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Abstract

Objective: To compare the utility of a mechanical laparoscopic

articulating needle driver (ALI) to standard laparoscopic instrumentation

(SLI) during the creation of a total laparoscopic gastropexy (TLG)

in dogs.

Study design: Prospective clinical trial.

Animals: A total of 17 client owned dogs.

Methods: Dogs underwent elective prophylactic TLG and were randomized to

ALI or SLI for the first gastropexy suture line. The second line was performed

with the alternate instrumentation. Duration of intracorporeal suturing,

NASA-Task Load Index (TLX) questionnaire, modified Instrument Function

and Ergonomics survey, and intraoperative incidents were documented per

suture line.

Results: Seven female, seven male, two male-sterilized, and one female-

sterilized dogs were included. Median weight was 38 kg (range: 17.9–66 kg).

Four Standard Poodles and German Shepherd dogs each, two Bernese Moun-

tain dogs, and one each of the Airedale, Armenian Gampr, Great Dane, Dober-

man Pinscher, Anatolian Shepherd, Irish Wolfhound, and mixed breed were

enrolled. Median time to complete the suture line with SLI (6 min, range:

5–10) was significantly shorter than ALI (8 min, range: 6–11, p < .001). Aver-

aged NASA-TLX scores of mental demand (p = .030), performance (p = .014),

effort (p = .030), and frustration (p = .042) were significantly greater for ALI

suture lines compared to SLI. Two grade 2 adverse events occurred

during TLG.
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Conclusion: Suture time and surgeon workload was negatively affected by

ALI use compared to SLI. Adverse events were rare and all dogs had TLG suc-

cessfully completed.

Clinical significance: Both devices can be used to perform TLG. While initial

comparison favored SLI, the utility of ALI requires further investigation.

1 | INTRODUCTION

Gastric dilatation and volvulus (GDV) is a life-
threatening syndrome that occurs when the stomach
rotates, causing entrapment of gas, fluid and/or food.1,2

This syndrome is most commonly seen in large and giant
breed deep-chested dogs such as Great Danes (39% life-
time risk), Irish Wolfhounds (25% lifetime risk), and
Standard Poodles (25% lifetime risk), although GDV can
affect any breed of dog.2 Gastropexies in large breed dogs
are well documented to reduce the risk of GDV later in
life.3–6 Prophylactic gastropexy is performed laparoscopi-
cally with increasing frequency.7–9 Total laparoscopic
gastropexy (TLG) includes the use of unidirectional
barbed suture, a biomechanically sound material,10,11

and requires mastery of intracorporeal suturing.12,13 Stan-
dard laparoscopic needle drivers are rigid instruments
that are susceptible to limitations introduced by the ful-
crum effect inherent to laparoscopy and limited degrees
of freedom.

Flexible needle driver instrumentation has been
developed to circumvent the limitations of rigid instru-
mentation. Such instrumentation offers increased degrees
of freedom compared to standard rigid systems, and have
been shown to perform comparably or better to rigid
instrumentation with improved surgeon ergonomics.14,15

Although the addition of multiple degrees of freedom
with robotic or mechanical articulating instrumentation
is beneficial, the learning curve to utilizing these instru-
ments may be prolonged when compared with standard
rigid instruments,16–19 which is a possible downside and
should be considered when incorporating these instru-
ments in practice or during comparison to standard lapa-
roscopic instrumentation.

The FlexDex needle driver (FlexDex Surgical, Inc.,
Brighton, Michigan), is a mechanical articulating needle
driver offering enhanced dexterity for intracorporeal
suturing.19 This was introduced in 2017 and compared to
standard instrumentation, the articulating needle driver
(ALI) has demonstrated improved ergonomics and effec-
tiveness when suturing in challenging anatomic loca-
tions.19 Recommendations prior to use include adequate
training and the availability of three-dimensional
(3D) imaging systems.18,20–22 Clinical experience with

this instrument is limited and a single report exists in vet-
erinary medicine describing a steep learning curve for it's
use for laparoscopic gastropexy, and success in complet-
ing TLG.23 In human patients, clinical outcomes and sur-
geon ergonomics appear to be improved relative to rigid
instruments.20,24 Currently, no study exists comparing
utility of a mechanical hand-held articulating needle
drive and standard laparoscopic instrumentation in lapa-
roscopic gastropexy.

The objectives of this early feasibility trial was to per-
form TLG with a mechanical hand-held ALI and stan-
dard laparoscopic instrumentation (SLI) and compare
surgical time, NASA-TLX score, modified Instrument
Function and Ergonomics survey, and modified Objective
Structured Assessment of Technical Skills/Global Com-
ponents Score (OSATS/GCS) between the two groups.
The authors hypothesized that the use of a mechanical
ALI would result in comparable surgical time, decreased
mental workload and improved surgeon ergonomics
compared to SLI.

2 | MATERIALS AND METHODS

2.1 | Animals

Client-owned dogs presenting for elective TLG bet-
ween 04/2022–05/2023 were eligible for prospective
enrollment in the study. Dogs undergoing concurrent
gonadectomy were included as long as the planned
TLG was performed first. Eligibility for elective sur-
gery was determined by the primary investigator based
on patient history, physical examination, and clinical
laboratory findings. Dogs less than 6 years of age at
enrollment had minimum database performed (blood
glucose, packed cell volume, total solids, blood urea
nitrogen) while dogs older than 6 years of age at the
time of enrollment, had complete blood counts as well
and a comprehensive, standard biochemical profile
performed. The protocol was approved by the Clinical
Trials Review Board (IACUC protocol # 22680). The
study protocol was discussed with owners of all dogs
and written informed consent was obtained prior to
enrollment.
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2.2 | Total laparoscopic gastropexy
procedure

All surgeries were performed by a single board-certified
surgeon experienced with laparoscopy, and all surgeries
were performed using the 10 mm TIPCAM1 S 3D, 0�

(Karl Storz Veterinary Endoscopy, Goleta, California)
in 3D mode. All dogs were placed under general anesthe-
sia and monitored by the Small Animal Clinical
Anesthesia Service; anesthetic protocols were deter-
mined/approved by the attending anesthetist. Dogs were
placed in dorsal recumbency with the tower and monitor
on the dog's right side, and surgeon on the dog's left side.
The TLG was performed as previously reported, with
some modifications.12 Briefly, a modified-Hasson tech-
nique was performed to place the first 6 mm port in the
subumbilical position. The second 12 mm port was
placed approximately 5 cm cranial to the subumbilical
port and the cranial-most third port was placed approxi-
mately 5 cm cranial to the middle port. The middle port
was used to accommodate the 3D telescope, and laparo-
scopic instrumentation placed through the cranial-most
and caudal-most ports. After visualizing the stomach, a
percutaneously placed transabdominal suspension suture
of 0 monofilament on a 36 mm ½ c needle was passed
through the body wall in the right cranial quadrant, and
subsequently through the pyloric antrum, approximately
4 cm orad to the pylorus in the region of the planned
TLG, in order to suspend the stomach from the body
wall, 2–5 cm caudal to the last rib and 5–7 cm lateral to
the right of midline. Following this, the transversus abdo-
minis muscle was incised with a j-hook monopolar elec-
trosurgical instrument in a direction that was
perpendicular to slightly oblique to the orientation of the
muscle fibers. Subsequently, the seromuscular layer of
the stomach was scored using the monopolar probe over
a 4 cm length of the pyloric antrum. A 15-cm length of
2–0 monofilament absorbable barbed suture (V-Loc 180;
Medtronic Inc., Salem, Massachusetts) was passed into
the peritoneal cavity percutaneously and used to appose
the lateral most aspect of the transversus incision to the
incised seromuscularis edge closest to the greater curva-
ture in a simple continuous pattern. The first suture line
was performed with either SLI or ALI based on randomi-
zation in a 1:1 ratio using a simple randomization
sequence generated using an online randomization tool
(randomizer.org). Suturing was performed with the sur-
geon's right hand, in a right to left direction. The suture
line was completed with two additional perpendicular
passes relative to the suture line in the transversus mus-
cle, and a final back-handed bite parallel to the suture
line to cross the final two passes and secure the barbed
suture. The barbed suture was cut intracorporeally while

leaving a 1 cm tag and the needle with remaining suture
passed through the body wall for removal.

Following this, the surgeon filled out the NASA-TLX25

and modified Instrument and Ergonomics surveys
(Appendix S1).18 Following completion of these surveys,
the suturing procedure was repeated to appose the medial
incised edge of the transversus abdominis to the incised
edge of the seromuscularis layer of the stomach nearest to
the lesser curvature with the alternative needle driver
device compared to what was used for the first line, in a
right to left direction as well. Once the second suture line
was completed as described above, the suture was cut and
needle passed through the abdominal wall as described
above. The suspension suture was removed, and the
NASA-TLX and modified Instrument and Ergonomics sur-
vey were completed for the 2nd instrument/line.

2.3 | Data collection and questionnaires

Duration of the TLG procedure was measured by the
operating room technician from time of first grasp of
the unidirectional barbed suture needle intracorporeally,
to the time following the passage of the needle through
the body wall following final pass through the transver-
sus abdominus following completion of the second suture
line. Duration of intracorporeal suturing per side (far side
vs. near side) was defined as the time from first grasp of
the unidirectional barbed suture needle intracorporeally,
to the time following passage of the needle through the
body wall following final pass through the transversus
abdominus. Total gastropexy time was time from first
incision until closure of port-sites, while excluding the
time taken to complete surveys. All intraoperative com-
plications were determined by the surgeon and recorded
by the operating room technician. Immediately following
completion of each suture line, the primary surgeon com-
pleted the NASA-TLX questionnaire and the Instrument
Function and Ergonomics survey (Appendix S1).18,26

Videos taken of both ALI and SLI suture lines were ran-
domized and assigned to two laparoscopic suturing
experts (ACVS Fellows of Minimally Invasive Surgery)
for grading according to the modified Objective Struc-
tured Assessment of Technical Skills/Global Components
Score (OSATS/GCS) laparoscopic suturing evaluation sys-
tem (Appendix S1) that has been previously validated in
assessing quality of laparoscopic suturing.27–29 Global rat-
ing checklist (GRC) scores (Appendix S2) were summed
per suture line by each grader.

The primary operating surgeon did not have experi-
ence with ALI before clinical trial initiation but was pro-
ficient in TLG with SLI. Prior to trial enrollment,
simulator training was performed by the primary surgeon
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under direct vision. These included training tasks provided
by the manufacturer such as intracorporeal suturing with
suture pads and ring transfer. The authors defined profi-
ciency for ring transfer as successful completion of the task
under 60 s with no drops outside the field of view and
completion of intracorporeal suturing task in under 112 s.
Proficiency by the primary surgeon in all tasks was
achieved prior to proceeding with clinical cases in order to
avoid obvious biases that could be present when using
newer devices which the operating surgeon has less expe-
rience with and training began 3 months prior to case
enrollment. Task repetition was not dictated, and hours
spent in simulation training was approximately 1 h/week
and was left to the discretion of the primary surgeon. Task
performance was not consistently evaluated prior to each
procedure once trial enrollment began.

2.4 | Adverse events (AEs)

The previously published CLASSIC intraoperative adverse
events surgery was used to classify intraoperative errors.30

The Clavien Dindo Classification of Surgical Complica-
tions was applied to all postoperative adverse events.31

2.5 | Statistical analysis

Multiple endpoints were assessed in an exploratory man-
ner without formal adjustment for multiplicity, so
p-values are interpreted cautiously. Outcomes measure
scores (NASA-TLX, modified OSATS/GCS, modified
Instrument Function and Ergonomics survey) between
techniques were compared using a paired t-test or non-
parametric equivalent or with linear mixed models.

Normality of continuous variables was assessed with
the Shapiro–Wilk test and continuous variables reported as
median and range ormean and SD for non-normal and nor-
mally distributed data, respectively. Differences of mean or
median values between treatment groups were determined
by paired t-tests or Wilcoxon matched pairs signed rank
tests, respectively. Significance was defined as p < .05.

Dogs were assigned by use of a randomization
scheme to either ALI or SLI for the first suture line. Ran-
domization was in a 1:1 ratio using a simple randomiza-
tion sequence generated using an online randomization
tool (randomizer.org). Treatment allocations were con-
cealed in sequentially numbered opaque sealed envelopes
and opened after enrollment by a single investigator
responsible for the TLG.

The effect of ALI on total and component NASA-
TLX, ergonomic, and GRC scores and suture times were
analyzed with mixed effect models and an independent

covariance structure with dog as the random intercept
and treatment (i.e., the ALI vs. SLI device), sequence
(i.e., order of devices as either ALI first then SLI second
or SLI first then ALI second) and period (i.e., the first
vs. second instance of device use) as fixed effects. Agree-
ment between OSATS/GCS graders was determined by
calculating the intraclass coefficient (r) using a two-way
random effects model with values of r < .5, between .5
and .75, between .75 and .9 and >.9 as indicating poor,
moderate, good, and excellent agreement, respectively.32

3 | RESULTS

3.1 | Animals

A total of 17 client owned dogs (7 females, 7 males,
2 male-sterilized, and 1 female-sterilized) that were pre-
sented for prophylactic TLG were enrolled in the study.
Median weight was 38 kg (range: 17.9–66 kg) and median
age was 10 months (range: 10–76 months). Dog breeds
included 4 Standard Poodles and German Shepherds
each, two Bernese Mountain dogs, and one each of the
Airedale Terrier, Armenian Gampr, Great Dane, Dober-
man Pinscher, Anatolian Shepherd dog, Irish Wolf-
hound, and Great Pyrenees-German Shepherd mix.

3.2 | Procedures

Nine dogs were randomized to receive ALI instrumenta-
tion first while eight dogs received SLI first. A total of
11 dogs had concurrent procedures performed following
TLG including ovariectomy (n = 7 dogs), prescrotal neu-
ter (2), intra-abdominal and inguinal cryptorchidectomy
(1), and umbilical hernia repair (1). Median TLG time
was 30 min (range: 15–55 min). Median time to complete
the suture line with SLI was 6 min (range: 5–10 min) and
with ALI was 8 min (range: 6–11 min). Adverse events
during TLG included two grade 2 events (failure of the
SLI device requiring replacement). No postoperative com-
plications occurred.

3.3 | NASA-TLX scores

Individual NASA-TLX component scores of mental
demand, performance, effort, and frustration were signifi-
cantly greater for ALI suture lines compared to SLI regard-
less of whether the scored suture line was performed first
or second (period), or the order ALI suturing was per-
formed relative to SLI (sequence) (Table 1). Performance
and frustration scores were significantly affected by period,

4 GIBSON ET AL.
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meaning scores were significantly higher for the seco-
nd suture line for frustration (p = .021) and performance
(p = .025) correlating with greater frustration and poorer
perceived performance, regardless of what device (ALI or
SLI) was used. Per individual score, regardless of device
used, period effect of the second suture line added a mean
score of 26 (95% CI: 4–50, p = .021) for frustration, and a
mean of 25 (95% CI: 5–44, p = .025) for performance.

3.4 | Suture time

Only treatment (ALI vs. SLI) was identified to have a sig-
nificant impact on suture time, with suture lines per-
formed with ALI significantly slower compared to suture
lines performed with SLI (Table 2). Overall, the effect of
treatment (use of the ALI device) contributed a mean of
1.9 min (95% CI: 1.2–2.6, p < .0001) to the time it took to
complete a suture line of the TLG.

3.5 | Instrument function and
ergonomics survey

No significant association was identified between instru-
ment function and ergonomic scores and any of the
assessed factors (Table 3). Interestingly, forearm score

tended to be lower in the second suture line, regardless of
device used, by an average of �0.28, (p = .088) although
this was not found to be significant.

3.6 | Global rating checklist

GRC scores were completed for all videos by both investi-
gators. Mean GRC scores for all dogs were calculated for
SLI (17.7, SD 1.24) and ALI (15.24 SD 1.48) with a maxi-
mum possible score of 20 (Appendix S2). Paired t-tests to
compare the scores identified significantly higher scores

TABLE 1 NASA-task load index subcategory scores using SLI

and the effect of using a mechanical ALI associated with suturing.

Baseline
score
using SLIa

Effect of ALI on
baseline Scorec

(95% CI) p valueb

Mental
demand
(95% CI)

118 (66–170) +40 (4–75) .030b

Physical
demand
(95% CI)

34 (22–45) +2 (�6 to �11) .61

Temporal
demand
(95% CI)

32 (21–43) +0.7 (�4.5 to 5.9) .78

Performance
(95% CI)

110 (82–138) +25 (5–44) .014b

Effort (95%
CI)

66 (42–90) +17 (2–32) .030b

Frustration
(95% CI)

75 (40–110) +24 (1–46) .042b

Abbreviations: ALI, articulating needle driver; SLI, standard laparoscopic
instrumentation.
aScores for SLI suture lines in the SLI then ALI sequence.
bp-value <.05 is significant.
cMeasured change in score due ALI compared to SLI.

TABLE 2 Suture time in minutes per mechanical ALI or SLI

device in reference to suture line sequence and period.

Treatment sequenceb

Treatment perioda

1 2

ALI than SLI ALI SLI

Mean (95% CI) 8.0 (7.0–9.0) 6.2 (5.2–7.2)

Sample size 9 9

SLI then ALI SLI ALI

Mean (95% CI) 6.3 (5.2–7.3) 8.4 (7.3–9.4)

Sample size 8 8

Abbreviations: ALI, articulating needle driver; SLI, standard laparoscopic

instrumentation.
aTreatment period represents the use SLI or ALI as first suture line device or
second suture line device.
bTreatment sequence represents the combined order of use of SLI and ALI
devices for completion of total laparoscopic gastropexy.

TABLE 3 Ergonomic scores recorded by the surgeon

immediately following suture lines completed with the ALI or SLI

device.

Ergonomic
component

Constant
(SLI)a Treatment effectb P valuec

Shoulder
(95% CI)

2.3 (1.8–2.7) 0.08 (�0.4–0.6) .76

Neck
(95% CI)

3.6 (3.2–4.1) �0.11 (�0.35–0.12) .35

Back (95% CI) 4.0 (3.9–4.1) �0.06 (�0.18–0.05) .29

Wrist
(95% CI)

2.8 (2.4–3.1) �0.25 (�0.6–0.1) .16

Forearm
(95% CI)

2.8 (2.4–3.1) 0.16 (�0.17–0.49) .34

Hand
(95% CI)

3.1 (2.6–3.6) �0.007 (�0.39–0.38) .97

Abbreviations: ALI, articulating needle driver; SLI, standard laparoscopic
instrumentation.
aScores for SLI suture lines in the SLI then ALI sequence.
bMeasured change in score due ALI compared to SLI.
cp-value <.05 is significant.

GIBSON ET AL. 5
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for SLI compared to ALI (p < .0001, Figure 1). Addition-
ally, when the ALI device was used as the second device
rather than the first, there was a more substantial
decrease in GRC scores, correlating with poorer obser-
ved performance (p = .021). Sequence of device use
(ALI then SLI or SLI then ALI) alone did not lead to sig-
nificant differences in scores, and significant difference
in scores was only observed when evaluating ALI device
sequence. Inter-rater agreement per suture line for GRC
was found to be moderate to low (r = .36), defined as a
grade less than r = .5.

4 | DISCUSSION

ALI was found to be a safe and effective alternative to
SLI for TLG in dogs, although in this early feasibility
study did not provide obvious advantages compared to
the SLI device for the completion of laparoscopic gastro-
pexy. ALI instrumentation also appeared to significantly
increase surgeon mental workload despite working in a
3D environment. Despite these findings, all dogs had
TLG completed without requiring conversion. Adverse
events were infrequent and low grade which was an
acceptable outcome.

In this study, mental workload estimated by certain
individual NASA-TLX components (frustration, perfor-
mance, effort, mental demand) appeared to be greater for
ALI device usage relative to SLI device usage. Surgical
time was minimally (1–2 min) longer in the ALI group,
which is of limited clinical significance, despite being sig-
nificant statistically. In healthy dogs undergoing elective
TLG, it is unlikely that a 1–2 min difference in surgical
time would alter patient outcomes which was supported
by the excellent outcomes of all dogs in this cohort. This

gap could be accounted for by less familiarity with the
ALI device relative to the SLI. Prior studies have iden-
tified advantages of multiple degrees of freedom with
hand-held articulating instrumentation, although this
can be offset by an initial learning curve.22,33 This
appears to be true in clinical application of articulating
instruments as well.24 The learning curve for use of artic-
ulating instrumentation compared to rigid instrumenta-
tion in task performance is dependent on various factors
such as user experience and is difficult to generalize.33,34

While some studies have documented non-inferior opera-
tive times,35,36 longer operative time for procedure or task
completion using articulating instrumentation has also
been documented in human medicine.17,18,37 A recent
study by Massari et al.23 evaluating the learning curve for
a handheld robotic laparoscopic needle driver in complet-
ing laparoscopic gastropexy in dogs documented a steep
learning curve. In this study, two-port laparoscopic gas-
tropexy with a handheld robotic laparoscopic needle
driver was performed in all cases and learning curve
assessments were based on surgical time. Plateauing sur-
gical time occurred at the 12th case. These findings serve
to potentially enhance the findings of our study, which is
that ALI-specific results may reflect an initial lack of
expertise, considering our cohort of 17 dogs would have
minimally surpassed the learning curve suggested by
Massari et al.23

To minimize any effect the learning curve had on ALI
performance, a series of tasks with endpoint criteria, to
be completed on ALI device by the operating investigator
was assigned. Despite this, it remains possible that the
diminished performance of the ALI device is explained
by the slope of the learning curve prior to plateauing into
expertise. Additionally, only 17 clinical uses of the ALI
device were performed over the span of approximately
1 year, which could explain a longer learning curve and
failure to reach “expertise” during the course of this
study. Cautious interpretation of the results is important
prior to dismissing the ALI device.

3D imaging was used in this study to optimally
emulate a robotic surgical environment. Prior research
in veterinary laparoscopy has identified surgeon work-
load benefits in using 3D imaging systems for laparo-
scopic gastropexy.12 Additionally, two- and 3D imaging
has been assessed in task performance with the articu-
lating needle driver used in this study, with 3D imag-
ing enhancing task performance.22 The utility of 3D
imaging was not directly assessed in this study
although ultimately provided internal consistency. It is
important to keep in mind however that results of this
study may have limited applicability in surgical centers
that do not have access or routinely use a 3D imaging
system.

FIGURE 1 Mean global rating checklist (GRC) scores for

suture lines performed with standard laparoscopic instrumentation

(SLI) compared to suture lines performed with mechanical

laparoscopic articulating needle driver (ALI) in dogs undergoing

laparoscopic gastropexy.

6 GIBSON ET AL.
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Occupational injury secondary to laparoscopic sur-
gery occurs with relative frequency in human medicine.38

Maximizing comfort and mitigating injury remain a pri-
ority and are important considerations in veterinary
laparoscopy. Handheld articulating devices have demon-
strated improved ergonomics based on diminished range
of motion of the elbow, shoulder, and wrist joints com-
pared to standard rigid devices in some studies.14,24 In
this study, ergonomic scores, representing physical work-
load, were not significantly different between SLI and
ALI. The duration of use for both instruments was rela-
tively short (typically less than 10 min), which may have
prevented the surgeon from reliably distinguishing a
physical advantage. Finally, the cohort of enrolled dogs
varied widely in size. It is possible that our port place-
ment was not optimized for the heterogenous body con-
formations that were encountered during this study,
which could have affected ergonomic scores. More cases
of a uniform size and ongoing use of devices such as the
ALI may be necessary to better understand physical
ramifications.

While the ALI device appeared to perform less well
compared to SLI in some aspects, the investigators found
the added dexterity and multiple degrees of freedom
was subjectively advantageous. Clinically, the ability to
manipulate the needle driver to remain perpendicular
to the incision during intracorporeal suturing was help-
ful. While this was not specifically measured in this
study, prior studies identified this as a reliable advantage
of needle drivers with multiple degrees of freedom com-
pared to SLI.39,40 This was slightly offset by the decreased
perceived needle grasping strength compared to SLI by
the operating surgeon in this study. Clinically, this trans-
lated to challenges with passing the needle through wider
swaths of tissue such as transversus abdominis of the
abdomen and seromuscular layers of the stomach with a
large needle and barbed suture, which had increased tis-
sue drag compared to standard monofilament. Using the
ALI device in other minimally invasive procedures may
identify a more obvious benefit of ALI compared to SLI
beyond TLG.

Video GRC scores identified significantly lower
scores, correlating with poorer performance, for the ALI
device compared to SLI, regardless of sequence or period.
Additionally, scores were further affected by period for
the ALI device, meaning that use of the ALI device
for the second suture line correlated with poorer perfor-
mance compared to using the ALI device for the first
suture line. This somewhat correlates to the independent
NASA-TLX scores of performance and frustration, which
were significantly higher for the second suture line, cor-
relating with greater frustration and poorer perceived
performance, regardless of what device (ALI or SLI) was

used. It is possible that cumulative physical or mental
fatigue may have contributed to diminished success in
the second suture line and may have been magnified dur-
ing use of a less familiar instrument (ALI). While not
standardized to this study, the authors suggest that per-
forming warm-up tasks with the ALI device could have
improved procedural performance and may have miti-
gated some of the diminished performance over time.
Preoperative warm-up exercises before laparoscopic pro-
cedures have been correlated to improved surgeon perfor-
mance in some studies.41,42 The relative infrequency of
these procedures during the data collection period may
have prolonged the learning curve with this device, and
warm-up exercises could be considered prior to using this
device in the future.

Limitations of this study include the small number of
dogs enrolled which prevents definitive conclusions from
being drawn regarding utility of this device. Additionally,
task workload was self-reported and additional objective
measures of physical workload such as EMG43 was not
performed. These results reflect the experience of a single
surgeon, and likely additional pooled data collected over
a greater number of cases and multiple surgeons could
enhance understanding of ALI device utility. It is also
possible that more obvious utility of the ALI device
would be observed in more traditionally challenging
spaces or orientations to suture, such as the vertical or
y-axis, encountered in procedures such as diaphragmatic
hernia repair. In short, laparoscopic gastropexy in a het-
erogenous group of large breed healthy dogs may limit
obvious utility that could be observed with the ALI. Addi-
tionally, the ALI device was reused until an overt break-
down of the device occurred and was based on the
operating surgeon's preference. It is possible that subtle
diminished function occurred prior to overt breakage,
which may have altered ALI device performance.

In conclusion, the ALI device was associated with
greater surgical time, increased surgeon workload, and
decreased proficiency compared to the SLI device. How-
ever, the differences in performance appeared to be clini-
cally insignificant based on the successful completion of
TLG in all dogs, with all devices, and minimal adverse
events reported. These findings represent early feasibility
based on a single center single operator experience with
this device, and diminished performance could be related
to unfamiliarity with the device compared to SLI. The
investigators noticed improved dexterity with the needle
driver although concerns with needle grasper strength
were also observed. Acknowledging the limitations of this
study, further investigation into the utility of the ALI
device in veterinary laparoscopy and thoracoscopy is war-
ranted. ALI is a safe and effective device to complete TLG
in large- to giant-breed dogs.

GIBSON ET AL. 7

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.70094 by C

apes, W
iley O

nline L
ibrary on [18/06/2026]. 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



AUTHOR CONTRIBUTIONS
Gibson EA, DVM, DACVS (Small Animal): Co-conceived
study, performed surgical procedures, data collection,
and manuscript preparation. Culp WTN, VMD, DACVS
(Small Animal): Co-conceived study, data collection and
manuscript preparation. Balsa IM, MEd, DMV, DACVS
(Small Animal): Data collection and manuscript prepa-
ration. Mayhew P, BVM&S, MRCVS, DACVS (Small
Animal): Data collection and manuscript preparation.
Steffey M, DVM, DACVS (Small Animal): Data collection
and manuscript preparation.

ACKNOWLEDGMENTS
Oyama MA, DVM, MSCE, DACVIM: Contributed to data
analysis and statistical methodology. Giuffrida M, DVM,
MSCE, DACVS (Small Animal): Contributed to study
design, data analysis, and statistical methodology.

FUNDING INFORMATION
Grant funding (2021-51-F) provided by the Center for
Companion Animal Health, University of California (UC)
Davis School of Veterinary Medicine.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interested related to
this report.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ORCID
William T. N. Culp https://orcid.org/0000-0001-6132-
156X
Michele Steffey https://orcid.org/0000-0003-0852-0644

REFERENCES
1. Glickman LT, Glickman NW, Schellenberg DB, Raghavan M,

Lee T. Non-dietary risk factors for gastric dilatation-volvulus in
large and giant breed dogs. J Am Vet Med Assoc. 2000;217(10):
1492-1499. doi:10.2460/javma.2000.217.1492

2. Glickman LT, Glickman NW, Schellenberg DB, Raghavan M,
Lee TL. Incidence of and breed-related risk factors for gastric
dilatation-volvulus in dogs. J Am Vet Med Assoc. 2000;216(1):
40-45. doi:10.2460/javma.2000.216.40

3. Ward MP, Patronek GJ, Glickman LT. Benefits of prophylactic
gastropexy for dogs at risk of gastric dilatation-volvulus. Prev
Vet Med. 2003;60(4):319-329. doi:10.1016/s0167-5877(03)
00142-9

4. Eggertsd�ottir AV, Stigen y Ø, Lønaas L, et al. Comparison of
the recurrence rate of gastric dilatation with or without volvu-
lus in dogs after circumcostal gastropexy versus gastrocolopexy.
Vet Surg. 2001;30(6):546-551. doi:10.1053/jvet.2001.28439

5. Rawlings CA, Mahaffey MB, Bement S, Canalis C. Prospective
evaluation of laparoscopic-assisted gastropexy in dogs suscepti-
ble to gastric dilatation. J Am Vet Med Assoc. 2002;221(11):
1576-1581. doi:10.2460/javma.2002.221.1576

6. Hammel SP, Novo RE. Recurrence of gastric dilatation-
volvulus after incisional gastropexy in a rottweiler. J Am Anim
Hosp Assoc. 2006;42(2):147-150. doi:10.5326/0420147

7. Rawlings CA, Foutz TL, Mahaffey MB, Howerth EW,
Bement S, Canalis C. A rapid and strong laparoscopic-assisted
gastropexy in dogs. Am J Vet Res. 2001;62(6):871-875. doi:10.
2460/ajvr.2001.62.871

8. Wilson ER, Henderson RA, Montgomery RD, Kincaid SA,
Wright JC, Hanson RR. A comparison of laparoscopic and belt-
loop gastropexy in dogs. Vet Surg. 1996;25(3):221-227. doi:10.
1111/j.1532-950x.1996.tb01403.x

9. Runge JJ, Mayhew P, Rawlings CA. Laparoscopic-assisted and
laparoscopic prophylactic gastropexy: indications and tech-
niques. Compend Contin Educ Vet. 2009;31(2):E2.

10. Gingras K, Zaruby J, Maul D. Comparison of V-loc™
180 wound closure device and Quill™ PDO knotless tissue-
closure device for intradermal closure in a porcine in vivo
model: evaluation of biomechanical wound strength. J Biomed
Mater Res B Appl Biomater. 2012;100(4):1053-1058. doi:10.1002/
jbm.b.32670

11. Bailey KL, Johnson M, Travers CJ, Fox-Alvarez WA. Biome-
chanical analysis of unidirectional knotless suture loop weld
integrity after passage through a cadaveric body wall. Vet Surg.
2019;48(3):431-436. doi:10.1111/vsu.13122

12. Balsa IM, Giuffrida MA, Mayhew PD. A randomized controlled
trial of three-dimensional versus two-dimensional imaging sys-
tem on duration of surgery and mental workload for laparo-
scopic gastropexies in dogs. Vet Surg. 2021;50(5):944-953. doi:
10.1111/vsu.13637

13. Mayhew PD, Brown DC. Prospective evaluation of two intracor-
poreally sutured prophylactic laparoscopic gastropexy techniques
compared with laparoscopic-assisted gastropexy in dogs. Vet Surg.
2009;38(6):738-746. doi:10.1111/j.1532-950X.2009.00554.x

14. S�anchez-Margallo JA, S�anchez-Margallo FM. Initial experience
using a robotic-driven laparoscopic needle holder with ergo-
nomic handle: assessment of surgeons' task performance and
ergonomics. Int J Comput Assist Radiol Surg. 2017;12(12):2069-
2077. doi:10.1007/s11548-017-1636-z

15. Bensignor T, Morel G, Reversat D, Fuks D, Gayet B. Evaluation
of the effect of a laparoscopic robotized needle holder on ergo-
nomics and skills. Surg Endosc. 2016;30(2):446-454. doi:10.
1007/s00464-015-4217-7

16. Uysal D, Gasch C, Behnisch R, et al. Evaluation of new motor-
ized articulating laparoscopic instruments by laparoscopic nov-
ices using a standardized laparoscopic skills curriculum. Surg
Endosc. 2021;35(2):979-988. doi:10.1007/s00464-020-08086-2

17. Sieber MA, Fellmann-Fischer B, Mueller M. Performance of
Kymerax© precision-drive articulating surgical system com-
pared to conventional laparoscopic instruments in a pelvitrai-
ner model. Surg Endosc. 2017;31(10):4298-4308. doi:10.1007/
s00464-017-5438-8

18. Criss CN, Jarboe MD, Claflin J, Matusko N, Rooney DM. Eval-
uating a solely mechanical articulating laparoscopic device: a
prospective randomized crossover study. J Laparoendosc Adv
Surg Tech A. 2019;29(4):542-550. doi:10.1089/lap.2018.0539

8 GIBSON ET AL.

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.70094 by C

apes, W
iley O

nline L
ibrary on [18/06/2026]. 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

https://orcid.org/0000-0001-6132-156X
https://orcid.org/0000-0001-6132-156X
https://orcid.org/0000-0001-6132-156X
https://orcid.org/0000-0003-0852-0644
https://orcid.org/0000-0003-0852-0644
info:doi/10.2460/javma.2000.217.1492
info:doi/10.2460/javma.2000.216.40
info:doi/10.1016/s0167-5877(03)00142-9
info:doi/10.1016/s0167-5877(03)00142-9
info:doi/10.1053/jvet.2001.28439
info:doi/10.2460/javma.2002.221.1576
info:doi/10.5326/0420147
info:doi/10.2460/ajvr.2001.62.871
info:doi/10.2460/ajvr.2001.62.871
info:doi/10.1111/j.1532-950x.1996.tb01403.x
info:doi/10.1111/j.1532-950x.1996.tb01403.x
info:doi/10.1002/jbm.b.32670
info:doi/10.1002/jbm.b.32670
info:doi/10.1111/vsu.13122
info:doi/10.1111/vsu.13637
info:doi/10.1111/j.1532-950X.2009.00554.x
info:doi/10.1007/s11548-017-1636-z
info:doi/10.1007/s00464-015-4217-7
info:doi/10.1007/s00464-015-4217-7
info:doi/10.1007/s00464-020-08086-2
info:doi/10.1007/s00464-017-5438-8
info:doi/10.1007/s00464-017-5438-8
info:doi/10.1089/lap.2018.0539


19. Awtar S, Trutna TT, Nielsen JM, Abani R, Geiger J. FlexDex™:
a minimally invasive surgical tool with enhanced dexterity and
intuitive control. J Med Devices. 2010;4:035003. doi:10.1115/1.
4002234

20. García-Jiménez ML, Castro-Diez L, Aguirrezabalaga-
Gonz�alez J, Noguera-Aguilar JF. Robotic-like suturing with
FlexDex surgical system® for difficult laparoscopic suture. Cir
Esp (Engl Ed). 2021;99(3):222-228. doi:10.1016/j.ciresp.2020.
10.005

21. Criss CN, Ralls MW, Johnson KN, Awtar S, Jarboe MD,
Geiger JD. A novel intuitively controlled articulating instru-
ment for Reoperative foregut surgery: a case report.
J Laparoendosc Adv Surg Tech A. 2017;27(9):983-986. doi:10.
1089/lap.2017.0107

22. Motahariasl N, Farzaneh SB, Motahariasl S, et al. Evaluation of
advanced bimanual skills in novices using the wrist-like
FlexDex™ articulating laparoscopic needle holder in 2D and
3D vision: a randomised trial. Med Devices (Auckl). 2021;14:
469-480. doi:10.2147/MDER.S344975

23. Massari F, Kelly GMM. Learning curve in two-Port laparo-
scopic gastropexy using FlexDex. Animals (Basel). 2024;14(14):
2016. doi:10.3390/ani14142016

24. S�anchez-Margallo FM, S�anchez-Margallo JA. Assessment of
postural ergonomics and surgical performance in Laparoendo-
scopic single-site surgery using a handheld robotic device. Surg
Innov. 2018;25(3):208-217. doi:10.1177/1553350618759768

25. Nasa-Task Load Index (NASA-TLX); 20 Years Later. doi:10.
1177/154193120605000909

26. Doné K, DiMartino A, Judkins T, Hallbeck S, Oleynikov D.
Evaluation of laparoscopic tools for usability and comfort. Proc
Hum Factors Ergon Soc Annu Meet. 2004;48(12):1359-1362. doi:
10.1177/154193120404801219

27. Hatala R, Cook DA, Brydges R, Hawkins R. Constructing a
validity argument for the objective structured assessment of
technical skills (OSATS): a systematic review of validity evi-
dence. Adv Health Sci Educ Theory Pract. 2015;20(5):1149-1175.
doi:10.1007/s10459-015-9593-1

28. Chang OH, King LP, Modest AM, Hur HC. Developing an
objective structured assessment of technical skills for laparo-
scopic suturing and intracorporeal knot tying. J Surg Educ.
2016;73(2):258-263. doi:10.1016/j.jsurg.2015.10.006

29. Martin JA, RegehrG, Reznick R, et al. Objective structured assess-
ment of technical skill (OSATS) for surgical residents. Br J Surg.
1997;84(2):273-278. doi:10.1046/j.1365-2168.1997.02502.x

30. Rosenthal R, Hoffmann H, Clavien PA, Bucher HC, Dell-
Kuster S. Definition and classification of intraoperative compli-
cations (CLASSIC): Delphi study and pilot evaluation. World J
Surg. 2015;39(7):1. doi:10.1007/s00268-015-3003-y

31. Dindo D, Demartines N, Clavien PA. Classification of surgical
complications. Ann Surg. 2004;240(2):205-213. doi:10.1097/01.
sla.0000133083.54934.ae

32. Koo TK, Li MY. A guideline of selecting and reporting intra-
class correlation coefficients for reliability research. J Chiropr
Med. 2016;15(2):155-163. doi:10.1016/j.jcm.2016.02.012

33. Martinec DV, Gatta P, Zheng B, Denk PM, Swanström LL. The
trade-off between flexibility and maneuverability: task perfor-
mance with articulating laparoscopic instruments. Surg Endosc.
2009;23(12):2697-2701. doi:10.1007/s00464-009-0462-y

34. Siri E, Crochet P, Charavil A, Netter A, Resseguier N,
Agostini A. Learning intracorporeal suture on Pelvitrainer
using a robotized versus conventional needle holder. J Surg
Res. 2020;251:85-93. doi:10.1016/j.jss.2020.01.016

35. Shakir T, Chand M. Clinical applications of handheld robotic
devices in general surgery: a mini-review. Surgery. 2024;176(4):
1297-1301. doi:10.1016/j.surg.2024.07.007

36. van der Vliet WJ, Spaans LN, Bonouvrie DS, Uittenbogaart M,
Leclercq WKG. Safety and efficiency of an articulating nee-
dle driver in advanced laparoscopic abdominal surgery.
J Laparoendosc Adv Surg Tech A. 2022;32(4):422-426. doi:10.
1089/lap.2021.0272

37. Chow G, Chiu CJ, Zheng B, Panton ON, Meneghetti AT. Rigid
vs articulating instrumentation for task completion in single-
port surgery. Am J Surg. 2016;211(5):903-907. doi:10.1016/j.
amjsurg.2016.01.017

38. Berguer R, Forkey DL, Smith WD. Ergonomic problems associ-
ated with laparoscopic surgery. Surg Endosc. 1999;13(5):466-
468. doi:10.1007/pl00009635

39. Takazawa S, Ishimaru T, Fujii M, et al. Assessment of suturing
in the vertical plane shows the efficacy of the multi-degree-
of-freedom needle driver for neonatal laparoscopy. Pediatr Surg
Int. 2013;29(11):1177-1182. doi:10.1007/s00383-013-3380-y

40. Takazawa S, Ishimaru T, Fujii M, et al. A multi-degree-of-free-
dom needle driver with a short tip and small shaft for pediatric
laparoscopic surgery: in vivo assessment of multi-directional
suturing on the vertical plane of the liver in rabbits. Surg
Endosc. 2016;30(8):3646-3653. doi:10.1007/s00464-015-4616-9

41. Lee JY, Mucksavage P, Kerbl DC, et al. Laparoscopic warm-up
exercises improve performance of senior-level trainees during
laparoscopic renal surgery. J Endourol. 2012;26(5):545-550. doi:
10.1089/end.2011.0418

42. Mucksavage P, Lee J, Kerbl DC, Clayman RV, McDougall EM.
Preoperative warming up exercises improve laparoscopic oper-
ative times in an experienced laparoscopic surgeon. J Endourol.
2012;26(7):765-768. doi:10.1089/end.2011.0134

43. Lee GI, Lee MR, Clanton T, Sutton E, Park AE, Marohn MR.
Comparative assessment of physical and cognitive ergonomics
associated with robotic and traditional laparoscopic surgeries.
Surg Endosc. 2014;28(2):456-465. doi:10.1007/s00464-013-
3213-z

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Gibson EA, Culp WTN,
Balsa IM, Steffey M, Mayhew P. Comparison
between a laparoscopic articulating needle driver
with standard laparoscopic instrumentation for
total laparoscopic gastropexy in dogs. Veterinary
Surgery. 2026;1‐9. doi:10.1111/vsu.70094

GIBSON ET AL. 9

 1532950x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/vsu.70094 by C

apes, W
iley O

nline L
ibrary on [18/06/2026]. 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

info:doi/10.1115/1.4002234
info:doi/10.1115/1.4002234
info:doi/10.1016/j.ciresp.2020.10.005
info:doi/10.1016/j.ciresp.2020.10.005
info:doi/10.1089/lap.2017.0107
info:doi/10.1089/lap.2017.0107
info:doi/10.2147/MDER.S344975
info:doi/10.1177/1553350618759768
info:doi/10.1177/154193120605000909
info:doi/10.1177/154193120605000909
info:doi/10.1177/154193120404801219
info:doi/10.1007/s10459-015-9593-1
info:doi/10.1016/j.jsurg.2015.10.006
info:doi/10.1046/j.1365-2168.1997.02502.x
info:doi/10.1007/s00268-015-3003-y
info:doi/10.1097/01.sla.0000133083.54934.ae
info:doi/10.1097/01.sla.0000133083.54934.ae
info:doi/10.1016/j.jcm.2016.02.012
info:doi/10.1007/s00464-009-0462-y
info:doi/10.1016/j.jss.2020.01.016
info:doi/10.1016/j.surg.2024.07.007
info:doi/10.1089/lap.2021.0272
info:doi/10.1089/lap.2021.0272
info:doi/10.1016/j.amjsurg.2016.01.017
info:doi/10.1016/j.amjsurg.2016.01.017
info:doi/10.1007/pl00009635
info:doi/10.1007/s00383-013-3380-y
info:doi/10.1007/s00464-015-4616-9
info:doi/10.1089/end.2011.0418
info:doi/10.1089/end.2011.0134
info:doi/10.1007/s00464-013-3213-z
info:doi/10.1007/s00464-013-3213-z
info:doi/10.1111/vsu.70094

	Comparison between a laparoscopic articulating needle driver with standard laparoscopic instrumentation for total laparosco...
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Animals
	2.2  |  Total laparoscopic gastropexy procedure
	2.3  |  Data collection and questionnaires
	2.4  |  Adverse events (AEs)
	2.5  |  Statistical analysis

	3  |  RESULTS
	3.1  |  Animals
	3.2  |  Procedures
	3.3  |  NASA‐TLX scores
	3.4  |  Suture time
	3.5  |  Instrument function and ergonomics survey
	3.6  |  Global rating checklist

	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


