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Double-Layered Quadriceps Tendon
Autografts Provide Lower Failure Rates
and Improved Clinical Results Compared
With Hamstring Tendon Grafts
in Revision ACL Reconstruction

Lena Eggeling,*,†,‡ MD, Stefan Breer,* MD, Tobias Claus Drenck,* MD,
Karl-Heinz Frosch,*,‡ MD, and Ralph Akoto,*,†,§,k MD

Investigation performed at Asklepios Clinic St Georg, Hamburg, Germany

Background: We developed a quadriceps-tendon graft technique using a double-layered, partial-thickness, soft tissue quadri-
ceps tendon graft (dlQUAD) for anterior cruciate ligament reconstruction (ACLR). This technique allows simple femoral loop button
fixation and a limited harvest depth of the quadriceps tendon.

Purpose: To evaluate the outcome of patients undergoing revision ACLR using the dlQUAD technique compared with a hamstring
tendon graft (HT).

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

Methods: A total of 114 patients who underwent revision ACLR between 2017 and 2018 were included in this retrospective case
series. At a mean follow-up of 26.9 ± 3.7 months (range, 24-36), 89 patients (dlQUAD: n¼ 43, HT: n ¼ 46) were clinically examined.
In addition, patients completed the Lysholm score, Tegner activity scale, subjective International Knee Documentation Committee
(IKDC), Knee injury and Osteoarthritis Outcome Score, and visual analog scale (VAS) for pain. Postoperative failure of the revision
ACLR was defined as a side-to-side difference (SSD) in Rolimeter testing �5 mm or a pivot-shift grade of 2 or 3.

Results: Nine patients (10.1%) were identified with a failed revision ACLR. There was a significantly lower failure rate with dlQUAD
versus the HT group (2.3% vs 17.4%; P ¼ .031). The mean postoperative SSD was significantly less in the dlQUAD group (1.3 ±
1.3 mm [range, 0-5] vs 1.8 ± 2.2 mm [range, 0-9]; P ¼ .043). At the latest follow-up, Tegner and IKDC scores significantly improved
in the dlQUAD group compared with the HT group (Tegner: 5.8 ± 1.8 vs 5.6 ± 1.5; P ¼ .043; IKDC: 83.8 ± 12.2 vs 78.6 ± 16.8;
P ¼ .037). The pain VAS score was also significantly reduced in the dlQUAD group compared with the HT group (0.9 ± 1.1 vs 1.6 ±
2.0; P ¼ .014).

Conclusion: The dlQUAD and HT techniques both demonstrated significant improvement of preoperative knee laxity and satis-
factory patient-reported outcome measures after revision ACLR. Compared with the HT grafts, the dlQUAD technique showed
lower failure rates and small increases in Tegner and IKDC scores.
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There has been increased focus on the use of quadriceps
tendon autografts in anterior cruciate ligament (ACL)
reconstruction (ACLR), especially after Scandinavian reg-
ister studies reported increased failure rates for hamstring
tendons (HT) in comparison with bone-patellar-bone (BPB)
grafts.9,30,35 As an alternative to HT and BPB grafts for
ACLR, quadriceps tendon grafts have shown equal
patient-reported outcomes based on stability and functional

scores, with a lower number of complications.8,10,11,23 Addi-
tionally, quadriceps tendon grafts have resulted in lower
donor-site morbidity than BPB and HT grafts.26 Further-
more, studies have shown that ACLR with HT grafts
resulted in impaired muscle strength in knee extension and
flexion 1 year after surgery, while quadriceps tendon grafts
led to impairment in only knee extension.19,36

The choice of grafts is important, particularly in revision
ACLR, when remaining graft options may be limited. Lit-
erature regarding the use of quadriceps tendon grafts in
revision ACLR is limited, and there is a need for studies
that evaluate the differences between grafts in revision
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ACLR.2,15,32 We have developed a quadriceps tendon tech-
nique using a double-layered, partial-thickness, soft tissue
quadriceps tendon (dlQUAD) graft for revision ACLR,
which allows for easy femoral loop button fixation and lim-
its the harvest depth in the quadriceps tendon.

The aim of this study was to evaluate the outcome of
patients after revision ACLR using the dlQUAD technique
compared with HT autografts. We hypothesized that the
dlQUAD technique would be associated with lower failure
rates and better clinical outcomes compared with HT
grafts.

METHODS

Patient Population

Between 2017 and 2018, a total of 114 patients underwent
revision ACLR at our institution. One-stage revision was
performed in case of a bone tunnel size<12 mm (including
the sclerotic zone of the bone tunnel wall) and the oppor-
tunity of a guaranteed satisfactory new tunnel position-
ing without overlapping the original tunnel. One-stage
revisions were performed with patellar tendon grafts,
because the sclerotic zone of the bone tunnel was removed
during the revision, and with the resulting tunnel dia-
meters, a bone-block fixation was technically easier.
Two-stage revisions were performed with dlQUAD or
HT grafts. The study design was approved by the local
ethics committee, and informed consent was obtained
from each patient.

Inclusion criteria were revision ACL surgery with
dlQUAD or HT graft between 2017 and 2018 and written
informed consent for participation in the study. Exclusion
criteria were revision ACLR with any other grafts except
dlQUAD or HT, an additional lesion of the posterior cruci-
ate ligament, additional osteotomy (axis correction in the
coronal plane, slope reduction), infection of the knee, or
signs of generalized hypermobility based on a Beighton
score of �5 out of 9.37

Seven patients were excluded because of the use of a
patellar tendon autograft, 3 patients because of additional
posterior cruciate ligament lesion, 7 patients because of
additional osteotomies, 2 patients because of generalized
hypermobility, and 6 patients who were lost to follow-up,
leaving 89 patients with a mean follow-up was 26.9 ± 3.7
months (range, 24-36) who were included in this retro-
spective study. Of these, 46 patients were treated with
an HT, and after we introduced dlQUAD in revision

ACLR, 43 patients were treated with the dlQUAD tech-
nique (Figure 1).

PATIENT OUTCOMES

Patient-related variables before revision ACLR included
the Lysholm and Tegner scores and physical examination
under anesthesia at the time of revision ACLR.33,39

Two years after revision ACLR, patients were invited for
an examination in which range of motion, medial and lat-
eral laxity, Lachman test, pivot-shift test, and side-to-side
difference (SSD) in laxity as measured by Rolimeter (Air-
cast) were recorded.40 The Lachman, pivot-shift, and Roli-
meter tests were used to determine the anterior and
anterolateral laxity of the knee. The pivot-shift test was
graded as 1 (glide); 2 (clunk); or 3 (gross) and the Lachman
test as 1 (2-5 mm); 2 (6-10 mm); or 3 (>10 mm).14 In addi-
tion, patients completed the Lysholm, Tegner, subjective
International Knee Documentation Committee (IKDC),
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Figure 1. Flowchart of the selection of study participants.
ACLR, anterior cruciate ligament reconstruction; dlQUAD,
double-layered, partial-thickness soft tissue quadriceps ten-
don; PCL, posterior cruciate ligament.
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and Knee injury and Osteoarthritis Outcome Score.4,24

Pain was quantified using a 10-point visual analog scale
(VAS).29

Postoperatively, patients were identified as “failed revi-
sion ACLR” based on the definition of Noyes et al27 (SSD
Rolimeter test �5 mm or pivot-shift grade 2-3) or “stable
revision ACLR.”5,6

Surgical Technique for Revision ACLR. In all patients, a
2-stage revision procedure was performed, because either
the diameter of one of the bone tunnels was too large
(>11 mm including the sclerotic zone) or the previous posi-
tion of the bone tunnel did not allow anatomic positioning of
the new bone tunnel. Bone tunnel filling was performed
using cancellous allograft. Revision ACLR was carried out
at a minimum of 4 months after bone tunnel grafting and
assessment of the bony incorporation by computed
tomography.

We attempted to preserve the meniscus. Peripheral
meniscal lesions that could be repaired were sutured. Pos-
terior horn lesions were treated with all-inside sutures,
ramp lesions with direct sutures through the posteromedial
portal, and lesions of the pars intermedia with outside-in
sutures. Stable horizontal tears or tears affecting only the
white-white zone were treated conservatively. When
meniscal tears were not suitable for repair, a partial menis-
cectomy was carried out. Cartilage lesions were treated
nonoperatively.

All revision ACLR procedures were performed with auto-
grafts during single-bundle ACLR using HT or dlQUAD
grafts. If the hamstrings had already been harvested from
the ipsilateral side, hamstrings were taken from the con-
tralateral or quadriceps tendon from the ipsilateral side;
there was no previous quadriceps removal in any of the
cases. Patients were informed about the advantages and
disadvantages of the 2 grafts, including specific complica-
tion risks and donor-side morbidity, and the choice of graft
was then made by the patient.

dlQUAD Technique

For harvesting the dlQUAD, the distal quadriceps tendon
was exposed via a 2- to 3-cm longitudinal incision. The
paratenon was left intact, as it is strongly attached to the
tendon, especially proximally, and detaching it could
reduce the thickness of the tendon (Figure 2A). Using a
12 mm–wide and 6 mm–deep double knife (Karl Storz), 2
parallel longitudinal incisions were made in the quadriceps
tendon extending proximally to the insertion of the rectus
femoris muscle. Care was taken not to damage the muscle
fibers of the rectus femoris (Figure 2B). The double knife
was passed 10 to 12 cm proximally at the insertion of the
rectus femoris, so that a correspondingly long tendon strip
was obtained (Figure 3).

Figure 2. Harvesting a dlQUAD graft. (A) A 2- to 3-cm longitudinal incision was made. (B) Two parallel longitudinal incisions
were made up to the insertion of the rectus femoris muscle. (C) Splitting the tendon in the coronal plane. (D) Proximal
transection of the graft with the tendon cutter. (E) Dissection of the periosteum from the patella to gain a 14 cm–long
tendon-periosteal strip.
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The rectus femoris insertion can be felt while passing the
double knife or separator forward through resistance; like-
wise, the arthroscope can be used to visualize this region.
When making the longitudinal incisions, care was taken not
to cut into the medial or lateral vastus muscle. If the tendon
between the 2 muscle bellies was narrower than 12 mm, the
muscle bellies were dissected from the medial and lateral
edges and retracted. With 2 artery forceps, a transverse tun-
nel was prepared through the distal central tendon proximal
to the insertion to the patella to ensure that the graft was not
full-thickness. The thickness of the graft was assessed man-
ually and visually. A 5-mm tendon separator (Karl Storz)
was inserted into the tunnel in the tendon, and the tendon
was split in the coronal plane to the insertion of the rectus
femoris muscle (Figure 2C). This can also be visualized with
the arthroscope. The tendon strip was then transected prox-
imally with a tendon cutter (Karl Storz) (Figure 2D). The
tendon was mobilized distally by sharp dissection under
manual traction to the insertion at the patella. The parallel
longitudinal insertions were continued through the perios-
teum of the patella, and the full thickness of the periosteum
was dissected from the patella in a distal direction; 2 to
4 cm–long periosteal strips were obtained, and a 14 cm–long
tendon-periosteal graft was achieved (Figure 2E). The para-
tenon was closed over the tendon defect.

Any remnants of muscle tissue left on the graft were
removed with a rasp. The graft was folded over the loop of
an adjustable button (TightRope RT; Arthrex) (Figure 4A).
The 2 free ends were sutured together with No. 2 Fiberwire
(Arthrex) using the baseball stitch technique (Figure 4B).
Before implantation, the graft was wrapped in a compress
soaked with normal saline solution and vancomycin.

The ACLR was performed by drilling the femoral tunnel
via the anteromedial portal. Before the femoral and tibial
bone tunnels were created, a fluoroscopy was used to check
the position of the guide wires. Femoral fixation was
achieved with an adjustable button (TightRope RT), and
tibial fixation was achieved with a combination of a

bioabsorbable interference screw (Genesys; ConMed) and
extracortical suture fixation using No. 2 Fiberwire via a
button (Suture Washer; Smith & Nephew).

HT Technique

For the HT technique, the quadruple ipsilateral or, in the
case of previous hamstring harvesting, the contralateral
semitendinosus graft, was used. If the thickness of the graft
was <7 mm, the gracilis tendon was also harvested. Fixa-
tion was the same as for the dlQUAD: femoral fixation with
an adjustable button (TightRope RT), and tibial fixation
with interference screw (Genesys) and an extracortical but-
ton (No. 2 Fiberwire and Suture Washer).

A preoperative SSD >6 mm was defined as high-grade
anterior knee laxity. When preoperative, high-grade, knee
laxity occurred, the patient received an additional lateral
extra-articular tenodesis (LET). An approximately 7 cm–
long and 5 mm–wide strip starting from the Gerdy tubercle
was fixed with an interference screw (Genesys) femorally,
in the position described by Lemaire.18 The LET was placed
superficial to the lateral collateral ligament. The harvest-
ing defect in the iliotibial tract was closed using No. 2 vicryl
sutures (Ethicon). When medial knee instability grade 2 or
3 was diagnosed preoperatively,13 medial collateral liga-
ment (MCL) reconstruction with an autologous graft was
performed. MCL reconstruction was performed according
to the descriptions of Preiss et al.31 A gracilis tendon or
peroneus tendon split graft of at least 15 cm in length was
placed in a doubled fashion in a femoral tunnel positioned
at the intersection of an imaginary extension of the poste-
rior edge of the tibia with the Blumensaat line, creating 2
free branches. The ventral branch was placed in the center
of the tibial superficial MCL insertion 3 to 5 mm above the

Figure 3. (A) Two parallel longitudinal incisions were made in
the quadriceps tendon using a 12 mm–wide and 6 mm–deep
double knife. (B) The double knife was passed 10 to 12 cm
proximally up to the insertion of the rectus femoris.

Figure 4. (A) Quadriceps tendon graft 14 cm in length. (B)
Double-layered quadriceps tendon graft, TightRope RT
suture button femoral, tibial sutured with baseball stitches.
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pes anserinus, and the posterior branch was placed in the
tibial insertion of the posterior oblique ligament just above
the semimembranosus insertion. Both branches were
passed below the fascia. Medial knee instability was
assessed clinically according to Hughston et al13 (grade 1,
0-5 mm; grade 2, 6-10 mm; grade 3, >10 mm).

Statistical Analysis

For continuous variables, the mean ± SD was used. The mean
differences between the 2 groups (dlQUAD and HT) were
compared with the unpaired Student t test for normally dis-
tributed parameters and the Kruskal-Wallis test for nonnor-
mally distributed parameters. Categorical parameters were
compared using the chi-square test. In case of small sub-
groups (n < 5), the Fisher exact text was used for categorical
parameters. P< .05 was considered significant. All statistical
analyses were performed using SPSS Version 25 (IBM).

A post hoc power analysis was performed with G*Power
Version 3.1.9.6 for Mac (HHU Düsseldorf) to assess the
validity of the proportions of failed revision ACLR in
patients with HT or dlQUAD. Based on our proportions
of failure of 0.023/0.174 in 43 patients using dlQUAD and
46 patients using HT with 9 revision ACLR failures, a post
hoc power of 0.7 was achieved at a significance level of 5%.

RESULTS

Preoperatively, there was no significant difference between
the groups in age, sex, body mass index, coronal alignment,
or number of meniscal lesions. The posterior tibial slope was
increased in the HT compared with the dlQUAD group,

but the difference was not significant (9.8 ± 2.3 vs 8.8 ± 1.8;
P ¼ .08) (Table 1). Compared with the HT group, more
patients in the dlQUAD group had a grade 3 Lachman test
in the preoperative assessment (23% vs 9%; P ¼ .008). There
were no significant differences between the groups on any of
the other preoperative clinical or functional results (Table 2).

The graft diameter of the revision ACLR was not signifi-
cantly different between groups (8.2 ± 0.6 mm [dlQUAD] vs
8.5 ± 0.9 mm [HT]). Both groups had equally frequent addi-
tional medial or lateral augmentations and meniscal surgery
(Table 3).

TABLE 1
Patient Demographics and Pre- and Intraoperative

Findings (N ¼ 89)a

Characteristic
dlQUAD Group

(n¼ 43)
HT Group

(n¼ 46) P

Female sex 16 (37.2) 19 (41.3) 0.828
Age, y 32.9 ± 9.1 (25-44) 27.6 ± 8.6 (18-41) 0.619
Affected knee, left 10 (23.3) 21 (45.7) 0.044
Number of previous

ACLR
1.5 ± 0.7 (1-3) 1.3 ± 0.6 (1-4) 0.139

BMI, kg/m2 25.9 ± 4.5 (18-36) 26.2 ± 5.2 (18-42) 0.463
Varus

malalignment
0 (0) 2 (4.3) 0.495

Valgus
malalignment

4 (9.3) 2 (4.3) 0.424

Posterior tibial
slope, deg

8.8 ± 1.8 (5-16) 9.8 ± 2.3 (6-16) 0.08

Medial meniscal
lesion

29 (67.4) 28 (60.9) 0.659

Lateral meniscal
lesion

4 (9.3) 10 (21.7) 0.147

aData are reported as mean ± SD (range) or n (%). ACLR, ante-
rior cruciate ligament reconstruction; BMI, body mass index;
dlQUAD double-layered quadriceps tendon; HT, hamstring tendon;
bolded P value indicates significant difference between groups.

TABLE 2
Preoperative Clinical Findings and Functional Scoresa

Characteristic dlQUAD Group HT Group P

Extension deficit
3�-5�

2 (4.7) 2 (4.3) 0.667

Flexion deficit 6�-15� 0 (0) 0 (0) –
Lachman test grade 0.008

Absent 0 (0) 0 (0)
Grade 1 (2-5 mm) 2 (4.7) 12 (26.7)
Grade 2 (5-10 mm) 31 (72.1) 29 (64.4)
Grade 3 (>10 mm) 10 (23.3) 4 (8.9)

Pivot-shift test grade 0.286
Absent 4 (9.3) 1 (2.2)
Grade 1 (glide) 7 (16.3) 13 (28.3)
Grade 2 (clunk) 20 (46.5) 17 (37)
Grade 3 (gross) 12 (27.9) 15 (32.6)

VAS pain 3.6 ± 2.5 (0-8) 4.1 ± 2.4 (0-10) 0.334
Lysholm score 54.9 ± 15.1 (10-77) 51.3 ± 25 (7-77) 0.255
Tegner score 3.2 ± 1.3 (1-6) 2.9 ± 1.4 (0-6) 0.311

aData are reported as mean ± SD (range) or n (%). dlQUAD,
double-layered quadriceps tendon; HT, hamstring tendon; VAS,
visual analog scale; bolded P value indicates significant difference
between groups.

TABLE 3
Surgical Detailsa

Characteristic
dlQUAD
Group HT Group P

Graft size, mm 8.2 ± 0.6 (7-9) 8.5 ± 0.9 (7-10) 0.377
Additional lateral extra-

articular tenodesis
32 (74.4) 29 (63.0) 0.264

Additional MCL graft
reconstruction

19 (44.2) 15 (32.6) 0.283

Medial meniscus repair 16 (37.2) 14 (30.4) 0.511
Partial medial meniscus

resection
12 (27.9) 14 (30.4) 0.820

Total medial meniscus
resection

1 (2.3) 0 (0) 0.483

Lateral meniscus repair 2 (4.7) 6 (13.0) 0.268
Partial lateral meniscus

resection
2 (4.7) 4 (8.7) 0.678

Total lateral meniscus
resection

0 (0) 0 (0)

aData are reported as mean ± SD (range) or n (%). dlQUAD,
double-layered quadriceps tendon; HT, hamstring tendon; MCL,
medial collateral ligament.

The Orthopaedic Journal of Sports Medicine Double-Layered QT Autografts in Revision ACLR 5



Postoperative Outcomes. After revision ACLR, the
Lachman and pivot-shift tests significantly improved in
both groups (P < .001), with no significant difference
in improvement between groups. The postoperative SSD in
laxity was significantly reduced in the dlQUAD compared
with the HT group (1.3 ± 1.3 vs 1.8 ± 2.2 mm; P ¼ .043). All
patient-reported outcomes improved significantly from pre-
to postoperatively in both groups (P < .001 for all).

When comparing outcomes between groups, we found that
the dlQUAD group had significantly better Tegner and IKDC
scores compared with the HT group (Tegner score: 5.8 ± 1.8
vs 5.6 ± 1.5; P ¼ .043; IKDC: 83.8 ± 12.2 vs 78.6 ± 16.8;
P¼ .037). Pain was also significantly reduced in the dlQUAD
group compared with the HT group (VAS score: 0.9 ± 1.1 vs
1.6 ± 2.0; P ¼ .014). A comparison of postoperative clinical
and functional outcomes by group is shown in Table 4.

Nine patients (10.1%) were identified with a failed revi-
sion ACLR. Patients with dlQUAD had a significant lower
failure rate compared with HT (2.3% vs 17.4%; P = .031).

DISCUSSION

The main findings of this study were that the dlQUAD and
HT techniques demonstrate significant improvement of
preoperative knee laxity and satisfactory patient-related

outcome measures. Compared with the HT, the dlQUAD
technique showed lower failure rates and slightly higher
Tegner and IKDC scores after revision ACLR.

Results after revision ACLR are commonly known to be
less favorable than those after primary ACLR.38 Wright
et al41 presented a failure rate of 13.7% after revision ACLR,
while Louis et al22 revealed that 13.5% of their patients
showed anterior laxity >5 mm at the latest follow-up. The
results of revision ACLR using the dlQUAD technique in
this study are similar to those of primary reconstruction,
especially regarding the very low failure rates of 2.3%, the
significant improvement of a positive Lachman and pivot-
shift test, and the low postoperative SSD.3

There is currently no consensus in the literature about
the superiority of the HT or the quadriceps tendon in terms
of failure rates.19,20 In a systematic literature review and
meta-analysis by Nyland et al,28 quadriceps tendon auto-
grafts had less pivot shift and lower failure rates than HT
autografts. A meta-analysis by Mouarbes et al26 showed
better functional outcomes for quadriceps tendon auto-
grafts versus HT and comparable survival rates. A prospec-
tive randomized study by Lind et al19 showed no difference
in function, stability, and failure rates between these 2
grafts. A registry study published by Lind et al21 showed
higher failure rates for quadriceps tendon versus HT, but a
study published shortly afterward by the same study group

TABLE 4
Postoperative Clinical Findings, Functional Results and Failure of Revisionsa

Characteristic dlQUAD Group HT Group P

Extension deficit 3�-5� 0 (0) 3 (6.5) 0.242
Flexion deficit 6�-15� 1 (2.3) 1 (2.2) 0.736
Lachman test grade 0.099

Absent 39 (90.7) 36 (78.3)
Grade 1 (2-5 mm) 3 (7) 3 (6.5)
Grade 2 (5-10 mm) 1 (2.3) 7 (15.2)
Grade 3 0 (0) 0 (0)

Pivot-shift test grade 1
Absent 41 (95.3) 41 (89.1)
Grade 1 (glide) 1 (2.3) 2 (4.3)
Grade 2 (clunk) 1 (2.3) 2 (4.3)
Grade 3 (gross) 0 (0) 1 (2.2)

Postoperative Rolimeter SSD 1.3 ± 1.3 (0-5) 1.8 ± 2.2 (0-9) 0.043
Donor-site morbidity 2 (4.7) 6 (13) 0.268
VAS pain 0.9 ± 1.1 (0-3) 1.6 ± 2 (0-9) 0.014
Lysholm score 85.4 ± 13 (43-100) 83.2 ± 17 (25-100) 0.791
Tegner score 5.8 ± 1.8 (3-9) 5.6 ± 1.5 (1-9) 0.043
IKDC score 83.8 ± 12.2 (37-100) 78.6 ± 16.8 (14-100) 0.037
KOOS subscale

Symptoms 87 ± 15.3 (50-100) 87 ± 16.2 (25-100) 0.860
Pain 90.2 ± 11.6 (56-100) 88.7 ± 12.6 (36-100) 0.617
ADL 94.1 ± 8.5 (71-100) 94.2 ± 8.7 (59-100) 0.632
Sports/Rec 80.1 ± 20 (30-100) 75.7 ± 19 (25-100) 0.193
Quality of life 62.5 ± 23 (13-94) 58.4 ± 22 (0-88) 0.502

Failure of revision ACLR 1 (2.3) 8 (17.4) 0.031

aData are reported as mean ± SD (range) or n (%). ACLR, anterior cruciate ligament reconstruction; ADL, function in activities of daily
living; dlQUAD, double-layered quadriceps tendon; HT, hamstring tendon; IKDC, International Knee Documentation Committee; KOOS,
Knee injury and Osteoarthritis Outcome Score; Sports/Rec, function in sports and recreational activities; SSD, side-to-side difference; VAS,
visual analog scale; bolded P values indicate significant difference between groups.
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demonstrated that high-activity clinics, defined as clinics
that performed >100 ACLRs per year, showed similar revi-
sion outcomes for quadriceps, hamstrings, and patellar ten-
don grafts, while clinics that performed <100 ACLRs (low-
activity clinics) showed higher failure rates for quadriceps
grafts.20 They concluded that the higher failure rates for
quadriceps tendon autografts could be due to a lower sur-
gical routine in low-activity clinics.20 A recent study by our
research group in a different study population showed
lower, but not statistically significant, failure rates for
quadriceps tendon versus HT or BPB (N ¼ 111; failure
rates: Quad, 6.7%, HT, 9.4%, BPB, 18.8%).2 In the largest
cohort study published to date by Runer et al,34 a signifi-
cantly higher risk of revision surgery was reported for HT
autografts. The results of the current study provide further
evidence that quadriceps tendon grafts may have lower
failure rates than HT grafts. This could be due to a loss of
flexion strength and the resulting less favorable hamstring-
to-quadriceps ratio that is described after HT harvesting.36

The quadriceps tendon can be harvested with or without
a patellar bone block and either as a full- or partial-
thickness graft.12,15 There are some potential morbidities
after ACLR using patellar bone block including postoper-
ative anterior knee pain, discomfort when kneeling, and,
in rare cases, patellar fractures.7,17 Short, soft tissue,
single-strand quadriceps grafts have the disadvantage
that both sides of the graft have to be sutured, which can
be difficult with the fibrous structure of the quadriceps
graft. Many authors prefer interference screws for femoral
fixation of these grafts.12,23,25 The femoral interference
screw fixation technique can be challenging, as the graft
can twist around the screw and may be damaged. Further-
more, this screw fixation technique of soft tissue grafts is
biomechanically weaker than adjustable or fixed button
systems.1,16 Hughes et al12 described a technique in which
they sutured a fixed button system into the femoral end of
the graft. Suturing the button system can be technically
demanding and carries the risk of a tear out of the sutures
due to the longitudinal fibrous structure of the quadriceps
tendon. In this study, double-layered, partial-thickness,
quadriceps tendon was used. With the additional removal
of a periosteal strip, a graft length of 14 cm was achieved,
which allows easy fixation via an adjustable or fixed loop.
An advantage of the technique described in this study,
compared with the technique by Hughes et al, is that the
relatively flat dlQUAD was passed through an adjustable
button and was then doubled. This makes the femoral
graft preparation easier and results in a mean graft
diameter of 8.2 ± 0.6 mm.

There are a few limitations in this study. Results from a
study of patients with revision ACLR may not necessarily
be transferable to the primary situation. Thus, a prospec-
tive randomized controlled study of primary ACLR is
required to assess possible differences between different
types of grafts and the dlQUAD technique in primary
ACLR. Another limitation of this study was that the mus-
cular strength at the latest follow-up was not measured
with an isokinetic assessment; the quadriceps strength was
only clinically evaluated according to the ability of active
knee extension. Further limitations of this study are its

retrospective study design, relatively small sample size,
and lack of randomization.

CONCLUSION

Both HT and dlQUAD autografts resulted in significant
improvement in anterior knee laxity and satisfactory
patient-related outcome measures. Compared with the
hamstring tendon grafts, the dlQUAD technique showed
lower failure rates and slightly higher Tegner and IKDC
scores after revision ACLR.

REFERENCES

1. Ahmad CS, Gardner TR, Groh M, Arnouk J, Levine WN. Mechanical

properties of soft tissue femoral fixation devices for anterior cruciate

ligament reconstruction. Am J Sports Med. 2004;32(3):635-640.

2. Alm L, Krause M, Frosch KH, Akoto R. Preoperative medial knee

instability is an underestimated risk factor for failure of revision ACL

reconstruction. Knee Surg Sports Traumatol Arthrosc. 2020;28(8):

2458-2467.

3. Anderson MJ, Browning WM 3rd, Urband CE, Kluczynski MA, Bisson

LJ. A systematic summary of systematic reviews on the topic of the

anterior cruciate ligament. Orthop J Sports Med. 2016;4(3):

2325967116634074.

4. Collins NJ, Prinsen CA, Christensen R, Bartels EM, Terwee CB, Roos

EM. Knee injury and Osteoarthritis Outcome Score (KOOS): system-

atic review and meta-analysis of measurement properties. Osteoar-

thritis Cartilage. 2016;24(8):1317-1329.

5. Daniel DM, Stone ML, Sachs R, Malcom L. Instrumented measure-

ment of anterior knee laxity in patients with acute anterior cruciate

ligament disruption. Am J Sports Med. 1985;13(6):401-407.

6. Ericsson D, Ostenberg AH, Andersson E, Alricsson M. Test-retest

reliability of repeated knee laxity measurements in the acute phase

following a knee trauma using a Rolimeter. J Exerc Rehabil. 2017;

13(5):550-558.

7. Fu FH, Rabuck SJ, West RV, Tashman S, Irrgang JJ. Patellar fractures

after the harvest of a quadriceps tendon autograft with a bone block: a

case series. Orthop J Sports Med. 2019;7(3):2325967119829051.

8. Geib TM, Shelton WR, Phelps RA, Clark L. Anterior cruciate ligament

reconstruction using quadriceps tendon autograft: intermediate-term

outcome. Arthroscopy. 2009;25(12):1408-1414.

9. Gifstad T, Foss OA, Engebretsen L, et al. Lower risk of revision with

patellar tendon autografts compared with hamstring autografts: a

registry study based on 45,998 primary ACL reconstructions in Scan-

dinavia. Am J Sports Med. 2014;42(10):2319-2328.

10. Gorschewsky O, Klakow A, Putz A, Mahn H, Neumann W. Clinical

comparison of the autologous quadriceps tendon (BQT) and the

autologous patella tendon (BPTB) for the reconstruction of the ante-

rior cruciate ligament. Knee Surg Sports Traumatol Arthrosc. 2007;

15(11):1284-1292.

11. Han HS, Seong SC, Lee S, Lee MC. Anterior cruciate ligament recon-

struction: quadriceps versus patellar autograft. Clin Orthop Relat Res.

2008;466(1):198-204.

12. Hughes JD, Vaswani R, Gibbs CM, Tisherman RT, Musahl V. Anterior

cruciate ligament reconstruction with a partial-thickness quadriceps

tendon graft secured with a continuous-loop fixation device. Arthrosc

Tech. 2020;9(5):e603-e609.

13. Hughston JC, Andrews JR, Cross MJ, Moschi A. Classification of

knee ligament instabilities. Part I. The medial compartment and cru-

ciate ligaments. J Bone Joint Surg Am. 1976;58(2):159-172.

14. Irrgang JJ, Anderson AF. Development and validation of health-

related quality of life measures for the knee. Clin Orthop Relat Res.

2002;402:95-109.

15. Kanakamedala AC, de Sa D, Obioha OA, et al. No difference between

full thickness and partial thickness quadriceps tendon autografts in

The Orthopaedic Journal of Sports Medicine Double-Layered QT Autografts in Revision ACLR 7



anterior cruciate ligament reconstruction: a systematic review. Knee

Surg Sports Traumatol Arthrosc. 2019;27(1):105-116.

16. Kousa P, Järvinen TLN, Vihavainen M, Kannus P, Järvinen M. The

fixation strength of six hamstring tendon graft fixation devices in ante-

rior cruciate ligament reconstruction: part I: femoral site. Am J Sports

Med. 2003;31(2):174-181.

17. Laxdal G, Kartus J, Hansson L, Heidvall M, Ejerhed L, Karlsson J. A

prospective randomized comparison of bone-patellar tendon-bone

and hamstring grafts for anterior cruciate ligament reconstruction.

Arthroscopy. 2005;21(1):34-42.

18. Lemaire M.[Chronic knee instability. Technics and results of ligament

plasty in sports injuries]. J Chir (Paris). 1975;110(4):281-294.

19. Lind M, Nielsen TG, Soerensen OG, Mygind-Klavsen B, Faunø P.

Quadriceps tendon grafts does not cause patients to have inferior

subjective outcome after anterior cruciate ligament (ACL) reconstruc-

tion than do hamstring grafts: a 2-year prospective randomised con-

trolled trial. Br J Sports Med. 2020;54(3):183-187.

20. Lind M, Strauss MJ, Nielsen T, Engebretsen L. Low surgical routine

increases revision rates after quadriceps tendon autograft for anterior

cruciate ligament reconstruction: results from the Danish Knee Liga-

ment Reconstruction Registry. Knee Surg Sports Traumatol Arthrosc.

2021;29(6):1880-1886.

21. Lind M, Strauss MJ, Nielsen T, Engebretsen L. Quadriceps tendon

autograft for anterior cruciate ligament reconstruction is associ-

ated with high revision rates: results from the Danish Knee Liga-

ment Registry. Knee Surg Sports Traumatol Arthrosc. 2020;28(7):

2163-2169.

22. Louis ML, D’Ingrado P, Ehkirch FP, et al. Combined intra- and extra-

articular grafting for revision ACL reconstruction: a multicentre study

by the French Arthroscopy Society (SFA). Orthop Traumatol Surg Res.

2017;103(8)(suppl):S223-S229.

23. Lund B, Nielsen T, Faunø P, Christiansen SE, Lind M. Is quadriceps

tendon a better graft choice than patellar tendon? A prospective ran-

domized study. Arthroscopy. 2014;30(5):593-598.

24. Lysholm J, Gillquist J. Evaluation of knee ligament surgery results with

special emphasis on use of a scoring scale. Am J Sports Med. 1982;

10(3):150-154.

25. Martin-Alguacil JL, Arroyo-Morales M, Martin-Gomez JL, et al.

Strength recovery after anterior cruciate ligament reconstruction with

quadriceps tendon versus hamstring tendon autografts in soccer

players: a randomized controlled trial. Knee. 2018;25(4):704-714.

26. Mouarbes D, Menetrey J, Marot V, Courtot L, Berard E, Cavaignac E.

Anterior cruciate ligament reconstruction: a systematic review and

meta-analysis of outcomes for quadriceps tendon autograft versus

bone-patellar tendon-bone and hamstring-tendon autografts. Am J

Sports Med. 2019;47(14):3531-3540.

27. Noyes FR, Barber-Westin SD. Revision anterior cruciate surgery with

use of bone-patellar tendon-bone autogenous grafts. J Bone Joint

Surg Am. 2001;83(8):1131-1143.

28. Nyland J, Collis P, Huffstutler A, et al. Quadriceps tendon autograft

ACL reconstruction has less pivot shift laxity and lower failure rates

than hamstring tendon autografts. Knee Surg Sports Traumatol

Arthrosc. 2020;28(2):509-518.

29. Ohnhaus EE, Adler R. Methodological problems in the measurement

of pain: a comparison between the verbal rating scale and the visual

analogue scale. Pain. 1975;1(4):379-384.

30. Persson A, Fjeldsgaard K, Gjertsen JE, et al. Increased risk of revision

with hamstring tendon grafts compared with patellar tendon grafts

after anterior cruciate ligament reconstruction: a study of 12,643

patients from the Norwegian Cruciate Ligament Registry, 2004-

2012. Am J Sports Med. 2014;42(2):285-291.

31. Preiss A, Giannakos A, Frosch KH. [Minimally invasive augmentation

of the medial collateral ligament with autologous hamstring tendons in

chronic knee instability]. Oper Orthop Traumatol. 2012;24(4-5):

335-347.

32. Ragab A, Akeel W, Ghanate V, Elalfy O, Guro R, Chandratreya A.

Outcome of single stage revision ACL reconstruction. retrospective

study and review of literature. Ortop Traumatol Rehabil. 2020;22(3):

187-194.

33. Risberg MA, Holm I, Steen H, Beynnon BD. Sensitivity to changes

over time for the IKDC form, the Lysholm score, and the Cincinnati

knee score. A prospective study of 120 ACL reconstructed patients

with a 2-year follow-up. Knee Surg Sports Traumatol Arthrosc. 1999;

7(3):152-159.

34. Runer A, Csapo R, Hepperger C, Herbort M, Hoser C, Fink C. Anterior

cruciate ligament reconstructions with quadriceps tendon autograft

result in lower graft rupture rates but similar patient-reported out-

comes as compared with hamstring tendon autograft: a comparison

of 875 patients. Am J Sports Med. 2020;48(9):2195-2204.

35. Samuelsen BT, Webster KE, Johnson NR, Hewett TE, Krych AJ.

Hamstring autograft versus patellar tendon autograft for acl

reconstruction: is there a difference in graft failure rate? A meta-

analysis of 47,613 patients. Clin Orthop Relat Res. 2017;475(10):

2459-2468.

36. Sinding KS, Nielsen TG, Hvid LG, Lind M, Dalgas U. Effects of auto-

graft types on muscle strength and functional capacity in patients

having anterior cruciate ligament reconstruction: a randomized con-

trolled trial. Sports Med. 2020;50(7):1393-1403.

37. Smits-Engelsman B, Klerks M, Kirby A. Beighton score: a valid meas-

ure for generalized hypermobility in children. J Pediatr. 2011;158(1):

119-123 , 123.e111-114.

38. Southam BR, Colosimo AJ, Grawe B. Underappreciated factors to

consider in revision anterior cruciate ligament reconstruction: a cur-

rent concepts review. Orthop J Sports Med. 2018;6(1):23259

67117751689.

39. Tegner Y, Lysholm J, Odensten M, Gillquist J. Evaluation of cruciate

ligament injuries. A review. Acta Orthop Scand. 1988;59(3):336-341.

40. Wiertsema SH, van Hooff HJ, Migchelsen LA, Steultjens MP. Reliabil-

ity of the KT1000 arthrometer and the Lachman test in patients with an

ACL rupture. Knee. 2008;15(2):107-110.

41. Wright RW, Gill CS, Chen L, et al. Outcome of revision anterior cru-

ciate ligament reconstruction: a systematic review. J Bone Joint Surg

Am. 2012;94(6):531-536.

8 Eggeling et al The Orthopaedic Journal of Sports Medicine


	Double-Layered Quadriceps Tendon Autografts Provide Lower Failure Rates and Improved Clinical Results Compared With Hamstring Tendon Grafts in Revision ACL Reconstruction
	METHODS
	Patient Population

	Patient Outcomes
	Outline placeholder
	Outline placeholder
	Surgical Technique for Revision ACLR


	dlQUAD Technique
	HT Technique
	Statistical Analysis

	RESULTS
	Outline placeholder
	Outline placeholder
	Postoperative Outcomes



	DISCUSSION
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


