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Abstract
Purpose: To investigate the healing of the quadriceps tendon donor site
after partial thickness graft harvesting through ultrasound imaging at a
short‐term follow‐up of 6‐month following anterior cruciate ligament
reconstruction (ACLR) and to investigate the clinical outcomes.
Methods: Between March 2019 and August 2020, 61 knees were
retrospectively included in this study. Intraoperatively, the length, width and
thickness of the harvested QT graft were measured. At a 6‐month follow‐up,
patients were assessed by one of five radiologists, following the same
protocol to calculate the defect volume, and patients performed a self‐
evaluation of pain on the Visual Analogue Scale, International Knee
Documentation Committee (IKDC) and the Knee injury and Osteoarthritis
Outcome Scores (KOOS).
Results: Intraoperatively, the QT grafts had a volume of 4635.4 ±
912.5 mm3. Postoperatively, ultrasound was performed at 6.5 ± 0.7 months,
and the defect volume was 323.3 ± 389.2mm3, representing a healing rate
of 93% ± 9% of the donor site. At a minimum 6‐month follow‐up, IKDC was
61.6 ± 16 and KOOS was 70.2 ± 16.6. Age was significantly associated with
the healing rate (β: −0.005; p = 0.032).
Conclusion: At 6 months follow‐up, the defect size of the QT donor site had
healed by 93 ± 9% leaving a mean defect volume of 323.3 mm3 according to
ultrasound measurements. This suggests that the QT has a high capacity
for healing after graft harvesting, with 10 patients reaching full defect
closure 6 months after surgery. The clinical relevance of these findings is
that the quadriceps tendon donor site has high rates of healing, but
surgeons should be aware of lower healing rates in older patients.

Level of Evidence: Level IV, retrospective case series.
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INTRODUCTION

Surgical techniques for anterior cruciate ligament
reconstruction (ACLR) have developed over the years,
resulting in a variety of surgical techniques, and choice
of autografts for ACLR, of which the patellar tendon
(PT) and hamstring tendon (HT) are the most com-
monly used [5, 7, 18, 23, 25]. An alternative type of
autograft using the quadriceps tendon (QT) was not
commonly used during primary ACLR due to the large
incision usually required for graft harvesting [2, 19].
Recent literature, however, has shown a growing
interest for the use of the QT in ACLR, as it can be
harvested using minimally invasive techniques [4],
significantly reducing scar size. Furthermore, some
studies found that QT may offer greater biomechanical
properties, decreased hypaesthesia, pain and irritation
compared to PT and HT autografts [1, 4, 11, 17, 18]. In
addition, the use of QT resulted in better clinical and
functional outcomes in terms of kneeling and squatting
[1, 6, 11, 19, 21]. Numerous studies have evaluated the
healing of the graft and defect volume of the PTand HT
at the harvesting site [13–15, 24], but to the author's
knowledge, no studies have investigated the healing of
the QT donor site using ultrasound imaging.

Therefore, the purpose of this study was to
investigate the healing of the QT donor site after partial
thickness graft harvesting through ultrasound imaging
at a short‐term follow‐up of 6 months following surgery.
Obtaining measurements of the defect following sur-
gery could provide insight on the healing process. The
secondary purpose is to investigate the clinical
outcomes after ACLR with QT autograft and the
associated factors.

METHODS

Patient characteristics

The authors retrospectively studied a consecutive
series of patients that underwent ACLR by one senior
surgeon between March 2019 and August 2020.
Patients were included in the study if they underwent
ACLR with a QT autograft and had a minimum follow‐
up of 5 months. The criteria for performing ACLR using
QT autograft were the availability of healthy intact QT,
with no antecedents of trauma, tendinopathy, or
surgery. As the study aimed to investigate healing of
the QT donor site, rather than the outcomes of ACLR,
there were no exclusion criteria, and, therefore,
patients with previous ACLR procedures or multiliga-
ment injuries were included. All patients provided
informed consent prior to surgery for the use of their
data for research and publication, the study was
approved by the ethical board in advance (IRB
approval number: 2022‐11‐COGNAULT‐01) and was

performed in accordance with the standards of the
1964 Declaration of Helsinki. The study was conducted
following the STROBE guidelines (Supporting
Information).

Preoperative assessment

Preoperative assessment comprised solely of clinical
questionnaires. All patients performed a preoperative
self‐evaluation assessment using the pain on Visual
Analogue Scale (VAS) [3], International Knee Docu-
mentation Committee (IKDC) [12] and the Knee injury
and Osteoarthritis Outcome Scores (KOOS) with five
subcomponents (symptoms, pain, daily activities,
sport and quality of life).

Graft harvesting

The surgeon manually assessed the ipsilateral and
contralateral knee laxities upon arrival in the operating
room. The knee was then positioned at a 90° angle and
held in place with an adjustable mechanism attached to
the operating table. A tourniquet was placed as
proximal as possible on the thigh, with a pressure of
240mmHg. A 30mm vertical skin incision was made on
the proximal border of the patella (Figure 1a), and
using a finger, the QT was detached from the fascia. A
9–10mm wide double‐edged scalpel was used to mark
a QT section of approximately 70–80mm long
(Figure 1b). The length and width of the graft was
dependent on the height of the patient and whether it
was a primary or revision ACLR, to ensure adequate
fixation relative to the potential widening of the pre‐
existing tunnel; the graft size was 70mm long and
9mm wide for patients <1.90m and primary ACLR,
while it was 80mm long and 10mm wide for patients
≥1.90 m or revision ACLR. The exposed patellar bone
was then marked with the scalpel to prepare harvesting
of a 20mm long bone block with the same width as the
QT section (Figure 1c). A hole was drilled in the middle
of the superior part of the bone block. The bone block
was separated from the proximal border of the patella
using a sagittal saw to cut through both sides of the
markings and the distal edge of the block between
the two markings. A string was then inserted into the
hole to position the block during ACLR (Figure 1d).
The surgeon then pulled the bone block and used a
sterile ruler to measure a 70–80mm long QTsection, in
addition to the 20mm long bone block (Figure 1e,f),
making sure to leave out the tendon of the vastus
intermedius, before making the final proximal cut and
harvesting the graft. Only partial QT was harvested to
facilitate healing and to prevent joint exposure. The
quadriceps was then closed using an absorbable
suture (Ethicon vicryl plus 5) (Figure 1g).
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Radiologic donor site assessment

Standard procedure required patients to be called in at
6 months for a postoperative assessment with the
surgeon. Additionally, ultrasound imagery was per-
formed, by five radiologists from the same clinic, at the
surgeon's request to observe the healing of the donor
site. Patients were assessed by one of the five radiolo-
gists, following the same protocol to ensure consistent
and reproducible measurements. Additionally, one
radiologist verified the measurements of another
radiologist for the first two patients allocated to them.
The radiologists filled out a standardised form on which
they noted the length, width and thickness of the donor
site defect to calculate the defect volume. Furthermore,
ultrasound was performed on the remaining QT,
surrounding the donor site, of the ipsilateral leg
(Figure 2) and on the QT of the contralateral leg
(Figure 2). The healing of the donor site was evaluated
by calculating the decrease in postoperative donor site
defect compared to intraoperative graft volume. Other
radiologic parameters such as the presence of hyper-
aemia, failure of healing characterised by liquid
components, calcifications and enthesophytes were
also noted.

Postoperative assessment at 6 months was
deemed necessary to reassure patients with regard to
the healing of the QT donor site. As the use of HTor PT
is more common, physiotherapists had less experience
with QT graft for ACLR, which led to uncertainty
concerning the rehabilitation protocol. Performing an
ultrasound assessment and communicating the results

to the patient encouraged the patients to perform
physical exercises to recover from ACLR without
worrying about injuring themselves.

Postoperative clinical assessment

At a minimum follow‐up of 6 months, patients per-
formed a self‐evaluation assessment for pain on VAS,
IKDC and KOOS.

Statistical analysis

Descriptive statistics were used to summarise the
findings, and Shapiro–Wilk tests were used to
assess the normality of data distributions. For
normally distributed continuous data, differences
between the ipsi‐ and contralateral leg were eval-
uated using unpaired t tests. Univariable linear
regression analyses were performed for post-
operative clinical scores, including KOOS, pain on
VAS and IKDC, as well as the healing rate, using
age, gender, body mass index (BMI), smoking and
surgical antecedents as variables. Models were
deemed sufficiently powered, considering the rec-
ommendations of Austin and Steyerberg of two sub-
jects per variable. Post‐hoc power calculations were
also performed, and effect size and the sample size
were deemed powerful with a 5% error. Statistical
analyses were performed using R version 4.2.3
(R Foundation for Statistical Computing).

F IGURE 1 Harvesting of the quadriceps tendon graft.
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RESULTS

Patient characteristics

During the study period, 61 knees (61 patients; 37
males and 24 females) met the inclusion criteria. At
index surgery, the patients had a mean age of
29.8 ± 10 years (15–54) and a BMI of 24.3 ± 4.3
(18.6–38.8). Of the 61 knees, surgery was performed
on 28 right knees (46%) and 33 left knees (54%).
Meniscus repairs were required in 33 knees (54%), and
four knees underwent revision ACLR (7%). Of the 61
patients, 21 were smokers (34%) (Table 1).

QT measurements

Intraoperatively, the QT grafts had a mean length of
74.9 ± 6mm, diameter of 8.8 ± 0.7 mm, cross‐sectional
area (CSA) of 61.7 ± 9.8 mm2 and volume of
4635.4 ± 912.5mm3. Postoperatively, ultrasound was
performed at 6.5 ± 0.7 months (5.0–8.2), and the defect
had a mean length of 20.4 ± 16.4 mm, width of
5.6 ± 4.6 mm, thickness of 1.6 ± 0.8 mm and volume
of 323.3 ± 389.2 mm3, representing a healing rate of
93% ± 9% of the donor site (Table 2), with 10 patients
reaching full defect closure 6 months after surgery. The
remaining portion of QTsurrounding the harvest site on
the ipsilateral knee had a mean length of
45.9 ± 12.3 mm, width of 26.9 ± 6.6 mm, thickness of

8.4 ± 2.3 mm and volume of 11,006.7 ± 6372.2mm3.
The contralateral QT had a mean length of
44.7 ± 12.0 mm, width of 27.0 ± 6.9 mm, thickness of
7.0 ± 3.2 mm and volume of 8317.1 ± 7125.8mm3

(Table 3).

Clinical scores

At a minimum follow‐up of 6 months, the pain on VAS
score showed a mean net improvement of −0.8 ± 2.4,

F IGURE 2 Ultrasound evaluation of the ipsi‐ and contra‐lateral knee.

TABLE 1 Patient characteristics.

n = 61
Mean ± SD Range

Female 24 (39%)

Age 29.4 ± 10 15–54

BMI 24.3 ± 4.3 18.6–39

Smoking 21 (34%)

Right knee 28 (46%)

Antecedents

Meniscus repair 33 (54%)

Previous injury 13 (21%)

Revision 4 (7%)

Abbreviations: BMI, body mass index; SD, standard deviation.
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the IKDC score showed a mean net improvement of
13.2 ± 20 and the mean KOOS score showed a mean
net improvement of 15 ± 19.4 (Table 4).

Secondary outcomes

A liquid component was observed in eight patients
(13%), while three (5%) other patients developed
calcifications and 12 (20%) had enthesophytes. Hyper-
aemia was detected in 43 (70%) patients using the
Doppler effect with the ultrasound.

Univariable analysis

Age was significantly associated with the healing rate
(β: −0.25; 95% confidence interval [CI]: −0.48 to 0.02;
p = 0.032), while BMI was significantly associated to

pain on VAS (β: 0.11; 95% CI: 0.02 to 0.19; p = 0.013)
and IKDC (β: 1.12; 95% CI: −2.13 to −0.10); p = 0.032)
(Table 5).

DISCUSSION

The most important finding for this study is that at a
minimum follow‐up of 5 months, the defect size of the
donor site had healed by 93 ± 9% leaving a mean
defect volume of 323.3 mm3 according to ultrasound
measurements of the donor site. This suggests that
the QT has a high capacity for regeneration after
graft harvesting, with 10 patients reaching full defect
closure 6 months after surgery. Furthermore, the
univariable analysis revealed that age was negatively
associated with the healing rate. The clinical rele-
vance of these findings is that the QT donor site has
high rates of healing, but surgeons should be aware of
lower healing rates in older patients, although further
studies are required to determine the impact of this
finding. To the author's knowledge, no studies have
investigated the healing of the QT donor site using
ultrasound imaging, and therefore this study could
serve as reassurance for physiotherapists and pa-
tients who are receiving ACLR with a QT graft, as the
healing process and the risk of tear is less known that
other graft types.

Similar studies on the healing process of the PT
donor site using ultrasound [26] or magnetic resonance
imaging (MRI) [14, 24] have been published. In

TABLE 2 Graft information.

n = 61
Mean ± SD Range

Intraoperative

Graft length (mm) 74.9 ± 6.0 50.0–85.0

Graft cross‐sectional area (mm2) 61.7 ± 9.8 38.5–78.5

Graft volume (mm3) 4635 ± 912 3079–6675.7

Abbreviation: SD, standard deviation.

TABLE 3 QT measurements on ipsi‐ and contralateral knee 6 months after surgery.

Ipsilateral knee Contralateral knee
Mean ± SD Range Mean ± SD Range p Value

Time of ultrasound
(months)

6.5 ± 0.7 5–8

Length of the
QT (mm)

45.3 ± 13.1 12.0–70.0 44.0 ± 13.0 7.0–70.0 0.67

Width of the QT (mm) 26.9 ± 6.6 15.0–56.0 27.0 ± 6.9 16.0–57.0 0.97

Thickness of the
QT (mm)

9.0 ± 5.6 4.0–48.0 7.7 ± 6.3 4.0–47.0 0.23

Volume of the
QT (mm)3

11,007 ± 6372 0–26400 8317 ± 7126 0–50,460 0.045

Defect length (mm) 20.4 ± 16.4 0.0–54.0

Defect width (mm) 5.6 ± 4.6 0.0–17.0

Defect
thickness (mm)

1.6 ± 0.8 0.0–2.0

Defect volume (mm3) 318 ± 388 0.0–1700.0

Quadriceps tendon
healing

93% ± 9% 52%–100%

Note: Bold value indicates statistically significant differences.

Abbreviations: QT, Quadriceps Tendon; SD, Standard‐Deviation
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2015, Yazdanshenas et al. [26] published a study
investigating the donor site healing for the PT at 6 and
12 months following surgery using ultrasound and
found that 70% of the patients recovered after
6 months and 100% after 12 months. Healing was
assessed by comparing the echogenicity of the
contralateral PT to the donor site. In 2000, Kartus
et al. [14] compared MRI to ultrasound for PT donor site
healing, and while MRI was unable to detect a residual
gap in 16% of the patients, ultrasound showed no
patients had a fully healed PT. Recent literature has
shown that ultrasound is better for superficial soft tissue
assessment than MRI [8] and has the added benefit of
being easier to perform. In addition, Kartus et al.
[14] found that the width and thickness of the ipsilateral
donor site was greater than the contralateral side,
which is in agreement to the findings of the present
study, in which we found that the width of the remaining
QTwas comparable between the ipsi‐ and contralateral
side while the length and thickness were greater for the
ipsilateral side. These findings could be explained by
the postoperative swelling of the tendon, in addition to
newly formed scar tissue at the QT graft harvest site.

Numerous studies have investigated whether there
is an association between clinical scores and graft
choice, however, little to no differences were found [1,
6, 11, 14, 16, 19, 24]. Mouarbes et al. [19] reported a
statistically significant larger area of hypaesthesia for
both the PT and HT compared to the QT, and
comparable findings were published by Horteur et al.
[9]. In a study published by Runer et al. [22], QTand HT
clinical scores were assessed at multiple time points
over a 6‐year follow‐up. Pain on VAS was comparable
for QT and HT at 6 months follow‐up (1.3 ± 1.6 vs.
0.9 ± 0.8) and at 60 months follow‐up (0.5 ± 0.9 vs.
0.6 ± 1.0). Runer et al. [22] also found equivalent IKDC
and KOOS for QT and HT at final follow‐up. In the

present study, we found a KOOS score of 70.2 ± 16.6,
IKDC of 61.6 ± 16 and pain on VAS of 1.5 ± 1.4 at
6 months follow‐up, which could further improve at
longer term follow‐up.

The QT shows reliable results and can be con-
sidered as an alternative to the PT and HT for ACLR,
and QToffers better outcomes in terms of kneeling and
squatting [10, 21], which may be due to the healing rate
at 6 months after surgery. This implies rapid and
efficient regeneration of the tissue and minimal impact
to the extensor mechanism. The QT's capacity to
withstand loads and effort appears restored with the
reduction of the donor site defect.

In addition to the functional qualities of the QT
graft, the literature shows high patient satisfaction with
this choice of graft with the exception of incision size
and scar aesthetics [11]. While QT graft harvesting
techniques used to require large incisions to proxi-
mally detach the graft from the tendon, leaving a
lengthy scar on the anterior thigh, new techniques are
available that only require a 3 cm vertical incision
made possible by the careful pressure application of
the tourniquet [20]. Applying 240 mmHg suppresses
the blood flow, yet does not constrict the QT,
maintaining enough muscle elasticity to pull the
tendon through the incision up to the desired graft
length before fully releasing the graft.

The main limitation of this study is the short‐term
follow‐up. A longer observation period is required to
analyse the full QT healing process and observe the
potential residual scarring of the QT once the defect
has healed in all patients, along with possible side
effects. A longer follow‐up could allow to evaluate the
evolution of the clinical scores. Additionally, while width
and thickness could be assessed with no difficulty
using ultrasound, in the present study, defect length
was limited by the size of the ultrasound wand,

TABLE 4 Clinical scores.

Preoperative 6 month follow‐up
Mean Med ± SD (IQR) Range Mean Med ± SD (IQR) Range

VAS scores 2.2 ± 2.3 0–8.6 1.5 ± 1.4 0–5.9

IKDC scores 48.6 ± 14.2 13.8–90.8 61.6 ± 16 23.0–93.1

KOOS scores

Pain 70.3 ± 17.6 25–100 80.1 ± 13.3 27.8–100

Symptoms 68.5 ± 15.3 32.1–100 71.1 ± 17 17.9–100

ADL 76.1 ± 18.4 16.2–100 89.2 ± 11 44.1–100

Sports 33.6 ± 26.7 0–95.0 54.4 ± 24.5 0–100

QoL 29.6 ± 19.5 0–7.5 53.5 ± 19.8 6.3–100

Mean Score 56 ± 16.8 21–95.1 71 ± 16.7 26–99.3

Abbreviations: IKDC, International Knee Documentation Committee; IQR, Interquartile range; KOOS, Knee injury and Osteoarthritis Outcome Scores; Med, median;
SD, standard deviation; VAS, Visual Analogue Scale (for pain).
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resulting in shorter defect lengths than expected.
Further studies are required with more adequate
equipment to continue investigating the healing pro-
cess of the QT. Furthermore, patients were not in the
same position when harvesting the graft and when
performing the ultrasound measurement at
6 months and were assessed by five different radiolo-
gists post‐operatively. Standardising the measurement
methods would remove any potential biases for future
studies. Finally, to protect the graft, no functional
assessment was performed at 6 postoperative months,
and, therefore, longer term follow‐up could include this
assessment.

CONCLUSION

At 6 months follow‐up, the defect size of the QT donor site
had healed by 93± 9% leaving a mean defect volume of
323.3mm3 according to ultrasound measurements. This
suggests that the QT has a high capacity for healing after
graft harvesting, with 10 patients reaching full defect
closure 6 months after surgery. The clinical relevance of
these findings is that the QT donor site has high rates of
healing, but surgeons should be aware of lower healing
rates in older patients.
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