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1. Introduction and Hypothesis 
The cranial cruciate ligament (CrCL) is an anatomical structure within the stifle joint that 

prevents cranial motion, inward rotation of the tibia and hyperextension of the joint (Slocum 

and Devine 1984, McLaughlin 2002). Compared to humans and dogs, diseases of the CrCL 

occur less frequently in cats, which might be related to the fact that it is larger in this species 

(Alexander J et al. 1977, McLaughlin 2002). Whereas the cause of the rupture in dogs is likeliest 

associated with degenerative processes, this injury is often related to trauma in cats (Umphlet 

1993, McLaughlin 2002, Harasen 2005a, 2005b, de Sousa et al. 2014, Wessely et al. 2017). It 

has been noticed that cats with CrCL disease, especially with no apparent trauma, are often 

overweight (Umphlet 1993, McLaughlin 2002, Harasen 2005b). In contrast to dogs, where 

Labradors, Labrador crossbreeds, Newfoundlands, Rottweilers and Staffordshire Terriers seem 

to be overrepresented, there is no breed predisposition reported in cats (Whitehair et al. 1993, 

Harasen 2003, Wilke et al. 2006). 

Clinical signs of CrCL rupture include the acute onset of lameness, pain and joint effusion 

(Umphlet 1993, McLaughlin 2002, Harasen 2005b). During orthopaedic examination, positive 

cranial drawer signs and tibial compression tests can be found because of the loss of 

neutralisation of cranial tibial thrust (CTT; Slocum and Slocum 1993, Umphlet 1993, 

McLaughlin 2002, Harasen 2005b). CTT is a force created between the paw and the floor while 

the animal walks, which, in combination with muscle activation and the tibial shape, results in 

tibial compression and, within that, a cranial translation of the proximal part of the bone 

(Slocum and Devine 1983, Slocum and Slocum 1993). The CrCL plays an important role in 

compensating for this force, and its rupture leads to cranial displacement of the tibia (Slocum 

and Devine 1983, Slocum and Slocum 1993). 

Even if lameness resolves within conservatively treated patients, these findings mostly persist, 

and evidence of degenerative joint disease can be found in radiographs (Scavelli and Schrader 

1987, Umphlet 1993, Harasen 2005b). To prevent these changes and to gain a quicker and more 

reliable return to normal functioning, surgical intervention is recommended (Umphlet 1993, 

Harasen 2005a, 2005b). 

Surgical techniques either rely on stabilising the joint with intra- or extracapsular suture 

techniques to restore stability by generating counteraction to the CTT or on osteotomies of the 
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tibia altering the mechanics and forces within the joint (Slocum and Slocum 1993, Warzee et 

al. 2001a). 

The latter includes tibial plateau levelling osteotomy (TPLO) and tibial tuberosity advancement 

(TTA; Slocum and Slocum 1993, Apelt et al. 2007a). These techniques are very common in 

treating CrCL rupture in dogs, and their ability to regain the stability of the stifle joint has been 

proven in different studies (Warzee et al. 2001b, Reif et al. 2002, Apelt et al. 2007a, Lafaver et 

al. 2007, Miller et al. 2007, Kim et al. 2009, Hoffmann et al. 2011, Mindner et al. 2016). Only 

a few studies using these methods have been performed in cats. Even if a positive outcome was 

seen in most of the cases (Harasen 2005b, 2005a, Hoots and Petersen 2005, Perry and 

Fitzpatrick 2010, Mindner et al. 2016, Retournard et al. 2016, Bilmont et al. 2018), extra- 

capsular stabilisation with a fabella-tibial suture is mostly favoured (Harasen 2005a, 2005b). 

For this method, a suture is placed through the fibrous origin of the lateral head of the M. 

gastrocnemius, which is located directly proximal to the lateral fabella and guided through a 

predrilled hole in the tibial crest from lateral to medial (Tobias and Johnston 2012). This hole 

is a few millimetres caudal to the attachment site of the Lig. patellae (Tobias and Johnston 

2012). As one suture end is now on the medial aspect of the tibia, it is passed under the Lig. 

patella from medial to lateral, and the suture ends are knotted while the stifle joint is held at an 

angle of approximately 100° (Fischer et al. 2010, Tobias and Johnston 2012). The long-term 

stabilisation gained with this surgical procedure relies on the development of peri-articular 

fibrosis (Tobias and Johnston 2012). This technique was improved with quasi-isometric points 

(de Sousa et al. 2014) centred in the lateral fabella and 4 mm proximal to the insertion of the 

patellar ligament on the tibia. These points reflect the ideal location for suture placement, where 

the least change in distance during flexion and extension of the joint occurs (de Sousa et al. 

2014). 

Another surgical method is placing a bone anchor near the recommended isometric points in 

the lateral femoral condyle, combined with a fabella-tibial suture (Tobias and Johnston 2012, 

de Sousa et al. 2014). Different non-absorbable anchors have been investigated in a few in vivo 

studies in dogs, and the authors concluded that their use is an effective option for treating CrCL 

rupture (Hulse et al. 2011, Kishi et al. 2013, Raske and Hulse 2013). However, such 

investigations are lacking in cats. 
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A further possibility for suture anchoring is an ultrasonically implanted absorbable polylactide 

bone anchor. The anchor consists of a fully resorbable polylactide and is inserted with so-called 

Bone Welding technology (VetWelding AG; Stansstad, Switzerland). For this technology, 

ultrasound is used to insert the implant, which is provided by an ultrasonic generator and 

transmitted to the anchor by a tip on a handpiece. The ultrasound liquefies the anchor during 

the insertion process and within that infiltration of the polymer into the surrounding cancellous 

bone cavities (Ferguson et al. 2006, Langhoff et al. 2009, Heidenreich et al. 2011, Wagner et 

al. 2018). This provides a strong bond between the implant and the bone and has been shown 

to result in higher withstanding against pullout and less implant migration than conventional 

screws (Ferguson et al. 2006, Pilling et al. 2007, Hoffmann et al. 2011). The increase in 

temperature generated by ultrasound energy within the implantation process has been shown 

not to generate any cellular reaction in the surrounding area (Mai et al. 2007, Langhoff et al. 

2009, Heidenreich et al. 2011, Schneider et al. 2012a). During the healing process, no evidence 

of inflammation or foreign body reaction could be detected in different studies (Mai et al. 2007, 

Langhoff et al. 2009, Schneider et al. 2012a). These anchors have been investigated for the 

treatment of mandibular fractures, spinal fractures, skull reconstruction and implantation in the 

femur and tibia in sheep (Pilling et al. 2007, Langhoff et al. 2009, Heidenreich et al. 2011, 

Schneider et al. 2012b). In humans, they are used for tendon and ligament repair, as well as 

joint stabilisation (Warme et al. 1999, Burnham et al. 2020). In cats, reports of its use, especially 

for fabellotibial suture fixation, are lacking. 

To determine the usability of stabilisation methods in the CrCL deficient stifle, limb-press 

models have already been used (Warzee et al. 2001b, Kowaleski et al. 2005, Apelt et al. 2007a, 

Kim et al. 2010, Hoffmann et al. 2011, Retournard et al. 2016, Kneifel et al. 2018, Lechner et 

al. 2020). The studies were mainly performed with dog specimens to evaluate post-operative 

stability in dog stifles with CrCL rupture after a TPLO or TTA procedure was performed 

(Warzee et al. 2001b, Kowaleski et al. 2005, Apelt et al. 2007b, Hoffmann et al. 2011). After 

the press was modified for use with cats’ hindlimbs, studies evaluated intracapsular versus 

extracapsular and different extracapsular stabilisation methods in CrCL-deficient stifles 

(Kneifel et al. 2018, Lechner et al. 2020). In the latest study, besides two-dimensional 

measurements on performed radiographs, a coordinate measurement machine (CMM) 
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evaluated changes in movement between the femur and the tibia before and after surgical 

intervention in all three dimensions (Lechner et al. 2020). 

In our study, we decided to build on this previous work and used the modified limb press to 

evaluate post-operative stability in CrCL-deficient cat stifles treated with fabella-tibial suture 

with and without bone anchors for suture anchoring. Measurements of the craniocaudal and 

mediolateral stability of the stifle joint were performed on radiographs and with a CMM. 

We hypothesised that the use of an innovative ultrasonically implanted absorbable polylactide 

bone anchor within the fabella-tibial suture technique can neutralise craniocaudal and 

mediolateral instability after CrCL rupture in cats. Furthermore, we hypothesised that this 

technique would be comparable to a conventional non-absorbable suture anchor and the fabella- 

tibial suture alone. 
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Simple Summary: One reason for lameness in cats is the rupture of the cranial cruciate ligament. 
This ligament is located in the stifle joint and contributes to its stabilization during excessive forward 
movement and internal rotation of the tibia. One method for the surgical treatment of cranial 
ligament rupture is the placement of an extracapsular suture. Different materials and methods of 
suture fixation have been used in dogs and cats. This study investigated the use of a novel polylactide 
absorbable bone anchor that was implanted with ultrasound technology for suture fixation and 
compared this with suture fixation alone and fixation with a nonabsorbable bone anchor using 
an ex vivo modified limb-press model. For evaluation, distance measurements on radiographs 
were performed and the angles between defined bony structures were calculated. The acquired 
measurements accounted for both craniocaudal and mediolateral movements, and the results showed 
that the absorbable anchor could neutralize excessive movement within the stifle joint in two of three 
measurements and seems to be a good alternative to well-known surgical methods. 

 
Abstract: Background: This study evaluated joint stability after surgical repair of cranial cruciate 
ligament (CrCL)-deficient stifle joints in cats using a novel absorbable polylactide bone anchor in 
an ex vivo model. Methods: Thirty-six hindlimbs from cats with intact (Gi group) and transected 
CrCLs were treated with fabellotibial suture alone (GFW group), suture combined with an absorbable 
polylactide bone anchor (GWD group), or suture combined with a nonabsorbable bone anchor (GFT 

group), positioned in a limb press with predefined joint angles (stifle joint: 120 ± 5◦; hock joint: 
120 ± 5◦) and loaded with 10%, 20%, and 30% of body mass (BM). Predefined points were measured 
on lateral radiographs and with a coordinate measurement machine. Distances on radiographs (mm) 
were measured and angles (◦) were calculated to represent the craniocaudal movement and the 
internal rotation of the tibia. Results: There were no differences for craniocaudal movement between 
Gi and GFW or GFT, but for GWD regarding angle measurement at 30% BM. For internal rotation, 
there was no significant difference between Gi and GFW or GWD, but for GFT. Conclusion: The used 
absorbable polylactide bone-anchor was able to stabilize the stifle joint regarding internal rotation 
and craniocaudal movement as calculated from distance measurements. 

 
Keywords: cranial cruciate ligament rupture; cat; fabellotibial suture; absorbable bone anchor 

This article is an open access article    

distributed   under    the    terms    and 

conditions of the Creative Commons 

Attribution (CC BY) license (https:// 

creativecommons.org/licenses/by/ 

4.0/). 

1. Introduction 
The cranial cruciate ligament (CrCL) is an important anatomical structure in the stifle 

joint. Its functions include prevention of cranial tibial drawer, excessive internal rotation of 
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the tibia, and hyperextension of the stifle joint [1–3]. CrCL disease occurs less commonly in 
the feline species as opposed to canines and humans [1,3]. Conservative management may 
seem to resolve the lameness and its associated pain but most of these cats will continue 
to have some degree of cranial tibial translation [3–6]. Surgery is thus recommended 
to prevent continued stifle instability and provide a quicker and more reliable return to 
function [3,5]. Tibial-plateau-leveling osteotomy (TPLO) and tibial tuberosity advancement 
(TTA) are commonly used to treat CrCL disease in dogs [7–13]. TPLO and TTA however 
has only been investigated in a few studies in cats, whereas extracapsular stabilization 
with fabellotibial suture has been reported more commonly [5,12,14,15]. 

Limb-press models have been widely used in research studies to investigate different 
stabilization methods in dogs and cats [8,10,13,14,16–18]. Stability in the stifle in these 
limb-press models has been evaluated using either radiographic measurements [16,18] 
or a three-dimensional coordinate-measuring system when comparing different surgical 
techniques [18]. 

The use of ultrasonically implanted absorbable bone anchors has been investigated in 
sheep for treatment of mandibular fractures, spinal fractures, skull reconstruction and for 
implantation in the femur and tibia [19–22]. In humans, these implants have been used for 
tendon and ligament repair and for joint stabilization [23,24]. In cats and dogs, there are no 
published reports on their clinical use. In contrast the use of conventional bone anchors for 
suture placement in the femur during extracapsular stabilization has been well described 
in dogs, and it has been shown to be an effective option for the surgical treatment of CrCL 
rupture [25–27]. However, there are no such studies evaluating the use of bone anchors for 
fabellotibial suture fixation in cats. In this study we investigated the surgical stabilization 
of the CrCL-deficient stifle joint in cats, using either an ultrasonically implanted absorbable 
polylactide bone anchor or a conventional anchor in an ex-vivo model. 

The absorbable polylactide anchor is implanted with BoneWelding technology (VetWeld- 
ing AG, Stansstad, Switzerland), which uses ultrasound for implantation [21,28]. The ultra- 
sound is used to liquefy the anchor polymer at the bone contact interface. The liquid then 
flows into cancellous bone cavities and immediately solidifies, creating a stable bond with 
the bone [21,28]. At 37 ◦C, there is no alteration in the anchor’s pull-out strength for a period 
of 12 months [29,30]. This period is estimated to be about 6 months for live animals, given 
that their body temperature is usually higher [29,30]. This time period is also sufficient for the 
formation of periarticular fibrosis which is ultimately responsible for long-term joint stabiliza- 
tion [29,30]. The benefits of this implantation method include the ability to withstand higher 
pull-out forces, faster implantation, with no evidence of inflammation at the implantation site 
compared with the use of conventional bone screws [19–21,28,31]. 

We hypothesized that a fabellotibial suture technique using this ultrasonically im- 
planted absorbable polylactide bone anchor would neutralize excessive craniocaudal 
drawer and prevent internal rotation of the tibia, after CrCL rupture in cats. We also 
hypothesized that this technique would be comparable to using a fabellotibial suture either 
on its own or in combination with a nonabsorbable bone anchor. 

2. Materials and Methods 
2.1. Specimens 

Hindlimbs (n = 36) from cats euthanized for reasons unrelated to the study were 
harvested from the Hospital for Small Animals of the University of Veterinary Medicine 
Vienna, Austria. Prior signed consent from the owners was obtained for using the cadavers 
for teaching or research. The limbs were free from stifle pathology as evaluated by radiog- 
raphy. The recorded body mass (BM) was 3.6 1.1 kg (range 1.7–6.2 kg), and the age was 
12.4    5.3 years (range 2.0–19.4 years). 

The limbs were prepared as previously described [16,18]. Briefly, they were disembod- 
ied, and the soft tissues from the femoral head to the proximal metatarsus were removed. 
Stifle and talocrural joint capsules, patellar tendon, fabellae, and collateral ligaments were 
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preserved. The femoral head and neck were removed using a saw. The hindlimbs were 
wrapped in saline-soaked towels and stored at 20 ◦C until testing. 

Prior to testing, the hindlimbs were thawed at room temperature. The femoral shaft 
was fixed in a copper tube containing polymethyl methacrylate. To simulate the quadriceps 
mechanism, a wire was guided through a predrilled hole in the center of the patella and 
connected to a force gauge mounted on the top plate of the limb press. Two 2.0 mm 
cortical bone screws (Braun, Austria) of 6.0 mm length were horizontally placed in a medio- 
proximal orientation to both fabellae. A wire was placed around the screws and connected 
to a turnbuckle which, in turn, was connected to a wire guided through a predrilled hole 
in the proximal aspect of the calcaneus to simulate the Achilles tendon mechanism. 

2.2. Limb Press 
For mechanical testing, a limb press was used that has been adapted for feline 

hindlimbs by Kneifel et al. [16,18]. It comprised a rectangular base plate connected by a 
column (90◦ angle) in each corner to an equal-sized top plate. Connection was achieved 
over drilled holes allowing the top plate to slide up and down and to be secured with 
screws. To measure the created patellar tendon load (PTL), a device mounted on the top 
plate held a force gauge (Sauter FA-100; Sauter GmbH, Vienna, Austria) connected to the 
wire, simulating the quadriceps mechanism. The paw was placed on a pedestal with a 
rough surface and additionally fixed with a K-wire. The pedestal was placed in the center 
of a scale (WPT 30F1/K, 0.01 kg digit; Radwag Wagi Elektroniczne, Krakow, Poland) to 
measure the body mass applied to the hindlimb (Figure 1). In addition, at 0.5 cm distal to 
the stifle joint surface, the caudal aspect of the tibia was connected to a spring mechanism 
to keep the tibial plateau from translating cranially relative to the femur. 

 

Figure 1. Limb press. A = top plate; B = pedestal; C = copper tube holding the femoral shaft; D 
= spring mechanism to avoid slack; E = force gauge; and F = radiographic magnification marker 
(Biomedtrix, Whippany, NJ, USA). Arrowhead = screws to fixate the top plate. Arrow = Achilles 
tendon mechanism. 
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On the back, a radiographic plate was attached parallel and sagittally to the limb. 

2.3. Surgical Treatment 
For different treatment methods, the hindlimbs were randomly divided into the three 

groups. For each group, appropriate placement of the created bone tunnels was obtained 
using radiographs. 

2.3.1. Fabellotibial Suture Alone 
The first group (GFW) underwent a fabellotibial suture technique with #2 braided 

nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems, Frechen, 
Germany) without the use of a bone anchor. 

The suture was placed through the lateral femorofabellar ligament, guided medially 
through a bone tunnel cranial to the proximal aspect of the extensor groove of the tibia [32], 
and guided back laterally under the distal aspect of the patellar tendon and knotted with the 
opposite end of the suture. Tightening was performed with the mentioned force gauge, at 
20 N, as previously described, while the stifle joint was held at an angle of 100◦ [16,18,33,34] 
and fixation was performed with six square knots. 

2.3.2. Fabellotibial Suture with a Nonabsorbable Suture Anchor 
The second group (GFT) underwent fabellotibial suture treatment with a 2.8 mm 

11.7 mm threaded nonabsorbable suture anchor (FASTak, Arthrex Vet Systems) preloaded 
with #2 braided nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet 
Systems). The hole for anchor placement in the caudal aspect of the lateral femoral condyle 
was drilled using a 2.0 mm drill bit (Arthrex Vet Systems). Further suture placement and 
tightening were performed as described for the GFW group. 

2.3.3. Fabellotibial Suture with an Absorbable Suture Anchor 
The third group (GWD) received a 2.3 7.2 mm polylactide absorbable bone anchor 

(Weldix; VetWelding AG) which can be preloaded with different types of suture materials 
from sizes USP#4-0 to #2. For anchor placement, an ultrasound device (BoneWelder Vet; 
VetWelding AG) with a frequency of 30 kHz was used. 

During implantation, ultrasonic vibrations established shear forces at the anchor–bone 
interface, which cause the polymer to liquefy and flow into the surrounding cancellous 
bone structure. The polymer immediately solidifies, creating a stable bond between implant 
and bone. This is also the case for the used suture material, which is locked in place during 
this process. 

In our study, the anchor was preloaded with #2 braided nonabsorbable multistrand 
polyethylene suture (FiberWire; Arthrex Vet Systems) (Figure 2). A 1.8 mm twist drill with 
a drill stop (VetWelding AG) was used to create the insertion site in the caudal aspect of 
the lateral femoral condyle. 

Further suture placement and tightening were performed as described for the GFW 
and GFT groups. 
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Figure 2. Illustration of the polylactide absorbable bone anchor (Weldix; VetWelding AG, Stansstad, 
Switzerland), its position in the femoral condyle and the bone tunnel through the tibia. The smaller 
images show the process of implantation from top to bottom. 

2.4. Mechanical Testing 
All hindlimbs (n = 36) were tested in the same setup with intact (Gi) and transected 

(GT) CrCL, including after surgical repair (GFW, GFT, and GWD groups). 
The hindlimb was placed in the limb press, and the paw was secured with a small 

K-wire. Throughout the experiment, the hindlimb was sprayed with saline to keep it 
moist. Next, 10%, 20%, and 30% of BM was applied to the hindlimb by sliding the top 
plate up and down and tightening or loosening the turnbuckle in the Achilles tendon 
mechanism. The angles of the stifle and talocrural joints did not exceed 120 5◦ [14,16,18]. 
Radiographs were obtained for verification (Gierth HF 80/15, X-ray tube; Riesa, Germany) 
and immediately developed (Kodak Point-of-Care CR-360 System; Carestream Health Inc., 
Rochester, NY, USA). Distances were measured using the DICOM viewer (dicomPACS 
view, version 5.2.11; Oehm and Rehbein GmbH, Rostock, Germany), and joint angles were 
measured as previously described (Figure 3) [14,16,18]. BM and percentage of BM for each 
cat can be found in the Supplementary Materials (Tables S1–S26). 
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Figure 3. Radiograph showing measurement of stifle and tarsal joint angles (green lines) on the left 
hindlimb with a transected cranial cruciate ligament and loaded with 20% body mass. Dark blue 
circles (r = 6 mm) are superimposed over the caudal aspect of the femoral condyles. Distances were 
measured from its center to the most cranial point of the tibial plateau (pink line). 

2.4.1. Patellar Tendon Load 
The PTL reflects the tension created within the quadriceps mechanism. It was eval- 

uated thrice at each BM load with an intact CrCL with the value read directly from the 
force gauge, and the mean was calculated and rounded to the nearest whole number. This 
value was used for all further testing in both hindlimbs of the same cadaver, guaranteeing 
the same tension within the quadriceps mechanism, even when altering the top plate or 
the Achilles tendon mechanism. In cases where the PTL changed when altering the entire 
mechanism to apply the calculated weights, it was corrected again. 

PTL for each cat and each BM load are listed in the Supplementary Materials 
(Tables S1–S26). 

2.4.2. Measurement Procedure 
The hindlimb was placed in the limb press, and the described body mass and eval- 

uated PTL were applied.  If the joint angles evaluated on the radiographs were within 
the predefined range, we measured the distance between the most cranial aspect of the 
medial tibial condyle contributing to the articular surface [35] and the center of the circle 
(r = 6 mm) superimposed over the caudal aspect of the femoral condyles. Subsequently, 3D 
measurements for later angle calculation were performed using a coordinate-measuring 
machine (CMM) (Microscribe M; Ravware Inc., Raleigh, NC, USA). The predefined femoral 
points measured were the proximal aspect of the trochlear groove (F1) and the lateral 
aspect of the lateral fabella (F2). A point 1 cm distal to the tibial crest (T1) and the fibular 
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head (T2) represented the points on the lower leg. Each point was measured thrice, and the 
mean was calculated. After first collecting measurements from a hindlimb with an intact 
cranial CrCL, the cranial CrCL was then transected with a #11 blade, the arthrotomy was 
closed with interrupted sutures using a 2/0 monofile absorbable suture material (Biosyn; 
Covidien, Dublin, Ireland), and the hindlimb was, again, placed in the limb press. Previous 
loads were applied, radiographs were taken, and the coordinates of the predefined points 
were measured again. After surgical repair, the hindlimb was again mounted on the limb 
press, radiographs were taken, and the coordinates were measured. 

No parts of the limb press were altered when removing a hindlimb, during the time 
the hindlimb was not in the apparatus, and when replacing the hindlimb. 

2.5. Calculations 
2.5.1. Distances 

Two points each on the femur and tibia were defined, and the distance (D) between 
them was measured on previously obtained radiographs. X1 was the most cranial point of 
the tibia and X2 the center of a circle (r = 6 mm) superimposed over the caudal aspect of 
the femoral condyles (Figure 3). If a double condylar sign with a distance exceeding 1 mm 
was present, the hindlimb was replaced and the measurements performed again. 

Differences between the distances measured in the hindlimbs under all conditions, 
i.e., intact (Di) and transected (DT) CrCLs and after surgical repair (DFW = fiber wire; 
DFT = FASTak; DWD = Weldix), were calculated to determine the cranial motion of the 
tibia under each condition, including DT   Di for assessing the instability gained and 
Di     DFW/FT/WD for evaluating the remnant instability after each treatment. A difference 
of 0 indicated the restoration of stability. 

Calculated distances for each hindlimb can be found in the Supplementary Materials 
(Tables S1–S26). 

2.5.2. Angles 
To evaluate the movement between the femur and tibia in more than one plane, 

the angles between the two measured coordinates were calculated using a 2-argument 
arctangent. Points F2 and T1 were used to evaluate the craniocaudal movement of the 
tibia relative to the femur in a sagittal plane, creating angle α. Points F1 and T2 were 
used to calculate angle β, representing the inward rotation of the tibia in the transversal 
plane. As the tibia moves forward and rotates internally in the CrCL-deficient stifle joint, 
angle α decreases and angle β increases (Figures 4 and 5). The angles were calculated 
for intact (αi, βi) and transected (αT, βT) CrCLs and after treatment (αFW/βFW  = fiber 
wire; αFT/βFT = FASTak; αWD/βWD = Weldix).  αT   αi and βT    βi were calculated to 
evaluate the instability gained after transection, and αi αFW/FT/WD and βi  βFW/FT/WD 
were calculated to evaluate the remnant instability after each treatment. A difference of 
0 indicated the restoration of stability. 

Calculated angles for each hindlimb can be found in the Supplementary Materials. 
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Figure 4. Illustration of the changes within the angle representing craniocaudal movement (α), 
showing that the angle becomes smaller after CrCL transection as the tibial crest (T1) is cranially 
displaced. α = measured angle; orange point T1 = point 1 cm distal to the tibial crest; orange point F2 
= lateral aspect of lateral fabella in an intact CrCL; green line Gi = vector between measured points 
with an intact CrCL; red line GT = vector between measured points with a transected CrCL; violet 
arrow = illustration of movement when the CrCL is transected. Scale bar indicates 10 mm. 

 

 
Figure 5. Illustration of the changes within the angle representing internal rotation of the tibia (β), 
showing that the angle becomes larger after CrCL transection as with internal rotation of the tibia 
when the fibular head (T2) moves laterally. β = measured angle; orange point T2 = fibular head in an 
intact CrCL; orange point F1 = proximal aspect of the trochlea groove in an intact CrCL; green line 
Gi = vector between measured points with an intact CrCL; red line GT = vector between measured 
points with a transected CrCL; violet arrow = illustration of movement when the CrCL is transected. 
Scale bar indicates 10 mm. 
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(mm) 

 
 

2.6. Statistical Analysis 
Prior to the commencement of the study, the sample size was estimated using G*Power 

v3.1 (Heinrich-Heine-Universität Düsseldorf; Düsseldorf, Germany) with a power of 80% to 
select the adequate number of specimens to be tested. Statistical analyses were performed 
using IBM SPSS version 19 (IBM; Armonk, NY, USA). To evaluate the correlation between 
the technique, calculated differences, and load, a general linear model with repeated 
measurements was used, followed by post hoc tests using Bonferroni’s alpha correction for 
multiple comparisons. 

To evaluate the impact of the technique on the differences for each load, one-sample t-
tests were used. Pearson’s correlation coefficient was used to detect the correlation 
between the BM and calculated differences, and the Kolmogorov–Smirnov test was used to 
determine whether data were normally distributed. p < 0.05 was considered to indicate 
statistically significant differences. 

3. Results 
3.1. Distances 

The distances measured after CrCL transection were all significantly higher than those 
in stifle joints with an intact CrCL and increased with higher loads. Following stabilization 
with braided nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet 
Systems) (GFW group) and a polylactide absorbable bone anchor (Weldix; VetWelding AG) 
(GWD group), the measured distances at all loads were not significantly different compared 
with those of stifle joints with an intact CrCL according to the one-sample t-test (Table 1). 

 
Table 1. Calculated differences in the distance measured for each load and each surgical treatment. 

5 Distance 
Calculation 

Lower Upper Mean SD 6 

(mm) 

 
p-Value 

 
10% 

 
 
 

20% 
 
 
 

30% 

Di 1 − DFW 2 −0.1 0.4 0.1 0.4 0.29 

Di 1 − DFT 3 0.5 1.6 0.8 0.2 <0.01 

Di 1 − DWD 4 −0.0 0.3 0.1 0.3 0.10 

Di 1 − DFW 2 −0.2 0.3 0.1 0.4 0.52 

Di 1 − DFT 3 0.6 1.6 0.8 0.2 <0.01 

Di 1 − DWD 4 −0.1 0.4 0.2 0.4 0.18 

Di 1 − DFW 2 −0.2 0.3 0.0 0.4 0.75 

Di 1 − DFT 3 0.6 1.7 0.8 0.2 <0.01 

Di 1 − DWD 4 −0.0 0.4 0.2 0.3 0.07 
1 Di = distance measured in an intact cranial cruciate ligament. 2 DFW = distance measured in stifle joint treated 
with #2 braided nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems, Frechen, 
Germany) only. 3 DFT = distance measured in stifle joint treated with nonabsorbable suture anchor (FASTak; 
Arthrex Vet Systems, Frechen, Germany) preloaded with #2 braided nonabsorbable multistrand polyethylene 
suture (FiberWire; Arthrex Vet Systems, Frechen, Germany). 4 DWD = distance measured in stifle joint treated 
with polylactide absorbable bone anchor (Weldix; VetWelding AG, Stansstad, Switzerland) preloaded with #2 
braided nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems, Frechen, Germany). 
5 PBM = percentage of body mass. 6 SD = standard deviation. 

The nonabsorbable bone anchor (FASTak; Arthrex Vet Systems) preloaded with #2 
braided nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems) 
(GFT group) showed a statistically significant difference regarding craniocaudal movement 
compared with the distances measured for an intact CrCL (Table 1). There was a significant 
effect of load (F = 163, p < 0.01) and condition (F = 545, p < 0.01) on the distances, but we 
could not show an interaction between applied loads and the technique in this setting 
(F < 1, p = 0.71). Pearson’s correlation analysis showed no significance between the BM and 
distances under all conditions and at all loads. 

PBM 
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(mm) 

(mm) 

 
 

3.2. Angles 
Angle α was significantly lower, while angle β was significantly higher in stifle joints 

with a transected CrCL than in those with an intact CrCL. At a load of 30% BM, there was 
a significant difference between GWD group and the Gi group regarding angle α (p = 0.04) 
(Table 2). The calculated angle β values showed no difference compared to the Gi group 
for all treatments (p > 0.05) (Table 3). 

 
Table 2. Calculated differences in angle α, indicating craniocaudal movement, for each load and 
surgical treatment. 

5 Angle 
Calculation Lower Upper Mean SD 6 

(mm) 

 
p-Value 

 
10% 

 
 
 

20% 
 
 
 

30% 

αi 1 − αFW 2 −7.7 2.3 −2.7 7.9 0.26 

αi 1 − αFT 3 −4.6 0.1 −2.2 3.6 0.06 

αi 1 − αWD 4 −3.5 1.1 −1.2 3.7 0.28 

αi 1 − αFW 2 −2.2 3.2 0.5 4.3 0.67 

αi 1 − αFT 3 −4.3 0.7 −1.8 3.9 0.14 

αi 1 − αWD 4 −4.4 1.4 −1.5 4.5 0.27 

αi 1 − αFW 2 −5.3 −0.1 −2.7 4.2 0.05 

αi 1 − αFT 3 −4.8 0.1 −2.4 3.8 0.06 

αi 1 − αWD 4 −6.2 −0.3 −3.2 4.7 0.04 
1 αi = distance measured in intact cranial cruciate ligament. 2 αFW = distance measured in stifle joint treated with 
#2 braided nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems, Frechen, Germany) 
only.  3  αFT  = distance measured in stifle joint treated with nonabsorbable suture anchor (FASTak;  Arthrex 
Vet Systems, Frechen, Germany) preloaded with #2 braided nonabsorbable multistrand polyethylene suture 
(FiberWire; Arthrex Vet Systems, Frechen, Germany). 4 αWD = distance measured in stifle joint treated with 
polylactide absorbable bone anchor (Weldix; VetWelding AG, Stansstad, Switzerland) preloaded with #2 braided 
nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems, Frechen, Germany). 5 PBM = 
percentage of body mass. 6 SD = standard deviation. 

Table 3. Calculated differences of angle β, indicating internal rotation of the tibia, for each load and 
surgical treatment. 

5 Distance 
Calculation 

Lower Upper Mean SD 6 

(mm) p-Value 

 
10% 

 
 
 

20% 
 
 
 

30% 

βi 1 − βFW 2 −6.6 13.2 3.3 15.5 0.48 

βi 1 − βFT 3 −4.6 0.1 −2.2 3.6 0.06 

βi 1 − βWD 4 −11.1 3.0 −4.0 11.1 0.24 

βi 1 − βFW 2 −10.0 7.0 −1.5 13.4 0.71 

βi 1 − βFT 3 −8.1 2.6 −2.8 8.4 0.28 

βi 1 − βWD 4 −4.6 0.8 −1.9 4.2 0.15 

βi 1 − βFW 2 −8.2 11.7 1.8 15.7 0.71 

βi 1 − βFT 3 −6.0 6.1 0.1 9.5 0.98 

βi 1 − βWD 4 −5.5 7.0 0.7 9.8 0.80 
1 βi = distance measured in intact cranial cruciate ligament. 2 βFW = distance measured in stifle joint treated with 
#2 braided nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems, Frechen, Germany) 
only.  3  βFT  = distance measured in stifle joint treated with nonabsorbable suture anchor (FASTak;  Arthrex 
Vet Systems, Frechen, Germany) preloaded with #2 braided nonabsorbable multistrand polyethylene suture 
(FiberWire; Arthrex Vet Systems, Frechen, Germany). 4 βWD = distance measured in stifle joint treated with 
polylactide absorbable bone anchor (Weldix; VetWelding AG, Stansstad, Switzerland) preloaded with #2 braided 
nonabsorbable multistrand polyethylene suture (FiberWire; Arthrex Vet Systems, Frechen, Germany).5 PBM = 
percentage of body mass. 6 SD = standard deviation. 

PBM 

PBM 
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The load (Falpha = 10, Fbeta = 14, p < 0.01) and condition (Falpha = 162, Fbeta = 221, 
p < 0.01) significantly affected angles in the generalized linear model. In addition, the 
load–condition interaction affected the measured angles (Falpha = 9, Fbeta = 12, p < 0.01). 
Pearson’s correlation showed a correlation between the body mass and the measured angle 
β in the transected and surgically repaired CrCL at a load of 30% BM. 

4. Discussion 
This study evaluated the use of a novel ultrasonically implanted absorbable polylac- 

tide bone anchor for fixation of fabellotibial suture in cats with CrCL rupture. The results 
partially confirmed our hypothesis, that using the fabellotibial suture technique with 
an ultrasonically implanted absorbable polylactide bone anchor can neutralize excessive 
craniocaudal movement and inward tibial rotation. 

With our model, we showed that the use of the novel absorbable bone anchor neutral- 
ized the craniocaudal movement of the tibia based on conventional 2D measurement on 
radiographs but not at a load of 30% BM when calculating the corresponding angle. By 
contrast, the use of a nonabsorbable bone anchor for suture fixation failed to neutralize 
excessive cranial movement of the tibia according to 2D measurements, but this was not 
the case for 3D angle calculations. Internal tibial rotation was neutralized using all the 
techniques at all loads according to 2D and 3D measurements. 

These conflicting results between measurements on radiographs representing cran- 
iocaudal movement of the tibia and angle α, which represents the same movement, lead 
to the suggestion that angle α may not properly reflect craniocaudal movement and may 
also yield false-positive results. This suspicion is supported by a recent study that sug- 
gested that a comparison between distance measurements and angle measurements using 
a CMM (Microscribe M; Revware Inc., Raleigh, NC, USA) is not possible, even if calculated 
distances are evaluated based on 3D measurements and not calculated angles [18]. 

To determine the possibility of comparing both methods, replication studies are 
recommended, keeping in mind that radiographs are the source used under clinical cir- 
cumstances. 

With regard to distance measurements, the differences between bone anchors may be 
due to different materials and implantation processes. The fact that the polylactide bone 
anchor liquefies during implantation, infiltrates bone cavities, and creates a rigid bond 
between bone and implant after immediate solidification might explain its superiority over 
the conventional screw-in anchor [20,21,28,31]. 

Another influencing factor might be the kind of suture attachment in different anchors. 
In the nonabsorbable anchor, the suture is not firmly attached and can become displaced 
after implantation, unlike the absorbable suture. This is because during ultrasonic implan- 
tation of an absorbable polylactide anchor, the material melts over the suture and creates an 
inextricable connection between anchor and suture, with the anchor itself rigidly bonding 
to the bone. 

Regarding implantation, ultrasound-guided implantation of a polylactide anchor, in 
contrast to fabellotibial suture and nonabsorbable anchor placement, requires practice. 
Nevertheless, once the process of implantation is understood, the device is easy to use 
and does not require more time than that for conventional screw anchor placement. What 
needs to be considered is that the load needed for proper placement varies with the type of 
preloaded suture and must be higher when the suture material is braided and of a larger 
diameter. We experienced this during pretesting, when implantation was practiced using 
different suture materials. If excessive load is applied on the sonotrode during implantation, 
the anchor head breaks, as previously reported [19–21,31,36]. The same outcome can occur 
if the sonotrode is not placed straight on the anchor head during insertion. 

Another phenomenon that needs to be considered when using absorbable polylactide 
anchors is the so-called backflow—i.e., when liquified material bulges out of the predrilled 
hole and creates a small bump on the bone surface. Backflow most likely occurs when the 
bone is not at the optimal temperature. This occurred in five of our tested hindlimbs and 
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was resolved by immersing them in warm water for a few minutes prior to implantation 
to ensure body temperature inside the bone. Despite the backflow, all implants remained 
macroscopically stable and regained stability with regard to internal rotation and distance 
measurement. Although this phenomenon is unlikely to occur in live animals and may 
not lead to any soft-tissue irritation, it should be considered. Furthermore, the potential 
for irritation or even damage to the suture from protruding anchor material is not known 
and should be looked at in further studies. Regarding the increase in temperature during 
ultrasound-assisted implantation, no cellular reaction in the area around the pin has 
been found [19–21,31,36]. With regard to healing, different studies on the femur, tibia, 
jaw, and spine of sheep have shown high biocompatibility, with low scores or even the 
absence of inflammation-related cellular reactions [19–21,36]. To evaluate these findings in 
a clinical context, studies with long-term patient follow-up for tolerability of such implants 
are needed. 

In our study, all the sutures were tied with the stifle joint held at 100◦, as described in 
a study that reported that the tightening of lateral suture fixations results in the least loss of 
tension within that angle [34]. This study was performed on dogs with CrCL-deficient stifle 
joints, and the same angle was selected in previous studies on cats [16,18]. With regard to 
distance measurement in the GFT group, craniocaudal instability neutralization was not 
possible within our setup where measurements were performed at a joint angle of 120 5◦. 
Considering this, further studies are necessary to prove whether suture tightening at a 
100◦ angle is optimal in cats and with different surgical techniques. A force of 20 N was 
selected based on previous studies [16,18,33], but care needs to be taken because, to the best 
of our knowledge, no study has evaluated whether this force is most accurate for suture 
tightening in cats, and further evaluations are needed. 

When interpreting our results, we were aware of the inherent limitations of an ex vivo 
biomechanical model. Such a model can never completely reflect the physiologic situation 
during hindlimb movement in live animals, especially as the functions of muscles and 
surrounding soft tissues in contributing to additional stability cannot be evaluated. The 
Achilles tendon, with its connection to the gastrocnemius, plays a major role in creating the 
cranial tibial thrust [37,38]. This leads to compression of the tibia against the femur and 
is neutralized by an intact CrCL, amongst other anatomical structures [38]. In the CrCL- 
deficient stifle joint, the Achilles tendon is responsible for excessive cranial translation of 
the tibia relative to the femur [37,38]. Even if we mimicked this anatomical structure in our 
experimental setting and a cranial and medial translation of the tibia was achieved within 
the CrCL-deficient stifle joints, the extent to which the ex vivo situation is able to reflect 
reality remains unclear. The contribution of creep due to repeated testing of the stifles and 
its possibility of altering the results should also be kept in mind. 

Another important limitation was that testing was performed only at specific joint 
angles, making it impossible to explain the behavior of each kind of treatment during the 
various ranges of motion the joint experiences when a cat is walking.  However, angles 
of stifle and hock joints were chosen as they occur in the early stance phase of a walking 
cat. This is the point where the stifle joint angle is the widest, which results in maximum 
instability for the CrCL [39,40]. A further limitation was that the maximum applied load 
was 30% BM. This load was supposed to mimic the load applied during normal walking 
of a cat but would be much lower than that required to accurately mimic a jumping cat. 
To avoid cable breakage and fixation loosening [16], it was not possible to apply higher 
loads in our setup, and this needs to be considered when interpreting the results. It can be 
assumed that any instability already visible at a load of 30% BM will be even more obvious 
with higher loads, as is the case, e.g., when a cat jumps. 

For further clinical evaluation of sutures, it would be beneficial to perform cyclic 
testing of potential implant migration. At least, there was no possibility of evaluating 
postoperative clinical performance, including resolution of lameness, time of healing, and 
potential complications, including possible screw loosening or implant migration and, 
within that, a possible loss of stability. 



Animals 2021, 11, 1695 13 of 15 
 

 
 

The bias potentially created by our knowledge of which method was used when 
the radiographs were analyzed and coordinate measurements were performed is also a 
possible limiting factor. 

5. Conclusions 
The absorbable polylactide bone anchor tested in combination with a braided nonab- 

sorbable multistrand polyethylene suture has the ability to neutralize excessive craniocau- 
dal movement and internal tibial rotation following CrCL rupture in cats as demonstrated 
by distance measurements in radiographs for our ex vivo model and seems to be a suitable 
alternative to conventional suture anchors. Nevertheless, the conflicting results between 
distance measurements and angle calculations as well as the limitations of the experimental 
setup mean that further studies on this subject are necessary along with the consideration 
of possible limitations when interpreting the results. 
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3. Summary 
CrCL rupture is a common finding in cats. Even if conservative treatment is possible and often 

leads to a resolution of lameness, surgical treatment is recommended to achieve a quicker return 

of function and avoid degenerative joint disease. The most used method in cats is stabilisation 

with an extracapsular fabella-tibial suture, which can be combined with a bone anchor for suture 

fixation in the lateral femoral condyle. Our hypothesis was that an innovative absorbable 

polylactide bone anchor (Weldix, VetWelding AG; Stansstad, Switzerland) combined with 

the lateral fabella-tibial suture (#2 fibre wire, Arthrex Vet Systems; Frechen, Germany) has the 

same ability to stabilise CrCL-deficient cat stifles as the fabella-tibial suture with #2 fibre wire 

(Arthrex Vet Systems) without a bone anchor and combined with a conventional non- 

absorbable bone anchor (FASTak, Arthrex Vet Systems). 

For evaluation, 36 cadaveric hind limbs from cats were tested with intact and dissected CrCL 

and after surgical repair with one of the three techniques mentioned above, using a limb-press 

model. To evaluate the regaining of stability, craniocaudal and mediolateral movement was 

evaluated using distance measurement on radiographs and angle calculation using coordinates 

measured in three dimensions on predefined points on the femur and tibia. 

Fabella-tibial suture combined with innovative absorbable polylactide bone-anchor Weldix 

from VetWelding AG stabilised the CrCL-deficient stifle joint’s internal rotation. For 

craniocaudal movement, stabilisation could be achieved for all measurements except angle 

calculations at a load of 30% BM. The fabella-tibial suture with #2 fibre wire (Arthrex Vet 

Systems) alone was able to stabilise the joint regarding all measurements and calculations. In 

combination with the non-absorbable bone anchor (FASTak, Arthrex Vet Systems), there was 

no regaining of stability concerning craniocaudal movement in 2D measurements on 

radiographs, but for all 3D measurements for 10%, 20% and 30% of BM. 

In conclusion, we demonstrated the absorbable polylactide bone anchor seems a suitable 

alternative for extracapsular cranial cruciate ligament repair respecting 2D measurements on 

radiographs reflecting craniocaudal tibial movement and 3D measurement reflecting internal 

rotation of the tibia. Nevertheless, conflicting results must be remembered for measurements 

on radiographs and angle calculations, as well as limitations of this study. 
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4. Zusammenfassung 
Der kraniale Kreuzbandriss ist eine häufige orthopädische Erkrankung der Katze. Eine 

konservative Therapie kann zu einer deutlichen Verbesserung der damit verbundenen Lahmheit 

führen, beansprucht jedoch einen längeren Zeitraum und führt in der Regel zu schneller 

fortschreitenden und ausgeprägteren degenerativen Veränderungen im Kniegelenk. Um eine 

schnellere Genesung zu erreichen und entsprechende Veränderungen zu verhindern, ist eine 

chirurgische Versorgung angeraten. Die hierfür am häufigsten verwendete Technik ist die 

extrakapsuläre Stabilisierung mittels fabello-tibialem Fadenzügel. Diese kann mit einem 

Knochenanker, zur Fixation der Naht am lateralen Femurcondylus, kombiniert werden. 

Unsere Hypothese lautete, dass ein neuartiger resorbierbarer Knochenanker (Weldix, 

VetWelding AG; Stansstad, Switzerland) in Kombination mit einem fabello-tibialen 

Fadenzügel (#2 FiberWire, Arthrex Vet Systems; Frechen, Germany), zu einer vergleichbaren 

postoperativen Stabilität führt, wie der fabello-tibiale Fadenzügel (#2 Fiber Wire, Arthrex Vet 

Systems) ohne Kombination mit einem Knochenanker, sowie in Kombination mit einem nicht- 

resorbierbaren Knochenanker (FASTak, Arthrex Vet Systems). 

Es wurden 36 Hinterbeine von orthopädisch gesunden Katzen mittels eines Limb-Press Models 

bei intaktem und rupturiertem Kreuzband, sowie nach Versorgung mit einer der drei Techniken, 

getestet. 

Um die Stabilität des Kniegelenks nach operativer Versorgung zu evaluieren, wurde die 

craniocaudale Bewegung sowie die Innenrotation der Tibia evaluiert. Hierzu wurden 

Distanzmessungen an angefertigten Röntgenbildern herangezogen, sowie Winkelmessungen, 

anhand von zuvor vermessenen 3D-Koordinaten an definierten Knochenpunkten, durchgeführt. 

Es konnte gezeigt werden, dass unter Verwendung des neuartigen, aus Polylactid bestehenden, 

resorbierbaren Knochenankers Weldix (VetWelding AG) in Kombination mit #2 Fiber Wire 

eine Stabilisierung der Innenrotation der Tibia erreicht wird. Die kraniokaudale Instabilität 

konnte, mit Ausnahme der Winkelmessung bei einer Belastung mit 30% der Körpermasse, 

ebenso neutralisiert werden. Mit der alleinigen Verwendung des fabello-tibialen Fadenzügels 

mit #2 Fiber Wire (Arthrex Vet Systems) konnte eine vollständige Stabilisierung bei allen 

Belastungen erreicht werden. 

In Kombination mit dem nicht-resorbierbaren Knochenanker FASTak (Arthrex Vet Systems) 

konnte die kraniokaudale Instabilität des Kniegelenks, gemessen an den angefertigten 
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Röntgenbildern, nicht behoben werden. Betreffend der 3D Messungen und entsprechenden 

Winkelberechnungen konnte jedoch für alle Belastungen eine Stabilisierung erreicht werden. 

Zusammenfassend scheint die Verwendung des aus Polylactid bestehenden, resorbierbaren 

Fadenankers eine geeignete Alternative im Zuge der chirurgischen Stabilisierung des 

Kniegelenks der Katze nach einem Kreuzbandriss zu sein. Dennoch müssen bei der Bewertung 

der Ergebnisse die Unterschiede zwischen Distanz- und Winkelmessungen der craniocaudalen 

Instabilität, sowie die Limitationen des Studienaufbaus berücksichtigt werden. 
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5. Abkürzungsverzeichnis 
CrCL Cranial Cruciate Ligament Rupture 

CTT Cranial Tibial Thrust 

TPLO Tibial Plateau Levelling Osteotomy 

TTA Tibial Tuberosity Advancement 

CMM Coordinate-Measuring Machine 
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