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Abstract: Cranial cruciate ligament (CCL) rupture is one of the most common causes of
pelvic limb lameness in dogs. In a CCL deﬁcient stiﬂe, joint lameness develops from cranial
tibial translation in relation to the distal femoral condyles. The tibial plateau leveling
osteotomy (TPLO) is a well-described surgical procedure that neutralizes tibiofemoral
shear force by altering the tibial plateau via a proximal tibial osteotomy, and subsequently
restores normal limb function. Current literature for the TPLO was reviewed and used to
describe the optimal patient selection and to report clinical outcome with the TPLO in
comparison to other surgical options for CCL rupture. The clinical outcomes reported to
date, particularly those utilizing objective outcome data, support the TPLO as being able to
consistently return dogs to normal limb function with a low risk for long-term morbidity. The
TPLO procedure was found to be widely applicable to dogs ranging from small breed to
large and giant breed, and does not appear to have some of the limitations that exist with
alternative surgical options. This review concludes that the TPLO is an excellent treatment
option for any dog with CCL rupture due to the excellent long-term outcome and high rate of
owner satisfaction previously reported. Despite these conclusions, it is important to remember that treatment selection for CCL rupture remains dependent on multiple considerations
including patient factors, surgeon experience, and costs.
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The cranial cruciate ligament (CCL) is the primary stabilizer of the canine stiﬂe
joint. Loss of a functional CCL results in destabilization of the stiﬂe joint with
cranial tibial translation in relation to the distal femoral condyles during weightbearing and subsequent osteoarthritis formation. Rupture of the CCL is a common
cause of non-traumatic pelvic limb lameness in dogs.1 This occurs most frequently
through progressive degenerative rupture (i.e. cranial cruciate ligament disease);
although, acute traumatic rupture is also described. The etiopathogenesis of CCL
rupture is not fully understood, with various genetic, environmental, and mechanical factors inﬂuencing disease progression.2–6 Stiﬂe joint inﬂammation or synovitis
appears to be the initial clinical ﬁnding preceding complete CCL rupture.7,8 Once
clinically detectable inﬂammation is present, subsequent rupture occurs in 85% of
dogs.9 Treatment of choice for a CCL rupture is surgery to neutralize tibiofemoral
shear force and re-establish active stiﬂe joint stability during limb use. A variety of
static and dynamic stiﬂe joint procedures have been previously described, with the
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tibial plateau leveling osteotomy (TPLO) emerging as the
preferred treatment option for present-day surgeons.10 This
is due to the TPLO demonstrating exceptional and repeatable clinical outcomes when compared to other surgical
options.

Development and Biomechanics of the
TPLO
The CCL ligament is the principle restraint against cranial
tibial translation in relation to the distal femoral condyles.
In 1993, Slocum proposed the “active model” of the stiﬂe
joint, which explains that the magnitude of the tibiofemoral shear force is dependent on the magnitude of the
joint compressive force and the tibial plateau angle
(TPA).11 In the normal stiﬂe joint, this shear force is
opposed by active elements, such as stiﬂe joint ﬂexor
muscles, and by passive elements, including the CCL
and the medial meniscus. In the CCL deﬁcient stiﬂe
joint, cranial tibial translation in relation to the distal
femoral condyles occurs during the stance phase of gait
as the ﬂexors’ of the stiﬂe joint alone are unable to neutralize the tibiofemoral shear force generated during stiﬂe
joint compression. Reducing the TPA in this model eliminates cranial tibial translation in relation to the distal
femoral condyles by resolving the tibiofemoral shear
force into the joint compressive force during stance,
while also enhancing the ﬂexors’ ability to neutralize any
residual shear force. Slocum utilized a radial osteotomy
centered on the tibial intercondylar eminence to rotate the
tibial plateau and reduce the TPA to 5°. A procedurespeciﬁc bone plate was then used to maintain tibial plateau
positioning throughout osteotomy healing. Following successful initial clinical outcome, Slocum taught the TPLO
procedure to fellow surgeons via courses. An in vitro study
later concurred that neutralization of tibiofemoral shear
force occurs at 6.5°.12 Clinically, the ideal TPA likely
has mild variability dog to dog. Good clinical outcome
has been reported following TPLO with postoperative TPA
ranging from 0° to 14°.13 That said, the majority of surgeons performing the TPLO plan osteotomy rotation utilizing a chart with an intended postoperative TPA of 5°,
and rotation to within several degrees of this intended
postoperative TPA value is considered critical to successful outcome. There is a caution to avoid signiﬁcant overrotation of the TPA as this may lead to excessive stress on
the caudal cruciate ligament and predispose to caudal
cruciate ligament injury.12
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Advances of the TPLO Procedure
The TPLO has been the most researched orthopedic procedure in veterinary medicine over the past 20 years. As
the number of surgeons regularly performing TPLO surgery has increased, numerous publications have been generated to reﬁne the procedure by identifying and
decreasing complications, improving osteotomy planning
and efﬁciency, and detailing advantages offered by newer
implant technology. These reﬁnements have resulted in
dogs of any size with CCL rupture being appropriate
candidates for the TPLO surgery.
One of the more important transitions over the past 10
years has been the replacement of the traditional compression based TPLO plate and screw constructs to precontoured locking plate and screw constructs. Traditional
non-locking bone plates rely on the friction between the
bone and the plate generated by screw torque to stabilize
the osteotomy.14 This is more challenging to achieve in the
softer cancellous bone of the proximal tibial. An early
complication of the TPLO was secondary loss of reduction, or “rock back”, in which the TPA would shift signiﬁcantly
between
that
achieved
immediately
postoperative and that measured at radiographic followup.15 This change can affect long-term outcome by failing
to fully neutralize tibiofemoral shear force, as well as
predispose to fracture or other major complication.
Locking plates and screws function as a single beam construct, in which each screw locks into the bone plate and
the strength of the construct is equal to the sum of all the
bone-screw interfaces.14 This prohibits the typical mode of
failure in non-locking plates, which is toggling or loosening of screws, and subsequent loss of bone stability.
Locking plate-screw constructs are particularly advantageous in softer cancellous bone where maintaining high
frictional forces can be more challenging. This has been
proven in clinical and mechanical studies where initial
TPA is better maintained using locking plates.16–18
Locking bone plates also offer other advantages such as
a larger core diameter to better resist bending forces, better
preservation of the periosteal blood supply, and angled
screw holes to minimize the risk of intra-articular screw
placement.19–21
Micromotion at the osteotomy, even without signiﬁcant
loss of reduction, has also been implicated in increased
rates of surgical site infection, particularly within populations of large and giant breed dogs. Several reports have
documented increased rates of surgical site infection in
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large and giant breed dogs using traditional non-locking
bone plates.22,23 Locking bone plates appear to be protective against surgical site infection in this subpopulation of
dogs due to superior mechanical stability and biologic
preservation.23 Locking TPLO plates are now readily commercially available through numerous implant manufacturers in screw sizes ranging from 2.0mm through
3.5mm. Broad and jumbo 3.5mm TPLO plates also exist
to accommodate giant breeds and provide optimal osteotomy stabilization.
Reﬁned execution of the TPLO has also improved the
efﬁciency of the procedure and reduced clinical complication. Computer software is now commonplace in veterinary specialty centers which allow for osteotomy planning
via templating the size of radial saw blade, as well as
making reference points to best center the osteotomy on
the tibial intercondylar eminence. Failure to center the
osteotomy appropriately can result in a long-axis drift,
and prohibit achieving the desired postoperative TPA.24
Pre-operative TPLO planning is now advocated by most
surgeons to achieve consistent rotation which is critical to
optimizing clinical outcome. Furthermore, failure to center
the osteotomy can predispose the patient to fracture of the
tibial tuberosity. General recommendations are to maintain
a tibial tuberosity width of 1cm, as well as ensuring the
narrowest aspect of the tuberosity does not occur distal to
the insertion of the patellar ligament.25,26 Even antirotational pin placement has been evaluated with recommendations for placement proximal to the patellar
ligament insertion to reduce the risk for complication.26
This advanced understanding of surgical technique and
execution, combined with improving implant technology,
has made the TPLO one of the safest and most repeatable
elective orthopedic procedures to date. While the risk for
major complication cannot be completely eliminated in
any procedure, their reduction with the TPLO over the
past 20 years has been the result of the hard work of
numerous clinicians and scientists in the veterinary surgery community.

Clinical Outcome with TPLO
The TPLO is currently the most commonly recommended
procedure by veterinary surgeons for the treatment of CCL
rupture.10,27 That said, several other procedures exist and
may be alternatively selected for the treatment of CCL
rupture. The TPLO is a dynamic osteotomy-based procedure that neutralizes tibiofemoral shear force during
weight bearing. An alternative dynamic osteotomy-based
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procedure that is commonly compared to the TPLO is the
tibial tuberosity advancement (TTA). The TTA procedure
has a competing biomechanical model in that tibiofemoral
shear force is oriented parallel to the patellar ligament,
instead of perpendicular to the TPA, and that by advancing
the patellar ligament insertion to a 90° orientation to the
TPA, a crossover point will occur in which tibiofemoral
shear force is neutralized.28 Successful clinical outcome
has been described in a large number of patients following
TTA surgery and is the primary alternative procedure to
the TPLO for medium and large breed dogs.29–31 Static
stiﬂe joint stabilization procedures are also available for
the treatment of CCL rupture with the extracapsular lateral
suture stabilization (ELSS) being the most common. The
ELSS procedure utilizes a monoﬁlament nylon material to
constrain the stiﬂe joint by prohibiting cranial tibial thrust
similar to an intact CCL.32
Each of the surgical options listed above has demonstrated initial improvement in pain and lameness postoperatively. The ideal surgical option though should
consistently return the patient to normal or near-normal
limb function long term with little risk for patient morbidity. With that in mind, direct comparison between procedures can be difﬁcult as many studies are comprised of
subjective outcome measures, lack standardization, and
have variation in study duration. This was highlighted
when a review of CCL treatment options in 2005 was
unable to conclude that any surgical option was superior
to the other, or if any of these treatment options had the
ability to return the patient to pre-injury function.33 As
a result, there have been efforts to better utilize evidencebased medicine with objective data and long-term outcome
reporting in veterinary orthopedics. Direct clinical comparison of treatment options has primarily focused on comparing the TPLO, TTA, and ELSS to one another given
their commonality within the surgical community.
Force-platform data represents an objective, unbiased
outcome measure for direct comparison of limb function
following surgery. Several studies have utilized forceplatform data to compare the clinical outcome between
TPLO and the ELSS and TTA procedures. Gordon-Evans
et al reported signiﬁcantly higher peak vertical force for
TPLO when compared to ELSS at 1 year following surgery, as well as greater client satisfaction with the TPLO
procedure overall (93% with TPLO vs 73% with ELSS).34
These results were corroborated in a separate study where
TPLO again demonstrated signiﬁcantly greater limb function following surgery when compared to ELSS using
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force platform data. In addition, this study also compared
outcome following TPLO to normal dogs without CCL
disease and concluded that TPLO resulted in limb function
that was indistinguishable from the control normal dog
population at 1 year following surgery.35 The TTA procedure was evaluated in a similar manner by this same
research group. Conclusions for the TTA were that at
a walking pace it appeared to achieve normal limb function; but, when evaluated at a trotting pace dogs treated by
TTA were found to have inferior function to those treated
with TPLO.36 Trotting gaits are more sensitive for detecting mild lameness.37
Another signiﬁcant factor inﬂuencing the long-term
outcome is the progression of osteoarthritis following surgery. Osteoarthritis progression has been documented following TPLO, TTA, and ELSS in multiple studies.38–40
Signiﬁcant osteoarthritis progression can limit successful
long-term outcome due to chronic stiﬂe joint pain.
Recently, a study was published that compared the long
term (>3 years) progression of osteoarthritis following
both TPLO and TTA.40 Radiographic osteoarthritis progression was also correlated with clinical signs using the
Canine Brief Pain Inventory questionnaire. In that study,
osteoarthritis progressed more signiﬁcantly after TTA surgery and dogs treated with TPLO had less pain and mobility issues as assessed by their owners.40
The summary of these studies ﬁnds the TPLO to be the
ideal surgery for returning patients to optimal long-term
function. Another systematic review of the literature for
the treatment of CCL was published in 2014. Unlike the
2005 publication, this paper effectively concluded that the
available evidence supported the TPLO as the surgery
most likely to return dogs to normal limb function.41

TPLO Patient Selection
The TPLO procedure is most commonly described in
medium to large breed dogs that are overrepresented
with CCL rupture, such as Labradors, Golden Retrievers,
and Rottweilers. The excellent outcomes described following the TPLO procedure have caused many surgeons to
advocate for this procedure for any dog with CCL rupture
regardless of patient age or size. A variety of implant sizes
are now available, as well as radial saw blades ranging
from 12mm to 30mm to accommodate a wide patient
selection. Multiple reports have been published recently
demonstrating a low complication rate and ability to adequately perform TPLO surgery in smaller breed dogs.42–44
These dogs can be challenging as some are predisposed to
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having higher or “excessive” TPAs.42,43 The TPLO procedure is considered a more ideal treatment option for dogs
with high TPA. It has been cautioned against using the
TTA procedure in dogs with high TPA as it may be more
difﬁcult to neutralize tibiofemoral shear force.45 Likewise,
giant breed dogs are also good TPLO candidates, and in
some cases may only be able to receive TPLO surgery as
procedures such as the TTA can be limited by available
implants and the ability to achieve adequate tuberosity
advancement.45,46 As previously stated though, complication rates can be higher in these patients so clients should
be educated about the importance of adherence to postoperative activity restriction and surgeons should utilize
stable locking constructs.21,22,47
In addition to patient size, owner expectations of performance are also important. The TPLO offers the best
prognosis for return to full athletic function. Working and
agility dogs may beneﬁt the most from this procedure in
allowing them to return to pre-injury function. A study of
agility dogs demonstrated a good prognosis for return to
competition following TPLO surgery.48 Many of these
dogs can vary in size and having a procedure that best
optimizes outcome that is universally applicable is crucial
to handlers and owners of dogs with speciﬁc function.
A subset of dogs will present with bilateral CCL rupture. These dogs can be particularly debilitated with regard
to basic mobility, and in some instances can even be
misdiagnosed for neurologic disorders. Traditionally,
dogs with bilateral CCL rupture have been treated by
TPLO procedures staged 4–8 weeks apart. An alternative
option is to perform single-session bilateral TPLO surgery.
There are conﬂicting reports as to if single-session bilateral TPLO surgery carries a greater risk for postoperative
complication compared to unilateral procedures.25,47,49–51
It is difﬁcult to compare complications in these prior
reports given the variability of implants utilized and the
evolving improvements in surgical technique. Presently,
one author (ECH) of this report regularly performs singlesession bilateral TPLO with strict patient selection criteria
(i.e. dogs <100lbs, appropriate body condition, compliant
owners) and has anecdotally not experienced an increased
rate of complication. Owner satisfaction is also high with
single-session bilateral surgery in our experience as it
offers the beneﬁt of a singular recovery period and an
earlier return to function compared to staged surgery, as
well as ﬁnancial savings to the owner. Performance of
a single-session bilateral TPLO is dependent on patient
and surgeon factors, but can be considered an acceptable

Veterinary Medicine: Research and Reports 2019:10

Veterinary Medicine: Research and Reports downloaded from https://www.dovepress.com/ by 3.235.45.196 on 07-Aug-2020
For personal use only.

Dovepress

option on a case by case basis and represents another
advantage of the TPLO procedure in being able to address
these signiﬁcantly debilitated patients.
In addition to anticipated clinical outcome and individual
patient factors, cost considerations can also inﬂuence owners
in electing to perform TPLO surgery in comparison to other
treatment options. TPLO surgery is typically performed by
board-certiﬁed veterinary surgeons and can have substantial
cost due to specialized instrumentation, implants, and
required perioperative care at specialty surgical centers.
That said, TTA and other non-TPLO osteotomy-based procedures are similarly priced as they too are commonly performed at specialty surgical centers. Extracapsular lateral
suture stabilization is more cost-effective and can be performed with a low risk of failure in small dogs. As such, it is
a common alternative that is elected in patients <15kg. This
procedure can also be offered by general practitioners due to
the lack of required specialized equipment. As started earlier
though, ELSS is not considered an appropriate option for
larger dogs as suture line failure can occur leading to the
unacceptable outcome and low client satisfaction. It is not
uncommon for TPLO to be recommended as a revision
option in larger dogs with persistent instability following
the failure of an ELSS procedure.

Conclusion
The culmination of clinical evidence has evolved the TPLO
from a “new procedure” to the present-day standard of care
for the CCL deﬁcient stiﬂe joint. The demands of surgeons
and pet owners to offer the best return to function have led to
accommodating patients of all sizes with this procedure. That
said, treatment selection for CCL rupture is dependent on
multiple considerations beyond clinical outcome, such as
patient factors, surgeon experience, and costs. Further
research efforts will likely ﬁnd additional ways to maximize
the clinical outcome in dogs with CCL disease; however,
until another procedure is proven to return dogs to normal
function with a low rate of complication, the TPLO will
remain a common procedure in veterinary orthopedics.
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