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smooth monofilament suture vs. 
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The primary objective of this study was to compare time efficiency and 
complication rates between smooth monofilament suture (SMS) and barbed 
suture (BS) using the three-layer continuous incisional closure pattern after 
ovariohysterectomy in a high-quality high-volume spay/neuter clinic. The 
study was designed as a randomized controlled trial enrolling 71 adult female 
dogs. Dogs were randomly assigned to SMS or BS treatments. The effect 
of closure with BS or SMS on closure time was tested through multilevel, 
multivariable linear regression in a generalized linear mixed model. Body 
condition score, weight, and pre-closure incision length were tested as 
covariates. Surgeon was included in the model as a random effect. Pre-
closure incision length (p  = 0.01) and method (p  ≤ 0.0001) were associated 
with closure time. Adjusting for pre-closure incision length, the average time 
for closure with SMS was 6.5 min (range 3.70–10.31 min), and the average 
time for closure with BS was 4.91 min (range 3.05–8.05 min). Accounting for 
the closure method, the closure time increased by 39 s for each additional 
centimeter of incision length. BS was more efficient than SMS when performing 
the three-layer continuous suture pattern. No short-term telemedicine-
assessed complications were noted with either treatment method. BS can 
improve efficiency in surgical closures, especially considering large volumes 
of animals, and appears to have a similar short-term, telemedicine-assessed 
complication rate when compared to SMS.
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1 Introduction

Surgical efficiency is of great clinical importance and is a topic of 
interest in medical literature (1–3). Studies concerning human patient 
outcomes show that surgeons can reduce surgical times and 
consequently reduce rates of surgical complications and hospital stays 
(4–8). In fact, when adjusting for patient characteristics, surgeons with 
longer surgery times had significantly more surgical complications 
and prolonged patient hospital stays than surgeons with shorter 
surgery times (9, 10). The veterinary medical literature follows a 
similar pattern. Duration of surgery can be significantly associated 
with surgical site infections, and surgical efficiency is often emphasized 
as one way to reduce postoperative infections (11–13). Shortened 
surgical times should naturally lead to reduced anesthetic times with 
a reduction in overall medical costs. A recent retrospective study 
found that high-volume spay/neuter surgery is associated with very 
low mortality rates (0.03%), which was attributed to surgical efficiency, 
proficiency in spay/neuter techniques, and the relatively healthy 
population of animals presented for surgery (14). High-quality, high-
volume spay/neuter (HQHVSN) surgical techniques have been 
developed and refined to achieve high efficiency, low mortality, and 
positive outcomes in animals undergoing ovariohysterectomy (OVH) 
or castration (15–17). Techniques such as the pedicle tie (18), sharp 
transection of the suspensory ligament (19), and reducing unnecessary 
ligatures (20) are efficient and safe surgical techniques commonly used 
in HQHVSN. The encouragement toward efficient surgical wound 
closure in HQHVSN has been addressed (15, 16, 21), and the 
innovative three-layer continuous closure technique used in 
HQHVSN OVH has been suggested as one way to accomplish efficient 
surgical wound closure (22, 23). The three-layer continuous closure 
technique is described thoroughly in the Methods section.

The use of barbed suture (BS) has been extensively evaluated in 
surgery on human patients and has been used in a very wide range of 
areas including, but not limited to, renal, gastrointestinal, arthrotomy, 
abdominoplasty, mastopexy, and general incisional closures (24–29). 
Many of these studies have reported shorter operating times with 
comparable or decreased complication rates. For example, incisional 
closure with BS was compared to smooth monofilament suture (SMS) 
in knee arthroplasty. Closure with BS took approximately 9.8 min on 
average compared to 14.5 min with SMS with no significant differences 
in postoperative complications (including surgical site infection) 
between the groups (30). BS used to close the fascia, subcuticular, and 
dermal layers after spinal surgery was on average 13 min faster than 
closure techniques with SMS (8.87 ± 1.721 min for BS vs. 21.85 ± 
2.629 min for SMS) with no significant differences in postoperative 
infection or wound dehiscence (24). Finally, rectus sheath plication 
and fascial repair using BS in patients undergoing abdominoplasty 
had on average a 15-min reduction in operative times and eliminated 
the need for drains (29).

BS has garnered interest among veterinary surgeons due to several 
reported advantages, including reduced operative time, improved 
distribution of tension along wound edges, better watertight seals of 
tissue planes, and reduced tissue strangulation (31–33). Several 
studies, including laparoscopic gastropexies in dogs, urinary bladder 
incision closure in goats, oral mucosal wound closures in cats 
receiving full dental extractions, intradermal skin closure in dogs, and 
successful tendon repair, have compared closures using SMS vs. BS 
and reported that BS resulted in shorter incisional closure times 

(34–38). Regier et  al. (31) compared the mechanical properties, 
strength, and quality of seal for intradermal closures on canine 
cadavers using SMS vs. BS and concluded that SMS closures were 
better at withstanding mechanical loads, whereas BS closures provided 
a superior impermeable seal (31). In an earlier study, Spah et  al. 
reported that laparoscopic gastropexies were performed successfully 
using BS, and the authors noted that BS allowed for effective 
intracorporeal laparoscopic suturing of an incisional gastropexy 
without tying intracorporeal knots (34). There have been fewer reports 
in the veterinary medical literature on the use of BS in fascial planes 
or in closing OVH surgical incisions. Bailey et  al. evaluated the 
integrity of the welded-end loop on four different brands of 
unidirectional BS after transabdominal passage in a canine cadaver 
(39). They identified one specific brand of BS as having an increased 
incidence of breaking at the welded-end loop when passed through 
the body wall, and these findings prevented the authors from 
recommending this specific type of suture passage through a canine 
body wall for use in laparoscopic procedures. However, the use of BS 
in porcine fascial repair showed excellent results in tensile strength 
and equivalence in postoperative complications when compared to 
SMS (40). To the author’s knowledge, there is only one report of BS 
being used to close celiotomies in live-recovery surgeries (41) and 
there are no reports of it being used to close the abdominal wall, 
subcutaneous tissue, and dermal tissue in a three-layer continuous 
manner in live-recovered patients.

The primary objective of this study was to determine whether 
unidirectional BS was as efficient in performing the three-layer 
continuous closure as traditional SMS within a group of dogs receiving 
celiotomy closure, suture choice affected pre-closure vs. post-closure 
incision length, and perioperative complications were comparable. 
The authors hypothesized that BS is more efficient than SMS using the 
three-layer continuous closure pattern in canine OVH and would have 
equivalent short-term, telemedicine-assessed, complication rates.

2 Materials and methods

A randomized controlled clinical trial was designed to test for 
differences in complication rate and time efficiency between SMS and 
BS. This study was approved by the Mississippi State University 
Institutional Animal Care and Use Committee (IACUC-21-278). 
Signed consent was obtained by shelters and rescue groups prior to 
animal enrollment.

The sample population was adult female dogs that were presented 
for elective OVH at an HQHVSN facility in the southeastern 
United States between 4 October 2021 and 22 December 2021. To 
be  enrolled in the study, dogs were required to be  greater than 
6 months old (judged by the presence of fully erupted adult canine 
teeth) and apparently healthy. Pregnant dogs were excluded from the 
study. Dogs were randomly assigned, by coin toss, into two groups: A 
and B. The body wall, subcutaneous tissue, and skin for group A were 
closed with SMS1 in a three-layer continuous fashion, whereas the 
body wall, subcutaneous tissue, and skin for group B were closed with 

1 2-0 PDS II; CT-1 36 mm 1/2c Taper. Ethicon, Inc., US, LLC, Somerville, 

NJ, USA.
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BS2 in a three-layer continuous fashion. The major differences 
encountered when using BS with a three-layer continuous closure 
method in comparison with SMS are beginning the rectus sheath 
closure and terminating the subcuticular pattern at the end of the 
three-layer closure. Figures 1A–D, 2A,B are provided for comparison.

The size of the suture was pre-determined to remain the same for 
every dog in each treatment group to reduce variability and bias. Time 
was measured from the beginning of the closure of the body wall until 
the suture was cut at the end of the skin closure. The incision length 
was measured prior to and following closure. Dogs requiring an 
incision length outside the range of 3–5 cm or additional surgical 
procedures, such as hernia repair, were excluded.

Five surgeons participated in the study, each with at least 1 year of 
experience in a high-volume spay/neuter clinic (range = 1–12 years). 
These surgeons had significant experience with the three-layer 
continuous closure method using SMS. To familiarize themselves with 
the BS technique, the surgeons viewed a short multimedia presentation 
and a surgical training video. Afterward, the surgeons participated in 

2 0 Quill® PDO; CP-1 36 mm 1/2c Reverse Cutting. Corza Medical, Westwood, 

MA, USA.

a training session and practiced together using BS on incisions made 
on practice suture pads prior to the study.

For consistency, one certified veterinary technician (CVT) was 
designated to record and maintain all data and perform all 
telemedicine postoperative follow-ups. Surgeons would report the 
beginning of incisional closure as the beginning of the rectus sheath 
closure and the ending as the complete termination of the subcuticular 
pattern at the end of the three-layer closure, so that time could 
be evaluated with a stopwatch. Surgeons would detail any intra-closure 
difficulties during this same time frame to the CVT maintaining the 
stopwatch. Intra-closure difficulties were defined as any issues that 
interrupted suturing or required the suture line to be restarted (e.g., 
suture breakage and poor tissue apposition) that occurred during the 
closure as described above. Surgeons could not be blinded to suture 
type, but suture type was blinded during statistical analysis.

2.1 Treatments

In group A, the three-layer continuous closure method using SMS 
(see text footnote 1) was performed by closing the external rectus sheath 
in a standard simple continuous pattern from the surgeon’s dominant 
hand toward the non-dominant hand. The simple continuous rectus 
sheath closure began with a standard six-throw knot and was completed 

FIGURE 1

(A) Beginning of the body wall closure using the three-layer continuous closure method with smooth monofilament suture. Begin by closing the 
rectus sheath in a standard simple continuous pattern from the surgeon’s dominant hand toward the non-dominant hand. (B) Termination of the body 
wall closure using the three-layer continuous closure method with smooth monofilament suture. The simple continuous rectus sheath suture line 
should be terminated with a 6-throw knot using a loop of approximately six centimeters. (C) Creating a deep tag for the three-layer continuous closure 
method using smooth monofilament suture. To properly set up the deep tag, one side of the loop used to terminate the body wall closure is cut near 
the knot to create a single long tag of suture. The surgeon then would use the long strand with needle to continue directly into a continuous pattern in 
the subcutaneous tissue occasionally tacking down to the rectus fascia (quilting pattern), moving from the nondominant hand toward the dominant 
hand. (D) Terminating the three-layer continuous closure method after skin apposition using smooth monofilament suture. After the end of the 
subcutaneous closure, the surgeon should proceed directly into a subcuticular pattern, without tying a knot in the subcutaneous layer. The 
subcuticular pattern is then performed moving from the dominant hand toward the nondominant hand. At the end of the subcuticular pattern, a “deep 
strand” is created by taking a bite of dermis in a superficial-to-deep direction. This deep strand is then tied back to the initial tag kept from the external 
rectus sheath closure with 6 total throws. The suture is trimmed close to the knot to complete the closure.
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with a six-throw knot using a loop of approximately 6 cm (Figure 3A). 
One side of the loop was cut near the knot to create a single long tag of 
suture. The surgeon then moved directly into a continuous pattern in the 

subcutaneous tissue occasionally tacking down to the rectus fascia 
[quilting pattern (42)], moving from the non-dominant hand toward the 
dominant hand. After the end of the incision was reached and the dead 

FIGURE 2

(A) Beginning of the body wall closure using the three-layer continuous closure method with barbed suture. After the needle is passed through at least 
5 millimeters of external rectus sheath on both sides of the incision, the needle is passed through the variable loop at the end of the suture line and 
pulled to snugly appose the body wall (no knots are tied). (B) Terminating the three-layer continuous closure method after skin apposition using 
barbed suture. At the very end of the subcuticular pattern using barbed suture, no knots are tied, but the suture must be “anchored” into place. To 
perform this anchoring technique, a backwards stitch and J stitch is created. The backwards stitch is constructed by placing one final needle pass in 
the subcuticular tissue moving in the opposite direction (from the non-dominant hand towards the dominant hand). The J stitch is performed in similar 
fashion as “smurfing” a knot; the needle is passed inside the wound edges deep into the SQ tissue exiting through the epidermis in a perpendicular 
direction compared to the incision.

FIGURE 3

(A) Line schematic demonstrating closure using the three-layer continuous closure method with smooth monofilament suture. This line schematic 
demonstrates the transition from the rectus sheath closure moving into the subcutaneous closure. The dark arrows demonstrate the direction of the 
subcutaneous closure pattern. (B) Line schematic demonstrating closure using the three-layer continuous closure method with smooth monofilament 
suture. This line schematic demonstrates the transition from the subcutaneous closure moving directly into the subcuticular closure. The dark arrows 
demonstrate the direction of the subcuticular closure pattern. (C) Line schematic demonstrating closure using the three-layer continuous closure 
method with smooth monofilament suture. The dark arrows denote the directional pattern of the suture. The number 1 designates the final pass of the 
needle from superficial-to-deep through the dermis. This creates a deep strand to tie to the deep tag (designated by the number 2), thereby burying 
the final knot.

https://doi.org/10.3389/fvets.2024.1365213
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Shivley et al. 10.3389/fvets.2024.1365213

Frontiers in Veterinary Science 05 frontiersin.org

space closed, the surgeon proceeded directly into a subcuticular pattern, 
without tying a knot in the subcutaneous layer (Figure  3B). The 
subcuticular pattern was then performed moving from the dominant 
hand toward the non-dominant hand. At the end of the subcuticular 
pattern, a “deep strand” was created by taking a bite of the dermis in a 
superficial-to-deep direction (Figure 3C). This deep strand was then tied 
back to the initial tag kept from the external rectus sheath closure with six 
total throws. The suture was trimmed close to the knot to complete 
the closure.

In group B, the three-layer continuous closure method using BS 
(see text footnote 2) was initiated by passing the needle through both 
sides of the external rectus sheath, then anchored by passing the 
needle through the variable loop at the end of the suture line and 
pulled to snugly appose the body wall (no knots were tied; Figure 4A). 
A continuous suture pattern to close the celiotomy incision was 
performed, and at the end of the rectus sheath closure, no knots were 
tied. Instead, the surgeon moved directly into the subcutaneous tissue 
to create a continuous pattern, occasionally tacking the tissue to the 

FIGURE 4

(A) Line schematic demonstrating ovariohysterectomy incisional closure using the three-layer continuous technique with barbed suture. After the 
needle is passed through both sides of the external rectus sheath, the needle is placed through the variable loop at the end of the suture line and 
pulled to snugly appose the body wall (no knots are tied). (B) Line schematic demonstrating ovariohysterectomy incisional closure using the three-
layer continuous technique with barbed suture. No knots are tied at the end of the rectus sheath closure. Instead, the surgeon moves directly into the 
subcutaneous tissue to continue the three-layer continuous pattern, occasionally tacking the tissue to the rectus fascia (quilting pattern). The dark 
arrows denote the direction of the subcutaneous closure, moving from the nondominant hand towards the dominant hand. (C) Line schematic 
demonstrating ovariohysterectomy incisional closure using the three-layer continuous technique with barbed suture. When the end of the incision is 
reached and the subcutaneous closure is completed, the surgeon proceeds directly into a subcuticular pattern, without tying a knot in the 
subcutaneous layer. The dark arrows denote the direction of the subcuticular closure, moving from the dominant hand towards the non-dominant 
hand. (D) Line schematic demonstrating ovariohysterectomy incisional closure using the three-layer continuous technique with barbed suture. The 
dark arrow depicts the direction of the subcuticular closure pattern. When using barbed suture, at the very end of the subcuticular pattern, the surgeon 
should not tie a knot. However, the suture must be “anchored” into place. The suture line is terminated by a two-step process. The first step is the 
backwards stitch, denoted by the number 1. The backwards stitch is constructed by placing one final needle pass in the subcuticular tissue moving in 
the opposite direction of the rest of the subcuticular pattern. The skin should be apposed after this step. The second step is the J stitch, denoted by the 
number 2. This is performed in similarly to smurfing a knot; the needle is passed inside the wound edges deep into the SQ tissue exiting through the 
epidermis in a perpendicular direction compared to the incision. The suture should be cut flush with the skin where the J stitch exits.
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rectus fascia (quilting pattern), moving from the non-dominant hand 
toward the dominant hand (Figure 4B). After the end of the incision 
was reached and the dead space closed, the surgeon proceeded directly 
into a subcuticular pattern, without tying a knot in the subcutaneous 
layer (Figure 4C). The subcuticular pattern moved in the direction of 
the dominant hand toward the non-dominant hand. At the very end 
of the subcuticular pattern, no knots were tied, and instead, the suture 
was anchored into place using a backward stitch and a J stitch. The 
backward stitch was created by placing one final needle pass in the 
subcuticular tissue moving in the opposite direction (from the 
non-dominant hand toward the dominant hand). The J stitch was 
created in a similar fashion as “smurfing” a knot; the needle was 
passed inside the wound edges deep into the SQ tissue exiting through 
the epidermis in a perpendicular direction compared to the incision 
(Figure 4D). The backward stitch and J stitch completed the skin 
closure, and the suture was trimmed where it exited the epidermis.

2.2 Pre-surgical measures

Prior to anesthesia, each animal received a physical examination 
and 5 mg/kg of firocoxib PO. Demographic information 
(identification, weight, BCS, and estimated age based on dentition) 
was collected by the designated CVT, and any abnormal findings 
during physical examination were noted. If significant patient anxiety 
was present, trazadone at 4–10 mg/kg was administered PO. Each 
animal was induced for surgery with intramuscular injection (equal 
amounts of dexmedetomidine (0.5 mg/mL) at 35 mcg/kg, butorphanol 
(10 mg/mL) at 0.35 mg/kg, and ketamine (100 mg/mL) at 3.5 mg/kg) 
to provide anesthesia and analgesia. All dogs received eye lubrication 
and were aseptically prepared for an OVH in a standard fashion.

2.3 Surgical procedure

Animals were placed in dorsal recumbency with their front legs 
secured along the lateral thoracic wall and their rear legs tied to the 
end of the surgical table. A 4-cm (range 3–5 cm) ventral midline 
abdominal skin incision was performed just caudal to the umbilicus. 
Subcutaneous tissue along the linear alba was bluntly or sharply 
dissected using curved Metzenbaum scissors. A stab incision was 
made in the linear alba with a #15 scalpel blade, and the incision was 
extended with scissors. A routine ovariohysterectomy was performed. 
Prior to incision closure, a sterile stainless steel ruler was used to 
determine pre-closure incision length by the designated CVT. Incision 
closure was completed as previously described.

2.4 Post-surgical measures

Post-surgical incision length was measured using a stainless steel 
ruler by the designated CVT. Animals were returned to their 
respective animal shelter or rescue group after recovering from 
anesthesia. Dogs were monitored for post-surgical complications, 
including self-trauma, infection, dehiscence, seroma, and pain at 24, 
48 h, and 7 days following surgery by personnel at the animal’s 
respective animal shelter or rescue group. Each shelter/rescue group 
agreed to telemedicine monitoring when they signed the client 

consent form to reduce the chances of exposure to COVID-19. The 
designated CVT utilized the following postoperative telemedicine 
script in phone communications at the designated follow-up time: 
Hello! This is (insert CVT name) calling to follow up on the animals 
in your care who received surgery with the shelter program. I wanted 
to specifically ask about (insert names of dogs).

 1 Have you noticed (insert name of dog) licking or chewing at 
the incision?

 2 Have you seen any swelling or fluid accumulation under or 
around the incision?

 3 Is the incision still sealed together?
 4 Please send a picture of the incision to xx@xx.edu. 

a. Please make it very clear which dog is in the picture.

Shelter and rescue group personnel were instructed to contact the 
CVT if any complications or issues were encountered after the 7-day 
follow-up protocol. In addition to the complication reporting by 
shelters and rescue groups, long-term follow-up calls were made by 
the designated CVT approximately 6 months after each animal’s 
surgery to assess whether any major complications occurred after the 
short-term follow-up protocol.

2.5 Statistical analysis

Prior to commencing the study, a sample size estimate was 
calculated using pilot data previously collected. These pilot data 
suggested that closure time for BS and SMS would be approximately 
5 and 6 min, respectively. The estimated standard deviation in time 
was set at 75 s. The planned sample size of 35 surgeries in each 
treatment group was determined to be  sufficient for descriptive 
statistics and comparisons between closure methods. Assuming 
α = 0.05 and utilizing previously collected pilot data, 35 surgeries in 
each group provided 90% power to detect a clinical and statistical 
difference in closure time between methods. The data were tested for 
homoscedasticity. All data were found to be normally distributed. The 
effect of closure with BS or SMS on closure time was tested through 
multilevel, multivariable linear regression in a generalized linear 
mixed model.3 Body condition score, weight, and pre-closure incision 
length were tested as covariates. Surgeon was included in the model 
as a random effect. An interaction between the surgeon and the 
method was tested by using the surgeon as a fixed effect. The effect of 
the closure method on the change between pre-closure and post-
closure incision length was measured for 69 dogs and tested through 
multilevel, multivariable linear regression in a generalized linear 
mixed model (see text footnote 3). Body condition score, weight, and 
method were tested as covariates. Surgeon was included as a random 
effect. Both models were built using manual forward variable 
selection; variables were retained in the model if the type III p-value 
was statistically significant, and inclusion of the variable improved 
model fit using the Akaike information criterion (AIC). Significance 
was set a priori at alpha = 0.05.

3 PROC MIXED, SAS, for Windows v9.4, SAS Institute, Inc., Cary, N.C, USA.
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3 Results

In total, 71 dogs were included in the study (SMS, n = 35; BS, 
n = 36). The average weight of the dogs included in the study was 
16.7 kg (median = 16.5, range = 3–28.5), with an average body 
condition score (scale of 1–9) of 5 (median 5, range 3–8). The average 
age of the sample population was 3.4 years (median = 3, ranges = 0.5–7). 
One dog (SMS) experienced an intra-closure difficulty (broken 
suture). This patient was not excluded from the study and was 
included in the statistical analyses. No intra-operative, short-term, or 
long-term telemedicine-assessed postoperative complications were 
reported for either closure method. No animals were lost to follow-up 
during the short-term period, but 16 animals were lost to follow-up at 
the 6-month assessment period. The information during the long-
term assessment period was received for 49 animals, with an even 
distribution between the CC (n = 25) and BS (n = 24) groups.

The average weight of the dogs that were closed with BS was 15.4 kg 
(median = 15.8, range = 3–27.2) with a body condition score of 5 
(median = 5, range = 3–8). The average age was 3.17 years (median = 3, 
range = 0.5–7). The average weight of the dogs that were closed with SMS 
was 17.9 kg (median = 17.5, ranges = 3.5–28.5) with an average body 
condition score of 4.8 (median = 5, ranges = 3–8). The average age for dogs 
closed with SMS was 3.4 years (median = 4, ranges = 0.5–7). The average 
pre-closure incision length for SMS was 3.89 cm (range = 3–4.5 cm) and 
4.02 cm (range = 3–5 cm) for BS. The average post-closure incision length 
was 3.8 cm (range = 3–4.5 cm) for monofilament and 3.9 cm 
(range = 2.5–5 cm) for BS. The data met the assumptions of 
homoscedasticity and normality of residuals. Two dogs (1 SMS, 1 BS) had 
incomplete data related to the incision length and were excluded from 
statistical analyses involving incision length. There were no associations 
found between weight, body condition score, age, or closure method and 
the difference between pre-closure and post-closure length.

Four dogs (1 SMS, 3 BS) had incomplete data related to closure 
time and were excluded from statistical analyses involving closure 
time. The method of closure was associated with closure time (p ≤ 
0.0001). Surgeries performed with BS had a pre-closure incision 
length adjusted time of 4.91 min (range 3.05–8.05 min), while 
surgeries performed with SMS had a pre-closure incision length 
adjusted time of 6.5 min (range 3.70–10.31 min). On average, surgeries 
performed with BS had an adjusted time of 1.59 fewer minutes, 
compared to SMS. Pre-closure incision length (p = 0.01) was also 
associated with closure time. Accounting for the closure method, the 
closure time increased by 39 s for each additional centimeter of 
incision length. There was no interaction between the surgeon and 
method (p = 0.4) and no interaction between the method and incision 
length (p = 0.6). There was no association between suture type and 
pre-closure vs. post-closure incision length.

4 Discussion

These data demonstrate both a clinically and statistically 
significant difference in surgical times between SMS and BS when 
performing the three-layer continuous OVH closure. When compared 
to SMS, the use of BS with the three-layer continuous technique 
reduced closure time by approximately 1.59 min, when adjusting for 
incision length. For such small incisions, time efficiency may 
be  clinically negligible for individual patients. However, when 

considering longer incisions or when compared to traditional closure 
methods, time efficiency could be clinically significant for individual 
patients when using BS. Additionally, surgical time reduction results 
in veterinarian and veterinary support staff labor savings. For example, 
in an HQHVSN clinic that performs 20 dog spays per day, the time 
savings seen in this study would add up to 32 min over the course of 
a day leading to over 130 h over the course of a year.

Some studies suggest that while unidirectional BS may improve 
watertight skin closure, surgeons should consider using conventional 
monofilament sutures when the mechanical strength of the closure is 
of primary concern (31, 38). These studies examined sutures with 
different absorption profiles than the sutures used in our study (PDO), 
so direct clinical comparisons are difficult. However, based on 
observations in our study in a high-volume context, it would appear 
that BS with PDO absorption profiles can withstand the mechanical 
stress placed on body wall closures. No shelters or rescue groups for 
any patient enrolled in this study reported significant surgical 
complications during or past the initial 7-day postoperative period. 
There were also no complications reported during the 6-month long-
term follow-up assessment. Approximately 25% of individuals in the 
study were lost to follow-up during the 6-month assessment, so it is 
possible that undetected complications occurred in these patients.

An article reporting the successful repair of a complete common 
calcanean tendon rupture identified a potential difficulty when using 
BS; once the barbs lock into the tissue, the suture is unable to be backed 
out (37). This could be an issue with novice surgeons or those who have 
not developed the skill from deliberate practice with exact suture 
placement in tissues. We  did not experience any intra-closure 
difficulties with BS. The only intra-closure difficulty encountered was 
during one surgery with SMS; the suture broke during the first-knot 
placement in the body wall, and the closure had to be restarted.

Potential weaknesses of this study include enrollment limited to 
apparently healthy dogs presenting for OVH at an HQHVSN clinic, a 
small number of surgeons, lack of surgeon blinding, specification 
differences between BS and SMS, and a small sample size. Bias may 
have been introduced by enrolling only five surgeons who had minimal 
experience with BS to participate in this study, but the surgeon effect 
was measured and accounted for in our statistical model. The needle 
and suture specifications of the smooth monofilament and BS were not 
the same. The BS was a larger gauge as recommended by the 
manufacturer. The manufacturer recommends a one-step increase in 
the suture gauge for equivalent tensile strength (e.g., 0 BS has 
equivalent tensile strength to 2–0 SMS). This study was limited to a 
sample size of 71 dogs, which was sufficient to demonstrate a 
statistically and clinically significant difference in surgical time 
between the groups. However, this sample size was not sufficient to 
evaluate potential differences in short-term postoperative 
complications, as no dogs in the study experienced a complication 
during the short-term perioperative phase. Despite the lack of power 
in our statistical analysis of complication rates, our findings suggest 
that there is a low risk of telemedicine-assessed postoperative 
complications for BS in the short-term postoperative phase (7 days) 
and based on no reported complications beyond 7 days. Due to the 
nature of high-volume spay/neuter clinics and the fact that this study 
was performed during the COVID-19 pandemic, shelter and rescue 
group personnel performed the assessments of potential complications. 
Although severe complications (dehiscence, SSI, and large seromas) 
would likely be observed, mild issues (redness, mild swelling, and 
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minor discharge) may be missed during the observational period. The 
long-term, 6-month assessment information received for 49 animals 
corroborates the lack of major complications but is still subject to the 
limitations previously mentioned. In future studies, direct veterinarian 
evaluation should be considered during the postoperative observation 
phase in patients and this phase could last 30 days.

The use of SMS to create the three-layer continuous closure 
pattern when closing adult OVH incisions in dogs has not been 
extensively described in the veterinary literature (22). To the authors’ 
knowledge, this closure pattern has not been examined in a 
prospective study for efficiency and complication rate, nor has it been 
compared to other closure methods. This method has been adapted 
from previously described HQHVN closure techniques (21, 43) and 
has been routinely used by the authors for the past 4 years and 
anecdotally has seen much success in creating secure OVH closures. 
To reduce bias and increase reliability, we chose to use this method as 
the closure method, as the technique using BS was strikingly similar 
to the three-layer continuous pattern. Future studies comparing the 
three-layer continuous closure method to traditional closure methods 
are warranted.

We hypothesize that our findings of increased efficiency and no 
difference in short-term peri-operative complications when using BS 
in the three-layer continuous pattern in OVH incision closures are 
generalizable to other types of abdominal surgeries in dogs. Additional 
studies are needed to test this hypothesis. Furthermore, it is 
recommended for future studies to evaluate long-term follow-up to 
address mechanical strength and wound healing before these findings 
can be generalized to all dog populations. Future studies could also 
include dogs of all ages, other species such as cats, and other types of 
surgical wounds involving fascial planes.

5 Conclusion

In conclusion, the results of this study support our hypothesis that 
BS is more efficient than SMS using the three-layer continuous closure 
pattern in canine OVH and has equivalent short-term complication 
rates in the context of the HQHVSN environment.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The animal study was approved by Mississippi State University 
Institutional Animal Care and Use Committee (IACUC-21-278). The 

study was conducted in accordance with the local legislation and 
institutional requirements.

Author contributions

JS: Conceptualization, Data curation, Investigation, Methodology, 
Project administration, Resources, Supervision, Writing – original 
draft, Writing – review & editing. WB: Conceptualization, Data 
curation, Formal analysis, Investigation, Methodology, Writing – 
original draft, Writing – review & editing. AS: Investigation, Writing 
– original draft, Writing – review & editing. CS: Investigation, Writing 
– original draft, Writing - review & editing. PB: Conceptualization, 
Investigation, Writing – original draft, Writing – review & editing. 
KW: Conceptualization, Data curation, Formal Analysis, Investigation, 
Methodology, Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The authors acknowledge the creative contributions of Macon 
Bentley for his graphic color illustrations in Figures 1, 2 and Sarah 
Castaldo for her schematic line diagrams for Figures 3, 4. We would 
like to thank Emily Childers for her contributions in assisting with 
patient preparation and care, data collection, and postoperative 
follow-up; and Paula Morgan for her contributions in patient 
preparation and care.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Kshettry VR, Kenning TJ, Evans JJ, Farrell CJ. 9 principles of minimally invasive 

keyhole surgery. In: J Evans, T Kenning, C Farrell, V Kshettry, editors. Endoscopic and 
keyhole cranial base surgery. Cham: Springer (2019). 121–8.

 2. DeCook C, Statton J. 12 by 12: Obtaining true OR efficiency with radical time 
transparency and operational excellence. J Orthopaed Exp Innov. (2022). doi: 
10.60118/001c.31769

 3. Gowd AK, Liu JN, Bohl DD, Agarwalla A, Cabarcas BC, Manderle BJ, et al. Operative 
time as an independent and modifiable risk factor for short-term complications after knee 
arthroscopy. Arthroscopy. (2019) 35:2089–98. doi: 10.1016/j.arthro.2019.01.059

 4. Meltzer C, Klau M, Gurushanthaiah D, Tsai J, Meng D, Radler L, et al. Surgeon 
volume in thyroid surgery: surgical efficiency, outcomes, and utilization: surgeon 
volume. Laryngoscope. (2016) 126:2630–9. doi: 10.1002/lary.26119

https://doi.org/10.3389/fvets.2024.1365213
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.60118/001c.31769
https://doi.org/10.1016/j.arthro.2019.01.059
https://doi.org/10.1002/lary.26119


Shivley et al. 10.3389/fvets.2024.1365213

Frontiers in Veterinary Science 09 frontiersin.org

 5. Anis HK, Sodhi N, Klika AK, Mont MA, Barsoum WK, Higuera CA, et al. Is 
operative time a predictor for post-operative infection in primary total knee 
arthroplasty? J Arthroplast. (2019) 34:S331–6. doi: 10.1016/j.arth.2018.11.022

 6. Cheng H, Chen BPH, Soleas IM, Ferko NC, Cameron CG, Hinoul P. Prolonged 
operative duration increases risk of surgical site infections: a systematic review. Surg 
Infect. (2017) 18:722–35. doi: 10.1089/sur.2017.089

 7. Bohl DD, Ondeck NT, Darrith B, Hannon CP, Fillingham YA, Della Valle CJ. 
Impact of operative time on adverse events following primary total joint arthroplasty. J 
Arthroplast. (2018) 33:2256–2262.e4. doi: 10.1016/j.arth.2018.02.037

 8. Muilwijk J, van den Hof S, Wille JC. Associations between surgical site infection 
risk and hospital operation volume and surgeon operation volume among hospitals in 
the Dutch nosocomial infection surveillance network. Infect Control Hosp Epidemiol. 
(2007) 28:557–63. doi: 10.1086/513613

 9. Carty MJ, Duclos A, Gu X, Elele N, Orgill D. Patient satisfaction and surgeon 
experience: a follow-up to the reduction mammaplasty learning curve study. Eplasty. 
(2012) 12:e22.

 10. Reames BN, Bacal D, Krell RW, Birkmeyer JD, Birkmeyer NJO, Finks JF. Influence 
of median surgeon operative duration on adverse outcomes in bariatric surgery. Surg 
Obes Relat Dis. (2015) 11:207–13. doi: 10.1016/j.soard.2014.03.018

 11. Weese JS. A review of post-operative infections in veterinary orthopaedic surgery. 
Vet Comp Orthop Traumatol. (2008) 21:99–105. doi: 10.3415/VCOT-07-11-0105

 12. Eugster S, Schawalder P, Gaschen F, Boerlin P. A prospective study of postoperative 
surgical site infections in dogs and cats. Vet Surg. (2004) 33:542–50. doi: 
10.1111/j.1532-950X.2004.04076.x

 13. Rigby BE, Malott K, Hetzel SJ, Soukup JW. Incidence and risk factors for surgical 
site infections following Oromaxillofacial oncologic surgery in dogs. Front Vet Sci. 
(2021) 8:760628. doi: 10.3389/fvets.2021.760628

 14. Levy JK, Bard KM, Tucker SJ, Diskant PD, Dingman PA. Perioperative mortality 
in cats and dogs undergoing spay or castration at a high-volume clinic. Vet J. (2017) 
224:11–5. doi: 10.1016/j.tvjl.2017.05.013

 15. White S. High-quality, high-volume spay and neuter and other shelter surgeries. 
Hoboken, NJ, USA: John Wiley & Sons, Inc. (2020).

 16. Bushby PA. High-quality, high-volume spay–neuter: access to care and the 
challenge to private practitioners. J Feline Med Surg. (2020) 22:208–15. doi: 
10.1177/1098612X20903600

 17. Bushby PA, Griffin B. An overview of pediatric spay and neuter benefits and 
techniques. Vet Med. (2011) 106:83–9.

 18. Miller KP, Rekers W, Ellis K, Ellingsen K, Milovancev M. Pedicle ties provide a rapid and 
safe method for feline ovariohysterectomy. J Feline Med Surg. (2016) 18:160–4. doi: 
10.1177/1098612X1557658

 19. Shivley JM, Richardson JM, Woodruff KA, Brookshire WC, Meyer RE, Smith DR. 
Sharp transection of the suspensory ligament as an alternative to digital strumming 
during canine ovariohysterectomy. Vet Surg. (2018) 48:216–21. doi: 10.1111/vsu.13121

 20. Miller KP, Rekers WL, DeTar LG, Blanchette JM, Milovancev M. Evaluation of 
sutureless scrotal castration for pediatric and juvenile dogs. J Am Vet Med Assoc. (2018) 
253:1589–93. doi: 10.2460/javma.253.12.1589

 21. Bierbrier L, Causanschi H. Orchiectomy and ovariohysterectomy. In: Katherine P, 
Ann TK, editors. Field Manual for Small Animal Medicine. 1st edn. Hoboken, New 
Jersey: Wiley-Blackwell. (2018). p. 201–28.

 22. Shivley JM, Bushby PA, Brookshire WC, Woodruff K. Update on 
ovariohysterectomy. Todays Vet Pract. (2020) 10:52–60.

 23. Bushby P. Efficient spay neuter surgeries. In: Conference Proceedings of the Music 
City Veterinary Conference; (2022).

 24. Chen J, Xie CL, Xuan J, Yan YZ, Dou HC, Zheng ZM, et al. A novel knotless barbed 
suture technique for traumatic thoracolumbar fracture in posterior surgery. World 
Neurosurg. (2018) 114:e1031–7. doi: 10.1016/j.wneu.2018.03.138

 25. Fillingham YA, Matonick JP, Mendoza V, Parvizi J. Comparing the water-tight 
closure of barbed and conventional suture under static and dynamic conditions in an 

ex-vivo human knee Arthrotomy model. Arthroplasty Today. (2021) 12:1–6. doi: 
10.1016/j.artd.2021.08.003

 26. Sammon J, Petros F, Sukumar S, Bhandari A, Kaul S, Menon M, et al. Barbed suture 
for Renorrhaphy during robot-assisted partial nephrectomy. J Endourol. (2011) 
25:529–33. doi: 10.1089/end.2010.0455

 27. Wiggins T, Majid M, Markar S, Loy J, Agrawal S, Koak Y. Benefits of barbed suture 
utilisation in gastrointestinal anastomosis: a systematic review and meta-analysis. 
Annals. (2020) 102:153–9. doi: 10.1308/rcsann.2019.0106

 28. Rubin JP, Hunstad JP, Polynice A, Gusenoff JA, Schoeller T, Dunn R, et al. A 
multicenter randomized controlled trial comparing absorbable barbed sutures versus 
conventional absorbable sutures for dermal closure in open surgical procedures. Aesthet 
Surg J. (2014) 34:272–83. doi: 10.1177/1090820X13519264

 29. Rosen AD. Use of absorbable running barbed suture and progressive tension 
technique in abdominoplasty: a novel approach. Plast Reconstr Surg. (2010) 125:1024–7. 
doi: 10.1097/PRS.0b013e3181cb64f7

 30. Gililland JM, Anderson LA, Barney JK, Ross HL, Pelt CE, Peters CL. Barbed versus 
standard sutures for closure in Total knee arthroplasty: a multicenter prospective 
randomized trial. J Arthroplast. (2014) 29:135–8. doi: 10.1016/j.arth.2014.01.041

 31. Regier PJ, Smeak DD, McGilvray KC. Ex vivo comparison of intradermal closures 
with conventional monofilament suture vs unidirectional barbed suture in dogs. Vet 
Surg. (2019) 48:1399–405. doi: 10.1111/vsu.13271

 32. Matarasso A, Matarasso A. Introduction to the barbed sutures supplement: the 
expanding applications of barbed sutures. Aesthet Surg J. (2013) 33:7S–11S. doi: 
10.1177/1090820X12468753

 33. Ruff G. Technique and uses for absorbable barbed sutures. Aesthet Surg J. (2006) 
26:620–8. doi: 10.1016/j.asj.2006.08.011

 34. Spah CE, Elkins AD, Wehrenberg A, Jaffe MH, Baird DK, Naughton JF, et al. 
Evaluation of two novel self-anchoring barbed sutures in a prophylactic laparoscopic 
gastropexy compared with intracorporeal tied knots: laparoscopic incisional Gastropexy 
with novel self-anchoring barbed sutures. Vet Surg. (2013) 42:932–42. doi: 
10.1111/j.1532-950X.2013.12043.x

 35. Duffy DJ, Duddy HR, Keating S, Gutierrez-Nibeyro SD. Influence of barbed suture 
on leak pressures after double-layer inverting closure of cystotomy sites in sheep. Vet 
Surg. (2018) 47:902–7. doi: 10.1111/vsu.12935

 36. Durand CL. Comparison of knotless barbed suture versus monofilament suture in 
the Oral cavity of cats. J Vet Dent. (2017) 34:148–54. doi: 10.1177/0898756417715869

 37. Frame K, Ben-Amotz O, Simpler R, Zuckerman J, Ben-Amotz R. The use of 
bidirectional barbed suture in the treatment of a complete common calcanean tendon 
rupture in a dog: long-term clinical and ultrasonographic evaluation. Clin Case Reports. 
(2019) 7:1565–72. doi: 10.1002/ccr3.2287

 38. Law AY, Butler JR, Patnaik SS, Cooley JA, Elder SH. Biomechanical testing and 
histologic examination of intradermal skin closure in dogs using barbed suture device 
and non-barbed monofilament suture. Vet Surg. (2017) 46:59–66. doi: 10.1111/vsu.12576

 39. Bailey KL, Johnson M, Travers CJ, Fox-Alvarez WA. Biomechanical analysis of 
unidirectional knotless suture loop weld integrity after passage through a cadaveric body 
wall. Vet Surg. (2019) 48:431–6. doi: 10.1111/vsu.13122

 40. Oni G, Brown SA, Kenkel JM. A comparison between barbed and nonbarbed 
absorbable suture for fascial closure in a porcine model. Plast Reconstr Surg. (2012) 
130:535e–40e. doi: 10.1097/PRS.0b013e318262f0f6

 41. de Lima HCG, Ribeiro AP, Souza JÁ, Vieira RR, Fernandes MF. Evaluation of barbed 
suture for celiorrhaphy and subcutaneous closure in bitches with pyometra submitted to 
ovariohysterectomy. Acta Cir Bras. (2021) 36:e360502. doi: 10.1590/acb360502

 42. Travis BM, Hayes GM, Vissio K, Harvey H, Flanders JA, Sumner JP. A quilting 
subcutaneous suture pattern to reduce seroma formation and pain 24 hours after 
midline celiotomy in dogs: a randomized controlled trial. Vet Surg. (2018) 47:204–11. 
doi: 10.1111/vsu.12754

 43. Bushby P. Surgical techniques for spay/neuter. In: Lila M, Stephen Z, editors. 
Shelter medicine for veterinarians and staff. In: L Miller, S Zawistowski, editors. 2nd ed. 
Ames, Iowa: Wiley-Blackwell (2013). p. 625–45.

https://doi.org/10.3389/fvets.2024.1365213
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.arth.2018.11.022
https://doi.org/10.1089/sur.2017.089
https://doi.org/10.1016/j.arth.2018.02.037
https://doi.org/10.1086/513613
https://doi.org/10.1016/j.soard.2014.03.018
https://doi.org/10.3415/VCOT-07-11-0105
https://doi.org/10.1111/j.1532-950X.2004.04076.x
https://doi.org/10.3389/fvets.2021.760628
https://doi.org/10.1016/j.tvjl.2017.05.013
https://doi.org/10.1177/1098612X20903600
https://doi.org/10.1177/1098612X1557658
https://doi.org/10.1111/vsu.13121
https://doi.org/10.2460/javma.253.12.1589
https://doi.org/10.1016/j.wneu.2018.03.138
https://doi.org/10.1016/j.artd.2021.08.003
https://doi.org/10.1089/end.2010.0455
https://doi.org/10.1308/rcsann.2019.0106
https://doi.org/10.1177/1090820X13519264
https://doi.org/10.1097/PRS.0b013e3181cb64f7
https://doi.org/10.1016/j.arth.2014.01.041
https://doi.org/10.1111/vsu.13271
https://doi.org/10.1177/1090820X12468753
https://doi.org/10.1016/j.asj.2006.08.011
https://doi.org/10.1111/j.1532-950X.2013.12043.x
https://doi.org/10.1111/vsu.12935
https://doi.org/10.1177/0898756417715869
https://doi.org/10.1002/ccr3.2287
https://doi.org/10.1111/vsu.12576
https://doi.org/10.1111/vsu.13122
https://doi.org/10.1097/PRS.0b013e318262f0f6
https://doi.org/10.1590/acb360502
https://doi.org/10.1111/vsu.12754

	A randomized trial to compare smooth monofilament suture vs. barbed suture using the three-layer continuous closure technique in canine ovariohysterectomy in a high-quality high-volume spay/neuter clinic
	1 Introduction
	2 Materials and methods
	2.1 Treatments
	2.2 Pre-surgical measures
	2.3 Surgical procedure
	2.4 Post-surgical measures
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

