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Comparison of macroscopic 
resorption time for a self-locking 
device and suture material in ovarian 
pedicle ligation in dogs
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Abstract

A resorbable self-locking device (LigaTie) was developed to enable safe and easy surgical ligation of blood 

vessels. The aim of this study was to compare the long-term in vivo resorption of the device to a commercially 

available suture of equivalent material (Maxon) following ovarian pedicle ligation. Ater ovariohysterectomy 

follow-up ultrasound examinations were performed monthly on 21 dogs ligated with the device and 22 dogs 

ligated with the suture material until no hyperechoic remnants, acoustic shadowing or local tissue reactions 

were detected. In both groups, the ovarian pedicles gradually decreased in size. Ligation material was considered 

macroscopically resorbed when ultrasound showed no signs of the device or suture, ovarian pedicle or tissue 

reaction. Macroscopic resorption had occurred without signs of complications and was complete by four months 

for sutures and 5.5 months for the device. The results show that resorption time in vivo for the resorbable self-

locking device is mildly longer than suture of the same material and that no complications of device resorption 

were detected, supporting that the resorbable self-locking device is safe for in vivo use.

Introduction

A resorbable self-locking device for surgical ligation 

that facilitates a safer and easier surgical procedure 

is being tested.1–7 The material used in the device, 

a block copolymer of glycolic acid and trimethylene 

carbonate (TMC), is equivalent to the suture Maxon, a 

monofilament resorbable suture which was introduced 

in the mid-1980s.8 The degradation and resorption of the 

Maxon suture is well described9–15 and this resorbable 

suture is one of several alternatives for ligation of the 

canine ovarian pedicle.16 

In a previous study, the device was tested for ligation 

of the ovarian pedicle in canine ovariohysterectomy, 

showing reduced duration of surgery and time needed 

for ligation of the ovarian pedicle compared  with 

traditional suture ligation.1 Furthermore, the ligation 

time was shorter compared with indings of a previous 

study of vessel sealing and suture ligation of the canine 

ovarian pedicle.17

The resorption of the device has been studied 

with ultrasound and histology following ligation of 

the spermatic cord in male dogs.2 Additionally, the 

mechanical properties over time of the device in vitro 

are described.18 In the previous studies of the device 

it was manufactured using an in-house built injection 

moulding machine in a research and development 

laboratory. However, the device in the present study 

was serial produced and sterilised in an industrial 

setting and may have diferent mechanical and physical 

properties compared  with the devices used in earlier 

studies. Its resorption proile may also difer from that of 

the previous study2 due to diferences in manufacturing 

and sterilisation processes between present and 

previous studies, all of which will afect the material at 
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a molecular level and the mechanical properties of the 

device.

The aim of this study was to follow the long-term 

resorption of the device used for ligation of the ovarian 

pedicles with diagnostic ultrasound and compare it 

with that of a commercially available suture made of 

the equivalent polymer material. The hypothesis was 

that the device and suture would degrade and resorb at 

similar rates and without signs of complications.

Methods

Animals

Forty-five female mixed-breed mongrel dogs were 

included in the study. The dogs were divided into two 

groups according to the method used for ligation of the 

ovarian pedicle: 24 dogs were included in the suture 

group where Maxon (size 0, 3.5 metric, monofilament 

polyglyconate synthetic absorbable suture, 

manufactured by Syneture, Norwalk, Connecticut, USA) 

was used for ligation and 24 dogs were included in the 

device group where a resorbable self-locking device 

(LigaTie, legal manufacturer Resorbable Devices, 

Uppsala, Sweden, www. LigaTie. com) was used.

The ovariohysterectomies were performed by the 

same surgeon and followed standard procedures except 

that the device was used to ligate the ovarian pedicles 

in the device group. The surgical procedures and data of 

the animals were previously reported.1 In the procedure, 

uterine horns and ovaries were localised manually 

and a hole was made in the broad ligament close to 

the ovary. The tissue of the ovarian pedicle was not 

clamped with forceps. The lexible band of the device 

was applied around the ovarian pedicle and introduced 

into the locking case, thus a loop was formed. The loop 

around the ovarian pedicle was tightened and the tissue 

and blood vessels within the loop were compressed, 

without prior crushing of tissue. A pair of forceps was 

placed in-between the device and the ovary, and the 

ovarian pedicle was transected between the forceps 

and the device. Ater haemostasis was veriied, excess 

band was cut of at locking case, leaving 2–3 mm of the 

lexible band.1

In the suture group, a pair of haemostatic forceps was 

used to clamp the ovarian pedicles and make a groove. 

The forceps were then repositioned distally, closer to the 

ovary and one ligature was placed in the compressed 

tissue. The ovarian pedicle was cut between the ligature 

and the forceps.

Surgery was done on the suture group irst due 

to delayed delivery of devices. The initial order of 

registration and group assignment of the patients was 

adhered to. 

The resorbable device

The implanted device (LigaTie, legal manufacturer 

Resorbable Devices, www. LigaTie. com) consisted 

of a flexible band, in part perforated, and a case 

with a locking mechanism where the band could be 

introduced, pulled through and a self-locking loop was 

formed (figure  1). Design features for tissue engaging 

properties, aimed to achieve a secured tissue grip, were 

added to the locking case to increase friction between 

the device and the tissue that was compressed inside 

the loop of the device. The measurements of the flexible 

band of the device were 0.65 mm x 4 mm and the 

measurements of the locking case were width 6 mm, 

height 4.7 mm and length 4.5 mm.

Glycolide and TMC were polymerised into a block 

copolymer. The resorbable polymer was injection 

moulded into LigaTie products. The produced devices 

were placed in Tyvek bags, two devices per bag. The 

Tyvek bags were sealed in a clean room, placed in 

aluminium foil pouches and allowed to dry under 

vacuum for at least seven days. Pouches were then 

sealed in a moisture-free environment. Devices were 

sterilised while inside the sealed aluminium foil 

pouches by using electron beam radiation at a dose of 

25 kGy.

Ultrasonography

The dogs were placed in dorsal recumbency and 

the  left and right caudal abdominal quadrants were 

scanned with a multifrequency of 3.0–7.0 MHz convex 

transducer (Medison SonoAce 8000 EX ultrasound, 

LTDA, São Paulo, Brazil) with frequencies set as high as 

possible in relation to the size of the dog and the distance 

to the area of interest. Acoustic gel was used and hair 

was clipped when necessary to improve the quality of 

Figure 1 The resorbable device LigaTie, a self-locking loop designed for ligation 

purposes. Left: devices with scalpel. Right: flexible band introduced into the 

locking case.
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the acquired images. The dogs were not sedated during 

the examination. The location of the ligation area, that 

is, the ovarian pedicle (mesovarium), defined as tissues 

of the suspensory ligament with its vessels, the ovarian 

vessels and variable amounts of fat, was identified. The 

area was examined for remnants of suture or device 

represented by a hyperechoic structure with or without 

acoustic shadowing and changes suggestive of a local 

tissue reaction such as anechoic or echogenic fluid or 

surrounding hyperechoic tissues. The diameter of each 

ovarian pedicle (left ovarian pedicle  (LOP) and right 

ovarian pedicle  (ROP)) including the ligation and the 

tissue reaction was measured in a sagittal plane. The 

ultrasound examinations were performed by the same 

radiologist on a monthly basis until no hyperechoic 

remnants or acoustic shadowing or local tissue reactions 

were observed. The mean±sd number of days at each 

postoperative examination of each group is reported.

Several ultrasound images of the LOP and ROP 

were saved and for each ovarian pedicle the diameter 

measurement was done on the image considered to have 

the best quality and deinition of the ovarian pedicle. 

Results were reported at group level as mean cm±sd of 

LOP and ROP for each group’s ovarian pedicles at each 

follow-up.

Complete macroscopic resorption of the suture 

or device was considered to be the point where in 

ultrasound images there was subjectively no diference 

of acoustic impedance between the suture or device and 

surrounding sot tissues.2 19

Statistics

Measured diameters at different time points were 

compared within and between groups. P<0.05 was 

considered significant for the analysis. The data on 

remaining device size (ROP, LOP and the average of 

these) were analysed as repeated-measures data. A 

mixed model approach20 as implemented in the Mixed 

procedure of the SAS21 system was used.20 22 The 

models included method, time and the interaction 

between these, as fixed factors. The relations between 

time points within dogs were modelled using an 

autoregressive covariance structure. Generally, this is 

a two-way analysis of variance that takes account of 

the fact that several observations were made on the 

same dog. In this situation, there was a dependence 

between observations within dogs, which this model 

compensated for. Post hoc comparisons between groups 

and examinations were adjusted for multiplicity using 

Tukey’s method.

The assumptions were checked using diagnostic 

plots. No apparent deviations from normality and 

homoscedasticity were detected.

Data on length of time until the device or suture had 

completely disappeared were analysed using survival 

analysis methods.23 The Lifetest procedure of the SAS 

(2014) package was used to obtain non-parametric 

tests and estimates of the survival function.

Results

The mean (±sd) bodyweight and age of the dogs in the 

suture group was 13.1±6.6 kg and 3.1±1.9 years and in 

the device group was 10.7±5.6 kg and 4.1±2.2 years. 

There was no significant difference between the mean 

bodyweight or mean age of the suture and device group 

dogs.

Two dogs from the device group did not return for 

evaluation and another one was attacked by another 

dog and died, leaving 21 animals in the device group. 

Two dogs from the suture group did not return for 

evaluation leaving 22 dogs in the suture group.

Suture group

The dogs in the suture group were examined on average 

3.8 times after surgery. Eighteen dogs were examined 

four times, four dogs had three follow-up examinations.

The mean number of days between the surgical 

procedure and the irst examination was 34 (±8.4). In the 

irst examination of the ovarian pedicles, it was possible 

to see a hyperechoic area that was compatible with 

local tissue reaction. Additionally, faint hyperechoic 

structures that caused faint acoustic shadows were 

noted and interpreted as the ligatures (igure  2). In 

the second examination, performed at a mean of 63 

(±9.1) days ater surgery, it was still possible to see 

hyperechoic areas suggestive of local tissue reactions, 

but no hyperechoic structures or acoustic shadows 

could be detected. The third examination done at mean 

of 87 (±6.0) days ater surgery still showed a local tissue 

reaction. In the fourth examination, 122 (±6.4) days 

ater surgery, no local tissue reaction could be seen. The 

pattern of indings was the same for all dogs. Anechoic 

or echogenic luid in or around the ligation area was not 

seen in any of the dogs.

The results of the measurements are reported in 

table  1. The measurement of the third and fourth 

examinations of the suture group difered signiicantly 

when compared  with the irst examination and with 

their previous examinations. In the device group, results 

of the third, fourth and ith examinations difered from 

Figure 2 Ultrasound images of the right ovarian pedicles (ROP) ligated with 

Maxon suture (arrow) 28 days after surgery (left) and the LigaTie (arrow) device 

at 21 days after surgery (right). Parasagittal plane images, measurements made in 

cranial (left) to caudal (right) direction.
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the irst examination, and the ith examination of the 

device group difered signiicantly from the previous 

examination. In the comparison between ligation 

methods, the estimated size of the ovarian pedicles 

difered at the fourth examination.

Device group

Dogs in the device group were examined on 

average 4.3 times after surgery. Nine dogs had five 

examinations, 10 had four examinations, one had 

three examinations  and one had two follow-up 

examinations.

The irst examination of the dogs in the device group 

was performed at a mean (±sd) of 27 (±7.6) days ater the 

surgical procedure. The mean days ater surgery until 

the second, third, fourth and ith examinations were 55 

(±8.3), 80 (±7.7), 102 (±4.9) and 166 (±5.6), respectively. 

In the irst examination of the ovarian pedicles, it was 

possible to see a hyperechoic area that was compatible 

with local tissue reaction. Additionally, a hyperechoic 

structure along with a well-deined acoustic shadow 

was noted and interpreted as the device (igure 2). In the 

second examination, the hyperechoic area compatible 

with tissue reaction in the region of the ovarian pedicles 

could still be seen. Despite the marked presence of an 

acoustic shadow, the hyperechoic structure became 

less evident when compared with the irst evaluation. 

In the third examination, the previous hyperechoic 

local tissue reaction was heterogeneous, and it was not 

possible to see any hyperechoic structure or acoustic 

shadowing. In the fourth examination, the local tissue 

reaction was less evident and poorly deined. In the ith 

and last examination, no local tissue reaction could be 

seen. The pattern of indings was the same for all dogs. 

Anechoic or echogenic luid in or around the ligation 

area was not seen in any of the dogs.

Comparison between suture and device group

Due to the design of the LigaTie device with straight 

borders and a larger size, a more distinct hyperechoic 

structure and clear acoustic shadowing was observed at 

the ligation site compared with the suture group.

At fourth examination of the suture group, no tissue 

reaction was seen whereas it was still evident in the 

device group.

In the Lifetest procedure of the survival function, 

ovarian pedicles ligated with the device could be seen 

for a longer time compared  with ovarian pedicles 

ligated with suture, that is, four examinations versus 

three examinations difered signiicantly (log-rank and 

Wilcoxon, P<0.001).

Discussion

This follow-up study of the resorbable self-locking 

ligation device1 2 demonstrated that the resorption of 

the device was similar to traditional suture material. The 

ovarian pedicles gradually decreased in size over time 

and no long-term complications related to the device 

or the suture in the suture group were observed. At the 

end of follow-up, structures representing the ovarian 

pedicles could not be seen on ultrasound examinations, 

which suggested resorption of the devices and suture 

material.

Self-locking loops in the form of traditional nylon 

cable ties have been used in veterinary surgery in the 

past.24 25 However, long-term complications such as 

chronic granulomas and istulas were reported, and 

their use as permanent implants in surgery cannot be 

recommended.26–30 The present study, the irst follow-up 

study of the device manufactured in an industrial 

setting, demonstrated the resorption time of the device. 

The results were in agreement with a previous study 

where the device was manufactured in a research 

laboratory setting and used for ligation of the canine 

spermatic cord.2 The previous study included follow-up 

with ultrasound and histopathology. The results were 

also in agreement with initial studies of development of 

prototype devices where polydioxanone was used.19 31 32

An exact comparison of time needed for complete 

resorption of the device versus suture was not possible to 

perform due to the time diference of fourth examination, 

102 versus 122 days. However, our interpretation of the 

data was that the time needed for complete resorption 

of the device was approximately one month longer 

compared with that of the suture material. This could 

partly depend on the size of the device and of the 

manufacturing processes, injection moulding versus 

ibre spinning. Sutures have a highly oriented crystalline 

structure which would increase the resorption time. On 

the other hand, the implanted device has a higher mass 

compared  with the suture. At the ith examination of 

the device group at a mean of 166 days ater  surgery, 

the ovarian pedicles and remains of devices could not 

be seen which suggested loss of geometrical structure 

Table 1 The size of the ovarian pedicle at postoperative follow-up 

examinations of the suture (22 dogs) and device (21 dogs). Time of 

examination reported as mean (±sd). Measurement data reported as 

LSM (±SEM)

Diameter of ovarian pedicles, mean of left 

and right LSM (±SEM)

Postoperative time of examination

Mean (±sd)

Suture group 

  1.25±0.06 cm First examination: 34 (±8.4) days

  1.13±0.06 cm Second examination: 63 (±9.1) days

  0.79±0.06 cm*† Third examination: 87 (±6.0) days

  Not seen*†‡ Fourth examination: 122 (±6.4) days

Device group 

  1.35±0.06 cm First examination: 27 (±7.6) days

  1.19±0.06 cm Second examination: 55 (±8.3) days

  0.95±0.06 cm* Third examination: 80 (±7.7) days

  0.81±0.06 cm* Fourth examination: 102 (±4.9) days

  Not seen*† Fifth examination: 166 (±5.6) days

*Differs significantly from first examination.

†Differs significantly from previous examination.

‡Differs significantly between methods.

LSM, least squares mean. 
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and what may be referred to as macroscopic resorption. 

From an ultrasound perspective, as the material 

degraded and was resorbed, at end stage there was no 

diference in acoustic impedance between introduced 

material and normal body tissues. We conclude that 

macroscopic resorption of suture material had occurred 

at four months, whereas for the ligation device it had 

occurred at 5.5 months. The total volume and mass of 

the implanted material was considerably larger for the 

LigaTie device compared  with the reference suture, 

which may explain our results, interpreted as a slightly 

longer resorption time for the device compared with the 

suture material. This diference does not appear to have 

clinical relevance.

It is recommended to apply a double ligation to the 

ovarian pedicle.33 34 In this study, a single ligation was 

used. The results regarding resorption time for double 

suture ligation may be diferent from the present study’s 

single ligation.

The resorption of the Maxon suture has been studied 

previously. One study reported a full resorption of 8-0 

polyglyconate suture material in 24 weeks (168 days) 

ater arterial anastomosis in a rat and rabbit model 

evaluated by light microscopy.15 In another study, the 

resorption of suture sizes 2-0 and 4-0 was assessed 

histologically ater subcutaneous implantation in 

rabbits. The resorption time was six to seven  months 

(180–210 days). Size of suture and therefore amount of 

suture material afected resorption time. At six months, 

around 83  per  cent of size 2-0 suture material and 

93 per cent of size 4-0 suture material were absorbed, 

respectively.8 In the present study, size 0 Maxon was 

used in all dogs, which was considered large for the 

small-sized patients. Similarly, one size of device was 

used for all dogs. As expected, the implanted material 

was resorbed.

Synthetic sutures at dimensions 2-0 and 4-0 (USP) 

have approximately 0.3 and 0.15 mm thickness, 

respectively. The lexible band of the device, 0.65 x 4 mm, 

and its locking case represented proportionately more 

materials compared  with the suture. An estimation of 

the volume of the implanted material, represented by 

the locking case and 2 cm of the lexible band, was 

approximately 117 mm3. The used suture material for a 

single ligation of the ovarian pedicle was approximated 

to 5 cm, representing a volume of 51 mm³. This diference 

made it easier to see the device on ultrasound. At a 

mean time of 80 days, the acoustic shadowing of the 

device was not seen. Previous studies8 15 suggested a 

slightly longer resorption time with greater dimension 

sutures which was in agreement with our results that 

indicated a somewhat longer resorption time for the 

device compared  with the suture. We concluded our 

results were in agreement with the previous studies of 

resorption of the Maxon suture.8 15

A secondary result was the description of the 

resorption of the remaining ovarian pedicles 

ater ovariohysterectomy at repeated ultrasound 

examinations. In both groups, the statistical analysis 

showed a reduction in ovarian pedicle sizes over time. 

In the device group, at the fourth examination at 102 

days the ovarian pedicle could be seen, whereas the 

ovarian pedicle could not be seen in the suture group 

in the corresponding fourth examination at 122 days. 

Our assumption was that if the ovarian pedicle could 

be seen on ultrasound, ligation material still remained. 

However, if a suture ligation material with a shorter 

resorption time would result in a shortened duration for 

reorganisation and resorption of the ovarian pedicles 

remains to be investigated.

A study limitation was the absence of 

histopathological evaluation and limited number 

of dogs. In previously performed studies,2 19 both 

histopathology and ultrasound examinations were 

used, but our knowledge of the exact correlation 

between results of histopathology and ultrasound 

examinations is incomplete. In agreement with 

the  3R (Replacement, Reduction and Reinement)35 

no animals were euthanased or had repeat surgery in 

the study and thus tissue for histopathology could not 

be obtained. Instead, the follow-up was restricted to 

ultrasound examinations which showed that suture 

and device structures gradually disappeared which 

was interpreted as macroscopic degradation and 

resorption. However, as described previously, the 

suture and device material has been in clinical use for 

decades. There are resorbable devices available on the 

market that by volume represent a greater amount of 

resorbable polymer material, that is, surgical meshes.36 

The natural expected response ater implantation of a 

resorbable polymer material, a foreign body reaction, 

is transient. The tissue reaction and resorption of 

those materials are well described, and ater complete 

resorption of the material, only connective tissue will 

remain.36 37 Potential individual diferences could have 

been minimised if suture and device were both used 

in the same dog on separate sides. Re-examination of 

groups did not occur at identical time intervals and due 

to logistical issues the time between the last two exams 

was longer than the other time periods, which were 

other study limitations.

In conclusion, the macroscopic resorption of suture 

material and the LigaTie ligation device, and any signs 

of resorption complications, were assessed by repeated 

ultrasound examinations. Ultrasound images showed 

that the ligated ovarian pedicle tissue progressively 

decreased in size, that the ligation material became 

undetectable in the ultrasound image, which was 

considered to be the point of macroscopic resorption, 

and that no signs of complications of resorption were 

detected. The equivalent suture materials Maxon and 

LigaTie were considered to be macroscopically resorbed 

by four months  and 5.5 months, respectively. The 

results show that the in vivo macroscopic resorption 
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time for the LigaTie resorbable self-locking device is 

only mildly longer than suture of the same material, 

and that no complications of device resorption were 

detected, supporting that the resorbable self-locking 

device38–40 is safe for in vivo use. 

Correction notice This article has been updated since it was published Online First. 
The license is now CC-BY-NC.

Acknowledgements We thank Carla Feitosa for the organisation, support and care 
with the patients of the study, and Dr Michelle Lopes Avante for providing second 
opinion on the ultrasound images. We also express our sincere gratitude to VINNOVA 
(Sweden’s innovation agency) which supported cost of manufacturing of the used 
LigaTie devices through a grant to Resorbable Devices, Sweden.

Funding Grant to Resorbable Devices AB, Sweden, from VINNOVA (Sweden’s 
innovation agency).

Competing interests OVH is the inventor of the LigaTie device. Resorbable Devices, 
Sweden controls the patents describing the self-locking device and trademark LigaTie. 
Both OVH and NOB are part-owners of Resorbable Devices. 

Ethics approval Approval to perform the study was obtained from the local ethical 
committee, reference UENF-CEUA 435813.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, and 
license their derivative works on different terms, provided the original work is properly 
cited, appropriate credit is given, any changes made indicated, and the use is non-
commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

© British Veterinary Association 2019. Re-use permitted under CC BY-NC. No 
commercial re-use. Published by BMJ.

References
 1 Costa MR, Oliveira AL, Ramos RM, et al. Ligation of the mesovarium in dogs with a self-

locking implant of a resorbable polyglycolic based co-polymer: a study of feasibility 

and comparison to suture ligation. BMC Res Notes 2016;9:1–6.

 2 Höglund OV, Ingman J, Södersten F, et al. Ligation of the spermatic cord in dogs with 

a self-locking device of a resorbable polyglycolic based co-polymer – feasibility and 

long-term follow-up study. BMC Research Notes 2014;7:825–7.

 3 Sundholm Tepper AJ, Höglund OV, Campbell BG, et al. Cystic duct pressures after 

ligation with a novel absorbable device in an ex vivo caprine cholecystectomy model. 

Can J Vet Res 2017;81:223–7.

 4 Nylund AM, Chen CY, Höglund OV, et al. Evaluation of a resorbable self-locking ligation 

device for performing peripheral lung biopsies in a caprine cadaveric model. Vet Surg 

2019.

 5 Nylund AM, Höglund OV, Fransson BA. Thoracoscopic-assisted lung lobectomy in cat 

cadavers using a resorbable self-locking ligation device. Vet Surg 2018.

 6 Guedes RL, Höglund OV, Brum JS, et al. Resorbable self-locking implant for lung 

lobectomy through video-assisted thoracoscopic surgery: first live animal application. 

Surg Innov 2018;25:158–64.

 7 Ishigaki K, Asano K, Höglund OV. Experimental study of an absorbable self-locking 

implant for canine lung lobectomy. Phoenix, USA: ACVS Surgery Summit, 2018.

 8 Katz AR, Mukherjee DP, Kaganov AL, et al. A new synthetic monofilament 

absorbable suture made from polytrimethylene carbonate. Surg Gynecol Obstet 

1985;161:213–22.

 9 Farrar DF, Gillson RK. Hydrolytic degradation of polyglyconate B: the relationship 

between degradation time, strength and molecular weight. Biomaterials 

2002;23:3905–12.

 10 Hill SP, Montes de Oca H, Klein PG, et al. Dynamic mechanical studies of hydrolytic 

degradation in isotropic and oriented Maxon B. Biomaterials 2006;27:3168–77.

 11 Pillai CK, Sharma CP. Review paper: absorbable polymeric surgical sutures: chemistry, 

production, properties, biodegradability, and performance. J Biomater Appl 

2010;25:291–366.

 12 Chu CC, Zhang L, Coyne LD. Effect of gamma irradiation and irradiation temperature 

on hydrolytic degradation of synthetic absorbable sutures. J Appl Polym Sci 

1995;56:1275–94.

 13 Metz SA, Chegini N, Masterson BJ. In vivo and in vitro degradation of monofilament 

absorbable sutures, PDS and Maxon. Biomaterials 1990;11:41–5.

 14 Zurita R, Franco L, Puiggalí J, et al. The hydrolytic degradation of a segmented 

glycolide–trimethylene carbonate copolymer (Maxon™). Polymer Degradation and 

Stability 2007;92:975–85.

 15 Huang GK, Li HQ, Wu XM. Study on microvascular anastomosis of arteries with 

absorbable polyglyconate suture. Microsurgery 1995;16:505–9.

 16 Leitch BJ, Bray JP, Kim NJ, et al. Pedicle ligation in ovariohysterectomy: an in vitro study 

of ligation techniques. J Small Anim Pract 2012;53:592–8.

 17 Schwarzkopf I, Van Goethem B, Vandekerckhove PM, et al. Vessel sealing versus suture 

ligation for canine ovarian pedicle haemostasis: a randomised clinical trial. Vet Rec 

2015;176:125.

 18 Aminlashgari N, Höglund OV, Borg N, et al. Degradation profile and preliminary 

clinical testing of a resorbable device for ligation of blood vessels. Acta Biomater 

2013;9:6898–904.

 19 Höglund OV, Hagman R, Olsson K, et al. Ligation of the ovarian pedicles in dogs 

with a resorbable self-locking device--a long-term follow-up study. J Biomater Appl 

2013;27:961–6.

 20 Fitzmaurice GM, Ware JH, Olsson K. Applied longitudinal analysis. New York : John Wiley 

and Sons. Wiley-Interscience, 2004.

 21  SAS Institute Inc. SAS SAS/Stat user’s guide, version 9.4. Cary, NC, 2014.

 22 Littell RC, Milliken GA, Stroup WW. SAS for mixed models. Cary, NC: SAS Institute, 2006.

 23 Klein JP, Moeschberger ML. Survival analysis: techniques for censored and truncated 

data. Springer: New York, 1997.

 24 Whitney. GD Use of implanted nylon bands in surgical procedures. Canine Practice 

1982;24:28–30.

 25 Zagraniski. MJ Splenectomy using nylon cable tie bands. Feline Practice 1979;9:33–5.

 26 Johnson-Neitman JL, BAHR RJ, Broaddus KD. Fistula formation secondary to a nylon 

cable band in a dog. Vet Radio Ultrasound 2006;47:355–7.

 27 Mesquita LR, Rahal SC, Matsubara LM, et al. Bilateral hydronephrosis and hydroureter 

after ovariohysterectomy using nylon cable tie: a case report. Veterinární Medicína 

2016;60:52–6.

 28 Werner RE, Straughan AJ, Vezin D. Nylon cable band reactions in ovariohysterectomized 

bitches. J Am Vet Med Assoc 1992;200:64–6.

 29 Macedo AS, Dal-Bo ID, Quadros, Am DE, et al. Complications associated with 

ovariohysterectomy using nylon tie-rap as an hemostatic method. Acta Sci Vet 

2012;40:1–5 http://www. ufrgs. br/ actavet/ 40- 4/ PUB% 201086. pdf.

 30 Murphy ST, Newell SM, Burrows CF. What is your diagnosis? Foreign body in the 

abdomen. J Am Vet Med Assoc 1998;212:195–6.

 31 Höglund OV, Hagman R, Olsson K, et al. A new resorbable device for ligation of blood 

vessels - A pilot study. Acta Vet Scand 2011;53:47.

 32 Höglund OV. PhD Thesis: a resorbable device for ligation of blood vessels. development, 

assessment of surgical procedures and clinical evaluation: Clinical Sciences. Uppsala, 

Swedish University of Agricultural Sciences Uppsala, 2012. https:// pub. epsilon. slu. se/ 

8589/ 1/ odd_ v_ hoglund_ 120210.. pdf.

 33 Höglund OV, Lövebrant J, Olsson U, et al. Blood pressure and heart rate during 

ovariohysterectomy in pyometra and control dogs: a preliminary investigation. Acta 

Vet Scand 2016;58:1–7.

 34 Höglund OV, Hagman R, Olsson K, et al. Intraoperative changes in blood pressure, heart 

rate, plasma vasopressin, and urinary noradrenalin during elective ovariohysterectomy 

in dogs: repeatability at removal of the 1st and 2nd ovary. Vet Surg 2014;43:852–9.

 35 RUSSELL, WMS and BURCH, RL. The principles of humane experimental technique. 

London, Methuen: RUSSELL, WMS and BURCH, RL, 1959.

 36 Hjort H, Mathisen T, Alves A, et al. Three-year results from a preclinical implantation 

study of a long-term resorbable surgical mesh with time-dependent mechanical 

characteristics. Hernia 2012;16:191–7.

 37 Anderson JM, Rodriguez A, Chang DT. Foreign body reaction to biomaterials. Semin 

Immunol 2008;20:86–100.

 38 Höglund OV. Tissue ligation device. US Patent. USA: Resorbable Devices AB, 2014.

 39 Höglund OV. Medical device for tissue ligation. European patent EP: EU, Resorbable 

Devices AB, 2017:B1.

 40 Höglund OV. Device and method for tissue ligation. US patent 9,730,699 B2 Ed U. S. 

Patent. USA: Resorbable Devices AB, 2017.

 20427670, 2019, 15, D
ow

nloaded from
 https://bvajournals.onlinelibrary.w

iley.com
/doi/10.1136/vr.104732 by U

E
N

F - U
niversidade do N

orte Flum
inense D

arcy R
ibeiro, W

iley O
nline L

ibrary on [21/07/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1186/s13104-016-2042-2
http://dx.doi.org/10.1186/1756-0500-7-825
http://www.ncbi.nlm.nih.gov/pubmed/28725113
http://dx.doi.org/10.1111/vsu.13171
http://dx.doi.org/10.1111/vsu.13109
http://dx.doi.org/10.1177/1553350617751293
http://www.ncbi.nlm.nih.gov/pubmed/3898441
http://dx.doi.org/10.1016/S0142-9612(02)00140-0
http://dx.doi.org/10.1016/j.biomaterials.2006.01.025
http://dx.doi.org/10.1177/0885328210384890
http://dx.doi.org/10.1002/app.1995.070561010
http://dx.doi.org/10.1016/0142-9612(90)90050-Z
http://dx.doi.org/10.1016/j.polymdegradstab.2007.03.002
http://dx.doi.org/10.1016/j.polymdegradstab.2007.03.002
http://dx.doi.org/10.1002/micr.1920160713
http://dx.doi.org/10.1111/j.1748-5827.2012.01260.x
http://dx.doi.org/10.1136/vr.102693
http://dx.doi.org/10.1016/j.actbio.2013.02.018
http://dx.doi.org/10.1177/0885328211431018
http://dx.doi.org/10.1111/j.1740-8261.2006.00153.x
http://dx.doi.org/10.17221/7926-VETMED
http://www.ncbi.nlm.nih.gov/pubmed/1537693
http://www.ufrgs.br/actavet/40-4/PUB%201086.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9448821
http://dx.doi.org/10.1186/1751-0147-53-47
https://pub.epsilon.slu.se/8589/1/odd_v_hoglund_120210..pdf
https://pub.epsilon.slu.se/8589/1/odd_v_hoglund_120210..pdf
http://dx.doi.org/10.1186/s13028-016-0263-y
http://dx.doi.org/10.1186/s13028-016-0263-y
http://dx.doi.org/10.1111/j.1532-950X.2014.12264.x
http://dx.doi.org/10.1007/s10029-011-0885-y
http://dx.doi.org/10.1016/j.smim.2007.11.004
http://dx.doi.org/10.1016/j.smim.2007.11.004
http://crossmark.crossref.org/dialog/?doi=10.1136/vr.104732&domain=pdf&date_stamp=2019-04-24

	Comparison of macroscopic resorption time for a self-locking device and suture material in ovarian pedicle ligation in dogs
	Abstract
	Introduction
	Methods
	Animals
	The resorbable device
	Ultrasonography
	Statistics

	Results
	Suture group
	Device group
	Comparison between suture and device group

	Discussion
	References


