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Suture Anchor Repair With Fully Threaded Knotless =~ ®
Anchors for Quadriceps Tendon Rupture Resulted in
Favorable Outcomes After 2 Years

Ryo Sasaki, M.D., Masaki Nagashima, M.D., Ph.D., Toshiro Otani, M.D., Ph.D.,
Yoshifumi Okada, M.D., Shinsuke Aida, M.D., Ph.D., Kenichiro Takeshima, M.D., Ph.D,,
and Ken Ishii, M.D., Ph.D.

Purpose: To investigate clinical outcomes over 2 years in cases of quadriceps tendon rupture (QTR) that were surgically
treated using fully threaded knotless anchors. Methods: A total of four knees in four male patients with QTR repaired with
fully threaded knotless anchors at our hospital from November 2017 to January 2019 were enrolled. Mean patient age at
surgery was 65.3 years (range: 61-70 years). Intraoperatively, stability of the sutured site was confirmed by knee flexion to
90°. Full weight walking with the orthosis in extension was commenced on the seventh postoperative day. Surgical findings,
pathologies of the ruptured quadriceps tendons, and postoperative clinical outcomes were evaluated in all patients.
Results: The QTR was complete in three cases and partial in one. Average surgical duration was 58.5 (range: 49—74)
minutes. Pathological evaluation revealed hyaline degeneration with granulation of the quadriceps tendon in two cases.
No complications, such as infection and rerupture, occurred. Magnetic resonance imaging performed 1 year postoperatively
confirmed complete healing of the repaired tendon. The mean follow-up period was 35.5 months (range: 24—46 months).
None of the patients had extension lag of the knee, and mean Lysholm score and range of flexion were 95.3 (range: 85—100)
and 141.3° (range: 140—145°), respectively, at the final follow-up. Conclusions: Clinical outcomes were favorable in all
cases, including two cases with pathological degenerative changes. Suture anchor repair with fully threaded knotless anchors
can be considered a minimally invasive and effective method for QTR, with sufficient strength to allow early rehabilitation.

Introduction
uadriceps tendon rupture (QTR) is a rare injury
that is sometimes seen in elderly patients and
those with renal failure and diabetes." QTR is some-
times difficult to diagnose, and patients occasionally
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come to the hospital in the chronic condition.” Patients
with QTR have difficulty walking with active extension
of the knee and have significant functional disability.
Furthermore, QTR requires surgical repair to avoid the
poor outcomes previously reported in cases of neglected
and chronic rupture.”® Although several surgical
techniques have been reported for repair of QTR, such
as pull-out repair and augmentation, it remains unclear
which method is the most effective. Suture anchor
repair is reported to be minimally invasive and simple
in cases in which the rupture site is near the patella,
enabling strong suturing, equivalent to pull-out repair.’
The fully threaded knotless anchor (SwiveLock;
Arthrex, Naples, FL) that was applied in this study has
been approved as a novel anchor system. The fully
threaded knotless anchor consists of two components.
The distal component can hold several sutures or
strength tape, and the proximal component can attach
closely to bone. Hence, the fully threaded knotless an-
chor has been reported to have the highest load to
failure among the suture anchors.® Therefore, although
favorable postoperative results might be expected when
the fully threaded knotless anchor is used for repairing
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Fig 1. Surgical procedure. (A) An anterior longitudinal incision almost 8 cm in length exposed the distal end of the ruptured
quadriceps tendon (QT) and the proximal pole of the patella. (B) The strength tape was passed through the distal margin of the
ruptured quadriceps tendon using the Krackow stitch, and two osseous holes were drilled in the proximal part of the patella
(white arrows). (C) The strength tape was threaded through the distal component of the 4.75-mm SwiveLock and anchored into
each osseous hole. The strings attached to the SwiveLock were also used for suturing. (D) Any additional tears were sutured
appropriately with absorbable surgical sutures. (E) The suture site was checked for instability when the knee was flexed to 90°.

tendon rupture, to the best of our knowledge, there
have been no previous reports showing the clinical
outcomes of quadriceps tendon repair using a fully
threaded knotless anchor.

The purpose of this study was to investigate clinical
outcomes over 2 years in cases of QTR that were sur-
gically treated using fully threaded knotless anchors.
Our hypothesis was that suture anchor repair with fully
threaded knotless anchors for QTR leads to a favorable
clinical outcome.

Materials and Methods

Subjects

Patients with QTR repaired using fully threaded
knotless anchors at our hospital from November 2017
to January 2019 were identified. Preoperative de-
mographics of the patients, including body weight,
body mass index, medical history, mechanism of injury,
and time from injury to surgery were retrospectively
reviewed. For all of the patients, tenderness, swelling
and indentation at the site of injury in the quadriceps
tendon were confirmed preoperatively, and radio-
graphs showed anterior tilting of the patella. Rupture of
the quadriceps tendon was observed preoperatively by
magnetic resonance imaging (MRI). This retrospective
study was approved by our institutional review board
(file no. 5-16-55), and written informed consent was
obtained from all patients.

Availability of Data and Materials
The datasets of the present study are available from
the corresponding author upon reasonable request.

Surgical Procedure

QTR repairs were performed under general anes-
thesia and tourniquet use. Suture anchor repair with
the SwiveLock was performed when the ruptured

portion was within 2 cm from the proximal end of the
patella (Fig 1). (A) An anterior longitudinal incision
almost 8 cm in length exposed the distal end of the
ruptured quadriceps tendon and the proximal pole of
the patella. (B) A piece of the ruptured tendon tissue
was collected for pathological examination. The
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Fig 2. Schematic diagram of suture anchor repair with fully
threaded knotless anchors. The strength tape was passed
through the distal margin of the ruptured quadriceps tendon
using the Krackow stitch. Two osseous holes were drilled in the
proximal part of the patella, and the strength tape was anchored
into the osseous holes using a fully threaded knotless anchor.
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Table 1. Demographic Data of the Patients
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Body Time from Injury
Patient No. Age (yr)  Sex Side  Weight (kg) BMI (kg/m?)  Mechanism of Injury Comorbidities to Surgery (days)
1 68 Male Right 920 30.1 Fell while walking Hyperlipidemia, Diabetes 20
2 62 Male Right 73 25.1 Fell during golf Hypertension 4
3 61 Male Right 65 21.0 Fell on the stairs Hypertension, Asthma 3
4 70 Male Right 93 32.2 Fell from height Diabetes 32

BMI, body mass index.

strength tape was passed through the distal margin of
the ruptured quadriceps tendon using the Krackow
stitch,” and two osseous holes were drilled in the
proximal part of the patella. (C) The strength tape was
threaded through the distal component of the 4.75-mm
SwiveLock and anchored into each osseous hole. The
schematic diagram of suture anchor repair with fully
threaded knotless anchors was shown in Fig 2. (D) The
strings attached to the SwiveLock were also used for
suturing. Any additional tears were sutured appropri-
ately with absorbable surgical sutures. (E) The suture
site was checked for instability when the knee was
flexed to 90°. The surgical plan was to perform
augmentation using an artificial ligament in case
instability of the suture site was recognized.

Postoperative Care

Postoperatively, the knee was immobilized with a
brace for 2 weeks. Full weight-bearing with the orthosis
in extension was authorized on the seventh post-
operative day. After the knee immobilization, range of
motion exercises and muscle strengthening were
commenced. Initially, the flexion angle was limited to
90° for 2 weeks, following which full flexion was
allowed. The hinged knee brace was used for 3 months.
Although none of the patients received pharmacolog-
ical prophylaxis for deep vein thrombosis (DVT),
intermittent pneumatic compression was used for 1
day, and compression stockings were used for 2 weeks
after the surgery.

Surgical Findings and Clinical Outcomes

To assess the surgical findings, the site and condition
of tendon rupture, operative time, and pathology of the
ruptured quadriceps tendon were reviewed, and com-
plications, such as infection, implant dislocation, DVT,

Table 2. Surgical Findings and Postoperative Clinical Outcomes

and rerupture were recorded. As clinical outcomes,
postoperative Lysholm score, range of flexion, and
extension lag were examined at the final visit.

Results

A total of four knees in four patients with QTR were
enrolled in the present study. In the repair surgeries,
fully threaded knotless anchors were used at our hos-
pital from November 2017 to January 2019. All four
patients were male, and their mean age was 65.3 years.
Preoperative demographics of the patients, including
body weight, body mass index, medical history, mech-
anism of injury, and time from injury to surgery were
retrospectively reviewed and are shown in Table 1.
Intraoperative findings showed that all QTRs occurred
within 2 cm proximal to the superior pole of the patella.
Three cases had complete rupture of the quadriceps
tendon, and one case involved rupture of the rectus
femoris and vastus medialis tendons. There was no
instability of the tendon at 90° knee flexion after repair
of the QTRs with the suture anchor in any of the cases,
and hence, artificial ligament augmentation was not
performed. The average operative time was 58.5
(range: 49—74) minutes. Pathological evaluation
revealed hyaline and mucoid degeneration with gran-
ulation of the quadriceps tendon in two cases. No
complications occurred in any of the cases. MRI per-
formed 1 year after the surgery confirmed complete
healing of the repaired tendon. The mean follow-up
interval was 35.5 months (range: 24—46 months).
Postoperatively, none of the patients had extension lag
of the knee, and mean Lysholm score and range of
flexion at the last follow-up were 95.3 (range: 85—100)
and 141.3° (range: 140—145°), respectively (Table 2).

Pathological
Patient Operative Partial vs Tendon Time to Follow-Up Lysholm Range of
Number  Time (min) Complete Rupture  Degeneration (Months) Score (Points)  Flexion (Degrees) Extension Lag
1 60 Complete 46 100 140 -
2 74 Complete - 36 96 145 -
3 49 Partial + 36 100 140 -
4 51 Complete + 24 85 140 -
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Case presentation (Case 3)

A 70-year-old man visited our hospital complaining
of right knee pain and difficulty in walking. He had
injured his right knee in a fall 24 days before his first
visit to our clinic. He had a history of diabetes and was
under treatment with insulin. Physical examination
revealed swelling of the right knee and an indentation
on the proximal side of the patella. He was unable to
extend his right knee by himself, and MRI showed
quadriceps tendon rupture within 2 cm proximal to the
upper end of the patella (Fig 3A). Surgery was per-
formed 32 days after the injury. Intraoperative evalu-
ation showed that the quadriceps tendon was
completely ruptured, and suture anchor with Swive-
Lock was performed. On pathological analysis, hyaline
and mucoid degeneration with granulation of his
ruptured tendon was recognized (Fig 3B). His post-
operative course was good and uneventful. MRI
confirmed complete healing of the repaired tendon at 1
year after surgery (Fig 3C). The range of flexion at the
last follow-up was 140°, and there was no extension lag
of the knee (Fig 4).

Discussion

In the current study, suture anchor repair with fully
threaded knotless anchors was applied in four cases
with QTRs, and good clinical results over a follow-up
period of more than 2 years were obtained, even in
cases in which degeneration of the tendon was seen on
pathological analysis. No instability was observed even
at 90° of flexion intraoperatively, and despite the sim-
ple procedure, sufficient suture strength was obtained
to allow early rehabilitation. The results of the present
study demonstrated that the suture anchor repair was

R. SASAKI ET AL.

Fig 3. Magnetic resonance and
histopathological findings in a
representative case (Case 3). (A)
Preoperative magnetic resonance
imaging (MRI) of the affected
knee. A sagittal T2 star-weighted
image showed rupture of the
quadriceps tendon (white arrow).
(B) Pathological findings of the

ruptured  quadriceps  tendon
(Alcian blue/periodic acid-Schift
stain, 10x). Overall hyaline

degeneration and some blue-
stained mucoid degeneration
(black arrows) were seen. (C)
Postoperative MRI of the affected
knee performed 1 year after the
surgery. A sagittal fat-suppressed
T2-weighted image showed com-
plete healing of the repaired
tendon (white arrow).

an effective method to treat QTR and supported the
hypothesis that suture anchor repair with fully threa-
ded knotless anchors for QTR leads to a favorable
clinical outcome.

To date, several studies about the epidemiology of
QTR have been reported. These studies reported that
QTRs are rare injuries with a reported incidence of 1.37
cases per 100,000, and that elderly and obese people
are more susceptible to this trauma.”'® In addition,
medical histories of comorbidities, such as renal failure,
rheumatoid arthritis, systemic lupus erythematosus,
oral steroids and hyperparathyroidism are risk factors
for QTR.! The QTR developed secondary to a fall in
most patients, and the tendon rupture sites were close
to the proximal attachment of the tendon to the patella
in most cases."' A previous study reported that the
ruptured tendon usually demonstrated pathological
changes, such as hypoxic degeneration, mucoid
degeneration, endolipomatosis, and other types of
degeneration,'? suggesting that degenerative changes
in the tissue of the ruptured tendon should be taken
into account when treating QTR.

Minimally invasive and strong repair techniques are
desirable for the treatment of QTR. Such procedures
allow early rehabilitation, which reduces patient
burden (e.g., hospitalization and immobilization pe-
riods), and reduce complications such as DVT. Combi-
nation of reattachment of the tendon through bone
tunnels and tendon augmentation was previously re-
ported to be strong enough to safely permit early
mobility, weight bearing and brace-free ambulation.'’
Furthermore, it has been reported that early rehabili-
tation with a strong repair leads to expedited return to
work, without increasing the incidence of re-rupture.'”
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Fig 4. Postoperative photographs
of the patient’s affected knee in
extension and flexion. The range
of flexion at the last follow-up
was 140° (A), and there was no
extension lag of the knee (B).

QTR is more common in elderly patients, and advanced
age is a risk factor for DVT.'” Since serious venous
thrombosis has been reported after the surgical treat-
ment of QTR,” adequate DVT prevention, including
early rehabilitation, should be considered. Traditionally,
QTR was typically treated by reattaching the ruptured
tendons by end-to-end suturing of the torn tendon.
This method requires sufficient length of the distal part
of the ruptured tendon. However, most QTRs occur
within 2 cm proximal to the patella. In addition, several
reports have described inadequate strength of the
repaired tendon.'® Favorable surgical outcomes have
also been described with the previously reported tech-
nique of reattaching the tendon through bone tunnels
with or without tendon or hardware augmentation,'’
although these methods were shown to be invasive
and complicated. The previously described technique
also requires making a skin incision from the proximal
to the distal part of the patella to make drill holes for
bone tunnels, while augmentation methods need a long
skin incision from the distal end of the patella to the
end of the proximal part of the ruptured tendon. In
contrast, suture anchor repair requires only a small
incision from the superior pole of the patella to the area
of the tendon rupture, and is less invasive, while still
permitting strong repair of the ruptured tendon,'’
regardless of the margin available for sewing. In fact,
a recent cadaveric study reported that there was no
statistically significant difference in ultimate load to
failure between suture anchor repair and reattaching
the tendon through bone tunnels.” %"

A previous study reported that fully threaded knotless
anchors showed the highest failure strengths among
other types of suture anchors’. Furthermore, a case of
suture anchor repair with fully threaded knotless has
been reported in a technical note article as an effective
method for QTR.?! Thus, it was considered that suture
anchor repair with fully threaded knotless anchors had

the potential to increase the strength of the repaired
tendon. However, the clinical outcomes of quadriceps
tendon repair with fully threaded knotless anchors
have so far remained unknown.

This case series involved two cases with degenerative
changes of the quadriceps tendon and one case in
which surgery was performed in the chronic phase,
defined as 3 weeks after the time of injury.”* As
mentioned earlier, the quadriceps tendon showed
degeneration in many previously reported cases of
QTR, especially in chronic cases, making it difficult to
achieve a strong repair. However, in this study, it was
shown that suture anchor repair with a fully threaded
knotless anchor was very effective, even for QTRs with
degeneration.

Limitations

This study is not without limitations. First, it included
a very small number of patients. Second, as this was a
case series, there were no control cases.

Conclusion

Clinical outcomes were favorable in all four cases,
including two cases with pathological degenerative
changes. Suture anchor repair with fully threaded
knotless anchors can be considered a minimally inva-
sive and effective method for QTR, with sufficient
strength to allow early rehabilitation.
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