Supplementary Appendix 3
Modified Bariatric Objective Structured Assessment of Technical Skills (MBOSATS) Scale Based on 3D Printed Model with Milestone Training Method
	[bookmark: _Hlk142570271]Step 1: Creation of Small Gastric Pouch


	                                                               1        2       3       4        5 

	Task

	The gastric tube is inserted along the lesser curvature, and empty the stomach
	Not done

	Done after delay; with prompting
	Done without delay


	Pull fundus of
stomach Down
(exposure)
	Insufficient
retraction; traumatic;
insufficient exposure
	Satisfactory retraction after some repositioning;
suboptimal exposure

	Appropriate retraction; optimal exposure


	Dissect angle of His
close to stomach
while keeping
tension on fundus

	Dissection in
incorrect plane;
insufficient or too
much tension

	Dissection in correct
plane; appropriate
tension majority of time; occasional tissue damage

	Dissection in correct
plane; careful
handling of tissue;
appropriate tension at
all times; minimal
tissue damage


	Dissect along lesser
curvature of stomach
approx. 5cm from
the gastro-esophageal
junction and keep
close to stomach

	Incorrect plane;
incorrect anatomic
location; excessive
tissue trauma

	Correct plane developed with some difficulty; moderate tissue damage
	Correct plane in
correct anatomic
location developed
without difficulty or
excessive tissue
trauma


	[bookmark: _Hlk142569920]Create a posterior
tunnel

	Dissection in
incorrect plane;
unnecessary force

	Dissection in correct plane; occasional tissue damage
	Dissection in correct
plane; careful
handling of tissue,
minimal tissue damage


	[bookmark: _Hlk142569962]Introduce and apply a
linear cutting stapler
transversely to the
stomach

	Stapler applied in an
incorrect orientation;
serosal damage to
stomach

	Stapler applied
transversely after
multiple repositioning
attempts

	Stapler applied
transversely; no
requirement for
multiple
repositioning
attempts; no trauma to stomach wall



	Remove gastric tube
from the stomach before clamp the stapler
	Not done

	Done after delay; with prompting

	Done without delay
or making sure the
tube is not stapled
(by movement)


	clamp stapler，cover fluorescence and compression time
	Uncontrolled clamp
with excessive pull
on the stomach；no cover fluorescence；Compression time as advised by stapler manufacturer not maintained

	Controlled clamp; some
slippage of stomach
between jaws; partial cover fluorescence（2/3）；Compression time as advised by stapler manufacturer not maintained entirely

	Smooth, controlled
clamp; all cover fluorescence；Compression time maintained as advised by stapler manufacturer


	Develop a posterior
tunnel towards the
angle of His

	Dissection in an
incorrect plane;
unnecessary force
	Dissection in correct
plane; occasional
tissue damage
	Dissection in correct
plane; careful
handling of tissue,
minimal tissue
damage

	Clean up posterior
attachments (if present
and prevent introduction of stapler)
between the stomach
and pancreas in the
lesser sac
	Posterior attachments not cleared; excessive force, tissue trauma


	Majority of attachments cleared up; moderate tissue trauma
	Attachments cleared; careful handling of tissues; minimal tissue trauma

	The gastric tube inserted along the lesser curvature
	Not done

	Done after delay; with prompting

	Done without or making sure the
tube is not stapled
(by movement)




	Introduce and apply
another linear cutting
stapler to the
stomach

	Stapler applied in an incorrect orientation;
serosal damage to
stomach

	Stapler applied
correctly; multiple
repositioning
attempts

	Stapler applied
correctly; no repositioning
required; no trauma
to stomach wall


	clamp stapler，cover fluorescence and compression time
	Uncontrolled clamp
with excessive pull
on the stomach；no cover fluorescence；Compression time as advised by stapler manufacturer not maintained

	Controlled clamp; some
slippage of stomach
between jaws; partial cover fluorescence（2/3）；Compression time as advised by stapler manufacturer not maintained entirely

	Smooth, controlled
clamp; all cover fluorescence；Compression time maintained as advised by stapler manufacturer


	Remove gastric tube
from the stomach and remain it in the esophagus
before clamp the
stapler
	Not done

	Done after delay;
with prompting

	Done without delay or making sure the
tube is not stapled
(by movement)



	Introduce and apply
another linear cutting
stapler to the
stomach

	Stapler applied in an incorrect orientation;
serosal damage to
stomach

	Stapler applied
correctly; multiple
repositioning
attempts

	Stapler applied
correctly; no
repositioning
required; no trauma
to stomach wall


	clamp stapler，cover fluorescence and compression time
	Uncontrolled clamp
with excessive pull
on the stomach；no cover fluorescence；Compression time as advised by stapler manufacturer not maintained

	Controlled clamp; some
slippage of stomach
between jaws; partial cover fluorescence（2/3）；Compression time as advised by stapler manufacturer not maintained entirely

	Smooth, controlled
clamp; all cover fluorescence；Compression time maintained as advised by stapler manufacturer


	Confirm complete
transection of
stomach

	Not confirmed

	Confirmed briefly
without adequate
visualization

	Methodical
confirmation of
complete transection


	Time:


	Step 2: Creation of Bilio-Pancreatic Limb


	                                                               1        2       3       4        5

	Task

	[bookmark: _Hlk142570366]Elevate the transverse
Colon and great omentum cephalad and identify ligament of Treitz

	Not performed
	Performed in a traumatic fashion; ligament identified
	Elevated smoothly and gently; good exposure of ligament

	Measure
approximately 50
cm of jejunum
distal to the ligament
of Treitz

	Length not measured

	Measured, however
individual
measurements not of
the same size; poor
orientation; the deviation distance from fluorescence is more than 3cm 
	Measured
methodologically;
each measurement of
the same size; correct
orientation; the deviation distance from fluorescence is less than 3cm 



	Confirm that this part of
jejunum will reach the hiatus/gastric pouch
	Not confirmed
	Confirmed briefly
	Confirmed clearly and
methodologically

	[bookmark: _Hlk142570538]Divide jejunum (Introduce and apply a linear cutting stapler
to the jejunum)
	Stapler applied in an incorrect orientation; trauma to mesentery and
jejunum

	Jaws of stapler not perpendicular to bowel; possibility of mesenteric and jejunal trauma; need for re-resection

	Stapler applied
at correct angle;
; no trauma to mesentery and jejunum




	clamp stapler, cover fluorescence and compression time
	Uncontrolled clamp
with excessive pull
on the intestine；The distance between the stapler and the fluorescent marker is greater than 3cm； Compression time as advised by stapler manufacturer not maintained

	Controlled clamp; some
slippage of intestine
between jaws; The distance between the stapler and the fluorescent marker is less than 3cm； Compression time as advised by stapler manufacturer not maintained entirely

	Smooth, controlled
clamp; all cover fluorescence； Compression time maintained as advised by stapler manufacturer


	Time:


	Step 3: Creation of Roux Limb and Side-Side Intestinal Anastomosis 


	                    1         2        3       4       5


	Task


	[bookmark: _Hlk142570643]Measure 150 cm
length of the Roux limb
	Length not measured
	Measured, however individual measurements not of the same
size; poor orientation; grabs
onto mesentery; deviation of measure is more than 10cm
	Measured methodologically; each
measurement of the same size;
correct orientation; deviation of measure is less than 10cm

	Bring distal end of the Bilio-pancreatic
limb and position side
to side to the Roux limb
	Incorrect orientation of BP limb
to Roux limb
	Correct orientation, although
required multiple attempts
with extra movements
	BP limb positioned correctly in
relation to Roux limb; no extra
movements; no tension

	Demonstrate the action of Creating enterotomies in the Bilio-pancreatic 
And the Roux limbs 

	Poor relation 
between grasper and 
energy source 
	not placed in antimesenteric
location
	Appropriately placed
enterotomies; no extra
movements. Good relation of grasper and energy source


	Insert the limbs of 
linear cutting stapler 
into the enterotomies 
in Roux and Bilio-
pancreatic limbs

	Unclear of how to 
insert the staple 
device. Drives staple 
jaws blindly into intestine；Excessive tissue tears;
Inappropriate instrument used to facilitate entry of stapler jaws

	Inserts the stapler 
with hesitation and 
lacks appreciation of 
the ideal angle for 
insertion；Small tissue tears; Appropriate instrument used to facilitate entry of stapler jaws

	Inserts staple jaws 
with ease; controlled 
manner; correct angle；Tissue is not damaged; Appropriate instrument used to facilitate entry of stapler jaws


	Ensure both limbs 
are symmetrical and 
stapler in 
antimesenteric border

	Does not ensure limb symmetry and 
antimesenteric 
position before 
closure of jaws

	Limbs either non-symmetrical or not 
on antimesenteric 
border before closure 
of jaws

	Correctly ensure
symmetry and 
antimesenteric 
position before 
closure of the jaws


	clamp stapler and compression time
	Uncontrolled clamp with excessive pull on the bowel and widening of enterotomies；Compression time as advised by stapler manufacturer not maintained
	Controlled clamp; some slippage of bowel from jaws；Compression time as advised by stapler manufacturer not maintained entirely
	Smooth, controlled 
Clamp; no widening of enterotomies；Compression time maintained as advised by stapler manufacturer

	Close the created
enterotomy with
a simple running
suture 

	Inappropriate instruments used；Multiple attempts for stitches constantly needed； 
Poorly positioned stitch; Blindly placed sutures; traumatic use of
needle drivers; skiving and poor control of needle; too much or too little tension；poor quality knot
	Appropriate instruments used；Multiple attempts needed for stitches；Adequate stitch position; Sutures placed at varying distances apart;
stitch pulled out clumsily；Obviously loose knots with a high chance of opening are replaced
	Appropriate instruments；
Only one attempt needed for each stitch；
Correct stitch position;
adequate
size bites placed uniform
distance apart;
perpendicular to intestinal wall; appropriate tension; stitch retrieved safely；All knots tied securely

	Time:

	Step 4: Creation of Gastrojejunostomy 


	                      1        2       3       4        5


	Task


	[bookmark: _Hlk142571290]Bring up the Roux limb
antecolic and
antegastric
	Incorrect position; excessive
tension or twisting of limb
	Correct positioning;
repositioning required; limb
slips
	Correct positioning; minimal
tension or twisting

	Demonstrate the action of creating enterotomies in the gastric pouch 
and the Roux limbs 

	Poor relation 
between grasper and 
energy source 
	Not placed in antimesenteric
location ；more than 1 attempt required
	Appropriately placed
enterotomies; no extra
movements. Good relation of
grasper and energy source


	Insert the limbs of 
linear cutting stapler 
into the enterotomies 
in the gastric 
pouch and the Roux limb


	Unclear of how to 
insert the staple 
device; drives staple 
jaws blindly into the gastric 
pouch and the Roux limb；Excessive tissue tears;
Inappropriate instrument used to facilitate entry of stapler jaws



	Inserts the stapler 
with hesitation and 
lacks appreciation of 
the ideal angle for 
insertion；Small tissue tears; Appropriate instrument used to facilitate entry of stapler jaws

	Inserts staple jaws 
with ease; controlled 
manner; correct angle；Tissue is not damaged; Appropriate instrument used to facilitate entry of stapler jaws


	Ensure both limbs 
are symmetrical 
before close the 
stapler

	Does not ensure 
symmetry, 
antimesenteric 
location of stapler 
before closing of 
jaws

	Limbs either 
nonsymmetrical or 
not in antimesenteric 
border before closure 
of jaws

	Correct symmetry 
and antimesenteric 
position before 
closure of jaws


	clamp stapler and compression time


	Uncontrolled clamp with excessive
pull on the bowel and stomach and 
widening of enterotomies；Compression time as advised by stapler manufacturer not maintained
	Controlled clamp; some slippage of
Bowel and stomach from jaws；Compression time as advised by stapler manufacturer not maintained entirely
	Smooth, controlled 
Clamp; no
widening of enterotomies；Compression time maintained as advised by stapler manufacturer

	Insert a gastric tube and pass it across the common anastomosis to distal small intestinal about 1cm
	Not performed
	Inserted; no guiding into correct
location across anastomosis
	Performed correctly; no atraumatic
insertion

	Close the created enterotomy with a simple running suture 

	Inappropriate instruments used；Multiple attempts for stitches constantly needed； 
Poorly positioned stitch; Blindly placed sutures; traumatic use of
needle drivers; skiving and poor control of needle; too much or too little tension；poor quality knot
	Appropriate instruments used；Multiple attempts needed for stitches；Adequate stitch position; Sutures placed at varying distances apart;
stitch pulled out clumsily；Obviously loose knots with a high chance of opening are replaced
	Appropriate instruments；
Only one attempt needed for each stitch；
Correct stitch position;
adequate
size bites placed uniform
distance apart;
perpendicular to intestinal wall and gastric wall; appropriate tension; stitch retrieved safely；All knots tied securely

	Ensure cinching of suture
between bites
	Not done
	Done inconsistently
	Done at all times

	Time:


	Total Time:


	Step 5: Additional Measures


	                      1        2       3       4        5


	Help needed during 
performance

	Ask a lot of questions 
and needed 
assistance

	Few questions and 
few assistance 
needed

	Few questions but no 
assistance needed


	Total score:





