1-100.0), respectively, thereby supporting
the conclusions drawn by Roos and Toksvig-Larsen.29

Limitations

This study is not without limitations, primarily that the
retrospective review of patients may introduce biases

inherent to such methodology. Additionally, there are lim-
itations due to missing demographic information, despite
a thorough retrospective chart review. A further limitation
is in relation to the femoral tunnel lengths; although we
generally perceived that the femoral tunnel was longer
because of its more vertical orientation compared to that
with the AMP technique, precise data on tunnel lengths
were not available through a retrospective review, as
they were not routinely documented in the operative notes
at our institution. Furthermore, as this study was a case
series without a comparative cohort, the clinical outcomes
of patients who underwent ACLR using the HTT approach
could not be directly compared with those of the TT or AMP
group. Lastly, because PRO scores were not collected pre-
operatively or at routine clinical follow-up visits, we were
unable to report changes in PRO scores at different
follow-up time points. While PRO scores were obtained at
a minimum of 2 years after the index procedure, it is worth
noting that data from 21 patients were not available
beyond the 2-year mark. Additionally, the absence of ante-
rior laxity measurements and graft imaging limited a more
comprehensive insight into the clinical outcomes. Never-
theless, with a 87.6% follow-up rate, the results of this
study can be associated with outcomes at medium-term fol-
low-up. Future studies may benefit by conducting a 3-arm
prospective randomized controlled trial evaluating out-
comes after the HTT, TT, and AMP techniques to deter-
mine if the HTT approach is the superior alternative,
retaining the advantages while mitigating the challenges
inherent to employing either the TT or AMP approach dur-
ing ACLR.

CONCLUSION

ACLR performed using the HTT technique exhibited favor-
able PRO scores and clinical outcomes, including low rates
of graft retears and revision surgery, at medium-term fol-
low-up. Additionally, postoperative radiographs revealed
femoral tunnel obliquity consistent with optimal parame-
ters identified in previous cadaveric and biomechanical
studies. However, to establish HTT femoral tunnel drilling
as the gold-standard technique for ACLR, it is crucial to
conduct long-term prospective randomized trials.

REFERENCES

1. Abram SGF, Price AJ, Judge A, Beard DJ. Anterior cruciate ligament

(ACL) reconstruction and meniscal repair rates have both increased

in the past 20 years in England: hospital statistics from 1997 to

2017. Br J Sports Med. 2020;54(5):286-291.

2. Antosh IJ, Patzkowski JC, Racusin AW, Aden JK, Waterman SM.

Return to military duty after anterior cruciate ligament reconstruction.

Mil Med. 2018;183(1-2):e83-e89.

3. Bedi A, Maak T, Musahl V, et al. Effect of tibial tunnel position on sta-

bility of the knee after anterior cruciate ligament reconstruction: is the

tibial tunnel position most important? Am J Sports Med.

2011;39(2):366-373.

4. Bedi A, Raphael B, Maderazo A, Pavlov H, Williams RJ. Transtibial

versus anteromedial portal drilling for anterior cruciate ligament

reconstruction: a cadaveric study of femoral tunnel length and obliq-

uity. Arthroscopy. 2010;26(3):342-350.

The Orthopaedic Journal of Sports Medicine Clinical Outcomes After HTT in ACLR 7



5. Bhatia S, Korth K, Van Thiel GS, et al. Effect of tibial tunnel diameter

on femoral tunnel placement in transtibial single bundle ACL recon-

struction. Knee Surg Sports Traumatol Arthrosc. 2016;24(1):51-57.

6. Cameron KL, Thompson BS, Peck KY, Owens BD, Marshall SW,

Svoboda SJ. Normative values for the KOOS and WOMAC in a young

athletic population: history of knee ligament injury is associated with

lower scores. Am J Sports Med. 2013;41(3):582-589.

7. Chalmers PN, Mall NA, Cole BJ, Verma NN, Bush-Joseph CA, Bach

BR. Anteromedial versus transtibial tunnel drilling in anterior cruciate

ligament reconstructions: a systematic review. Arthroscopy. 2013;

29(7):1235-1242.

8. Chambat P, Guier C, Sonnery-Cottet B, Fayard JM, Thaunat M. The

evolution of ACL reconstruction over the last fifty years. Int Orthop.

2013;37(2):181-186.

9. Cheecharern S. Return to sport and knee functional scores after

anterior cruciate ligament reconstruction: 2 to 10 years’ follow-up.

Asia Pac J Sports Med Arthrosc Rehabil Technol. 2018;12:22-29.

10. Chen Y, Chua KHZ, Singh A, et al. Outcome of single-bundle ham-

string anterior cruciate ligament reconstruction using the anterome-

dial versus the transtibial technique: a systematic review and meta-

analysis. Arthroscopy. 2015;31(9):1784-1794.

11. Cheng R, Wang H, Jiang Z, Dimitriou D, Cheng CK, Tsai TY. The fem-

oral tunnel drilling angle at 45� coronal and 45� sagittal provided the

lowest peak stress and strain on the bone tunnels and anterior cruci-

ate ligament graft. Front Bioeng Biotechnol. 2021;9:797389.

12. Cheung EC, DiLallo M, Feeley BT, Lansdown DA. Osteoarthritis and

ACL reconstruction: myths and risks. Curr Rev Musculoskelet Med.

2020;13(1):115-122.

13. Chung JY, Ha CW, Lee DH, Park YG, Park YB, Awe SI. Anatomic

placement of the femoral tunnel by a modified transtibial technique

using a large-offset femoral tunnel guide: a cadaveric study. Knee.

2016;23(4):659-665.

14. Duffee A, Magnussen RA, Pedroza AD, Flanigan DC, MOON Group,

Kaeding CC. Transtibial ACL femoral tunnel preparation increases

odds of repeat ipsilateral knee surgery. J Bone Joint Surg Am.

2013;95(22):2035-2042.

15. Gabr A, Khan M, Kini SG, Haddad F. Anteromedial portal versus

transtibial drilling techniques for femoral tunnel placement in arthro-

scopic anterior cruciate ligament reconstruction: radiographic evalu-

ation and functional outcomes at 2 years follow-up. J Knee Surg.

2023;36(13):1309-1315.

16. Gornitzky AL, Lott A, Yellin JL, Fabricant PD, Lawrence JT, Ganley

TJ. Sport-specific yearly risk and incidence of anterior cruciate liga-

ment tears in high school athletes: a systematic review and meta-

analysis. Am J Sports Med. 2016;44(10):2716-2723.

17. Hensler D, Working ZM, Illingworth KD, Thorhauer ED, Tashman S,

Fu FH. Medial portal drilling: effects on the femoral tunnel aperture

morphology during anterior cruciate ligament reconstruction. J

Bone Joint Surg Am. 2011;93(22):2063-2071.

18. Jennings JK, Leas DP, Fleischli JE, D’Alessandro DF, Peindl RD, Pia-

secki DP. Transtibial versus anteromedial portal ACL reconstruction:

is a hybrid approach the best? Orthop J Sports Med. 2017;5(8):

2325967117719857.

19. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthro-

sis. Ann Rheum Dis. 1957;16(4):494-502.

20. Kessler MA, Behrend H, Henz S, Stutz G, Rukavina A, Kuster MS.

Function, osteoarthritis and activity after ACL-rupture: 11 years

follow-up results of conservative versus reconstructive treatment.

Knee Surg Sports Traumatol Arthrosc. 2008;16(5):442-448.

21. Kondo E, Merican AM, Yasuda K, Amis AA. Biomechanical compar-

ison of anatomic double-bundle, anatomic single-bundle, and nonan-

atomic single-bundle anterior cruciate ligament reconstructions. Am

J Sports Med. 2011;39(2):279-288.

22. Loucas M, Loucas R, D’Ambrosi R, Hantes ME. Clinical and radiolog-

ical outcomes of anteromedial portal versus transtibial technique in

ACL reconstruction: a systematic review. Orthop J Sports Med.

2021;9(7):23259671211024590.

23. Mao Y, Zhang K, Li J, Fu W. Transtibial versus anteromedial portal

technique for femoral tunnel drilling in primary single-bundle anterior

cruciate ligament reconstruction: a meta-analysis of level 1 and 2 evi-

dence of clinical, revision, and radiological outcomes. Am J Sports

Med. 2023;51(1):250-262.

24. Mehta A, Lin CC, Campbell RA, et al. Effects of anteromedial portal

versus transtibial ACL tunnel preparation on contact characteristics

of the graft and the tibial tunnel aperture. Clin Orthop Surg.

2019;11(1):52-59.

25. Nishimoto K, Kuroda R, Mizuno K, et al. Analysis of the graft bending

angle at the femoral tunnel aperture in anatomic double bundle ante-

rior cruciate ligament reconstruction: a comparison of the transtibial

and the far anteromedial portal technique. Knee Surg Sports Trauma-

tol Arthrosc. 2009;17(3):270-276.

26. Noh JH, Roh YH, Yang BG, Yi SR, Lee SY. Femoral tunnel position on

conventional magnetic resonance imaging after anterior cruciate lig-

ament reconstruction in young men: transtibial technique versus

anteromedial portal technique. Arthroscopy. 2013;29(5):882-890.

27. Patel KA, Chhabra A, Makovicka JL, Bingham J, Piasecki DP, Harti-

gan DE. Anterior cruciate ligament tunnel placement using the Path-

finder guide. Arthrosc Tech. 2017;6(4):e1291-e1296.

28. Piasecki DP, Bach BR, Espinoza Orias AA, Verma NN. Anterior cru-

ciate ligament reconstruction: can anatomic femoral placement be

achieved with a transtibial technique? Am J Sports Med. 2011;

39(6):1306-1315.

29. Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome

Score (KOOS): validation and comparison to the WOMAC in total

knee replacement. Health Qual Life Outcomes. 2003;1:17.
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