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Surgical treatment of cranial
cruciate ligament disease in
dogs using Tibial Plateau
Leveling Osteotomy or Tibial
Tuberosity Advancement–A
systematic review with a
meta-analytic approach

Annika Christina Wemmers*, Marios Charalambous,

Oliver Harms and Holger Andreas Volk

Department of Small Animal Medicine and Surgery, University of Veterinary Medicine Hannover,

Hannover, Germany

Tibial Plateau Leveling Osteotomy (TPLO) or Tibial Tuberosity Advancement

(TTA) are commonly used surgical techniques for correction of cranial cruciate

ligament (CCL) rupture in dogs. This systematic review aims to investigate

whether one technique is superior to the other. Seventy-two studies on

surgical management of CCL rupture have been identified and evaluated

in regard of subjective and objective gait analysis criteria, development of

osteoarthritis (OA), thigh circumference measurements, goniometry, joint

stability, pain and complication rates. Almost half (47.2 %) of the studies

were considered of low quality of evidence, leading to high heterogeneity in

quality among studies; this posed a major limitation for an evidence-based

systematic review of both surgical techniques. Out of 72 studies, there were

only eleven blinded randomized clinical trials, of which five were rated with

a low overall risk of bias. However, both techniques were considered to

be successful management options. Subjective and objective gait analysis

revealed no lameness at long-term evaluation for the majority of the patients.

However, it appeared that TTA lead to better OA scores up to 6 months

postoperatively, while TPLO had a lower rate of surgical site infections. In

summary, no method can be clearly preferred, as most of the study evaluated

were subpar. Studies with a high level of evidence are therefore urgently

needed for such a common surgical procedure.
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FIGURE 2

Forest plot comparing TPLO vs. TTA. Odd ratios (95% CI) of total complications for TPLO and TTA.

FIGURE 3

Forest plot comparing TPLO vs. TTA. Odd ratios (95% CI) of surgical site infection as a complication for TPLO and TTA.

FIGURE 4

Forest plot comparing TPLO vs. TTA. Odd ratios (95% CI) of seroma formation as a complication for TPLO and TTA.

FIGURE 5

Forest plot comparing TPLO vs. TTA. Odd ratios (95% CI) of implant failure as a complication for TPLO and TTA.
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FIGURE 6

Forest plot comparing TPLO vs. TTA. Odd ratios (95% CI) of late meniscal injury as a complication for TPLO and TTA.

FIGURE 7

Forest plot comparing TPLO vs. TTA. Odd ratios (95% CI) of tibial tuberosity fracture as a complication for TPLO and TTA.

FIGURE 8

Forest plot comparing TPLO vs. TTA. Odd ratios (95% CI) of fibular fracture as a complication for TPLO and TTA.

whereas one study indicated TPLO’s superiority over TTA in

long-term assessment (102). Our results showed significant

differences in ground reaction forces at mid-term evaluation in

all study groups in both TPLO and TTA indicating that both

treatment options may lead to a successful outcome. However,

even though a significant improvement was seen in all study

groups, the improvement in ground reaction forces was often

below 30 %. This might indicate that the improvement may

be too small to be clinically relevant. The studies on objective

gait analysis that were included use a variety of different

parameters, expressed either as kinetic data, relative weight-

bearing or as symmetry index. A lack of comparability can

be considered when interpreting the results in the systematic

approach. However, the results consistently indicated that both

procedures can improve limb function when assessed with

objective parameters.

Our investigations on the development of osteoarthritis

confirmed recent findings (13, 23) that stifle surgery does

not prevent osteoarthritis after CCL disease. However, we did

not observe superiority of one technique over the other in

contrast to another systematic review which reported TPLO to

have a favorable effect on osteoarthritis development compared

to TTA (13). Actually, our results even indicated a lower

mean OA score at short- to mid-term outcome after TTA

surgery and therefore a less rapid development of OA. Current

investigations lack long-term results as most studies focus
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on a horizon up to 6 months postoperatively. Osteoarthritis

usually has a long-term effect and worsens over time (23, 24).

It is also affected by other factors, such as meniscal lesions

(23), stability due to partial or complete rupture (24) as well

as the timing of surgery as a lower stage of osteoarthritis

prior to surgery is suspected to slow down osteoarthritis

progression (91). Several of the included studies investigated

the presence and extent of meniscal lesions during surgery

(41–43), but the results do not allow conclusions whether

one surgical technique is superior to the other in regard of

osteoarthritis development when concurrent meniscal damage

was present.

The functional outcome of joint surgery could also be

assessed by goniometry and thigh circumference measurements.

The affected limb may show a reduced ROM as well as a loss in

muscle mass (18, 20, 103). Our findings showed improvement

or at least no worsening in both parameters, however, the ROM

was abnormal compared to contralateral unaffected pelvic limbs.

This is also consistent with previous findings (103). Our results

did not favor one surgical technique over the other regarding

ROM or thigh circumference. There may be positive effects

of additional treatments, which is indicated by some of the

included studies (31, 36, 39, 40), but not relevant to our results.

Kinematic fluoroscopy revealed abnormal gait and

instability in the stifle joint due to CCL disease (20). TPLO as

well as TTA aim to alter biomechanical dynamics and restore

stability, which in fact seems to be only partly achieved (20, 93).

Our results showed that femorotibial, craniocaudal subluxation

is still apparent after TPLO as well as TTA (57, 69, 93) with a

suspected slightly higher incidence after TTA. Further research

on the impact of joints’ instability on the functional outcome

and the underlying biomechanical alterations is needed.

We were not able to compare TPLO and TTA outcome

regarding immediate post-operative or mid- to long-term pain

due to a lack of availability of relevant studies and lack of or

inhomogeneous data to allow a thorough statistical analysis.

Short-term outcomes revealed successful results for both

surgical techniques. Included studies used different approaches

in assessing pain, either using established and standardized

instruments (36–39, 43, 60, 65, 66) or after clinical examination

stating pain is present or absent (99). There was no homogenous

definition of pain in the included studies.

Previous literature indicated lower complications rates for

TPLO compared to TTA (13), which is not supported by our

findings. We calculated an overall mean complications rate

of 20.4 % for TPLO and 21.6 % for TTA. However, if one

takes a closer look at the type of complication as well as the

size of the dog, differences nevertheless may become apparent.

Both techniques showed higher complication rates in medium

and large breed dogs, which confirmed recent findings that

weight is associated with a higher risk for complications (27,

28, 71). Due to a lack of prospective, controlled, randomized

and blinded studies, we were not able to perform a complete

meta-analysis on outcome parameters. Three of the studies

comparing TPLO and TTA however delivered sufficient data

for a meta-analytic approach on complications. For the total

complication rate, our meta-analytic approach confirmed that

none of the surgical techniques is superior to the other. Surgical

site infections were commonly reported after TPLO and TTA

(59, 68, 72, 77, 82, 87, 98). Similar to previous systematic review

(13) our study also favored TPLO regarding complication rates.

Further research in a prospective, controlled trial is needed to

verify these findings and evaluate the causes and preventive

strategies. The retrospective nature of the majority of studies

assessing complications carry the risk of over- or underreported

complications. Owners tend to come back to the primary care

hospital when a complication occurs so dogs with complications

may be overreported. Dogs that do not suffer complications

may not be presented again as owners do not see the need

to. On the other hand, owners may be unsatisfied with the

surgical outcome when facing a complication and may choose

another veterinarian; thus, the primary surgeon is not informed

about the complication. Another challenge is the inconsistent

definition of major and minor complications. In our study,

we used a standardized scale to address this inhomogeneity.

However, since some authors reported the same rates for major

and overall complications, it is questionable whether minor

complications have been monitored and stated.

There are several limitations in our study which may

preclude definite conclusions. First, the number of studies

with high quality of evidence was very low. Only five of 72

included studies fulfilled all requirements to be rated as low

risk of bias and there was a total of 18 studies providing

high quality of evidence. Overall, due to the lack of studies

with high quality of evidence, we compared TPLO and TTA

outcomes using an heterogenous population of high and low

quality studies. There was only one randomized, clinical trial

comparing the surgical techniques of TPLO and TTA directly

with each other. Retrospective design, lack of detailed outcome

description as well as low numbers of included patients lead to

inconsistent results and questionable comparability. Therefore,

solid conclusions are precluded. Further research, especially

with randomized, surgical clinical trials is required to compare

surgical techniques for CCL rupture in a controlled and

standardized setting.

Conclusion

TPLO and TTA are both effective surgical approaches

to treat naturally occurring CCL disease/rupture. There is

evidence that both techniques provide good outcome and

restore functionality and mobility for affected canines. However,

long-term development of osteoarthritis must be considered

and long-term follow up data are spare. There is no clear

recommendation regarding the choice of one technique over
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the other, but the current evidence indicates that TPLO is

favorable regarding certain complications, such as SSIs. Further

research providing high quality of evidence is vital to confirm

our findings and further assess the differences in outcome

parameters between the two surgical interventions.
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