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Abstract: Tibial tuberosity advancement (TTA) is used to treat cranial cruciate ligament rupture of
the stifle joint in dogs. Tibial tuberosity fracture/fissure is a complication of TTA that may have a
favorable prognosis. The aim of this study was to detect how tibial tuberosity fracture/fissure through
the Maquet hole worsens the progression of osteoarthritis (OA) in the stifle joint of dogs treated with
porous TTA. Seventeen cases were included in the study, divided into two groups. The first group
(n = 10) included subjects that had tibial tuberosity fracture/fissure through the Maquet, and the
second group included subjects that had no complications (n = 7). Both groups showed significant
progression compared to OA at 3 months after surgery. We observed that at T0, the control group
showed a higher level of OA. For this reason, we normalized the OA scores, evaluating the percentage
difference from T0 and T1. We verified that there were no statistically significant differences between
the two groups. The results confirm that OA progression in subjects undergoing TTA was not
significantly influenced by fracture/fissure of the tibial tuberosity through the Maquet hole. Therefore,
fracture fissure through the Maquet hole should be considered as a common minor complication
during TTA.
Keywords: tibial tuberosity advancement; complication; cranial cruciate ligament; dog

1. Introduction
Tibial tuberosity advancement (TTA) has been added to the set of surgical procedures used to
treat cranial cruciate ligament (CCL) rupture of the stifle joint in dogs. Although the modification of
the stifle joint geometry obtained with the TTA procedure has the aim of neutralizing cranial tibial
subluxation, it does not restore the position of the tibia in relation to the femur, resulting in progression
of osteoarthritis (OA) [1–3].
In this surgical area, different techniques have been described since the original Montavon
procedure was reported [4]. Later, the modified Maquet technique was derived from human surgery
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and applied to dogs [5]. This technique uses a preplaced drill hole (Maquet hole) at the proposed
termination site of the osteotomy to prevent fissure or propagation of the osteotomy past this
predetermined location [5,6]. Nevertheless, the risk of fracture of the distal tibial tuberosity, or even
the tibia, from propagation of the osteotomy was described in 20% of procedures [5].
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2017 [20], eliminating from the analysis the anatomical points relating to the tibial tuberosity, as they
were considered not assessable in the course of TTA.
In this protocol, the knee joint was divided into 13 anatomical points of interest: patellar apex,
patellar base, proximal trochlear tuberosity, distal trochlear tuberosity, femoral condyle, plateau
tibial caudal aspect, plateau appearance, central tibial, femoral, popliteal surface, sesamoid bones,
lateral femoral/tibial condyles, medial femoral/tibial condyles, intercondylar notch, patella. For each
point, a score from 1 to 4 was assigned depending on the severity of typical OA findings: 1, normal
radiographic appearance, absence of sclerosis or osteophytes; 2, slight osteophytosis and/or slight
sclerosis; 3, moderate osteophytosis and moderate sclerosis; 4, marked osteophytes and severe sclerosis.
2.3. Statistical Analysis
The data obtained were analyzed with MedCalc 14 software (MedCalc Software, Ostend, Belgium).
The scores were then analyzed to evaluate the presence of statistically different variations between
observers. The Kruskal–Wallis test was performed to evaluate differences between the scores and the
related differences, obtained at T0 and T1 comparing Fx and control groups. Furthermore, we calculated
and compared the percent of increment of OA score between follow-ups. Significance level was
detected at p < 0.05.
3. Results
3.1. Population
Sixteen cases met the inclusion criteria, of which one subject had bilateral rupture, for a total of 17
stifle joints examined. Fifty-eight cases did not reach the 3 month postoperative follow-up, did not
return for radiographic recheck, or had unavailable complete clinical exams and X-rays. The mean
weight was 29.6 kg (±12.0). This population included seven female and nine male dogs consisting of
three mixed, two Breton, two Dogo, two Segugio Maremmano, one Central Asia shepherd, one golden
retriever; one Labrador retriever, one Rottweiler, one Samoyed, one beagle, one Shar-Pei, and one
Irish setter.
Seven stifle joints were included in the control group (No Fx group) and 10 in the group with
fracture/fissure of the Maquet hole (Fx group). No fracture in this group was fixed or reoperated,
and they were conservatively managed.
The incidence of fracture/fissure through the Maquet hole in the cases that matched the inclusion
criteria was 58.8% (10 to 17).
3.2. Evaluation of Osteoarthritis
The statistical analysis of variability among the observers showed no statistically significant
changes, showing a homogeneous evaluation among the different observers (Figure 2).
The scores obtained by the various observers showed postoperatively higher OA score in the
control group (no Fx) compared to the Fx group (p < 0.005) (Table 1.). Three months after surgery
(T1), a significant increase of the OA score was observed in both groups (p < 0.005) (Figure 3). The %
increment of OA score was not statistically different between observed groups (p > 0.05) (Table 2;
Figure 4).
Table 1. Mean and SD of osteoarthritis (OA) score assigned for No Fx group (control) and Fx group at
respective follow-up.
Group
No Fx
Fx

Follow-Up

Mean

SD

T0
T1
T0
T1

19.3
24.9
17
21.1

3.2751
5.6253
3.6978
4.8414
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CCL remnants may predispose subjects to increased progression of OA [21,23]. However, severity of
radiographic OA does not correlate well with clinical function [23].
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The present study did not evaluate the possible etiology of the development of tibial tuberosity
fracture or fissure through the Maquet hole in the course of porous TTA. Many studies suggested that
reduced thickness of the osteotomized tibial tuberosity, incorrect plaque positioning, reduced contact
of the osteotomy, wide angle of the preoperative patellar ligament, and iatrogenic region wounds
during surgical dissection contribute to the development of this complication [8,17,18]. Lefebvre et
al. [24] stated that intraoperative fissures occurred more frequently than intraoperative fractures and
were located most commonly at the distal aspect of the osteotomy line. They also considered the angle
of opening of the osteotomy line and the thickness of the cortical hinge as the main factors increasing
the risk of perioperative tibial damage during Maquet modified technique (MMT) in dogs [24].
The data of the present study show that the incidence of tibial tuberosity fractures during
porous TTA was 13.3%. The reported incidence ranged from 1–4% [7,8,25] to 20% [5]. In Lefebvre’s
study [24], intraoperative fissures were detected in 37% of MMT cases, but only 9.4% subsequently led
to postoperative tibial fracture. Based on published data reporting complication rates, an acceptable
failure rate should be set at 15% and an unacceptable failure rate at 25% during the initial learning
curve [17,26]. This was the most considerable complication as accidental identification of fractures
during follow-up examinations.
5. Conclusions
In our study, all fractures or fissures were conservatively managed. In our view, the lack of
significant differences of OA scores in comparing the control group with no fixed fractured tibial
tuberosity cases confirms that this complication does not significantly affect the progression of OA;
therefore, fracture fissure through the Maquet hole should be considered common, with a minor impact
on dogs.
Author Contributions: Conceptualization, L.L.; methodology, L.L. and A.C.; formal analysis, L.L.; investigation,
A.M.C., D.M., F.S., L.F., and A.A.; data curation, F.S.; writing—original draft preparation, L.L.; supervision, A.C.
and L.L. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.

3.

4.

5.

6.

7.

Apelt, D.; Kowaleski, M.P.; Boudrieau, R.J. Effect of tibial tuberosity advancement on cranial tibial subluxation
in canine cranial cruciate-deficient stifle joints: An in vitro experimental study. Vet. Surg. 2007, 36, 170–177.
[CrossRef] [PubMed]
Leach, E.S.; Krotscheck, U.; Goode, K.J.; Hayes, G.M.; Bottcher, P. Long-term effects of tibial plateau leveling
osteotomy and tibial tuberosity advancement on tibial plateau subchondral bone density in dogs. Vet. Surg.
2018, 47, 566–571. [CrossRef] [PubMed]
Pinna, S.; Lanzi, F.; Cordella, A.; Diana, A. Relationship between the stage of osteoarthritis before and six
months after tibial tuberosity advancement procedure in dogs. PLoS ONE 2019, 14, e0219849. [CrossRef]
[PubMed]
Montavon, P.M.D.; Damur, D.M.; Tepic, S. Advancement of the tibialtuberosity for the treatment of cranial
cruciate deficient canine stifle. In Proceedings of the 1st World Orth Vet Congress, Munich, Germany,
5–8 September 2002.
Etchepareborde, S.; Mills, J.; Busoni, V.; Brunel, L.; Balligand, M. Theoretical discrepancy between cage size
and efficient tibial tuberosity advancement in dogs treated for cranial cruciate ligament rupture. Vet. Comp.
Orthop. Traumatol. 2011, 24, 27–31. [PubMed]
Retallack, L.M.; Daye, R.M. A modified Maquet-tibial tuberosity advancement technique for treatment of
canine cranial cruciate ligament disease: Short term outcome and complications. Vet. Surg. 2018, 47, 44–51.
[CrossRef] [PubMed]
Hoffmann, D.E.; Miller, J.M.; Ober, C.P.; Lanz, O.I.; Martin, R.A.; Shires, P.K. Tibial tuberosity advancement
in 65 canine stifles. Vet. Comp. Orthop. Traumatol. 2006, 19, 219–227.

Vet. Sci. 2020, 7, 1

8.

9.
10.

11.
12.
13.
14.

15.

16.
17.
18.

19.

20.

21.

22.

23.
24.

25.
26.

7 of 7

Lafaver, S.; Miller, N.A.; Stubbs, W.P.; Taylor, R.A.; Boudrieau, R.J. Tibial tuberosity advancement for
stabilization of the canine cranial cruciate ligament-deficient stifle joint: Surgical technique, early results,
and complications in 101 dogs. Vet. Surg. 2007, 36, 573–586. [CrossRef]
Stein, S.; Schmoekel, H. Short-term and eight to 12 months results of a tibial tuberosity advancement as
treatment of canine cranial cruciate ligament damage. J. Small Anim. Pract. 2008, 49, 398–404. [CrossRef]
Voss, K.; Damur, D.M.; Guerrero, T.; Haessig, M.; Montavon, P.M. Force plate gait analysis to assess limb
function after tibial tuberosity advancement in dogs with cranial cruciate ligament disease. Vet. Comp.
Orthop. Traumatol. 2008, 21, 243–249.
Steinberg, E.J.; Prata, R.G.; Palazzini, K.; Brown, D.C. Tibial tuberosity advancement for treatment of CrCL
injury: Complications and owner satisfaction. J. Am. Anim. Hosp. Assoc. 2011, 47, 250–257. [CrossRef]
De Lima Dantas, B.; Sul, R.; Parkin, T.; Calvo, I. Incidence of complications associated with tibial tuberosity
advancement in Boxer dogs. Vet. Comp. Orthop. Traumatol. 2016, 29, 39–45. [PubMed]
Dyall, B.; Schmokel, H. Tibial tuberosity advancement in small-breed dogs using TTA Rapid implants:
Complications and outcome. J. Small Anim. Pract. 2017, 58, 314–322. [CrossRef] [PubMed]
Hans, E.C.; Barnhart, M.D.; Kennedy, S.C.; Naber, S.J. Comparison of complications following tibial tuberosity
advancement and tibial plateau levelling osteotomy in very large and giant dogs 50 kg or more in body
weight. Vet. Comp. Orthop. Traumatol. 2017, 30, 299–305. [PubMed]
Adamiak, Z.; Sobolewski, A.; Walus, G.; Zhalniarovich, Y.; Glodek, J. Single-stage Bilateral Tibial Tuberosity
Advancement with Cranial Fixation in an English Bulldog—A Case Report. Top. Companion Anim. Med.
2018, 33, 63–64. [CrossRef]
Serratore, V.R.; Barnhart, M.D. Results and complications after removal of tibial tuberosity advancement
cage for treatment of surgical site infections: A retrospective study. Vet. Surg. 2018, 47, 768–773. [CrossRef]
Calvo, I.; Aisa, J.; Chase, D.; Garcia-Fernandez, P.; San Roman, F.; Bennett, D. Tibial tuberosity fracture as a
complication of tibial tuberosity advancement. Vet. Comp. Orthop. Traumatol. 2014, 27, 148–154.
Wolf, R.E.; Scavelli, T.D.; Hoelzler, M.G.; Fulcher, R.P.; Bastian, R.P. Surgical and postoperative complications
associated with tibial tuberosity advancement for cranial cruciate ligament rupture in dogs: 458 cases
(2007–2009). J. Am. Vet. Med. Assoc. 2012, 240, 1481–1487. [CrossRef]
Trisciuzzi, R.; Fracassi, L.; Martin, H.A.; Monopoli Forleo, D.; Amat, D.; Santos-Ruiz, L.; De Palma, E.;
Crovace, A.M. 41 Cases of Treatment of Cranial Cruciate Ligament Rupture with Porous TTA: Three Years of
Follow Up. Vet. Sci. 2019, 6, 18. [CrossRef]
Wessely, M.; Bruhschwein, A.; Schnabl-Feichter, E. Evaluation of Intra- and Inter-observer Measurement
Variability of a Radiographic Stifle Osteoarthritis Scoring System in Dogs. Vet. Comp. Orthop. Traumatol.
2017, 30, 377–384. [CrossRef]
Lineberger, J.A.; Allen, D.A.; Wilson, E.R.; Tobias, T.A.; Shaiken, L.G.; Shiroma, J.T.; Biller, D.S.;
Lehenbauer, T.W. Comparison of radiographic arthritic changes associated with two variations of tibial
plateau leveling osteotomy. Vet. Comp. Orthop. Traumatol. 2005, 18, 13–17.
Morgan, J.P.; Voss, K.; Damur, D.M.; Guerrero, T.; Haessig, M.; Montavon, P.M. Correlation of radiographic
changes after tibial tuberosity advancement in dogs with cranial cruciate-deficient stifles with functional
outcome. Vet. Surg. 2010, 39, 425–432. [CrossRef] [PubMed]
MacDonald, T.L.; Allen, D.A.; Monteith, G.J. Clinical assessment following tibial tuberosity advancement in
28 stifles at 6 months and 1 year after surgery. Can. Vet. J. 2013, 54, 249–254. [PubMed]
Lefebvre, M.D.; Broux, O.R.; Barthelemy, N.P.; Hamon, M.; Moyse, E.V.; Bouvy, B.M.; Balligand, M.H. Risk
factors for tibial damage associated with the modified Maquet technique in 174 stifles. Vet. Surg. 2018,
47, 30–35. [CrossRef] [PubMed]
Boudrieau, R.J. Tibial plateau leveling osteotomy or tibial tuberosity advancement? Vet. Surg. 2009, 38, 1–22.
[CrossRef] [PubMed]
Proot, J.L.; Corr, S.A. Clinical audit for the tibial tuberosity advancement procedure: Establishing the learning
curve and monitoring ongoing performance for the tibial tuberosity advancement procedure using the
cumulative summation technique. Vet. Comp. Orthop. Traumatol. 2013, 26, 280–284. [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

