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Abstract: Background: The quadriceps tendon (QT) autograft has recently drawn attention for anterior
cruciate ligament reconstruction (ACLR). Finding the best autograft option for adolescents after an ACL
injury is essential to ensure them a high-quality active lifestyle. There are no studies comparing the
all-soft-tissue QT autograft with the hamstring tendon (HT) autograft in such population. Methods: In
this study, 68 patients younger than 18 years of age were assigned to the HT (38 patients) or the QT
(30 patients) ACLR group. The groups were similar, allowing their comparison. The instrumented knee
laxity was evaluated with a Genourob arthrometer. In total, 48 patients (27 HT and 21 QT) were tested
3 months post-op, and 45 patients (26 HT and 19 QT) were tested 6 months post-op. Results: We found
that 3 months post-op, the side-to-side anterior tibial translation measurements (GNRB1) were worse
in the HT than in the QT group (1.4 (0.2–5.2; 1.715) vs. 0.6 (0.1–2.1; 0.905) mm, p = 0.02). There was no
difference in side-to-side anterior tibial translation at 6 months post-op (GNRB2) between the HT and the
QT group (1 (0.2–5.3; 1.519) vs. 1.1 (0.3–3.4; 1.279) mm, p = 0.927). At 3 months post-op, the side-to-side
anterior tibial translation (GNRB1) was worse in males than in females. irrespective of the graft choice
(1.45 (0.1–5.2; 1.696) vs. 0.4 (0.1–3.4; 0.89) mm, p = 0.016). The displacement curve slopes 6 months
post-op were better for females (3 (0–13.1; 3.335) vs. 5.3 (0–26.1; 7.848), p = 0.014). At 3 months post-op,
the GNRB measurements showed that the side-to-side anterior tibial translation (GNRB1) was better for
females when the HT autograft had been used (0.45 (0.2–3.4; 0.942) vs. 2.4 (0.3–5.2; 2.333) mm, p = 0.003).
In general, both autografts provided excellent objective outcomes at early follow-up. Conclusions: The
all-soft-tissue QT autograft should be considered as a reliable alternative for ACLR in adolescents.
This autograft has at least the same properties as the HT autograft in the early stages after ACL
reconstruction in adolescent athletes and, in some respects, seems superior to the HT autograft. Research
should continue to find the best possible graft choice for the most active and willing-to-return-to-
sport population.

Keywords: anterior cruciate ligament reconstruction; adolescent athletes; all-soft-tissue quadriceps
tendon autograft; pediatric anterior cruciate ligament reconstruction

1. Introduction

Previously, it used to be thought that anterior cruciate ligament (ACL) injuries are
rare in pediatric patients. However, as the participation of children in high-impact sports
has increased over the last 20 years, it is now agreed that ACL injuries are common in the
pediatric population. Recently, it was estimated that sports-playing youth athletes sustain
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over 400/100,000 ACL injuries each year [1–4]. Furthermore, it seems that adolescents have
complex knee injuries and higher rates of ACL graft re-rupture than adults [5].

For individuals with high physical activity levels, ACL reconstruction (ACLR) is
strongly recommended. In the adult population, the hamstring tendon autograft remains
the most popular choice for ACLR, and it is agreed that a decent rehabilitation is crucial for
restoring the pre-injury activity levels [6,7].

The management of an ACL injury is quite a controversial subject in current pediatric
orthopedics. The controversy is due to demanding surgical techniques, as there is a risk of
growth disturbance complications. Today, various techniques of ACLR have been described
in the literature [8]. Currently, in the scientific literature we can see an increased interest
in quadriceps tendon graft adaptation. Articles with some catchy phrases can be found,
e.g., stating that it is “the graft of the future” and that it should be used more in modern
ACLR [9,10]. However, information about the use of quadriceps tendon in young and
active patients is still lacking; therefore, more attention must be paid to it [11].

Very few studies have been published regarding an arthrometric side-to-side compar-
ison of the quadriceps tendon autograft using a patellar bone block with the hamstring
autograft [12,13]. Additionally, none of these studies examined the all-soft-tissue quadri-
ceps autograft, which we promote as an excellent graft option for ACLR.

The graft maturation process is also a key factor in relation to the rehabilitation
protocol. Magnetic resonance imaging studies showed a better maturity of the quadriceps
tendon autograft compared to the hamstring autograft [14]. Furthermore, the arthrometric
evaluation of the anterior side-to-side tibial translation can add essential information about
graft performance after ACLR [13]. This prospective study evaluated the influence of
autograft selection on knee stability and possible failure in young and active patients.
The examined autografts included all-soft-tissue quadriceps tendon (QT) and hamstring
tendons (HT) autografts. Our main hypothesis was that the QT autograft would provide
as good knee stability after ACLR as the HT autograft. We believe that our results can
enhance QT usage and popularity.

2. Materials and Methods
2.1. Participants

This prospective study was performed in the Lithuanian University of Health Sciences
(LUHS) Kaunas Clinics and included a total of 68 (37 male, 31 female) patients from 12 to
17 years old. The autograft to be used for ACLR was chosen, and 38 HT and 30 QT grafts
were used. All patients in this study underwent only primary ACLR, and it was assured
that no concomitant soft tissue or bone injuries were present, except meniscus lesions. The
diagnosis of ACL tear must was confirmed clinically and on MRI, while the decision for
meniscal repair and the graft diameter measurement were taken intraoperatively. Post-
operative radiographs were performed to assess the correct placement of the femoral and
tibial buttons and to make sure that the repair was of the required quality. Before surgery,
all patients and their parents provided their informed consent for inclusion in this study
and filled Tegner activity score questionnaire to ensure that the patients were physically
active. Six weeks after surgery, all patients underwent rehabilitation. To evaluate the post-
operative knee stability and autograft maturation, the Genourob (GNRB) knee arthrometer
was used 3 and 6 months after surgery at the 134 N force of anterior tibial translation. All
procedures were conducted following the Declaration of Helsinki and were approved by
the Kaunas Regional Biomedical Research Ethics Committee (protocol code BE-2-103).

2.2. Surgical Technique

All ACLRs for this study were performed by a single orthopedic surgeon.
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2.2.1. Hamstring Tendon Autograft

For the hamstring tendon (HT) autografts, an anteromedial, 3-to-4 cm approach over
the tibial insertion was used. The gracilis and semitendinosus tendons were harvested, and
8-strand, 70 mm-length and 8-to-11.5 mm-diameter grafts were obtained.

2.2.2. Quadriceps Tendon Autograft

The quadriceps tendon (QT) all-soft-tissue autografts were harvested using a 3-to-4 cm
anterior approach on the distal thigh. The defect of the quadriceps tendon was closed with
a running locking suture (Figure 1). The QT autografts were 65 to 80 mm in length and
varied from 8.5 to 11 mm in diameter.
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Figure 1. Graft harvesting and fixation: (a) QT graft harvesting; (b) quadriceps tendon defect closed;
(c) QT autograft fixed in the knee joint; (d) HT autograft fixed in the knee joint.

For all autografts, the same transepiphyseal tunnel drilling technique was performed.
A 4 mm-diameter full femoral tunnel was drilled along with a 2-to-2.5 cm deep femoral
socket, according to the graft diameter. Full tibial tunnel was drilled according to graft
diameter. Both HT and QT autografts were fixed in the knee joint with cortical suspensory
devices on both the femur and the tibia (TightRope RT and ABS TightRope, Arthrex (Naples,
FL, USA)). A post-operative X-ray examination was performed after each ACLR to confirm
the position of the implants (Figure 2).
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2.3. Rehabilitation

All patients were examined by a surgeon on the first day after the ACLR surgery.
Recommendations for the post-operative regime were provided by the surgeon according
to the complexity of the injury and the surgical treatment method. The patients were
provided with a special hinged knee brace locked in full extension. The angle of the knee
flexion was increased only from the second week after the ACLR, and thereafter, the flexion
angle was increased by 10–20 degrees every 3–4 days. It was recommended to gradually
increase the angle of the knee flexion over 6 weeks. Patients who had received isolated
ACLR or ACLR with meniscus resection were allowed to fully weight-bear the operated
leg with the knee brace in order to prevent the development of kinesiophobia and excessive
muscle weakening. If the ACLR was performed along with meniscus repair, the patients
were not allowed to weight-bear the operated leg for 4 weeks and then gradually started
putting weight on it until full weight-bear at 6 weeks to provide conditions for meniscus
healing. The patients were taught to daily focus on reaching a full passive knee extension
and on controlling the swelling of the knee joint by cryotherapy and the elevation of the leg
above the heart level. All patients received a home-based exercise program for improving
the mobility of the knee and increasing the strength of the lower extremity before they
started the recovering process in the rehabilitation centers for 4 weeks.

Because most of our participants were athletes, we considered the evaluation of the
GNRB results and the condition of the knee. If the results of the anterior tibial translation
at 3 months after surgery had reached the normal values of ACL laxity, the operated knee
did not have mobility limitation and was not swollen at the time, then we recommended to
start a muscle strength training phase (exercises with weight lifts), while at the same time,
continuing the stability- and balance function-improving exercises. If the anterior tibial
translation was >1.5 mm, then it was considered that the ACL was still in the maturation
process. In addition, if the operated knee showed a limited mobility and was still swollen,
we recommended to continue the rehabilitation process under the supervision of a phys-
iotherapist or to continue the mobility exercises, cryotherapy and muscle-strengthening
exercises. The athletes were advised to start sport-specific tasks 6 months after the ACL
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reconstruction if the GNRB results reached normal values. Their eventual return to sport
consisted of three phases: return to participation, return to training and return to playing.

2.4. Testing Procedure (Side-to-Side Anterior Tibial Translation)

The assessment of ligamentous laxity in both knees was evaluated by the computer-
assisted Genourob®, (Laval, France (GNRB)) device at 3 and 6 months after ACLR by
one of our trained researchers. GNRB is an objective computer-assisted system which is
considered the gold standard for evaluating the anterior tibial translation and maturation
of ACL transplants [15]. All subjects had both legs tested, and the non-injured leg was
analyzed first. The maturation and dynamical function of the reconstructed ACL were
compared with those of the uninjured leg. The differences of laxity between the uninjured
and the operated side were measured in mm. The displacement curve slopes were also
evaluated. This measurement illustrates the functional knee stability and could be have
a prognostic value for ACL graft failure. The test was conducted in the supine position
with the knee placed in 20◦ flexion in a molded support in order to reproduce the typical
Lachman test position, according to the recommendations of the GNRB manufacturer [16].
The patellar pad was positioned as recommended by the manufacturer to immobilize the
patella while allowing tibial translation [17]. The calf was supported by the belt of the
device. The anterior tibial translation was measured by the posterior–anterior force of
134 N at 3 and 6 months after the ACL repair. The GNRB testing procedure was carried out
in the same manner for the operated knee.

2.5. Statystical Analysis

Data analysis was performed using IBM SPSS Statistics version 29.0. Qualitative nomi-
nal data are presented using frequencies and relative frequencies (in percent). Quantitative
data are presented using mean (with standard deviation) and median (with minimum and
maximum values). Because of the small samples or the absence of normality in the data
(which was tested by using the Shapiro–Wilk test), the quantitative data in two independent
samples were compared by using the non-parametric Mann–Whitney test. Qualitative
nominal data were compared by using the Chi-square test. Differences were considered
statistically significant if p < 0.05.

3. Results
3.1. Sample Characteristics

Totally, 68 (37 male, 31 female) patients from 12 to 17 (avg. 15.63 (SD 1.359) years
old participated in this study. A total of 61 (89.71%) patients in our study sustained an
ACL injury playing some kind of sport. The sports activities varied as follows: 16 (23.53%)
patients played some unspecific sport games, 11 (16.17%), basketball, 10 (14.7%), soccer,
9 (13.4%), handball, 5 (7.35%), volleyball, 4 (5.88%), martial arts, 2 (2.94%), rugby, 2 (2.94%),
skiing, 1 (1.47%), athletics and 1 (1.47%), functional training. The remaining 7 (10.29%)
patients were injured in some form of accident: 3 (4.41%) in a road accident, 2 (2.94%) in a
fall from the stairs, 2 (2.94%) in an electric scooter accident.

Before inclusion in the study, all patients performed the Tegner activity test. The
average result was 7.49 (median 8), with scores from 3 to 10, which showed that our
patients were active before the injury. The patients were divided into two groups (HT and
QT) according to the used autograft. The demographics between these groups are shown
in Table 1. Both groups in most categories were similar; so, they could be compared. A
concomitant meniscus injury had to be evaluated as a possible distorting factor.
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Table 1. Demographic characteristics of the patients in each group.

HT QT p Value

Number of patients 38 30 n.s.
Age in years (median (min-max; mean)) 15 (12–17; 15.55) 16 (13–17; 15.73) n.s.

Sex (male/female) 19/19 18/12 n.s.
Height in cm (median (min-max; mean)) 175 (157–198; 175.16) 179,5 (158–187; 176.53) n.s.
Weight in kg (median (min-max; mean)) 71.5 (49–124; 72.21) 71.5 (51–113; 72.57) n.s.

Graft diameter in mm (median (min-max; mean)) 9.25 (8–11.5; 9.513) 9.5 (8.5–11; 9.55) n.s.
Tegner (median (min-max; mean)) 7.5 (3–10; 7.32) 8.5 (3–10; 7.7) n.s.

Concomitant meniscus injury
(sutured/not sutured) 23/15 10/20 p = 0.047

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

3.2. Comparisons of the GNRB Results between the Groups

This is an ongoing study, and at the moment of writing, we had tested 48 patients
(27 HT and 21 QT) 3 months post-surgery and 45 patients (26 HT and 19 QT) 6 months
post-surgery (Figure 3). The dynamical differences between the autografts are presented in
Table 2. From these results, we can see that the largest differences between the two groups
were seen at 3 months post-surgery. We found that the side-to-side anterior tibial trans-
lation at a 134 N force 3 months post-op (GNRB1) was statistically significantly worse
in the HT group (1.4 mm; 0.2–5.2; 1.715) than in the QT group (0.6 mm; 0.1–2.1; 0.905)
(U = 172, p = 0.02). When the same measure was performed 6 months post-op, the statistical
differences disappeared. There was no statistically significant difference in the side-to-side
anterior tibial translation at a 134 N force 6 months post-op (GNRB2) between the HT and
the QT group (1 mm; 0.2–5.3; 1.519, vs. 1.1 mm; 0.3–3.4; 1.279) (U = 243, p = 0.927). However,
less variability was noticed in the QT group (Figure 4).
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Table 2. Side-to-side anterior tibial translation (GNRB) results of each autograft group.

HT QT p Value

GNRB1 134 N (3 months post-op)
p = 0.02N 27 21

Median (min-max; mean) 1.4 (0.2–5.2; 1.715) 0.6 (0.1–2.1; 0.905)

GNRB1 134 N (6 months post-op)
n.s.N 26 19

Median (min-max; mean) 1 (0.2–5.3; 1.519) 1.1 (0.3–3.4; 1.279)

Curve slope 134 N (3 months post-op)
n.s.N 27 21

Median (min-max; mean) 4.7 (0–23; 5.974) 4.1 (1.8–9.4; 4.29)

Curve slope 134 N (6 months post-op)
n.s.N 26 19

Median (min-max; mean) 4.7 (0.1–26,1; 6.3) 4.1 (0–18.3; 5.216)

HT: hamstring tendon autograft, QT: quadriceps tendon autograft, N: number of patients, n.s.: not significant.
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The possible graft failure was also evaluated. However, unlike for the anterior tibial
displacement measures, no statistically significant difference was found in the displacement
curve slopes 3 months (4.7 (0–23; 5.974) vs. 4.1 (1.8–9.4; 4.29)) (U = 277.5, p = 0.901)) and
6 months (4.7 (0.1–26.1; 6.3) vs. 4.1 (0–18.3; 5.216)) (U = 206, p = 0.345)) post-op between the
HT and the QT group.

It was important to evaluate a concomitant meniscus injury as a possible distorting
factor for our results. When we measured the side-to-side anterior tibial translation in each
autograft in the sutured and non-sutured groups, no statistical difference was found. It is
safe to say that concomitant injuries did not have a statistically significant influence on our
main results.
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In conclusion, these results showed that greater stability in the anterior tibial displace-
ment was achieved faster when the QT autograft was used, but in a longer perspective, the
results of both stability and possible failure between the grafts were similar.

3.3. GNRB Results According to the Patients’ Sex

One of the additional objectives of this study was to evaluate the sex influence on graft
evolution in relation to the graft type. The results that we obtained regardless of the graft
choice are presented in Table 3.

Table 3. Side-to-side anterior tibial translation (GNRB) results for the two sexes irrespective of the
graft choice.

Males Females p Value

GNRB1 134 N (3 months post-op)
p = 0.016N 28 20

Median (min-max; mean) 1.45 (0.1–5.2; 1.696) 0.4 (0.1–3.4; 0.89)

GNRB1 134 N (6 months post-op)
n.s.N 25 20

Median (min-max; mean) 1.4 (0.2–5.3; 1.788) 0.85 (0.3–2.3; 0.955)

Curve slope 134 N (3 months post-op)
n.s.N 28 20

Median (min-max; mean) 4.7 (0.1–23; 5.664) 3.5 (0–12.9; 4.64)

Curve slope 134 N (6 months post-op)
p = 0.014N 25 20

Median (min-max; mean) 5.3 (0–26,1; 7.848) 3 (0–13.1; 3.335)

N: number of patients, n.s.: not significant.

At 3 months post-op, the GNRB measurements showed that the side-to-side anterior
tibial translation at a 134 N force (GNRB1) was statistically significantly worse in males
than in females, irrespective of the graft choice (1.45 mm; 0.1–5.2; 1.696, vs. 0.4 mm; 0.1–3.4;
0.89) (U = 165.5, p = 0.016). However, if we tried to predict the graft failure, no statistically
significant difference was found in the displacement curve slopes 3 months post-op between
males and females, irrespective of the graft choice (4.7 mm; 0.1–23; 5.664, vs. 3.5 mm; 0–12.9;
4.64) (U = 245, p = 0.464).

However, 6 months post-op, the results of anterior tibial translation and the dis-
placement curve slopes changed. No statistically significant difference was found in the
side-to-side anterior tibial translation at a 134 N force 6 months post-op (GNRB2) between
males and females, irrespective of the graft choice (1.4 mm; 0.2–5.3; 1.788, vs. 0.85 mm;
0.3–2.3; 0.955) (U = 185, p = 0.137). In contrast, the displacement curves were better for
the female patients. The displacement curve slopes 6 months post-op for males and fe-
males, irrespective of the graft choice, were statistically significantly different (5.3; 0–26.1;
7.848, vs. 3; 0–13.1; 3.335) (U = 143, p = 0.014).

In conclusion, it seems that regardless of the graft choice, the results were slightly
better for females. The females more quickly reached a greater knee stability in anterior
tibial translation. Their displacement curve slope was also lower, although this achievement
required more time.

The performance of the different autografts in males and females is presented in
Table 4. Significant results were obtained only for the HT group. At 3 months post-op, the
GNRB measurements showed that the side-to-side anterior tibial translation at a 134 N
force (GNRB1) was statistically significant better for females than for males when the HT
autograft had been used (0.45 mm; 0.2–3.4; 0.942, vs. 2.4 mm; 0.3–5.2; 2.333) (U = 31.5,
p = 0.003). On the other hand, at 6 months post-op, the difference in side-to-side anterior
tibial translation at a 134 N force (GNRB2) between males and females in the HT group
disappeared (2.3 mm; 0.2–5.3; 2.036, vs. 0.7 mm; 0.3–2.3; 0.917) (U = 54.5, p = 0.133). The
curve slopes 3 and 6 months post-op were similar in the HT group for males and females.
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The displacement curve slopes at 3 months post-op were 6.5 (0.1–23; 7.227) vs. 2.9 (0–12.9;
4.408)) (U = 69, p = 0.316) and at 6 months, they were 6.55 (1.7–26.1; 8.629) vs. 3.85 (0.1–7.6;
3.583) (U = 49.5, p = 0.078) for males and females in the HT group, respectively.

Table 4. Performance of the different autografts in males and females.

Males Females p Value

GNRB1 134 N (3 months post-op)
p = 0.003

HT

N 15 12
Median (min-max; mean) 2.4 (0.3–5.2; 2.333) 0.45 (0.2–3.4; 0.942)

GNRB1 134 N (6 months post-op)
n.s.N 14 12

Median (min-max; mean) 2.3 (0.2–5.3; 2.036) 0.7 (0.3–2.3; 0.917)

Curve slope 134 N (3 months post-op)
n.s.N 15 12

Median (min-max; mean) 6.5 (0.1–23; 7.227) 2.9 (0–12.9; 4.408)

Curve slope 134 N (6 months post-op)
n.s.N 14 12

Median (min-max; mean) 6.55 (1.7–26.1; 8.629) 3.85 (0.1–7.6; 3.583)

GNRB1 134 N (3 months post-op)
n.s.

QT

N 13 8
Median (min-max; mean) 0.7 (0.1–2; 0.962) 0.35 (0.1–2.1; 0.812)

GNRB1 134 N (6 months post-op)
n.s.N 11 8

Median (min-max; mean) 0.8 (0.3–3.4; 1.473) 1.15 (0.3–1.7; 1.013)

Curve slope (3 months post-op)
n.s.N 13 8

Median (min-max; mean) 3.6 (1.8–7.6; 3.862) 4.15 (3–9.4; 4.988)

Curve slope (6 months post-op)
n.s.N 11 8

Median (min-max; mean) 5.3 (0–18.3; 6.855) 0.9 (0–13.1; 2.963)

HT: hamstring tendon autograft, QT: quadriceps tendon autograft, N: number of patients, n.s.: not significant.

In the QT autograft group, no significant differences were measured. No statistically
significant difference was seen in GNRB1 (0.7 mm; 0.1–2.0; 0.962, vs. 0.35 mm; 0.1–2.1;
0.812) (U = 43.5, p = 0.556), GNRB2 (0.8 mm; 0.3–3.4; 1.473, vs. 1.15 mm; 0.3–1.7; 1.013)
(U = 39.5, p = 0.731) and curve slopes 3 months (3.6; 1.8–7.6; 3.862, vs. 4.15; 3–9.4; 4.988)
(U = 37.5, p = 0.309) and 6 months post-op (5.3; 0–18.3; 6.855, vs. 0.9; 0–13.1; 2.963) (U = 21.5,
p = 0.063) between males and females in the QT group.

In conclusion, when we evaluated the instrumented laxity measurements for different
autograft options according to sex, we found that the female patients reached greater
knee stability faster than the male ones when the HT autograft had been used. However,
this did not have a considerable influence on the results in a longer perspective, as the
measurements of both stability and curve slopes for the two types of graft were the same.

4. Discussion

This prospective study demonstrated that the QT autograft has at least the same
properties as the HT autograft in the early stages after ACL reconstruction in adolescent
athletes. However, in some respects it seems superior to the HT autograft. At the very first
assessment of operated knee laxity (side-to-side anterior tibial translation) 3 months after
the ACLR, the QT autograft performed twice better than the HT autograft.

The QT is the least studied and used autograft, with its use just expected to in-
crease [18]. Mouarbes et al. [19] in their meta-analysis published in 2019, reported only
five articles that compared the HT and QT autografts for ACLR. Moreover, in all those
studies, the QT autograft was harvested with a patellar bone block. In general, only few
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studies have analyzed QT autografts with a patellar bone block [13,20–22]. Crum et al. [23],
in their systematic review, compared only 181 all-soft-tissue QT patients (5 studies) with
1534 patellar bone QT patients (20 studies). There is limited information on the all-soft-
tissue QT autograft for ACLR, and comparative studies are lacking, but the results are
promising, as researchers reported no difference in graft rupture between all-soft-tissue
QT and patellar-bone-block QT autografts [23], great functional outcomes at short and
intermediate follow-up [24] and decreased donor site morbidity [25]. Our study mainly
concentrated on two poorly studied fields: the all-soft-tissue QT autograft and its use
in young and active patients [11,18]. That makes this study interesting and of current
relevance for today’s orthopedics.

Our results regarding the stability of the knee are quite interesting. Comparing the
HT and QT autograft performances during Genourob testing regardless of the sex, we
found that the QT results were statistically significantly better at the 3-month follow-
up. In contrast, at the 6-month follow-up, each autograft option appeared to perform
statistically equally. There are no studies comparing such early knee laxity follow-up
results in adolescents. However, some studies reported similar results. For example,
Cavaignac et al. [13] reported a significant variation in side-to-side laxity in patients
after ACLR with an HT autograft after 3 years from surgery. Less variability was seen
when the QT autograft was chosen. Our measurements were performed 3 and 6 months
post-surgery, but our results are similar to these previous ones (HT: 1.7 mm (SD 1.4) at
3 months and 1.5 mm (SD 1.4) at 6 months in our study vs. 3.1 mm (SD 1.3) in Cavaignac
et al.; QT: 0.9 mm (SD 0.7) at 3 months and 1.3 mm (SD 1.0) at 6 months for in study vs.
1.1 mm (SD 0.9) in Cavaignac et al.). We presented our results as a median (minimum-
maximum; mean (SD)) because non-parametric tests were used, but in this case, for a
better understanding, we showed the mean (SD). Akoto et al. [26], in their study where all
patients were older than 18 years, measured the side-to-side knee stability with a Rolimeter.
After a little more than a year from surgery, no statistical difference was found between the
QT and HT autografts. Kim et al. [21] also studied the QT as a possible autograft. Although
they compared it with the bone–patellar tendon–bone (BPTB) autograft, there were no
statistical side-to-side differences between the grafts, using a KT-2000 (MEDmetric Corp,
San Diego, CA, USA) arthrometer. They concluded that the QT graft has a comparable
performance to that of the BPTB graft for ACL reconstruction, with less donor site morbidity.
Lund et al. [27] obtained the same results as Kim et al. They made it clear that the QT is a
viable option for ACL reconstruction. Runer et al. [28] in their study obtained even more
significant results. They concluded that, even though functional testing, knee laxity and
re-rupture rates of the HT and QT grafts were similar, there was a tendency for a higher
graft failure in highly active patients treated with the HT autograft.

From reviewed studies and our results, we can clearly conclude that the QT is an
excellent choice for ACL repair. It would be interesting to investigate the biological or
mechanical properties that may influence the QT graft performance. It is known that
tenocytes are the predominant cells in tendons and ligaments. They produce collagen
and have an important role in donor site healing, regeneration after graft harvesting and
ligamentization of the graft. It is assumed that they may promote a better knee functional
outcome after QT harvesting due to the higher abundance of tenocytes and collagen in the
QT than in other tendons. [29,30]. Another reason may be hamstrings sparing. Hamstrings
are important for knee stability. They are involved in the rotational, translational and
varus/valgus stability of the knee. Their loss during HT harvesting before regeneration
significantly alters the knee kinematics and stability [31].

The latest evidence of early rehabilitation after ACLR showed that there was no
difference between the unsupervised and the supervised programs for laxity, subjective
function, functional outcomes, strength and atrophy, as well as that the duration of the
rehabilitation did not play a leading role in the laxity and subjective function [32].

However, the laxity measurement 3 months post-op with an acceptable side-to-side
difference could allow the physiotherapist to adjust the home-based exercise program,
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putting more focus on limb strength symmetry and delaying the running-based exercises.
The laxity measures 6 months after the ACLR with an acceptable laxity difference up to
1.5 mm could allow starting sports-based tasks and returning to sports activities.

It has been reported that the outcomes after ACLR, in general, are not different
according to sex [33]. Postoperative ligamentous laxity was reported to be similar in males
and females after ACLR using the HT autograft [34,35]. In our study, we found a statistically
significant difference in knee laxity 3 months post ACLR with the HT autograft in favor
of the female group. However, Tan et al., in their systematic review and meta-analysis,
stated that females had inferior outcomes in instrumented laxity [36]. We suggest that these
results could help to understand and plan the rehabilitation process. Theoretically, for
adolescent female patients, a wider range of rehabilitation methods could be used earlier
after ACLR.

Overall, we strongly believe that our study is the first that objectively evaluated graft
performance in adolescent patients after ACLR. First, our patient population consisted
only of physically active adolescents (the median of the Tegner preoperative score was
8 (3–10; 7.49), and 89.71% of our patients suffered an injury while playing sports). Second,
all ACLRs were performed by a single orthopedic surgeon, and all knee laxity evaluations
using an arthrometer were conducted by a single trained senior physiotherapist. Lastly, the
QT autograft was an all-soft-tissue graft, which makes the data of our study very valuable
because of the shortage of reliable information about this graft choice.

In a period of 2 years, we offered the possibility to all the adolescent patients with
primary ACL tear who were presented to the Hospital of Lithuanian University of Health
Sciences Kaunas Clinics to participate in our study. Therefore, we believe that the popula-
tion of our study wi representative in the sense that the patients had an equal chance of
being selected. The high physical activity level of the participants of this study illustrates
the type of patient who is at risk of suffering an ACL injury. The minimum sample size
was achieved, but with a larger sample, in our opinion, we would see more statistically
significant differences.

The present study has some limitations. The small sample size was due to the loss of
some patients in the follow-up and in the ongoing research process. As for the patients,
it was simply too early to perform the instrumented laxity testing. This study focused on
objective measurements after ACLR. Therefore, another limitation is the lack of preoperative
data and the subjective evaluation. As we mentioned, here we presented early results of
our work, and subjective patient improvement regarding IKDC and Lysholm scores will be
available after the final follow-up. Lastly, the examiners during the follow-ups were not
blinded. Therefore, an assessment bias is possible.

5. Conclusions

The all-soft-tissue QT autograft for ACLR should be considered as a reliable alternative
for ACLR in adolescents. We found that this autograft demonstrated less variability in
side-to-side anterior laxity compared to the HT autograft. At 3 months post-surgery, the
QT autograft was shown to perform particularly well, and this allowed tuning up the
rehabilitation process after ACLR. We also concluded that the female patients achieved
knee stability more quickly than the male patients when the HT autograft was used. While
there are very few high-quality prospective comparative studies regarding the all-soft-tissue
QT autograft usage, we are certain that our research will help to promote this autograft
option for primary ACLR. Research should continue to find the best possible graft choice
for the most active and willing-to-return-to-sport population.
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