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Background: Anterior cruciate ligament (ACL) reconstruction (ACLR) using bone-tendon-bone (BTB) autograft is associated with
increased postoperative anterior knee pain and pain with kneeling and has the risk of intra- and postoperative patellar fracture.
Additionally, graft-tunnel mismatch is problematic, often leading to inadequate osseous fixation. Given the disadvantages of BTB,
an alternative is a bone-tendon autograft (BTA) procedure that has been developed at our institution. BTA is a patellar tendon
autograft with the single bone plug taken from the tibia.

Purpose/Hypothesis: The purpose of this study was to evaluate the short-term outcomes of BTA ACLR. We hypothesized that this
procedure will provide noninferior failure rates and clinical outcomes when compared with a BTB autograft, as well as a lower
incidence of anterior knee pain, pain with kneeling, and patellar fracture.

Methods: A consecutive series of 52 patients treated with BTA ACLR were retrospectively identified and compared with 50 age-
matched patients who underwent BTB ACLR. The primary outcome was ACL graft failure, while secondary outcomes included
subjective instability, anterior knee pain, kneeling pain, and functional outcome scores (Single Assessment Numeric Evaluation,
Lysholm, and International Knee Documentation Committee subjective knee form).

Results: At a mean follow-up of 29.3 months after surgery, there were 2 reruptures in the BTA cohort (4.0%) and 2 in the BTB
cohort (4.0%). In the BTA group, 18% of patients reported anterior knee pain versus 36% of the BTB group (P = .04). A total of 22%
of patients noted pain or pressure with kneeling in the BTA cohort, as opposed to 48% in the BTB cohort (P = .006). There were no
differences in functional scores. In the BTA group, 94.2% of patients reported that their knees subjectively felt stable, as compared
with 86% in the BTB group (P = .18).

Conclusion: This study demonstrated that the BTA ACLR leads to similarly low rates of ACL graft failure requiring revision surgery,
with significantly decreased anterior knee pain and kneeling pain when compared with a BTB. Additionally, the potential com-
plications of graft-tunnel mismatch and patellar fracture are eliminated with the BTA ACLR technique.
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Anterior cruciate ligament (ACL) reconstruction (ACLR)
remains one of the most commonly performed procedures
by orthopaedic surgeons. Yearly, more than 200,000 ACLRs
are performed in the United States.?? While multiple graft
options are available for use in ACLR, bone-tendon-bone
(BTB) and hamstring tendon autografts remain the most
commonly used sources. BTB autograft has historically
been considered the gold standard for ACLR.® While ACLR

The Orthopaedic Journal of Sports Medicine, 8(12), 2325967120970224
DOI: 10.1177/2325967120970224
© The Author(s) 2020

using BTB and hamstring tendon have shown similar clin-
ical results, there are several reported advantages of the
BTB autograft. Studies have demonstrated decreased risk
of graft rupture with BTB autograft compared with ham-
string autograft.>”212* Additionally, BTB autograft has
been shown to result in a lower rate of infection when com-
pared with hamstring tendon.®!%!® Instrumented mea-
sures of knee stability also tend to show superior results
with BTB autograft.??*

While excellent results have been achieved with BTB auto-
graft ACLR, utilization of this autograft is not without mor-
bidity. Patients receiving BTB autograft have significantly
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more postoperative and long-term anterior knee pain when
compared with patients who receive a hamstring auto-
graft.'®!® Pain reported with kneeling is also significantly
higher after BTB autograft, with approximately half of
patients expressing this complaint in multiple studies.!%!?
Additionally, BTB graft harvest involves the risk of intra-
and postoperative patellar fracture, at a rate of 0.2% to
1.3%, according to the literature.'!32223

An unfortunate and common challenge for the ACL sur-
geon, when using endoscopic femoral tunnel techniques, is
graft-tunnel mismatch. Graft-tunnel mismatch is problem-
atic and often results in a bone plug recession or protrusion
from the tibial tunnel, leading to inadequate graft fixation
distally. Previous studies have focused on avoiding graft-
tunnel mismatch through preoperative planning.*1%17
However, to date, there is no ideal solution with regard to
addressing graft-tunnel mismatch that occurs
intraoperatively.

Given the disadvantages of the BTB autograft, an
alternative may be ACLR based on a bone-tendon
autograft (BTA) procedure, which has been developed at
our institution. This technique utilizes an autograft com-
posed of the central third of the patellar tendon and a tibial
tubercle bone plug without inclusion of the patellar bone
plug. This graft has been hypothesized to decrease kneeling
pain as well as anterior knee pain. Additionally, it theoret-
ically eliminates the complication of patellar fracture. Last,
the BTA technique provides a versatile option by allowing
an intraoperative decision based on patellar tendon length
and total construct length. During graft harvest, if the sur-
geon encounters a construct that will lead to graft-tunnel
mismatch, the BTA allows the surgeon to easily proceed
with a BTA without the need for different instrumentation.
Furthermore, the BTA graft has the benefits of the osseous
component of the tibial bone plug without the associated
morbidity of the patellar bone plug.

The purpose of our study was to compare the results of
the BTA and BTB autografts used for ACLR. We hypothe-
sized that ACLR with a BTA will provide noninferior fail-
ure rates and clinical results, as well as lower incidences of
anterior knee pain and pain with kneeling when compared
with BTB autograft. Additionally, we hypothesized that the
BTA eliminates the risk of graft-tunnel mismatch and
patellar fracture.

METHODS

A consecutive series of 52 patients treated with BTA ACLR
between June 2016 and April 2018 were retrospectively
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identified. Additionally, an age-matched cohort of patients
who had undergone BTB autograft ACLR during the same
time frame were identified. All patients were evaluated at a
single military medical facility. The majority of patients in
both cohorts were active duty military, who are required to
perform high levels of physical activity. Preoperatively,
patients who had clinical and magnetic resonance imag-
ing-based evidence of a ruptured ACL were counseled on
the benefits and risks of ACLR. For those patients who
elected ACLR, graft choice was based on surgeon and
patient preference. All BTA ACLRs were performed at a
single institution by the senior author (C.R.B.), who is
board certified and fellowship trained in sports medicine.
The BTB ACLRs were performed at the same institution by
3 board-certified and sports medicine—trained orthopaedic
surgeons (B.J.M., K.S.M., and C.R.B.). Medical records
were reviewed and telephone inquiries performed to obtain
study data. All participants provided informed consent, and
an institutional review board determined the study to be
exempt before the initiation of data collection. Exclusion
criteria included alternate graft choice, revision ACLR,
multiligamentous knee injuries, anterior knee pain before
the injury, and lack of 2-year follow-up at the time of data
collection.

Surgical Procedure

Bone-Tendon Autograft. All patients underwent an
examination under anesthesia to confirm pathologic laxity
of the ACL. An arthroscopic examination before graft har-
vest was performed to confirm an ACL rupture. In the BTA
cohort, the central third of the patellar tendon was har-
vested with a trapezoidal 20- to 25-mm tibial tubercle bone
plug. If the tendon was >45 mm and the total construct at
least 70 mm, then the BTA technique proceeded. At the
inferior pole of the patella, electrocautery was used to har-
vest the tendon from the patella (Figures 1 and 2). The
tibial bone plug was typically sized to a 9 on a standard
graft-measuring device, and the free tendinous end was
secured with a locking-loop suture (Figure 3). Arthroscopi-
cally, a thorough fat pad resection was performed with a
minimal notchplasty if indicated. The tibial footprint of the
native ACL was used for accurate placement of the tibial
tunnel. The tibial tunnel location was established with a
standard tibial guide (AR-1510 T; Arthrex), which was typ-
ically set between 55° and 60° and was created after guide
pin placement. For femoral tunnel placement, the knee was
hyperflexed, and a Beath pin was inserted through the
medial portal to the start point of the femoral tunnel. The
pin was then advanced through the femoral condyle and out
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Figure 1. The paratenon is split and carefully reflected off the
underlying tendon. The middle third of the patellar tendon is
used with a typical width of 10 to 11 mm. A full-thickness
longitudinal incision of the patellar tendon is made from the
inferior pole of the patella to the tibial tubercle.

Figure 2. At the inferior pole of the patella, electrocautery is
used to harvest the tendon. Typically, an additional 5 to
10 mm of tendon can be obtained from the inferior pole.

of the lateral thigh skin. Once appropriate pin placement
was confirmed, an acorn reamer was used to drill the fem-
oral tunnel to 25 to 30 mm in depth, and a tunnel notcher
was used to create a notch on the anterior aspect of the
tunnel. The femoral tunnel was drilled to the same size as
the bone block. The tibial tunnel was therefore then drilled
to the same size to facilitate bone block passage. The tibial
bone plug portion of the graft was passed into the femoral
tunnel with the soft tissue component fixed in the tibial
tunnel. Femoral fixation was then achieved with a 7 x
20-mm BioComposite or metal interference screw (Fast-
Thread; Arthrex). Tibial fixation was obtained via a Bio-
Composite screw (RetroScrew; Arthrex) inserted into the
tunnel antegrade from within the joint (Figure 4).
The diameter of the screw was generally 1 mm smaller than
the tibial tunnel. It is standard at our institution to obtain
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Figure 3. A standard BTA graft. The tendinous end of the BTA
graft is prepared with a locking-loop suture passed through
the tendon. The bone plug is secured by passing a suture
through two 2.0-mm drill holes. The cancellous portion of the
bone plug is colored purple, and the graft is placed on 15 to
20 Ib (7-9 kg) of tension. BTA, bone-tendon autograft.

Figure 4. While tension is maintained on the graft and a large
curette is used to provide downward pressure, a RetroScrew
is secured into the tibia, obtaining interference fixation against
the tendinous portion of the graft.

secondary tibial fixation. The sutures of the graft were
secured using a SwiveLock C (4.75 x 19.1 mm, BioCom-
posite; Arthrex), which was then inserted into the tibia just
distal to the tibial tunnel.

BTB Autograft. The BTB reconstruction was completed
in accordance with surgeon preference through previously
described techniques.'® The patellar bone plug harvest site
was bone grafted in all cases with cancellous bone trimmed
from the tibial and patellar bone plugs. There were 2
instances of graft-tunnel mismatch, for which the tibial
tunnel was redrilled to increase the length of the tunnel.

Postoperative Management

Postoperatively, both cohorts followed the same rehabilita-
tion protocol. Patients were immediately permitted to be
weightbearing as tolerated with a hinged knee brace locked
in extension for the first 2 weeks. When not weightbearing,
the patients were permitted knee range of motion as toler-
ated if no concomitant procedures, such as meniscal repair,
were performed. If a meniscal repair had been performed,
patients were nonweightbearing, and range of motion was
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TABLE 1 TABLE 2
Patient Demographics Between Study Groups® Concomitant Intra-articular Pathology Between Groups®
BTA Group (n = 52) BTB Group (n = 50) P Value BTA Group BTB Group P Value
Sex Tear
Male 41 35 .84 MM 3 6 .29
Female 11 15 LM 26 18 11
Age,y 27.0£6.0 253+7.1 .29 MM + LM 11 6 .18
Active duty 42 40 .53 Meniscal repair 7 11 .30
Chondromalacia®

“Data are reported as No. or mean + SD. BTA, bone-tendon PF 3 6 29
autograft; BTB, bone-tendon-bone. MFC 5 5 >.99
LFC 1 3 31

restricted to 90° of flexion for 6 weeks postoperatively. In
nonmeniscal repair, for the next 4 weeks, patients contin-
ued to wear the hinged knee brace; however, they were
allowed to have unlocked range of motion with the use of
a crutch for ambulation. All patients followed a standard-
ized ACLR rehabilitation protocol supervised by a physical
therapist. Full active motion was encouraged in all cases.
The hinged knee brace was typically discontinued at
4 weeks postoperatively. Patients were allowed to return
to sport or military activity when cleared by the physical
therapist, at a minimum of 8 months postoperatively.

Evaluation at Latest Follow-up

All study patients were contacted by telephone to com-
plete a survey to ascertain if they had sustained an ACL
graft rupture requiring revision surgery or if they had
clinically significant instability. Telephone surveys were
performed by a single investigator (D.G.) from a separate
institution who was blinded as to which patients had
received which graft type. A Single Assessment Numeric
Evaluation (SANE) score was also obtained. Additionally,
patients were asked if they had anterior knee pain, and
they were separately asked if they had kneeling pain; in
each case, those with pain rated it on a scale of 0 to 10 (10
being worst). Two online questionnaires were adminis-
tered via email to assess functional outcomes: the
Lysholm knee scoring scale and the International Knee
Documentation Committee (IKDC) subjective knee form.
Postoperative complications were assessed via chart
review and telephone questionnaire.

Statistical Analysis

Based on the historical data, a power analysis was con-
ducted with kneeling pain as the variable of interest. This
variable was chosen because it was thought to be the most
likely to differ postoperatively between the study groups.
Based on an effect size of 0.5 and an alpha value of .8, a
minimum of 48 patients per study group (96 total) was
required to achieve a power of 0.9. Descriptive statistics
were performed for ACL graft failures, outcome scores
(Lysholm, IKDC, and SANE), postoperative anterior knee
pain and kneeling pain, and patient satisfaction. The pri-
mary outcome was ACL graft failure requiring revision sur-
gery. Secondary outcomes were anterior knee pain,

“Data are reported as No. of patients. BTA, bone-tendon
autograft; BTB, bone-tendon-bone; LFC, lateral femoral condyle;
LM, lateral meniscus; MFC, medial femoral condyle; MM, medial
meniscus; PF, patellofemoral.

®Chondromalacia was diagnosed and graded intraoperatively.

kneeling knee pain, and patient-reported functional scores.
Statistical analysis was performed using Microsoft Excel.
Unpaired ¢ tests were performed to compare SANE,
Lysholm, and IKDC scores. Chi-square tests were per-
formed to determine if differences in categorical variables
were present between the BTA and BTB cohorts. Signifi-
cance was assumed for P values <.05.

RESULTS

There were 52 patients in the BTA group and 50 in the BTB
group who underwent ACLR between June 2016 and April
2018. The mean age of all patients included in the study
was 26.1 years. There were no significant differences in sex,
age, or number of active duty patients between the groups
(Table 1). There were also no differences between the
groups regarding medial meniscal tears, lateral meniscal
tears, tears requiring repair, medial femoral condyle chon-
dromalacia, lateral femoral condyle chondromalacia, and,
importantly, patellofemoral chondromalacia (Table 2).

At a mean 2.4 years after surgery (29.3 and 30.1 months
in the BTA and BTB cohorts, respectively), there were 2
reruptures in the BTA cohort (4.0%) and 2 in the BTB auto-
graft cohort (4.0%) (P > .99). In the BTA cohort, 9 (18%)
patients reported anterior knee pain, as opposed to 18
(36%) in the BTB cohort (P = .04). In the BTA cohort, 11
(22%) patients cited pain or pressure with kneeling, com-
pared with 24 (48%) patients in the BTB cohort (P = .006)
(Figure 5). Of the patients who noted anterior knee pain,
the mean pain score was 3.6 in the BTA cohort and 4.7 in
the BTB cohort (P = .04).

In the BTA cohort, 94.2% of patients reported that the
knee felt subjectively stable, as compared with 86% in the
BTB cohort (P = .18). There was no significant difference in
postoperative SANE, Lysholm, or IKDC scores between the
groups (Table 3).

There was 1 patellar fracture in the BTB cohort, which
occurred 3 months postoperatively and required open
reduction internal fixation. There were no complications
outside of graft failure in the BTA cohort.
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Figure 5. Comparison of anterior knee pain and kneeling pain
between bone-tendon autograft (BTA) and bone-tendon-
bone (BTB) autograft. A significantly higher percentage of
BTB patients reported anterior knee pain (P = .04) and kneel-
ing pain (P = .006) compared with BTA patients. Error bars
represent SE.

TABLE 3
Postoperative Patient-Reported Outcomes
Comparing BTA and BTB*

BTA Group BTB Group P Value
SANE 84.37+17.2 81.40+ 11.6 .35
Lysholm 84.83 + 17.7 80.36 + 16.4 11
IKDC 80.99 + 18.4 76.89 £ 15.7 .14

“Data are reported as mean + SD. BTA, bone-tendon autograft;
BTB, bone-tendon-bone; IKDC, International Knee Documenta-
tion Committee; SANE, Single Assessment Numeric Evaluation.

DISCUSSION

The principal findings of this study were that, similar to
BTB, the BTA ACLR led to low rates of ACL graft failure
requiring revision surgery; however, the BTA procedure
resulted in significantly decreased anterior knee pain as
well as significantly decreased kneeling pain as compared
with the BTB autograft. Additionally, BTA ACLR resulted
in excellent postoperative functional scores, similar to
those of BTB. Last, in the BTA cohort, there were no cases
of patellar fracture or complications other than rerupture.

Numerous studies have examined the long- and short-
term outcomes of ACLR after soft tissue and bony graft
reconstruction. Persson et al'® performed a cohort study
of 12,643 patients who underwent patellar tendon and
hamstring autografts and found an overall revision rate
of 4.2% at 5 years. A case-control study by Hettrich et al®
of 980 prospectively evaluated patients demonstrated a
7.7% revision rate. Furthermore, Samuelsen et al?!
reported a 2.8% rerupture rate at a mean follow-up of 68
months after BTB autograft ACLR in a meta-analysis of
47,613 patients. In a study evaluating ACLR survivability
in an active duty military population, the authors found an
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11% failure rate of BTB autografts at 1.5 years from the
index procedure.'® Therefore, our BTA technique has
resulted in noninferior rates of rerupture as compared with
short- and long-term data on ACLR. Given that the number
of patients in our study who met adequate follow-up was
relatively small, we will continue to collect longer term data
on our increasing patient population.

The BTB autograft is a reliable graft option for ACLR
with low rates of rerupture and potentially earlier return
to sport, and it is associated with a lower incidence of infec-
tion as compared with hamstring autograft. However, as
previously mentioned, BTB autograft ACLR is not without
morbidity. Lund et al'® reported a rate of 34% for anterior
kneeling pain after ACL BTB reconstruction. The results of
our study similarly demonstrated a 48% rate for anterior
kneeling pain after a BTB autograft. Supporting our
hypothesis, the BTA cohort showed a statistically signifi-
cantly lower rate of anterior kneeling pain (22%) as com-
pared with the BTB autograft cohort (48%). Although BTA
ACLR did not completely eliminate anterior knee or kneel-
ing pain, the BTA cohort’s rate of anterior knee pain was
significantly lower, not only compared with our BTB auto-
graft cohort, but also compared with previously published
BTB data from larger studies.'®1?

Graft-tunnel mismatch is a common technical complica-
tion for the ACL surgeon, often resulting in plug recession
or protrusion from the tibial tunnel and leading to inade-
quate osseous fixation. Prior authors have attempted to
provide solutions for decreasing the risk of graft-tunnel
mismatch.>*!” One option includes increasing the length
of the tibial tunnel by adjusting the angle at which the
tunnel is drilled. However, this may lead to decreased graft
obliquity and potential alterations in the biomechanical
properties of the graft. The BTA ACLR provides a versatile
alternative, which allows the ACL surgeon to make an
intraoperative decision whether to proceed with a BTA or
a BTB autograft reconstruction based on construct length,
without the need for significant changes in instrumenta-
tion. There was a 4% incidence of graft-tunnel mismatch
in this study. In all cases, the surgeon was able to correct
the graft-tunnel mismatch by decreasing the size of the
bone plug. The potential complication of graft-tunnel mis-
match is therefore eliminated with the BTA ACLR. Last,
this study proves that single bone plug fixation provides
adequate fixation, with noninferior failure rates at short-
term follow-up. Thus, if a surgeon encounters graft-tunnel
mismatch, the BTB can be converted to a BTA without
consequence.

An additional source of morbidity with BTB ACLR is the
risk of patellar fracture. In the BTB cohort, there was
1 patellar fracture that required open reduction internal
fixation. The fracture was atraumatic and occurred during
a hike 3 months postoperatively. Stein et al?® reported a
1.3% incidence of patellar fracture after BTB ACLR. Of the
52 patients who underwent BTA ACLR in our study, there
were no cases of patellar fracture.

Last, there are few weaknesses to the BTA graft. In our
opinion, the only identifiable weakness is the lack of
bone-on-bone healing provided by the patellar bone plug.
However, soft tissue ACLR grafts have provided excellent
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long-term outcomes.?"2° Therefore, we believe the benefits
of significantly decreased anterior knee pain and kneeling
pain and the elimination of graft-tunnel mismatch and
patellar fracture outweigh this weakness. Anatomic studies
have demonstrated that quadriceps tendon autograft is lon-
ger, thicker, and wider and has greater strength than patel-
lar tendon autografts.® As such, further studies are
necessary to evaluate the BTA ACLR as compared with
quadriceps and hamstring tendon autografts.

Limitations

This study was retrospective in nature and therefore sub-
ject to recall bias. All patients who underwent a BTA ACLR
had their surgery performed by a single surgeon, whereas
the BTB ACLR procedures were performed by 3 surgeons.
Additionally, this was a relatively small cohort with a
short-term follow-up; longer-term data on the BTA ACLR
will continue to be published. In this study, instability was
assessed subjectively via telephone interview, which is less
valuable than objective measurement, including Lachman
test and KT-2000 arthrometer evaluation. Thus, some fail-
ures (ie, laxity >5 mm) may not have been detected. We did
not control for patient position within the military; there-
fore, there could be a difference in activity level between the
cohorts. Last, we did not report on postoperative imaging to
evaluate for patellar cartilage wear.

CONCLUSION

Our study demonstrated that ACLR with BTA results in
equally low rates of rerupture requiring revision recon-
struction as compared with the gold standard BTB auto-
graft. Additionally, we found significantly decreased
anterior knee pain and kneeling pain with the BTA ACLR.
Both cohorts had excellent postoperative patient-reported
outcomes, with no significant differences between them.
Possibly most important, the rare but challenging compli-
cation of graft-tunnel mismatch and patellar fracture was
eliminated with the BTA ACLR technique.
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