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Abstract

Purpose Graft choice for anterior cruciate ligament (ACL)
reconstruction is crucial, however the optimal graft source
remains a topic of controversy. The purpose of this study
is to compare subjective and functional patient-reported
outcomes (PRO) after single-bundle ACL reconstruc-
tion using quadriceps tendon (QT) or hamstring tendon
(HT) autografts for single-bundle ACL reconstruction. We
hypothesize that there is no difference in patient-reported
functional outcomes after ACL reconstruction using either
HT- or QT autograft.

Methods All data were extracted from a prospectively
collected ACL registry. A total of 80 patients with at least
2-year follow-up were included in this study. A total of 40
patients with primary ACL reconstruction using a QT auto-
graft harvested via a minimally invasive technique were
matched by sex, age and pre-injury Tegner and Lysholm
score to 40 patients who received HT autografts. Subjec-
tive and functional PRO scores including Lysholm score,
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Tegner activity level and visual analogue scale for pain
were obtained at 6, 12 and 24 months after index surgery.
Results No significant difference between the QT and the
HT group was seen at any follow-up in regard to any of the
PRO scores for function or pain. 24 months post-surgery
the mean Tegner activity score of the HT group was signifi-
cantly (p = 0.04) lower compared to the pre-injury status.
At final follow-up, 27 patients (67.5%) in the QT group and
32 patients (80.0%) in the HT returned to their pre-injury
activity level (n.s.). A total of 37 patients (92.5%) of the QT
cohort and 35 patients (87.5%) of the HT cohort reported
“good” or “excellent” results according to the Lysholm
score (n.s.). “No pain” or “slight pain” during severe exer-
tion was reported by 33 patients (82.5%) with QT autograft
and 28 patients (82.4%) with HT autograft (n.s.).
Conclusion There is no significant difference between
PRO 2 years post-operative using either QT or HT auto-
grafts. Both QT and HT grafts show acceptable and compa-
rable PRO scores making the QT a reliable graft alternative
to HT for primary ACL reconstruction.
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Introduction

Graft choice for anterior cruciate ligament (ACL) recon-
struction 1is crucial, but the optimal graft source remains
a topic of controversy. Besides good anatomical and bio-
mechanical graft properties, surgeons demand grafts with
an easy harvest procedure, low donor site morbidity, and
early graft-bone integration [4, 42]. Autografts are the first
choice in ACL surgery, with bone—patellar tendon—bone
(BPTB) grafts and hamstring tendon (HT) grafts being the
most popular [10, 46]. Currently, the perfect graft for ACL
reconstruction does not exist with all grafts having advan-
tages and disadvantages.

HT grafts have good biomechanical qualities, are easy to
harvest, show excellent clinical outcomes and are therefore
among the most widely used grafts for ACL reconstruction
[31]. Recognized disadvantages are slower graft incorpora-
tion due to ligament to bone healing and an elevated risk of
tunnel widening [4, 25, 38]. Reduced knee flexor strength
with weakening of ACL agonists and an increased post-
operative knee laxity are further potential drawbacks [15,
20, 34]. Moreover, the preoperative prediction of the size
and length of the graft is still challenging [42].

Recently the quadriceps tendon (QT) autograft has pre-
sented itself as a potential graft alternative. Previous studies
have demonstrated good anatomic and biomechanical char-
acteristics of the QT graft regarding ultimate load to fail-
ure, stiffness, graft length and size [14, 37, 46, 47, 50, 51].
Further benefits include low donor site morbidity, reduced
post-operative pain and analgesic consumption, and the
preservation of the HT anatomy and its function as an ACL
agonist [3, 7, 8]. Clinical outcomes comparing BPTB to
QT grafts with respect to donor site morbidity show favour-
able results for the latter [5, 7, 8, 13, 22, 26, 29, 46, 47].

While there is an abundance of literature on ACL recon-
struction analysing BPTB and HT grafts, to the best of our
knowledge, this is the first study to compare minimally
invasive harvested QT autograft and single-bundle HT
autograft for primary ACL reconstruction. The purpose of
this matched-pair analysis was to compare patient-reported
functional outcomes after ACL reconstruction using QT-
and HT autografts for single-bundle ACL reconstruction. It
was hypothesized that there is no significant difference in
patient-reported functional outcomes after ACL reconstruc-
tion using either HT- or QT single-bundle autografts.
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Materials and methods

All data were extracted from a prospectively collected
ACL registry. Between 2010 and 2014, 40 patients with
primary ACL reconstruction using QT autograft met the
inclusion criteria and were included in the study. This
cohort was matched with respect to sex, age, pre-injury
Tegner and Lysholm score to 40 patients with primary
ACL injuries who were treated concurrently with single-
bundle HT autografts. Informed consent was obtained
from each patient prior to inclusion in the study. Sub-
jective and functional outcomes from all patients were
obtained at 6, 12 and 24 months after index surgery. Pre-
operative magnetic resonance imaging (MRI) was used to
confirm ACL rupture. Plain radiographs (antero-posterior
and lateral view) were used preoperatively to exclude
any bone injury and severe osteoarthritis according to
the Kellgren-Lawrence scale. Post-operative radiographs
were used to assess the correct placement of the femoral
button and to evaluate the direction of the femoral and
tibial bone tunnel. Strict inclusion and exclusion criteria
were applied to create a homogeneous study population
and minimize the effect of potentially confounding vari-
ables (Table 1).

Surgical techniques

All ACL reconstructions were performed under general
anaesthesia by three experienced orthopaedic surgeons
familiar with both surgical techniques. Apart from the har-
vesting technique, the surgical procedure was identical for
both graft choices.

Harvest of the QT

The minimally invasive harvesting technique of the quadri-
ceps tendon has been described previously in detail [7].
Briefly a small 2-3-cm transverse skin incision was made
over the proximal patellar boarder and the QT was exposed
(Fig. 1a). With a 10-12-mm-wide double knife (Fig. 1b),
a tendon separator (Fig. lc, d) and a special tendon cutter
(Fig. le) (Karl Storz, Tuttlingen, Germany) an approxi-
mately 6-cm-long, 10-12-mm-wide and 5-mm-thick ten-
don strip was harvested from of the central part of the
quadriceps tendon. With an oscillating saw and a chisel, a
rectangular-shaped bone block—approximately 1.5-2 cm
long and as wide as the tendon graft—was created. After
graft preparation, the bone block is fixed to a flip button
device (e.g. EndoButton™ [Smith&Nephew, Andover,
USA]) by strong non-absorbable sutures (No. 2 Fiber-
Wire [Arthrex, Naples, USA]) (Fig. 2a). Finally the tendon
defect was closed with Vicryl sutures.
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Table 1 Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Primary ACL injury
Two-year minimum follow-up
Ligament reconstruction with QT or HT autograft

Maintained hoop function with an intact or partially resected meniscus

No intraoperative diagnosed chondral lesion higher than grade 2
according to the Outerbridge classification

Kellgren-Lawrence osteoarthritis score lower equal or lower than two.
All arthroscopic reconstruction technique

ACL revision surgery of the same knee
Less than 2-year minimum follow-up

Utilization auf graft tissue other than quadriceps tendon or hamstring
tendon

Total meniscectomy or meniscal repair

Arthroscopically verified chondral defect grade 3 or higher according to
the Outerbridge classification

Kellgren—Lawrence osteoarthritis score higher than grade II
Operative treatment of associated ligamentous injuries

Any patellar pathology or reported pain

Open ACL injury

Patients younger than 16 years

QT quadriceps tendon autograft, HT hamstring tendon autografts

Fig. 1 Minimally invasive QT
harvest technique: a a 2-3-cm
transverse incision is made
over the superior boarder of the
patella and the surface of the
QT is exposed. b Subcutane-
ous advancement of the tendon
knife (Karl Storz, Tuttlingen,
Germany). The cutting edges
are spaced at the desired graft
width (10-12 mm). ¢ Insertion
and advancement of the 5S-mm
tendon separator (Karl Storz,
Tuttlingen, Germany). d Sub-
cutaneous advancement of the
quadriceps tendon cutter (Karl
Storz, Tuttlingen, Germany)

Harvest of the HT

The ST was harvested in a standard manner through an
antero-medial tibial portal, armed using whip-stich sutures
(No. 2 FiberWire [Arthrex, Naples, USA]) and quadrupled
over a continuous loop EndoButton™ (Smith&Nephew,
Andover, USA) (Fig. 2b).

ACL reconstruction technique

After routine diagnostic arthroscopy, the ACL remnants
were removed while preserving the tibial and femoral
footprints. The femoral bone socket was drilled via an
antero-medial portal with the tunnel size equal to the
graft diameter (7-9 mm). The tibial bone tunnel was
then positioned within the native ACL footprint with the

@ Springer



Knee Surg Sports Traumatol Arthrosc (2018) 26:605-614

Fig.2 a QT graft with an approximately 20-mm-long rectangular
bone block. Proximal fixation with 2.0 fibre wire sutures (Arthrex,
Naples, USA) looped through and a Fliptak (Karl Storz, Tuttlingen,
Germany). b Four-strand semitendinosus graft. Proximal fixation
with an Endobutton CL (Smith&Nephew, Andover, USA)

drill guide set at 55° [48]. The graft was inserted retro-
grade via the tibial tunnel and fixed in the femoral socket
using the respective flip button device. On the tibial site
a hybrid fixation with a resorbable interference screw
matching the size of the bone tunnel was used. The
sutures were then tied over either a cortical bone bridge
(HS) or an Endotack® (Karl Storz, Tuttlingen, Germany)

(QT).
Rehabilitation

Post-operatively, both groups followed a similar reha-
bilitation programme focusing on reduction of pain,
inflammation and swelling as well as early full exten-
sion. A knee brace limiting flexion up to 90° was used
starting with the first post-operative day, and partial
weight bearing was allowed immediately after surgery
with crutches used for at least 2 weeks. Thereafter, full
weight bearing and unrestricted range of motion was
allowed. After a 2-day inpatient stay, patients attended
outpatient physical therapy 2-3 times per week for at
least 8—12 weeks.

Clinical evaluation

All patients were examined preoperatively and post-
operatively at 6, 12 and 24 months. Lysholm score,
Tegner activity level and visual analogue scale for pain
(VAS) were answered separately and independently by
the patient before surgery and at each time of follow-up.
If a patient was dismissed prior to 24 month of follow-
up and unavailable for personal post-operative examina-
tion, outcome information was obtained via mail ser-
vice. Non-responders were followed by personal phone
contact.
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Statistical analysis

All data were analysed using SPSS v.22 (IBM Corp.). For
continuous and normal distributed data, the Student’s T test
was applied to determine differences between both groups.
For ordinal or non-normally distributed data, the Mann—
Whitney U test was used. Related pre- and post-operative
data were compared using the Wilcoxon signed-rank test. A
Pearson Chi-square test was performed to compare dichot-
omous variables. Significance level was set to 0.05 (two-
sided) with 95% confidence intervals (CI). Sample size
was calculated using G-Power 3.1.9.2 (Paul Franz, Kiel,
Germany) using the repeated measure ANOVA as main
analysis. This study included a total of 80 patients. The
estimated total sample size was 82 with an effect size (f) of
0.25, alpha level of 0.05, a target power of 0.80, with two
one between-subject factor (group) on two levels and one
within factor (time) on four levels, and assuming a correla-
tion between measures of 0.5.

Results
Patient demographics

Patient demographics and concomitant injuries are pre-
sented in Table 2. ACL rupture was confirmed by radiol-
ogy in all patients. Patients had neither major bony inju-
ries nor a Kellgren—Lawrence score greater than grade II.
At 24 months, 72 patients (90%) were available for final
follow-up.

Table 2 Demographic characteristics of patients of each group

QT HT p value
Patients number 40 40
Age in years (mean + SD)  34.6 (£11.0) 344 (£11.0) n.s.

23:17 23:17 n.s.
23.6 (£3.0) 23.2(£2.9) ns.
123.7 (£402.8) 33.9 (£72.0) n.s.

Sex (male/female)
BMI (mean + SD)

Time to surgery in days
(mean * SD)

Concomitant injuries (7)

Medial meniscus 7 8 n.s.
Lateral meniscus 7 9 n.s.
Medial and lateral menis- 3 3 n.s.
cus
Medial collateral ligament 5 2 n.s.
Lateral collateral ligament 0 0 n.s.
Chondral defect 3 2 n.s.
Total concomitant injuries 25 24 n.s.

QT quadriceps tendon autograft, HT hamstring tendon autografts, n.s.
not significant, SD standard deviation
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Patient-reported outcomes

Complete results of the Lysholm score are presented
in Table 3. No significant difference in Lysholm score
between the QT and the HT group was seen at any time.
No statistical difference was observed within the groups
2 years after surgery (n.s.). At final follow-up, 37 patients
(92.5%) with QT autograft and 35 patients (87.5%) in the
HT group reported “good” or “excellent” results.

VAS scores for subjective outcome and pain interpre-
tation are presented in Table 4. No significant differences
between QT autografts and HT autografts were determined
at any follow-up visit. The mean VAS score for pain at final
follow-up was 0.6 £ 1 for the QT cohort and 0.8 £+ 1.2
for the HT cohort. At 24 months after index surgery, 33
patients (82.5%) with QT autograft and 28 patients (82.4%)
with HT autografts reported no or only slight pain during
severe exertion showing no significant difference (Table 5).

Table 3 Lysholm score at

e Group Pre-injury 6 months 12 months 24 months
pre-injury level, 6, 12 and
24 months of follow-up QT
Mean (£SD) 94.7 (£8.2) 87.2 (£10.4) 88.8 (£10.6)* 93.4 (£7.5)
95% CI 91.9-97.2 83.1-90.5 85.4-92.2 91.0-95.8
HT
Mean (£SD) 94.1 (£9.9) 83.4 (£19.0) 87.0 (£18.8)* 93.4 (£8.7)
95% CI 91.1-98.2 74.7-89.5 85.7-94.2 90.2-96.5
p value n.s. n.s. n.s. n.s.

QT quadriceps tendon autograft, HT hamstring tendon autografts, n.s. not significant, SD standard devia-

tion, CI confidence interval

# Significant difference to the pre-injury level p < 0.01

Table 4 VAS pain score at

e Group Pre-injury 6 months 12 months 24 months
pre-injury level, 6, 12 and
24 months of follow-up QT
Mean (+SD) 0.90 (£1.1) 1.6 (£1.8) 1.2 (£1.4) 0.6 (£1.0)
95% C1 0.5-1.3 1.0-2.1 0.7-1.6 0.3-1.0
HT
Mean (£SD) 0.8 (£1.0) 0.9 (£0.8) 0.9 (£1.1) 0.8 (£1.2)
95% C1 0.4-1.1 0.6-1.2 0.5-1.3 04-1.1
p value n.s. n.s. n.s. n.s.

QT quadriceps tendon autograft, HT hamstring tendon autografts, n.s. not significant, SD standard devia-

tion, CI confidence interval

Table 5 Anterior knee pain at pre-injury level and 6, 12 and 24 months of follow-up

Group Pre-injury® 6 months® 12 months® 24 months®

QT HT QT HT QT HT QT HT
None 50.0 (20) 57.5(23) 25.0(10) 25.6(10) 27.5(11) 31.6(12) 47.5(19) 47.1(16)
Inconstant and slight pain during severe exertion ~ 27.5 (11) 25 (10) 42.5(18) 38.5(15) 40.0(16) 39.5(15) 35.0(14) 35.3(12)
Marked during severe exertion 2250) 17.5(7) 2751 23.1(9) 275(11) 263(10) 15.0(6) 17.6(6)
Marked on or after walking more than 2 km 0(0) 0(0) 2.5(1) 7.7 3) 2.5(1) 2.6 (1) 2.5(1) 0(0)
Marked on or after walking less than 2 km 0(0) 0(0) 0(0) 5.1(2) 2.5(1) 0(0) 0(0) 0(0)
Constant 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
p value® n.s n.s n.s. n.s

QT quadriceps tendon autograft, HT hamstring tendon autografts, n.s. not significant

# All data displayed as per cent (%) and number ()
b Significance between groups at different time points of follow-up
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Table 6 Tegner activity level pre-injury, 6, 12 and 24 months of fol-
low-up

Group Pre-injury 6 months 12 months 24 months
QT
Median (range) 6 (1-9) 6 (3-9) 6(3-9) 6 (2-9)
Return to pre- 32:8 32:8 27:13
injury level (y:n) 80%:20% 80%:20% 67%:32%
HT
Median (range) 6(1-10) 6(1-10) 6(2-10) 6 (1-10)
Return to pre- 35:5 33:7 32:8
injury level (y:n) 88%:12% 82%:18% 80%:20%
p value® ns. n.s. ns. n.s.

QT quadriceps tendon autograft, HT hamstring tendon autografts, n.s.
not significant, SD standard deviation, CI confidence interval

 Significance referred to the median level (range) and the return to
pre-injury level (yes/no)

While stair climbing, 39 patients (97.5%) with QT grafts
and 33 patients (97.1%) with HT graft reported no difficul-
ties at 24 months after ACL reconstruction.

Activity level

Complete results of the Tegner activity level score are pre-
sented in Table 6. No significant differences between the
groups were seen at any follow-up. At 24 months post-surgery,
the Tegner activity score of the HT group was significantly
lower (p = 0.04) compared to the pre-injury status, while no
statistical difference was detected in the QT group (n.s.).

Regarding functional outcomes, 27 patients (67.5%)
in the QT group and 32 patients (80.0%) in the HT group
returned to their pre-injury Tegner activity level at final
follow-up. There was no statistical difference between both
groups (n.s.).

Graft rupture and donor site morbidity

Throughout the 2 years of follow-up, one graft rupture
occurred in the HT group, while no re-ruptures were reg-
istered in the QT group (n.s.). The re-rupture occurred as
a result of player contact while playing soccer. During
the QT graft harvest process, no joint capsule opening or
patellar fracture was observed. Post-operatively no major
quadriceps bleeding or haematoma were reported or noted.
None of the QT patients reported tenderness, numbness or
irritation over the graft harvest site.

Discussion

This study demonstrates that QT autografts and single-
bundle HT autografts show comparable patient-reported

@ Springer

functional outcomes 2 years following primary ACL
reconstruction.

Until now QT autografts have been used mainly in revi-
sion ACL surgery [36]. Lately, however, the quadriceps ten-
don (QT) autograft is receiving more attention for the use in
primary ACL surgery for its potential advantages, especially
in areas where traditional grafts show weaknesses [7, 13].

Numerous studies attribute good anatomical and biome-
chanical characteristics to the QT graft, with graft length,
graft thickness and graft volume comparable to BPTB
and HT autografts. Stdubli et al. [49] reported a mean
cross-sectional area of 64.4 &+ 8.4 mm? of a 10-mm-wide,
full-thickness quadriceps tendon, which is significantly
greater than the cross-sectional area of the patellar tendon
(36.8 & 5.7 mm?) or a quadrupled hamstring tendon strand
(52.9 + 5.3 mm?) [12]. It has been shown that a large cross-
sectional area is desirable to reduce the bungee and wind-
shield effect as well as the tunnel-graft mismatch, which
is believed to cause inflow of synovial fluid and cytokines
with subsequent bone resorption and tunnel widening [13,
39]. Moreover, the QT is significantly longer (87.0 & 9.7
vs. 51.6 £ 6.9) and has a larger bony attachment area and
a significantly higher ultimate tensile failure load com-
pared to an unconditioned patellar tendon (2.173 £+ 618 vs.
1953 4+ 325 N).

In the present study, a partial-thickness (5 mm) quadri-
ceps tendon with rectangular-shaped bone block was har-
vested. ACL grafts with a bone block offer the advantage
of bone-to-bone healing, which is believed to offer a faster
and better osteointegration compared to ligament-bone
healing and is widely accepted as the strongest form of
healing in ACL reconstruction surgery [11]. Moreover, a
biomechanical study performed by Herbort et al. [16] dem-
onstrated that ACL reconstruction using a QT graft with an
rectangular bone block and rectangular femoral bone tun-
nel results in significant lower anterior tibial translation
in low knee flexion angles compared to a HT graft using
a round femoral bone tunnel. They postulated that due to a
lager insertion side of the rectangular-shaped QT graft, the
postero-lateral fibres of the ACL and therefore the knee sta-
bility near extension would be restored more than by an HT
graft using a round femoral bone tunnel [15, 16, 30].

While there is an abundance of literature comparing
BPTB and HT autografts as well as BPTB and QT auto-
grafts, little is known about the relation between QT and
HT autografts [6, 18, 28, 35]. A biomechanical study com-
paring ACL reconstruction techniques using QT and HT
autografts showed no significant differences between the
two grafts with respect to both anterior tibial translation (0°
and 30° of knee flexion) nor in internal tibial rotation [43].
Both autografts restored knee function to the preoperative
level and could produce similar in situ forces compared to
the native ACL [43].
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Without any doubt, anatomical, histological and biome-
chanical data are necessary. However, post-operative func-
tional and clinical outcomes as well as patient satisfaction
should be the main criteria when measuring the success
of ACL reconstruction [40]. Despite this fact, clinical and
functional outcomes after ACL reconstruction comparing
QT autografts to HT autografts are rare.

Recently, Lee et al. [25] demonstrated similar clinical
and functional post-operative results with favourable mus-
cle strength recovery for the QT when compared to the
HT. Hereby no difference in extensor muscle strength but
significant less flexor muscle strength was observed in the
HT group as compared to the QT group [25]. Chen et al.
[4] reported a mean Lysholm score of 93 £ 7.9 4-7 years
after ACL reconstruction using QT autograft. Kim et al.
[22] described mean score values of 92.4 2 years after sur-
gery, with no statistical differences between the QT and
the BPTB groups. Other authors published Lysholm scores
ranging from 70.7 to 94.0 in ACL reconstructions using QT
autografts [9, 13, 23, 26, 27, 44, 47] while score values for
patients with HT autografts were similar ranging between
80 and 94 [19, 21, 28, 31, 41, 42]. Despite these studies,
different study methods and harvesting techniques, variable
injury-to-operation intervals as well as different operation
methods and rehabilitation protocols hinder the compara-
bility among these studies.

In the present study, a median Lysholm score of 95 was
obtained at final follow-up for the QT- and the HT auto-
graft. These values are consistent with previous findings
reported above and represent normal Lysholm scores for
patients over 18 years with uninjured knees [2]. No signifi-
cant difference was seen between the QT and HT groups at
any follow-up.

Adding the Tegner activity scale to the Lysholm score
is recommended and has shown good responsiveness to
evaluate patients’ ability to participate in work and sports
after ACL reconstruction [1]. Long-term prospective rand-
omized studies comparing BPTB and HT autografts found
no significant differences in the Tegner score [28, 32, 33].
The present study shows comparable findings regarding the
QT and HT grafts with no statistical difference between
the groups. Although a statistically significant difference
between the preoperative and 24-month post-operative
states was outlined, the mean difference of 0.3 in the Teg-
ner activity score within the HT group may be clinically
insignificant might not be clinically or attributable to a nat-
ural decline in physical performance.

Sport activity is often limited due to post-operative ante-
rior knee or other donor site morbidities [28, 29, 41, 42,
52]. Anterior knee pain ranges from 25 to 48% in patients

with BPTB autografts and from 6.6 to 20% in patients with
HT autografts [8, 19, 41, 45, 52]. It is reported that patients
with QT autografts suffer less from anterior knee pain and
donor site morbidity compared to patients with BPTB graft
[8, 22]. Geib et al. [8] showed a 26.7% incidence in the
BPTB autograft group compared to only 4.6% incidence
in the QT autograft group. Lee et al. [27] reported that
88% of the patients with QT autograft had minimal or no
symptoms by participating in strenuous activities. Moreo-
ver, pain and analgesic consumption in the immediate post-
operative period is less in patients with QT autografts com-
pared to patients with HT autografts [3].

In the present study, 82.1% of the patients with QT auto-
graft reported no or only slight symptoms during severe
exertion. None of the patients complained about post-
operative tenderness, numbness or irritation over the graft
harvest site. Thanks to special designed harvesting knifes,
a partial-thickness QT graft could be harvested with great
accuracy and no intraoperative joint opening or post-oper-
ative haematoma was registered. Furthermore, the minimal
invasive QT graft harvest technique showed favourable out-
comes in terms of wound and skin cosmetics compared to
the conventional harvesting technique.

By reviewing the current literature, it is clear that no
perfect graft exists for ACL reconstruction. This increases
the importance of surgeons’ familiarity with different graft
choices to provide appropriate treatment for each patient
[13]. The present study shows that patient with QT auto-
grafts have good patient-reported functional and clinical
outcomes and low donor site morbidity 2 years after pri-
mary ACL. This suggests a role for QT as a reliable alterna-
tive to traditional grafts.

Some limitations apply to the present study. First,
patient-reported data always carry a risk for potential bias
or misunderstanding of the questionnaire. Nonetheless, all
questionnaires used in this study were previously validated
for psychometric parameters and good responsiveness in
reporting functional outcome after ACL reconstruction
[1]. Furthermore, all patients were briefed and instructed
prior of the compilation of the first questionnaire to ensure
all questions were understood. Second, this study focuses
only on patient-reported functional and clinical data. While
objective data and clinical measurements (e.g. arthrom-
eters) would be favourable and are surely important, it
has been shown that patient-derived assessment of symp-
toms and function is as important and often more robust
than clinical measurements when evaluating outcomes
after ACL reconstruction [17, 24]. Third, while all patients
underwent radiological imaging before surgery, imaging by
MRI was not performed after surgery.
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Conclusion

It can be concluded that there is no significant difference
between patient-reported outcomes 2 years post-operatively
using either QT or HT autografts. Both QT and HT auto-
grafts show good and comparable patient-reported func-
tional outcomes, making the quadriceps tendon a reliable
graft alternative to hamstring tendons even for primary
ACL reconstruction.
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