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Abstract: Patellar desmopathy can lead to desmitis, discomfort, and lameness. In the traditional
MMT, a pin is used for the fixation of the fragment of the osteotomized tibia to the implant and the
tibial diaphysis; this pin needs to be placed below the insertion of the patellar ligament to avoid
damaging it. Considering the differences between TTA and MMT, the authors consider it important
to determine the incidence of patellar desmopathy in the MMT. This is a prospective study that
enrolled 53 owned dogs that underwent MMT and were followed up by a complete examination and
radiograph controls to establish the patellar tendon thickening and the presence of clinical desmitis.
The PRGF were administrated to 29 of those patients, in order to determine if PRGF’s action could
decrease ligament desmitis. The conclusions in this study were that the desmopathy produced by the
MMT is similar to that generated by the TTA if the pin is carefully placed; in addition, the PRGF did
not decrease the inflammation and the thickening of the ligament.

Keywords: MMT; TTA; dog; PRGF; desmopathy; patellar ligament

1. Introduction

Cranial cruciate ligament rupture (RCrCL) is one of the most common stifle joint
disorders diagnosed in dogs [1–3] and the most frequent cause of secondary degenerative
arthrosis, pain, and limps in the knee joint [4,5]. The treatment for RCrCL is surgical, and
the objective is to stabilize the stifle joint by neutralizing the tibiofemoral shear forces [6].
Among these surgical techniques, there is the Tibial Tuberosity Advancement (TTA), which
neutralizes cranial tibiofemoral shear force by advancing the insertion of the patellar
ligament until it is perpendicular, in a 90º angle, to the tibial plateau with the joint in
extension [7]; this advancement increases the distance between the tibiofemoral contact
area and the insertion of the patellar ligament at the tibial tuberosity [8]; this longer lever
arm results in lower forces required extending the stifle and less stress on the patellar
ligament [9]. Due to this, at first, it was believed that the TTA technique could not affect the
patellar ligament thickness, so the patellar desmopathy was a complication reserved for
the Tibial Plateau Osteotomy (TPLO) technique [10–12] until 2011, when Kuhn proved that
TTA could induce patellar desmopathy [13]. After that, other authors focused on examining
this complication in the TTA technique [14,15]. The importance described for the patellar
desmopathy is that it can lead to desmitis, discomfort, and lameness [15].

The Modified Maquet Technique (MMT) has the same functional basis as the TTA, but
with a different kind of surgical procedure and different implants that support the fixation
of the tibial osteotomy advancement; the MMT was developed to reduce the amount of
implants in order to preserve soft tissues and associated vascularity to encourage biologic
repair of the osteotomy [16]. However, in the traditional MMT, a pin is used for the fixation
of the fragment of the osteotomized tibia to the implant and the tibial diaphysis; this pin
needs to be placed below the insertion of the patellar ligament to avoid damaging it [17].
Considering these differences between TTA and MMT, the authors consider it important to
determine the incidence of patellar desmopathy in the MMT.
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To the authors’ knowledge, only one study compares the incidence of patellar desmopa-
thy between the TTA and a type of TTA mixed with MMT, for which they used TTA
implants [18], so they did not follow the traditional MMT.

Plasma Rich in Growth Factors (PRGF) is an autologous platelet concentration, ob-
tained in a specific way described by Anitua (2009) [19], who proved it played a role in the
angiogenesis, antimicrobial, analgesic, and anti-inflammatory process [20–22]; in addition,
PRGF is a cheap and accessible source in veterinary medicine.

Taking this into account, our aim was to determine the incidence of patellar desmopa-
thy in the MMT, our hypothesis being that the MMT can lead to the same degree or a
higher degree of patellar desmopathy than those described for the TTA technique. Another
objective is to determine whether the locally administered PRGF in the area can lead to
developing a minor desmopathy.

2. Materials and Methods
2.1. Clinical Trial

This study was performed at the Rof Codina University Veterinary Hospital—Santiago
de Compostela University (Lugo, Spain), from December 2017 to July 2020. It includes 53
skeletally mature patients who were operated with MMT and the PLA scaffolds. Twenty-
four of their patients were in the control group, without PRGF (18 finished the study), and
29 patients made up the PRGF group (17 finished the study). All the patients that did not
finish the study were monitored by phone call.

One of the aims of this study was to perform a monitoring of the patellar ligament
thickness in a long period of time, following the recommendations of other authors that
previously studied the patellar ligament desmopathy in short periods of time [13–15].
This is the reason why the patients that did not finish the study were excluded for the
final results.

The MMT was proposed as a technique of choice because this study was designed
to also determine the osteoconductive properties of a PLA scaffold [23,24], and the MMT
provides a minor amount of implants per patient [23]; the PLA scaffold was fixed with a
1.5 mm diameter pin in all cases and a tension band wire (for avoiding the avulsion of the
tibial tuberosity, which is a frequent complication [6]). This technique was performed in
53 owned dogs; the complete surgery process and PRGF’s fabrication and administration
were described previously [23,24].

The assignation to PRGF group or control group were aleatory and blinded to the
surgeons that performed the post-surgery traumatological revision at the different follow-
ups. Once the osteotomy was performed, as is described in a previous paper from the
authors [23,24], a total volume of 1 mL of autologous liquid PRGF were applied in the
implant and 1 mL above the surrounding tissues (including the patellar ligament); another
1 mL of autologous PRGF clot was placed in the osteotomy gap. The administration of
PRGF was performed only at surgery time.

The anaesthetic and analgesic protocol and the antibiotic therapy used in the surgery
were published in a previous paper from the authors [23].

All the patients received the same discharge protocol: meloxicam 0.1 mg/kg PO q24h
for 9 days, cefazoline 22 mg/kg PO q8h for 10 days, and digestive protection (depending
on patient’s weight) for 10 days. In addition, a Robert–Jones bandage was applied from
the day of the surgery up to 4 days after, and limited exercise was recommended until
follow-up examination.

2.2. Data Collection

The follow-up was carried out by a complete physical examination and radiographs
at 1 (T-1), 2 (T-2), and 5 months (T-3) after the surgery. All the radiographs were obtained
using the same X-ray equipment, in laterolateral and caudocranial views, the laterolateral
view being taken with the stifle at a 135◦ angle. The completion of all the follow-ups was
needed for the inclusion criteria.
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The data collected were gender, age, body weight, breed, lifestyle, level of exercise
difficulty presented by the patient, dates of follow-up radiographs, scaffold size, PRGF
application or not, and complications. The data of the PRGF administration were blinded
for the owners and follow-up evaluators.

When complications occurred, they were assessed as major or minor complications
according to a previous publication [25].

The tension band wire removal, which was previously planned in case the patient
needed it, was not taken into consideration as a complication (except in the case that it
was broken). Though the pin extraction was also contemplated as a possibility, it was
considered as a complication related to the possible cause of the ligament thickening and
desmopathy.

2.3. Radiographic Evaluation

The patellar ligament thickness was recorded in the laterolateral radiographs at
135º, being assessed with the open-source software OsiriX MD 11.0 (PIXMEO SARL,
Geneva, Switzerland) (open-source software; www.osirixviewer.com, accessed date: 15
February 2022).

Pre-operative radiographic measurements (T-0) were performed, in order to obtain a
reference measurement and have a clearer idea of the patient’s evolution, and the radio-
graphs obtained subsequently were measured in the different follow-ups: first follow-up at
1 month (T-1), second follow-up at 2 months (T-2), and third follow-up at 5 months (T-3).
The criteria for the selection of these time periods for radiograph follow-ups were based
on monitoring the osteotomy healing and implants’ stability, as is recommended [8]; the
first two follow-ups were according to the time that selected other authors for monitoring
tendon thickness [13–15].

Firstly, we measured the patellar ligament total length, from its origin on the distal
aspect of the patella to its insertion on the proximal aspect of the tibial tuberosity. The
ligament thickness was measured at 1 cm distal to its origin, 1 cm proximal to its insertion,
and the third measurement was taken at the middle of the ligament, obtained by dividing
its total length into two (Figure 1).

All the radiographs were blinded for the two reviewers, and an aleatory number was
assigned for each one; they were also examined for complications.

2.4. Desmopathy Diagnosis

The diagnosis for desmopathy is based on ultrasound, radiographic, and clinical
changes [11–15]. An increase in the ligament thickness, taking as reference the pre-operative
ligament thickness (T-0), can be considered as desmopathy [11]. In terms of symptoms, the
desmopathy can be demonstrated by desmitis, discomfort, and lameness [15]; the desmitis
can be detected in the patient’s traumatological exploration of the patellar ligament, finding
tendon thickening and discomfort or pain at the palpation.

www.osirixviewer.com
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Figure 1. Patellar ligament measurements.

One of the limitations of this study is the absence of ultrasound examination of the
patellar ligament.

In addition, a progressive degeneration of the patellar ligament is possible in patients
undergoing TTA or MMT, and it can be detected due to ligament failure and the presence
of drawer motion in the patient’s knee exploration [14].

2.5. Statistical Method

The statistical analysis was carried out with Sigma Plot 12.5 (Systat Software Inc., San
Jose, CA, USA). The results were expressed as a mean ± standard deviation.

The analysis of the results for the tendon thickness obtained in the two groups at the
different follow-ups were compared by an ANOVA test (p < 0.05).

3. Results

The descriptive statistical analysis for the follow-up days, age, weight, and the selected
scaffold size were previously described and discussed [23,24].

For an easier analysis of the results, we divided the patients into two groups: the
control group that had not received PRGF, and the PRGF group where the PRGF was
administrated. We also divided the follow-ups: pre-surgery (T-0), first follow-up at 1 month
(T-1), second follow-up at 2 months (T-2), and third follow-up at 5 months (T-3). Moreover,
the measurements were divided according to the place where we measured the ligament
thickness in: 1 cm distal to its origin (M-1), at the middle of the ligament (M-2), and 1 cm
proximal to its insertion (M-3).

The means and standard derivations are shown below in Table 1.
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Table 1. Means and standard derivations of patellar ligament thickening at the different follow-ups.

CONTROL GROUP (n = 17) (mm)

Pre-surgery (T-0) First follow-up (T-1) Second follow-up (T-2) Third follow-up (T-3)
M-1 M-2 M-3 M-1 M-2 M-3 M-1 M-2 M-3 M-1 M-2 M-3

2.88 ±
0.73

2.84 ±
0.78

2.99 ±
0.81

4.77 ±
2.48

5.21 ±
2.50

5.31 ±
2.68

3.31 ±
1.48

3.88 ±
1.74

4.46 ±
1.83

3.15 ±
1.42

3.50 ±
1.58

4.11 ±
2.21

Mean 2.90 5.09 3.88 3.58

PRGF GROUP (n = 18) (mm)
Pre-surgery (T-0) First follow-up (T-1) Second follow-up (T-2) Third follow-up (T-3)

M-1 M-2 M-3 M-1 M-2 M-3 M-1 M-2 M-3 M-1 M-2 M-3

2.59 ±
0.73

2.57 ±
0.63

2.82 ±
0.56

4.03 ±
1.06

4.86 ±
2.27

5.33 ±
2.50

3.58 ±
1.05

4.10 ±
1.39

4.53 ±
1.68

2.96 ±
0.87

3.33 ±
1.31

3.46 ±
0.91

Mean 2.66 4.74 4.07 3.25

Attending to perform a complete statistical analysis of the results, the data obtained
were analyzed in different ways.

First, we compared the values between the different measurements M-1, M-2, and M-3
at the same time and, for the same group, and the results had no statistically significant
differences between the measurements at the same time for all the follow-ups in the same
group (p < 0.05). This was the case for both groups.

Next, we compared all the values within the same group. For the control group, there
were statistically significant differences between T-1(M-2) vs. T-0(M-1); T-0(M-2); T-0(M-3);
T-3(M-1), and T-3(M-2) (p < 0.05). For the PRGF group, there were statistically significant
differences between T-1(M-2) vs. T-0(M-1); T-0(M-2); T-0(M-3), and T-3(M-1); also between
T-1(M-3) vs. T-0(M-1); T-0(M-2); T-0(M-3); T-3(M-1); T-3(M-2), and T-3(M-3); as well as
between T-1(M-3) vs. T2(M-1) and T-3(M-3); and finally between T-2(M-3) vs. T-0(M-1);
T-0(M-2) and T-0(M-3); for all values, the significance level was p > 0.05.

Finally, we compared the values of both groups, and the results showed no statistically
significant differences between the values for the same follow-up (p > 0.05).

In addition, 5.7% (2) of the patients in the control group did not show any signs of
desmopathy between T-0 and T-1. At the final follow-up T-3 (5 months), 40% of the patients
had no signs of desmopathy, out of whom 8.5% (3) were from the PRGF group and 31.5%
(11) were from the control group.

Regarding complications, in 4 patients (7.5%), the pin was removed, out of whom
three were from the PRGF group and one was from the control group, although the removal
of the pin was in all cases at the owner’s request, and it did not cause any lameness or other
apparent problems. The total amount of complications presented with this technique in
the study is described in a previous publication [24], and there were 10 out of 53 patients
(18.8%) that presented complications, five being classified as major and five as minor,
according to a previous publication by Cook [25].

4. Discussion

The present study evaluated the presence of desmopathy in MMT and was performed
from December 2017 to July 2020 in the Rof Codina University Veterinary Hospital. This
study involved 53 owned dogs, out of whom 35 finished the complete study. The patients
that finished the study were 17 from PRGF group and 18 were from the control group; the
patients that did not complete the follow-ups were monitored by phone call.

As mentioned above, the results about the implant function and osseointegration were
previously published [23,24].

Even though it was believed that, in the TTA technique, desmopathy was a rare com-
plication because of its biomechanics, which causes less stress on the patellar ligament [9],
other later studies proved that this is a frequent sequela [13–15].
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According to the results obtained in this study in both groups, statistically significant
differences were found between T-0 (pre-surgery) and T-1 (first follow-up at one month)
in one or more measurements, with the corresponding total means of 2.90 vs. 5.09 mm
for the control group and 2.66 vs. 4.74 mm for the PRGF group. The mean values for
T-0 and T-1 were similar to those described by Kuhn (2011) [13] with the difference that
they did not find any statistically significant differences between T-0 and T-1. In contrast,
our results for T-0 were lower than those described by Pettitt at the same follow-up time
and were higher for T-1 [14]. In this study, the authors did not describe any statistically
significant differences between T-0 and T-1, but they found that 50% of the patients had no
signs of patellar ligament desmopathy following surgery at six weeks. On the other hand,
Kuhn described that 100% of the patients had signs of desmopathy [13], agreeing with
DeSandre-Robinson, who described 100% of desmopathy at six weeks post-surgery [15].
In our study, only 5.7% (2) of the patients, who were from control group, had no signs
of patellar desmopathy after surgery at T-1. Furthermore, DeSandre-Robinson obtained
mean values similar to those in our study for T-0 and T-1, and they also found statistically
significant differences between these two groups [15].

The increase in the mean values between T-0 and T-1 is an expected change in patellar
ligament thickness due to surgery trauma, larger tibial advancement, altered insertion
angle of the patellar ligament, or postoperative activity of the dog [10,12]. In addition, it
has been suggested that the arthrotomy during the surgery for the meniscus exploration
could cause more desmopathy because of the parapatellar incision and the hard retraction
of the patellar ligament [13,15]; this is one of the reasons why in our study we decided to
avoid this practice.

The PRGF and control groups showed statistically significant differences between T-1
and T-3, but not for all measurements, as shown in Table 1. These results are similar to those
described by Kuhn [13], who had measured the ligament thickness for 16 weeks (4 months).
In our study, the tendency was the same (Figure 2) between the first and the final follow-up,
the ligament thickness tended to decrease, but the final thickness is greater than the initial
thickness measured before the surgery [13]. This also agrees with the results published
by DeSandre-Robinson [15]. In summary, the tendency in both groups is to increase the
ligament thickness between pre-surgery evaluation and the first follow-up, at one month,
and to decrease it between the first follow-up and the final follow-up at five months, which
tally with the results reported by other authors [13–15].
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The results of the PRGF group showed statistically significant differences between T-
1(M3) vs. T2 (M-1), which indicates a decreasing tendency in ligament thickness, as shown
in Graphic 1, and agrees with other authors in this regard [13–15]. Another difference
from the control group is that T-2 (M-3) showed a statistically significant difference in all
the measurements of T-0 (Table 1), as described by another author, and, after surgery, the
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tendency of the ligament is to increase its thickness even more near the insertion zone [15].
At the final follow-up (5 months), 40% of the patients had no signs of desmopathy, out of
whom 8.5% (3) were from the PRGF group and 31.5% (11) were from the control group.

Retallack, in a study where they merged the TTA and MMT techniques, using the
MMT as a basis with the plate of TTA, evaluated the ligament thickness compared to the
normal ligament thickness in TTA. They agreed with the increase of ligament thickness
that was described by other authors, as mentioned above. The same as in our study, they
did not find any differences in ligament thickening between the MMT modified technique
which they used and conventional TTA [18].

Consistent with their earlier points, our results confirmed our first hypothesis that,
with MMT, the desmopathy would be the same or more severe than with TTA, our results
being similar to those previously published about ligament thickness using TTA [13–15].
The desmopathy produced by the MMT is similar to that generated by the TTA technique;
one of our concerns were that, using the MMT, the desmopathy could be more pronounced
than with the TTA due to pin placement, but, if the pin was carefully placed, it did not
increase the ligament desmopathy.

There were no statistically significant differences for ligament thickness between the
PRGF and the control group. This rejects our second hypothesis that PRGF, in the way
that we used them, decrease the inflammation and the ligament thickening after surgery
in dogs.

Platelets play an important role in primary haemostasis, promoting angiogenesis [26]
and recruitment of mesenchymal stem cells [27], inducing a complex inflammatory response
at the injury site [28] and are a source of growth and differentiation factors [29]. These
PRP growth factors contribute to macrophage recruitment, angiogenesis, chemotaxis of
keratinocytes, and the mitogenic activity of fibroblasts [21].

This is the reason why the PRP plays a significant role in angiogenesis, as well as
the antimicrobial, anti-inflammatory, and analgesic process [20–22], turning them into an
excellent alternative in soft tissue regeneration.

The use of the PRGF had proven its efficacy in tendon and ligament repair in humans
and laboratory animals in multiple studies [30–34], although, to the best of the authors’
knowledge, there are no studies that evaluate the PRGF action in the tendon and/or
ligament healing in dogs. We decided to use the PRGF (that is a type of PRP obtained with
a standardized protocol) because it is known that the efficacy of PRP can be affected by
the different platelet concentration due to the variety of the PRP protocols, by the type of
injury, application, and/or the animal species [20,35–37]; and this decision could avoid the
first variable, but the other ones could justify the reason why in our study the PRGF used
did not show any statistically significant results.

Despite the fact that the local administration of the PRP is not the most common
practice, previous studies in humans and animals demonstrated beneficial results with its
topical administration for wound management [21,38–42]; moreover, the local application
of the PRP obtained good results in other fields: orally to improve gastric ulcers in rats [43],
improving dry eye symptoms in humans [44], and in medial collateral ligament tear on
rabbits [32], even with a single application [32].

An issue that concerned us was the fact that PRP, through the activation of angiogene-
sis, may cause oedema, discomfort, swelling, and inflammation [45,46], but none of these
symptoms were detected in our patients in an atypical way by orthopaedic exploration or
in the radiographs, compared to the control group.

It is important to keep in mind that this study was developed to evaluate the results
over a long period of time, and the administration of NSAIDs is a limitation that could
decrease the inflammation of the ligament, whereas the decision for its administration was
based on ethics, to relieve patients’ pain during the first days.

It is believed that the TTA plate plays an important role in the development of patellar
desmopathy after using the TTA technique, especially when the plate is over or under bend-
ing [13]. However, in our study, in which MMT did not require any plate, the desmopathy
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was generated in the same degree as previous studies that measured the ligament thickness
in the conventional TTA, thus we can assume that the placement of the plate does not
influence the appearance of desmopathy.

According to previous studies, the clinical impact of patellar desmopathy appears
to be of questionable significance; it is assumed that the patellar ligament thickening is a
physiological response to tibial tuberosity advancement [13,14]. Taking into account our
results about lameness using the MMT, published in a previous paper [24], it seems that the
patellar desmopathy did not have an important role in the clinical outcome. The percentage
of lameness presented in the aforementioned study was within a normally expected range,
according to previous publications, and it is considered that the role played by the muscular
atrophy of the patient in the development of the lameness is more important [23,24,47,48].
In any case, as recommended by other authors [13–15], in the orthopedic exam, the zone of
the ligament projection was palpated, and the patients did not show evidence of pain.

Complications derived from the MMT were described in a previously published
paper [24]; there were 10 out of 53 patients (18.8%) who presented complications, this
percentage being within the range of values presented in other papers that studied the TTA
(11–31.5%) [6,49–51]. Five were classified as major and five as minor complications [25].
Regarding ligament thickening, our concern was the placement of the pin, which is close
to the insertion of the patellar ligament and could damage it. In four patients (7.5%), the
pin was removed, out of whom three were from the PRGF group and one was from the
control group, although the removal of the pin was in all cases at the owner’s request and
it did not cause any lameness or other apparent problems. The patients did not present any
pain during ligament palpation at the orthopedic examination. Taking this into account,
we can state that, if the pin is carefully placed, below the insertion of the patellar ligament,
it should not cause any problems, although a study over a longer time period should be
conducted to support this statement.

No complications associated with the use of the PRGF were observed.
Some authors mention the possibility of a progressive degeneration of the patellar

ligament [14], but this is a complication that was not observed in our study, at least during
the five-month follow-up.

The limitations of the present study are the lack of histology that could support the
absence of statistically significant results with PRGF and the impossibility to perform a
more accurate imaging technique that could provide us with more information, such as
magnetic resonance or echography.

5. Conclusions

The desmopathy produced by the MMT is similar to that generated by the TTA
technique. The tendency between pre-surgery and the first month post-surgery is to
increase the ligament thickness and to decrease between the first month post-surgery and
the five months post-surgery.

The PRGF, in the way that we used them, did not decrease the inflammation and the
thickening of the ligament after surgery in dogs. However, the PRGF did not lead to any
complication.

Considering that we did not use a plate, according to the MMT, and our results
demonstrated that desmopathy may appear despite this fact, the plate used in the TTA
technique is apparently not related to the desmopathy as other authors believed, although
more studies are needed to confirm this hypothesis.

If the pin is carefully placed, below the insertion of the patellar ligament, it should not
cause complications, although a study over a longer time period should be carried out to
support this statement.



Vet. Sci. 2022, 9, 180 9 of 11

Author Contributions: A.G.-C. made the surgeries to all the patients, the patient selection and
randomization, and the supervision of the process and manuscript. Ó.V.-L. made the design and
fabrication of implants, the implants’ compressive test, and the radiographic. V.V.-C. made the
physical examination and data collection of the patients, the radiographic, the PRGF fabrication,
and the statistics in addition to drafting the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was approved by Ethics Committee of Fundación
Pública Gallega Rof Codina (Lugo) AELU001/21/INVMED(2)/ANIMAL(05)/AGC/01.

Informed Consent Statement: We followed the recommendations for veterinary clinical studies
that recommend the use of owned dogs for studies and the signing of an informed consent by the
owner [39]; all the owners were informed about the procedure, technique, and materials.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Moore, K.; READ, R. Cranial cruciate ligament rupture in the dog—A retrospective study comparing surgical techniques. Aust.

Vet. J. 1995, 72, 281–285. [CrossRef] [PubMed]
2. Lampman, T.J.; Lund, E.M.; Lipowitz, A.J. Cranial cruciate disease: Current status of diagnosis, surgery, and risk for disease. Vet.

Comp. Orthop. Traumatol. 2003, 16, 122–126. [CrossRef]
3. Fossum, T.W. Small Animal Surgery; Elsevier Health Sciences, Ed.; Elsevier Health Sciences: Philadelphia, PA, USA, 2013.
4. De Rooster, H.; De Bruin, T.; Van Bree, H. Morphologic and functional features of the canine cruciate ligaments. Vet. Surg. 2006,

35, 769–780. [CrossRef] [PubMed]
5. Witsberger, T.H.; Armando Villamil, J.; Schultz, L.G.; Hahn, A.W.; Cook, J.L. Prevalence of and risk factors for hip dysplasia and

cranial cruciate ligament deficiency in dogs. J. Am. Vet. Med. Assoc. 2008, 232, 1818–1824. [CrossRef] [PubMed]
6. 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]

7. Montavon, P.M. Tibial tuberosity advancement (TTA) for the treatment of cranial cruciate disease in dogs: Evidences, technique
and initial clinical results. In Proceedings of the 12th ESVOT Congress, Munich, Germany, 10–12 September 2004; pp. 254–255.

8. Guerrero, T.G.; Makara, M.A.; Katiofsky, K.; Fluckiger, M.A.; Morgan, J.P.; Haessig, M.; Montavon, P.M. Comparison of Healing of
the Osteotomy Gap after Tibial Tuberosity Advancement with and without Use of an Autogenous Cancellous Bone Graft. Vet.
Surg. 2011, 40, 27–33. [CrossRef]

9. Boudrieau, R.J. Tibial plateau leveling osteotomy or tibial tuberosity advancement? Vet. Surg. 2009, 38, 1–22. [CrossRef]
10. Pacchiana, P.D.; Morris, E.; Gillings, S.L.; Jessen, C.R.; Lipowitz, A.J. Surgical and postoperative complications associated with

tibial plateau leveling osteotomy in dogs with cranial cruciate ligament rupture: 397 Cases (1998–2001). J. Am. Vet. Med. Assoc.
2003, 222, 184–193. [CrossRef]

11. Carey, K.; Aiken, S.W.; DiResta, G.R.; Herr, L.G.; Monette, S. Radiographic and clinical changes of the patellar tendon after tibial
plateau leveling osteotomy: 94 Cases (2001–2003). Vet. Comp. Orthop. Traumatol. 2005, 18, 235–242. [CrossRef]

12. Mattern, K.L.; Berry, C.R.; Peck, J.N.; De Haan, J.J. Radiographic and ultrasonographic evaluation of the patellar ligament
following tibial plateau leveling osteotomy. Vet. Radiol. Ultrasound 2006, 47, 185–191. [CrossRef]

13. Kühn, K.; Ohlerth, S.; Makara, M.; Hässig, M.; Guerrero, T.M. Radiographic and ultrasonographic evaluation of the patellar
ligament following tibial tuberosity advancement. Vet. Radiol. Ultrasound 2011, 52, 466–471. [CrossRef] [PubMed]

14. Pettitt, R.; Cripps, P.; Baker, M.; Hattersley, R.; Lorenz, N.; Mcconnell, F. Radiographic and ultrasonographic changes of the
patellar ligament following tibial tuberosity advancement in 25 dogs. Vet. Comp. Orthop. Traumatol. 2014, 27, 216–221. [PubMed]

15. DeSandre-Robinson, D.M.; Tano, C.A.; Fiore, K.L.; Prytherch, B. Radiographic evaluation and comparison osteotomy and tibial
tuberosity advancement. J. Am. Vet. Med. Assoc. 2017, 250, 68–74. [CrossRef] [PubMed]

16. Etchepareborde, S.; Brunel, L.; Bollen, G.; Balligand, M. Preliminary experience of a modified maquet technique for repair of
cranial cruciate ligament rupture in dogs. Vet. Comp. Orthop. Traumatol. 2011, 24, 223–227. [CrossRef]

17. Ness, M.G. The Modified Maquet Procedure (MMP) in Dogs: Technical Development and Initial Clinical Experience. J. Am. Anim.
Hosp. Assoc. 2016, 52, 242–250. [CrossRef]

18. 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]

19. Anitua, E.; Sánchez, M.; Zalduendo, M.M.; De La Fuente, M.; Prado, R.; Orive, G.; Andía, I. Fibroblastic response to treatment
with different preparations rich in growth factors. Cell Prolif. 2009, 42, 162–170. [CrossRef]

20. Intini, G. The use of platelet-rich plasma in bone reconstruction therapy. Biomaterials 2009, 30, 4956–4966. [CrossRef]

http://doi.org/10.1111/j.1751-0813.1995.tb03555.x
http://www.ncbi.nlm.nih.gov/pubmed/8579557
http://doi.org/10.1055/s-0038-1632767
http://doi.org/10.1111/j.1532-950X.2006.00221.x
http://www.ncbi.nlm.nih.gov/pubmed/17187639
http://doi.org/10.2460/javma.232.12.1818
http://www.ncbi.nlm.nih.gov/pubmed/18598150
http://doi.org/10.1111/j.1532-950X.2007.00307.x
http://doi.org/10.1111/j.1532-950X.2010.00772.x
http://doi.org/10.1111/j.1532-950X.2008.00439.x
http://doi.org/10.2460/javma.2003.222.184
http://doi.org/10.1055/s-0038-1632960
http://doi.org/10.1111/j.1740-8261.2006.00126.x
http://doi.org/10.1111/j.1740-8261.2011.01819.x
http://www.ncbi.nlm.nih.gov/pubmed/21496130
http://www.ncbi.nlm.nih.gov/pubmed/24664175
http://doi.org/10.2460/javma.250.1.68
http://www.ncbi.nlm.nih.gov/pubmed/28001111
http://doi.org/10.3415/VCOT-10-01-0012
http://doi.org/10.5326/JAAHA-MS-6304
http://doi.org/10.1111/vsu.12733
http://doi.org/10.1111/j.1365-2184.2009.00583.x
http://doi.org/10.1016/j.biomaterials.2009.05.055


Vet. Sci. 2022, 9, 180 10 of 11

21. Sommeling, C.E.; Heyneman, A.; Hoeksema, H.; Verbelen, J.; Stillaert, F.B.; Monstrey, S. The use of platelet-rich plasma in plastic
surgery: A systematic review. J. Plast. Reconstr. Aesthetic Surg. 2013, 66, 301–311. [CrossRef]

22. Fabbro, M.D.; Bortolin, M.; Taschieri, S.; Ceci, C.; Weinstein, R.L. Antimicrobial properties of platelet-rich preparations. A
systematic review of the current pre-clinical evidence. Platelets 2016, 27, 276–285. [CrossRef]

23. Valiño-Cultelli, V.; Varela-López, Ó.; González-Cantalapiedra, A. Preliminary clinical and radiographic evaluation of a novel
resorbable implant of polylactic acid (Pla) for tibial tuberosity advancement (tta) by modified maquet technique (mmt). Animals
2021, 11, 1271. [CrossRef] [PubMed]

24. Valiño-Cultelli, V.; Varela-López, Ó.; González-Cantalapiedra, A. Does prgf work? A prospective clinical study in dogs with
a novel polylactic acid scaffold injected with prgf using the modified maquet technique. Animals 2021, 11, 2404. [CrossRef]
[PubMed]

25. Cook, J.L.; Evans, R.; Conzemius, M.G.; Lascelles, B.D.X.; McIlwraith, C.W.; Pozzi, A.; Clegg, P.; Innes, J.; Schulz, K.; Houlton, J.;
et al. Proposed Definitions and Criteria for Reporting Time Frame, Outcome, and Complications For Clinical Orthopedic Studies
in Veterinary Medicine. Vet. Surg. 2010, 39, 905–908. [CrossRef] [PubMed]

26. Simpson, A.H.; Mills, L.; Noble, B. The role of growth factors and related agents in accelerating fracture healing. J. Bone Jt.
Surg.-Ser. B 2006, 88, 701–705. [CrossRef] [PubMed]

27. Veillette, C.J.H.; McKee, M.D. Growth factors—BMPs, DBMs, and buffy coat products: Are there any proven differences amongst
them? Injury 2007, 38, S38–S48. [CrossRef]

28. Tsiridis, E.; Upadhyay, N.; Giannoudis, P. Molecular aspects of fracture healing:Which are the important molecules? Injury 2007,
38, S11–S25. [CrossRef]

29. Marx, R.E. Platelet-rich plasma (PRP): What is PRP and what is not PRP? Implant Dent. 2001, 10, 225–228. [CrossRef]
30. Sánchez, M.; Anitua, E.; Azofra, J.; Prado, R.; Muruzabal, F.; Andia, I. Ligamentization of Tendon Grafts Treated with an

Endogenous Preparation Rich in Growth Factors: Gross Morphology and Histology. Arthrosc.-J. Arthrosc. Relat. Surg. 2010, 26,
470–480. [CrossRef]

31. Fernández-Sarmiento, J.A.; Domínguez, J.M.; Granados, M.M.; Morgaz, J.; Navarrete, R.; Carrillo, J.M.; Gómez-Villamandos, R.J.;
Muñoz-Rascón, P.; Martín de las Mulas, J.; Millán, Y.; et al. Histological Study of the Influence of Plasma Rich in Growth Factors
(PRGF) on the Healing of Divided Achilles Tendons in Sheep. J Bone Jt. Surg Am. 2013, 95, 246–255. [CrossRef]

32. Yoshioka, T.; Kanamori, A.; Washio, T.; Aoto, K.; Uemura, K.; Sakane, M.; Ochiai, N. The effects of plasma rich in growth factors
(PRGF-Endoret) on healing of medial collateral ligament of the knee. Knee Surg. Sport. Traumatol. Arthrosc. 2013, 21, 1763–1769.
[CrossRef]

33. López-Nájera, D.; Rubio-Zaragoza, M.; Sopena-Juncosa, J.J.; Alentorn-Geli, E.; Cugat-Bertomeu, R.; Fernández-Sarmiento, J.A.;
Domínguez-Pérez, J.M.; García-Balletbó, M.; Primo-Capella, V.J.; Carrillo-Poveda, J.M. Effects of plasma rich in growth factors
(PRGF) on biomechanical properties of Achilles tendon repair. Knee Surg. Sport. Traumatol. Arthrosc. 2016, 24, 3997–4004.
[CrossRef] [PubMed]

34. Barastegui, D.; Alentorn-Geli, E.; Gotecha, D.; Rius, M.; Navarro, J.; Cuscó, X.; Seijas, R.; Cugat, R. Treatment of Partial Posterior
Cruciate Ligament Injuries with Platelet-Rich Plasma in Growth Factors (PRGF) Intraligamentous Infiltration and a Specific Knee
Brace. Surg. J. 2021, 07, e30–e34. [CrossRef] [PubMed]

35. Griffin, X.L.; Smith, C.M.; Costa, M.L. The clinical use of platelet-rich plasma in the promotion of bone healing: A systematic
review. Injury 2009, 40, 158–162. [CrossRef] [PubMed]

36. Rodriguez, I.A.; Growney Kalaf, E.A.; Bowlin, G.L.; Sell, S.A. Platelet-rich plasma in bone regeneration: Engineering the delivery
for improved clinical efficacy. Biomed Res. Int. 2014, 2014, 392398. [CrossRef] [PubMed]

37. Jovani-Sancho, M.D.M.; Sheth, C.C.; Marqués-Mateo, M.; Puche-Torres, M. Platelet-Rich Plasma: A Study of the Variables that
May Influence Its Effect on Bone Regeneration. Clin. Implant Dent. Relat. Res. 2016, 18, 1051–1064. [CrossRef] [PubMed]

38. Mazzucco, L.; Medici, D.; Serra, M.; Panizza, R.; Rivara, G.; Orecchia, S.; Libener, R.; Cattana, E.; Levis, A.; Betta, P.G.; et al. The
use of autologous platelet gel to treat difficult-to-heal wounds: A pilot study. Transfusion 2004, 44, 1013–1018. [CrossRef]

39. Lee, H.-W.; Reddy, M.S.; Geurs, N.; Palcanis, K.G.; Lemons, J.E.; Rahemtulla, F.G.; Ho, K.-J.; Chen, D.-T.; Davis, C.R.; Feldman,
D.S. Efficacy of Platelet-Rich Plasma on Wound Healing in Rabbits. J. Periodontol. 2008, 79, 691–696. [CrossRef]

40. Pallua, N.; Wolter, T.; Markowicz, M. Platelet-rich plasma in burns. Burns 2010, 36, 4–8. [CrossRef]
41. Villela, D.L.; Santos, V.L. Evidence on the use of platelet-rich plasma for diabetic ulcer: A systematic review. Growth Factors 2010,

28, 111–116. [CrossRef]
42. Ostvar, O.; Shadvar, S.; Yahaghi, E.; Azma, K.; Fayyaz, A.F.; Ahmadi, K.; Nowrouzian, I. Effect of platelet-rich plasma on the

healing of cutaneous defects exposed to acute to chronic wounds: A clinico-histopathologic study in rabbits. Diagn. Pathol. 2015,
10, 85. [CrossRef]

43. Wallace, J.L.; Dicay, M.; McKnight, W.; Dudar, G.K. Platelets accelerate gastric ulcer healing through presentation of vascular
endothelial growth factor. Br. J. Pharmacol. 2006, 148, 274. [CrossRef] [PubMed]

44. Alio, J.L.; Colecha, J.R.; Pastor, S.; Rodriguez, A.; Artola, A. Symptomatic dry eye treatment with autologous platelet-rich plasma.
Ophthalmic Res. 2007, 39, 124–129. [CrossRef] [PubMed]

45. Martínez, C.E.; Smith, P.C.; Palma Alvarado, V.A. The influence of platelet-derived products on angiogenesis and tissue repair: A
concise update. Front. Physiol. 2015, 6, 290. [CrossRef] [PubMed]

http://doi.org/10.1016/j.bjps.2012.11.009
http://doi.org/10.3109/09537104.2015.1116686
http://doi.org/10.3390/ani11051271
http://www.ncbi.nlm.nih.gov/pubmed/33925099
http://doi.org/10.3390/ani11082404
http://www.ncbi.nlm.nih.gov/pubmed/34438861
http://doi.org/10.1111/j.1532-950X.2010.00763.x
http://www.ncbi.nlm.nih.gov/pubmed/21133952
http://doi.org/10.1302/0301-620X.88B6.17524
http://www.ncbi.nlm.nih.gov/pubmed/16720758
http://doi.org/10.1016/j.injury.2007.02.009
http://doi.org/10.1016/j.injury.2007.02.006
http://doi.org/10.1097/00008505-200110000-00002
http://doi.org/10.1016/j.arthro.2009.08.019
http://doi.org/10.2106/JBJS.K.01659
http://doi.org/10.1007/s00167-012-2002-x
http://doi.org/10.1007/s00167-015-3725-2
http://www.ncbi.nlm.nih.gov/pubmed/26272059
http://doi.org/10.1055/s-0040-1722342
http://www.ncbi.nlm.nih.gov/pubmed/33659640
http://doi.org/10.1016/j.injury.2008.06.025
http://www.ncbi.nlm.nih.gov/pubmed/19084836
http://doi.org/10.1155/2014/392398
http://www.ncbi.nlm.nih.gov/pubmed/25050347
http://doi.org/10.1111/cid.12361
http://www.ncbi.nlm.nih.gov/pubmed/26130314
http://doi.org/10.1111/j.1537-2995.2004.03366.x
http://doi.org/10.1902/jop.2008.070449
http://doi.org/10.1016/j.burns.2009.05.002
http://doi.org/10.3109/08977190903468185
http://doi.org/10.1186/s13000-015-0327-8
http://doi.org/10.1038/sj.bjp.0706722
http://www.ncbi.nlm.nih.gov/pubmed/16565732
http://doi.org/10.1159/000100933
http://www.ncbi.nlm.nih.gov/pubmed/17374962
http://doi.org/10.3389/fphys.2015.00290
http://www.ncbi.nlm.nih.gov/pubmed/26539125


Vet. Sci. 2022, 9, 180 11 of 11

46. López, S.; Vilar, J.M.; Sopena, J.J.; Damià, E.; Chicharro, D.; Carrillo, J.M.; Cuervo, B.; Rubio, M. Assessment of the efficacy of
platelet-rich plasma in the treatment of traumatic canine fractures. Int. J. Mol. Sci. 2019, 20, 1075. [CrossRef] [PubMed]

47. Ross, M.; Worrell, T.W. Thigh and calf girth following knee injury and surgery. J. Orthop. Sports Phys. Ther. 1998, 27, 9–15.
[CrossRef] [PubMed]

48. Millis, D.; Levine, D.; Mynatt, T. Changes in muscle mass following transection of the cranial cruciate ligament and immediate
stifle stabilization. In Proceedings of the First International Symposium on Rehabilitation and Physical Therapy in Veterinary Medicine;
Oregon State University: Corvalis, OR, USA, 1999; pp. 7–11.

49. 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]

50. Wolf, R.E.; Scavelli, T.D.; Hoelzler, M.G.; Fulcher, R.P.; Bastian, R.P. CCL 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]

51. Bisgard, S.K.; Barnhart, M.D.; Shiroma, J.T.; Kennedy, S.C.; Schertel, E.R. The Effect of Cancellous Autograft and Novel Plate
Design on Radiographic Healing and Postoperative Complications in Tibial Tuberosity Advancement for Cranial Cruciate-
Deficient Canine Stifles. Vet. Surg. 2011, 40, 402–407. [CrossRef]

http://doi.org/10.3390/ijms20051075
http://www.ncbi.nlm.nih.gov/pubmed/30832280
http://doi.org/10.2519/jospt.1998.27.1.9
http://www.ncbi.nlm.nih.gov/pubmed/9440035
http://doi.org/10.5326/JAAHA-MS-5574
http://doi.org/10.2460/javma.240.12.1481
http://doi.org/10.1111/j.1532-950X.2011.00829.x

	Introduction 
	Materials and Methods 
	Clinical Trial 
	Data Collection 
	Radiographic Evaluation 
	Desmopathy Diagnosis 
	Statistical Method 

	Results 
	Discussion 
	Conclusions 
	References

