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Introduction

Rupture of the patellar tendon in dogs is an uncommon
injury associated with direct trauma, iatrogenic surgical
injury1,2 or simultaneous forced flexion of the knee and
contraction of the quadriceps muscle.3 While it is a rare
condition, there are multiple reports of such injury and
associated surgical repair.1–15 Within these reports, there
is substantial variability in terms of suture patterns and
suture materials that have been used. However, there is
consensus that the strength of the repaired tendon is in
general too low to fully sustain the loads of the quadriceps
pull during normal weight bearing.4,5 Consequently, the
primary tenorrhaphy is often augmented with a transpatel-
lar or circumpatellar stainless steel wire, monofilament

suture or braided polyethylene suture/implant, anchored
to the tibial tuberosity.1,2,6,7 Alternatively, fascia lata auto-
grafts,8,9 patellar tendon and hamstring pedicle autografts5

or a hook plate have been employed.10

An additional technique, successful in two dogs, was the
use of a common calcaneal tendon allograft to support the
tenorrhaphy.11,12One appealing characteristic of an allograft
is that there is a lower likelihood of a second surgery to
remove the allograft, when comparedwith circumpatellar or
transpatellar wires that frequently break and require remov-
al.2,8 Other potentially advantageous characteristics of allo-
graft use include a lack of donor site morbidity, probable
superior strength in comparison to autologous fascia lata5

and the possibility that with infection the allograft might not
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Abstract Objective The aim of this study was to report on complications and outcomes with
repair of ruptured canine patellar tendons using primary tenorrhaphy coupled with
patellar tendon allograft transplantation and use of a transarticular external skeletal
fixator.
Materials andMethods This report includes three dogs with acutely ruptured patellar
tendons, all of whom had surgical repair using a patellar tendon allograft. Dogs were
assessed postoperatively by physical examination, owner input, and/or video review.
Functional outcomes were classified as full, acceptable, or unacceptable based on
previously established criteria.
Results Follow-up time was between 24 and 46 weeks. Two dogs obtained full
function and one dog reached acceptable function. The acrylic connecting bars of the
external fixator fractured and needed to be replaced in one dog. There were no other
problems or complications. There was no evidence of rejection of any allograft.
Clinical Significance Primary tenorrhaphy supported by patellar tendon allograft
transplantation and transarticular skeletal fixation appears to be a viable option
without evidence of patellar tendon allograft rejection and acceptable or full recovery
in the three dogs of this report.
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need to be removed,16 which contrasts with non-biologic
materials. One potential advantage of a patellar tendon
allograft versus a common calcaneal tendon allograft is
that the patellar tendon allograft is more closely anatomi-
cally shaped to the native patellar tendon, potentiallymaking
its surgical implantation easier. There are multiple reports
on successful application of patellar tendon allografts for
patellar tendon reconstruction in people including with an
infected patellar tendon rupture.16–18 Potential disadvan-
tages of allograft use include the cost and risk of disease
transmission or immune-mediated reaction.11 Risk of dis-
ease transmission or immune-mediated rejection is mitigat-
ed by screening of donor tissues for infectious disease and
graft preparation which renders it acellular and typically
non-immunogenic.19

Despite the potential advantages of a patellar tendon
allograft, there are no reports on its use to repair the patellar
tendon in dogs. Accordingly, the purpose of this report is to
document complications and outcomes with repair of rup-
tured canine patellar tendons using primary tenorrhaphy
coupled with patellar tendon allograft transplantation and
use of a transarticular external skeletal fixator (ESF).

Materials and Methods

This report includes three dogs having undergone repair of a
ruptured patellar tendon between February 2020 and
February 2021.

There were two spayed females and one neutered male.
The ages of the dogswere 2, 3, and 8 years old, weighing 25.7,
27.0, and 28.9 kg. All dogs suffered acute onset of lameness
without any prior signs of lameness. The dogs suffered injury
while playing with another dog (n¼2) or when playing
unobserved (n¼1). In one dog, the injury was sustained
2 days prior to presentation and in two dogs the injury was
sustained 3 weeks prior to treatment. None of them had any
external wounds or signs of skin lesions.

Long-term follow-ups were performed at 24, 27, and
46 weeks in all three dogs. Surgical outcomes were estab-
lished by physical examination or review of videos sent in by
owners coupled with owner input. Definitions of outcome
were based on previously established criteria.20 Briefly,
functional outcomeswere considered full if the dog returned
to pre-injury status without the need for medications,
acceptable if pre-injury status was obtained but limited in
level or duration or when use of medication was required, or
unacceptable, which included all other outcomes. Success
was defined as obtaining full or acceptable function.20

Surgical Technique
A lateral approach to the stifle joint with lateral arthrotomy
was performed in all patients. The ends of the ruptured
patellar tendon were apposed and secured with one, two or
three locking loop sutures of polypropylene (n¼1 dog),
polydioxanone (n¼1 dog) or no. 2 fibrewire (Arthrex,
Naples, Florida, United States; n¼1 dog). A simple continu-
ous, epitendinous suture was then placed with 2–0 poly-
dioxanone in the second dog (►Fig. 1).21 In all cases, a

Fig. 1 (A) Preoperative radiographs in first patient showing patella alta;
(B) completion of primary tenorrhaphy using three locking loops and an
epitendinous suture pattern; (C) initial application of the allograft to the
distal, native patellar tendon using interrupted sutures; (D) application of
the allograft by stretching the graft proximally, then extending the stifle
(not shown) and suturing the allograft proximally; (E) imaging showing
completed application of the allograft patellar tendon; (F) postoperative
radiographs showing improvement of patella alta and two pins each in the
femur and tibia for the external skeletal fixator (ESF), but prior to acrylic
application; (G) postoperative acrylic ESF. An acrylic ESF is no longer used by
the authors for such purpose because the acrylic fractured in the second
dogof this series; (H) postoperative radiographsof another patient showing
use of a titanium connecting bar for the ESF. Note that a second connecting
bar was placed following the radiographs such that two titanium con-
nectingbarswereused for thispatient; (I) imageof the samepatient as inH.
The second titanium connecting bar can be seen.
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patellar tendon allograft (Veterinary Transplant Services, Inc,
Kent, Washington, United States; https://www.vtsonline.
com/) was applied on top of the repaired patellar tendon.
Grafts were selected to be at least as long and wide as the
native patellar tendon, or slightly larger. This was based on
calibrated radiographs of the contralateral stifle fromwhich
measurements of the native patellar tendon length and
width could be made. Commercially available grafts (Veteri-
nary Transplant Services, Inc, Kent, Washington, United
States; https://www.vtsonline.com/) were selected/ordered
from the tissue bank and graft selection was based on the
measured width and length of the available allografts.

The commercially obtained grafts sell as a functional
entity, that is, the package contains the tendon including
the patella and the tibial tuberosity insertions (i.e., bone–
tendon–bone); in our cases, the allograft tendon was dis-
sected, and both the donor patella and the tibial tuberosity
attachment were discarded. The allogeneic patellar tendon
was then trimmed to match the width of the native patellar
tendon. Then, the allograft was secured to the native patellar
tendon distally near the tibial tuberosity with interrupted
sutures (►Fig. 1). Under stifle joint extension, the allograft
was secured under tension to the native patellar tendon at
the distal extent of the patella. Any excess length of the
patellar tendon allograft was trimmed and discarded. Addi-
tional sutures were then placed all around the periphery of
the graft securing it to the native patellar tendon, including
both proximal and distal to the location of tendon rupture
(►Fig. 1). In the first dog, 0-polypropylene was used for
suturing the allograft and in the other two dogs polydiox-
anone (size 1 and size 0) was used. Closure of the subcuta-
neous layers and skin was performed in routine fashion.

A transarticular ESFwas applied in all dogs. In thefirst two
dogs, the transosseous pins were transfixed with two con-
necting columns of acrylic (Technovit, Jorgensen Labs, Love-
land, Colorado, United States). In the third patient, two
titanium connecting bars were contoured and secured to
the pins using ESF clamps (Imex Veterinary, Inc., Longview,
Texas, United States).

Fixator removal was planned for 4 weeks following sur-
gery. Owners were advised to start directed physical reha-
bilitation immediately following fixator removal and for
leashed-only activity to progress slowly in duration and
intensity over the subsequent 2 to 3months before resuming
off-leash activity. All dogs were prescribed 2 weeks of
carprofen (2.2mg/kg per os [PO] twice daily), 10 days of
cephalexin (22mg/kg PO thrice daily) and acepromazine
(0.5mg/kg PO thrice daily), the latter to be used as needed.

Results

The first dog had surgical repair as described above using
polypropylene suture for both the primary tenorrhaphy and
when securing the patellar tendon allograft. The acrylic ESF
was removed 29 days post-surgery. At the time of fixator
removal, therewas substantial loss of stifleflexion and range
of motion. The owner commenced physical rehabilitation,
and at 23.7 weeks following surgery the owner reported the

dog had regained full function of the limb and provided
videos of the patient exercising. The videos show full flexion
of the stifle, and there was no visible lameness on video
review with high function apparent as the dog would run
freely off leash. This dog was classified as having no com-
plications and obtaining full function based on owner input
and video review.

The second dog had surgical repair as described above
using polydioxanone suture for the primary tenorrhaphy, the
epitendinous suture pattern and securing the patellar ten-
don allograft. An acrylic ESF was applied. The acrylic con-
necting bars of the ESF broke 2 weeks following surgery. The
acrylic was removed and two titanium connecting bars were
contoured and placedwithout removing, changing or adding
any external fixator pins. The fixator was then removed at
28 days following surgery. Therewas substantial reduction in
stifleflexion at the time of fixator removal. The dog was seen
in-house at 12.3 weeks following surgery and had regained
full flexion of the stiflewithmild thigh muscle atrophy and a
mild asymmetry in pelvic limb weight bearing when walk-
ing. At 45 weeks following surgery, the owner reported the
dog was ‘95% of normal’ on that limb and had returned to off
leash activity. Video review showed the dog jumping over
3-foot obstacles without difficulty and without visible lame-
ness. The dog was not receiving any medications. Given the
owners report that the dog was ‘95% of normal’, this sug-
gested that the dog had not reached full function even
though we could not recognize lameness in the video pro-
vided. This dog was classified as having obtained an accept-
able outcome.

The third dog had surgery as described above using no. 2
fibrewire for the primary tenorrhaphy and polydioxanone to
secure the patellar tendon allograft. An ESF was applied
using titanium connecting bars rather than acrylic connect-
ing bars. The ESF was removed at 26 days following surgery
and substantial reduction in stifle flexion was noted at that
time. The dog was rechecked in house at 7.7 weeks following
surgery and had regained full flexion of the stifle with
minimal lameness. At 26.7 weeks following surgery, the
owners reported the dog as being fully functional and videos
showed the dog running and playing with other dogs off
leash with a high level of function. This dog was classified as
having obtained full function without any complications.

Discussion

Most patellar tendon repairs are divided into three steps:
primary tenorrhaphy, tenorrhaphy augmentation and tem-
porary immobilization of the stifle.1 Primary tenorrhaphy of
the canine patellar tendon has been performed utilizing
Bunnell, three-loop pulley, Krackowor locking loops employ-
ing different suturematerials.2 There are no studies, either in
vivo or ex vivo, comparing different suture patterns or
materials for primary tenorrhaphy of the canine patellar
tendon, specifically. Rather, there are multiple studies
assessing repair of other tendons such as the superficial
digital flexor and gastrocnemius tendons,21,22 or attachment
of other tendons to bone.23 There is also one report assessing
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two suture techniques for re-attaching the patellar tendon to
the patella,4 but this study did not assess tendon-to-tendon
repair. As locking loop sutures with different suture materi-
als were used in this report, our data do not contribute to
assessing the most favourable method of primary patellar
tenorrhaphy. In the three cases described, a progression
toward the use of absorbable suture materials was applied
based on the supposition that addition of the allograft might
be sufficiently strong to justify use of absorbable material.
This report does not provide adequate data to determine
which types of suture material are preferable.

As for protecting the primary repair, the allograft trans-
plantation technique described was simple with no compli-
cations associated with the allograft use including no
infections and no evidence of an immune-mediated rejec-
tion. Transplantation of allograft tendons has been described
in dogs previously,11,12 and immune-mediated rejection has
not been reported in those studies either.

What makes this report unique is that it is the first
report on transplantation of a patellar tendon allograft
specifically. Size selection of the graft, based upon radio-
graphs of the contralateral stifle, and surgical application
as an onlay over the native patellar tendon were both
simple. Furthermore, success was achieved in all three
patients, but we cannot conclude superiority of this tech-
nique to any of the numerous other bolstering techniques
described in the literature. However, we do speculate that
use of a patellar tendon allograft may be superior to
transplantation of a common calcaneal tendon for repair-
ing ruptured patellar tendons. A patellar tendon allograft
will more closely match the size and shape of the native
patellar tendon, potentially making application easier.
Conversely, the common calcaneal tendon is really com-
posed of three separate parts and is more circular in cross-
section, potentially creating more mismatch between the
native tendon and transplanted tendon.

For the repair of ruptured patellar tendons, temporary
transarticular stabilization in extension by ESF may be
equally important. In the largest (n¼43) study to date on
patellar tendon repairs,2 4 of the 18 dogs without stifle
immobilization had failure and only 1 of 25 with stifle
immobilization failed. Those authors recommended that
temporary immobilization of the stifle joint with a trans-
articular ESF should be performed. We found the use of just
four pins for the ESF, with two in the frontal plane in the
femur and two in the sagittal plane of the tibia connected by
contouredmetal connecting bars, to be effective and easier to
apply than use of acrylic or more complex frames using
multiple connecting elements.5 Data from a previous case
report5 and from our dogs, all of whom had the fixator
removed at 4 weeks, suggest that the substantial loss in
range of motion that occurs with the fixator use can be
resolved if the fixator is removed at this time point and
followed immediately by physical rehabilitation.

This report is limited in its scope because it includes only
three cases. In addition, more objective parameters could
have been used to assess presenting injuries and clinical
outcomes, including ultrasonic examination of the healing

tendons and the transplanted allografts. The follow-up peri-
od was between 24 and 46 weeks; future reports on use of
patellar tendon allograft transplantation should include
longer postoperative assessments. Around 6 months fol-
low-up would likely be sufficient to identify any immune-
mediated reactions, which did not occur in our dogs. Finally,
another limitation is that these three cases could not be
compared with a control group repaired with other previ-
ously reported techniques. Nevertheless, the use of this
commercially available tendon allograft for augmentation
of patellar tendon rupture seems promising.
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