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A lariat-based dilatation device for hysteroscopy: an in vitro study
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Background: Hysteroscopy is regarded as the golden standard for the therapeutic and diagnostic methods
of many uterine diseases. Carbon dioxide, normal saline and pharmaceuticals are generally used to dilate the
uterus to obtain enough operating space and clear vision during the surgery. However, these methods often
cause various syndromes.

Methods: In this study, we designed a novel mechanical dilator and operating system. The dilator contains
a structure with a diameter of 9 mm in its initial status to pass through the narrow cervix after initial cervical
dilation by cervical dilator and then its diameter can be expanded up to 60 mm in the working status to
achieve a favorable operating space. The operating system is composed of an endoscope and the surgical
instrument driving tube. The endoscope was motioned by pre-bent hyperelastic wires and the surgical
instrument was driven by a pre-bent driving tube. To obtain the parameters for successful expansion and
operation, the relationships between the tension, the diameter of the dilator and the visual and operating
space of the operating system were analyzed in detail. On the basis of the obtained parameters, the surgical
experiment was performed and the experimental results demonstrated the ability of this dilator to expand and
the ability of the operator to operate in small spaces for hysteroscopy.

Results: According to the achieved results, the dilator could support the inner wall of the simulated organ
to act like a cage, so that the space in the cage was large enough. The operating system can thrust into the
intracavity of the simulated uterus through the channel (with a diameter of 6 mm) of the dilator to search for
and excise the raised polyp.

Conclusions: It can be concluded that the proposed dilator and operating system can be efficiently applied

in organ expansion and operation in hysteroscopy.
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Introduction as dilation and curettage (D&C), sonohysterogram,

hysterosalpingogram, and submucous fibroids (1,2). A

Hysteroscopy is a minimally invasive surgical procedure that
requires the access to the uterine cavity for the treatment
of intrauterine and endocervical lesions. This operation has
been regarded as the golden standard for the therapeutic
and diagnostic methods of many uterine diseases, such
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preliminary cervical canal dilatation is required for standard
resectoscopes to pass through a cavity to obtain an appropriate
operating space, and plays a vital role in a successful
operation procedure. Unfortunately, artificially ripening the
cervix is still a clinical challenge, although many mechanical
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or pharmacological methods exist. A wide variety of cases,
such as cervical stenosis, extreme uterine flexion or version,
congenital anomalies, and scarring of the cervical anatomy
by previous surgeries, can induce technical difficulties
and complicated procedures during hysteroscopy (3).
The failure ratio of the outpatient hysteroscopic procedures
caused by the cervical stenosis and undue pain during the
negotiation of the endocervical canal can be as high as 47
percent (4).

Obtaining enough operating space and clear vision in
uterus are momentous in completing hysteroscopy. In order
to solve these problems, carbon dioxide, normal saline and
pharmaceuticals are generally used to dilate the uterus.
Carbon dioxide or saline was filled into the intrauterine
to form priming before the operation. However, carbon
dioxide can induce hypercapnia, shoulder pain, nausea,
vomiting and other complications and saline may cause
trans urethral resection prostate (TURP) syndrome (5).

Compared with the methods mentioned above, the
mechanical methods, such as the balloon-based devices and
the osmotic dilator have the lower risk of hyper stimulation
(6,7). A controllable balloon dilator can theoretically achieve
the goal of gentle and effective cervical dilatation, and has
achieved the higher success rate for cervical ripening (8).
The single-balloon devices have been recommended as
the best combination of safety and patient comfort among
the mechanical operation devices and even the addition of
extra-amniotic saline infusion to single-balloon devices may
cause an uncomfortable traction and dripping sensation
9,10).

However, in addition to the discomfort, poor integrity
and tensile function, low flexibility and narrow operating
space are other adverse characteristics in the application of
balloon-based devices. Previous researchers assessed the
performance of a dilator made of several elastic wires (11).
Operators can achieve four symmetrical windows with a
total capture area of 40 mm’. This device can reduce the
procedure time in endocavitary uterine surgery. However,
sharp wires would lead to highly concentrated stresses
on the tissue and therefore the risk of tissue damage. In
the study, we designed a novel mechanical dilator with
a diameter of 9 mm at its initial status to pass through
narrow cervix after initial cervical dilation by cervical
dilator. Its diameter could be expanded up to 60 mm at
the working status to achieve a favorable operating space.
The relationship between the tensions, the diameter of the
dilator, and the visual/operating space were explored iz vitro
to ensure that this device could meet the requirement for
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hysteroscopy.

Methods

The experiment was divided into three parts: design of the
mechanical construction, establishing the mathematical
model, and in vitro experiment. All methods in this study
were carried out in accordance with relevant guidelines and
regulations. All experimental protocols in this study were
approved by the ethics committee of Drum Tower Hospital
affiliated to Medical School of Nanjing University.

Design of the mechanical construction

Construction of the dilator

The dilator was made of several identical units. The basic
principle is shown in Figure 1A. In brief, the dilator unit
is composed of many function blocks. There is a hole on
the bottom of each block to allow a rope to pass through
it, so that all function blocks are connected together.
When the rope was relaxed, the dilator unit was flexible
and longitudinally arranged in a line. After the dilator
was inserted inside the cervix, the rope was tightened and
every function block was compressed together for the
purpose of forming an arc arrangement. The unit would
convert into a rigid body to maintain this shape. To expose
much space as possible in one operation, the width of the
single component of the rigid body was set to 3.2 mm. To
avoiding shading the pathological area, two expansions were
required. When the first expansion and operation were
completed, the rope was relaxed. The dilator was rotated
about 30 degrees on the axis of the permanent seat. Then,
the second expansion was performed, so that the hidden
area would be exposed.

Construction of the operating system

The operating system was composed of two parts with a
similar motion mechanism: the endoscope and the surgical
instrument driving tube. The surgical instrument was
located inside the driving tube. The hyperelastic wire (made
of Nitinol) and driving tube was pre-bent into a certain
shape (Figure 1B). The hyperelastic wire was inserted into
the constraint tube as Herrell ez 4/. (12). The angle and the
location of the hyperelastic wire and the driving tube could
be easily adjusted by changing their lengths outstretched the
rigid tube or sleeve. The motion mechanism is demonstrated
in Figure 1C. One end of the hyperelastic wire was attached
on the lens mount and the other end was attached on the
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Figure 1 The working principle and structure of the mechanical dilatation device: (A) working principle of the dilator; (B) hyperelastic wire

and tube structure; (C) structure of the operating system; (D) structure of the dilator.
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hand shank. The whole hyperelastic wire was in the rigid
constraint tube and obligated into a linear shape as the
sliding block was on the left. When the sliding block moved
to the right, the hyperelastic wire was extended from the
constraint tube and restored its pre-curved shape and the
endoscope swung a certain angle. The device was achieved
with the combination of the dilator and the operating
system. Its general view is shown in Figure 1D.

Establishing the mathematical model

The structures of human organs are soft, so the interactions
between the inner wall and the dilator and the interactions
among various components are complex. In order to
simplify the analysis, each function block was regarded as
a rigid body in the analysis of distraction rod deformation.
The shape of the dilator units will remain an arc-shape after
any deformation and the range of force distribution in the
arc will not be changed. The load applied on the dilator
units by the organ inner wall is uniformly distributed and
all the stress conditions of each dilator unit are the same.
Supposing that the initial tension of each rope is 7, after
the organ is distracted and the tension is T after the balloon
is removed. The rope is considered as a linear spring. The
deformation of the rope can be obtained according to
material mechanics {Eq. [1]}.

L (T-T)L (1]

EAq

Where E was the elastic modulus of the rope, 4 is the
cross sectional area of the rope, L was the length of the
rope.

The force diagram of the dilator unit is shown in
Figure 24. R, is the initial radius of the outer arc; s, and /,
are respectively the initial lateral and medial lengths of the
arc; f3, is the central angle of the initial arc; 4 is the height
of function block; f'is the uniformly distributed load of
the inner wall on the dilator unit; ¢, is the central angle
corresponding to the range of action; Fj, and F, are the
forces between the base and the dilator unit.

The radius, lateral length, and medial length of the
arc are changed to the R, s, and / after the dilator unit is
deformed. The central angle of the initial arc is changed
to f. The central angle corresponding to the action range
is changed to ¢. Each function block is a rigid body and s
or & is not changed after the deformation. The inner arc
is stretched to the length of /, where /=[+e. Eq. [2] can be
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obtained based on geometric relations.

R — hROﬂO
hB,—¢
&
ﬁ=ﬂo—z (2]
R
¢:?0¢0

The torque on the pivot 4 by uniform load:
2Rsin? . ﬁ . @
M, (F)= 2| Rsin—— Rsin—+x |fdx 3
The component of uniform load in y-direction was:
- .
Fy =2Rf s1n3 [4]

According to the force and torque balance equations, we
get:

ZF;:FA)(:O

>.F =F, +F, —F, =0 5]

D> M, =2F,R sing—MA (F)=0

"The reaction can be obtained after simplifying the Eq. [5]:
. R

F, =F, =2Rfsin—>2 6

Ay By f 2R [ ]

For the purpose of analyzing internal forces of the
dilator unit, the left half of the dilator unit was taken into
consideration. The force on the left half of the dilator
unit is N. The tension of the rope is 7. The force analysis
is shown in Figure 2B. According to the force and torque
balance equations, we get:

> F,=T-N=0

> M, =MA(§)+T(R—Rcosg—hj—N[R—Rcosg] =0 [7]
sin?
Where MA(E) = _[R 2 Rsinﬁ— RsinZ + x |fix
2 0 2 2
The tension of ropes can be obtained as:

2
T:fR sinﬂ(sinﬁ—lsinﬂj [8]
h 2 2 2 2

Eq. [9] can be obtained after substituting Eq. [2] into Eq. [8].
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Figure 2 Schematic diagram of force analysis of the dilator: (A) the analysis of force on identical unit; (B) the force analysis of half identical

unit; (C) the simplified relationship between the identical unit and the inner wall of uterus; (D) the schematic to get the diameter of the

dilator; (E) the schematic of kinematics analysis of the operating system.
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The relationship between the tension of organ and the
pressure can be obtained:

PR
Ji =5 [10]

The relationship between f; and f can be simplified,
as shown in Figure 2C. The following equation can be
obtained as:

f=2f COSM (11]
2n

Where n is the number of dilator unit.

According to the above equations, the tension T of the
rope after loading can be obtained when the initial tension
of the rope is Tj. Then, the radius R can be obtained. The
diameter of the expander can be obtained according to
Figure 2D.
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D=2R(l—cos§j+c§' [12]

Where 0 was the distance of symmetrical fulcrum and it
was a constant value.

Establishing the motion coordinate system of the
byperelastic wire

In order to determine the observation range of the
endoscope, a coordinate system was set for each rod (13).
The origin of coordinate {0} was fixed in the top center
of the operating rod (Figure 2E). z, and the casing shared
the same axis. The origin of coordinate {1} was fixed in the
inflection point of the S-shaped hyperelastic wire. The axis
of z, and the tangent of arc A shared the same axis, and x,
pointed to the center of arc B. The origin of coordinate {2}
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was fixed at the end of the hyperelastic wire. The axis of z, and the tangent of arc B were in the same direction and x, pointed
to the center of arc B. The origin of coordinate {3} was fixed at the center of the endoscope tip. The direction of each axis was
the same to coordinate {2}.

The center of the endoscope tip had different laws of motion between the one case when the constraint tube caught only arc
4 and the case when the constraint tube caught both arc 4 and arc B. Therefore, two cases should be discussed separately. The
movement distance of the slider is /; the initial length of arc 4 is /;; the initial length of arc B is s;.

The following conversion can be obtained according to the coordinate system, and relations when 0</</,.

c(By—a) 0 s(B—a) (r—-R)c(B—a)+hs(By—a)+(R +R)ca—R —e,

o _ 0 1 0 0 (03]
Tl =s(B-a) 0 c(B-a)  (Ry-r)s(B-a)+he(B—a)+ (R +R,)sa+l
0 0 0 1

Where f, was the initial central angle of arc B. R, and R, was the radius of arc 4 and arc B. The distance between the end of
hyperelastic wire and the axis of the endoscope was 7. The length of the endoscope was /.
The following equation described the relationship between a and /.

a=trlog - [14

The following conversion can be obtained according to the coordinate system, and relations when [,</<[,+ s,.

cf 0 sp (}’—Rz)cﬁ+hsﬂ+R2—e2

| 010 0 s
T ol=sBp 0 e (R-r)sBthef+l (151
0 0 0 1

The following equation described the relationship between f and /.

_s,—(1-14) 16
B T [16]

2

In summary, the swing angle and the end position of the endoscope had the following relationship.

,30—0{04-% (0Sl<lo)
¢= ' [17]
,B+£a L (I, <1<l +s,)
0 R, 0 R, 0 =L TS
cos(ﬁo ao+—J+hsm(ﬁ0 a0+%J+(Rl+R2)cos[a0—%]—Rl—e2 (0<r<1)
x= ! 1
cos[ﬁ0+—a0——]+hsm[ﬁo II:aO—RL)-#RZ—eZ (lo<lglo+so)
y=0 [18]
sm(ﬂO 0{0+—]+hcos[ﬁ0 a,+— ! ] (R +R )sm[ ! j+l (0§1<10)
R, R
s=
sm(ﬂo+—ao——J+hcos{ﬂ0+:%au—RL)+l (L <I<l+s,)

In vitro experiment

In order to simulate the situation of real human uterus, a spherical structure consisting of three layers of airbags was
employed in this study. The pressure required for the multilayer structure to expand to a diameter of 60 mm was 106 mmHg
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Table 1 Structural parameters of the dilator

Parameter Outcome
R, 60 mm

Bo 142°

7 142°

H 1.9 mm

A 0.2 mm’
0 19.583 mm

(about 14 KPa), which was similar to the continuous-flow
pressure (110-175 mmHg) used in the clinical operation
(14,15). The device was designed for hysteroscopy and tubal
dredging, so a hysteroscopic micro polypectomy utilizing
this mechanical dilator was carried out in the simulated
uterus in the iz vitro experiment. After the expansions, the
dilator experienced a small deformation, which might affect
the stress applied on the dilator. For the sake of facilitating
the calculation, when the load was small, it was considered
as a constant and calculated based on Eq. [10]. The main
structural parameters of the dilator are shown in Tuble 1.

Results
Mechanical structures and working procedure

The working procedure is shown in Figure 34. A balloon
was settled at the center and wrapped with dilator units.
After entering the uterus, the balloon was inflated and
the dilator was expanded under the air pressure. After
the dilator was expanded to the appropriate size, the rope
was stretched to maintain the shape of the units and the
balloon was deflated and extracted from the tunnel. In
this manner, a clear field of vision was realized during the
operation procedure. The removing process of the dilator
is demonstrated in Figure 3B. The dilator could pass
through the tunnel with a diameter of 10 mm easily. After
the operation was completed, the ropes were relaxed to
make the dilator become flexible. All the dilator units were
movable and could restore their initial shape to produce
the adaptive deformation, so that it could go through the
narrow surgery channel, like the cervix.

The motion principle of the endoscope was similar to
that of surgical instrument. In this experiment, the surgical
instrument was biopsy forceps with a diameter of 1.75 mm.
The biopsy forceps was placed into the pre-bent driving
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tube (with an inner diameter of 2.11 mm) and forced into
a linear shape in the rigid sleeve. After extending from the
sleeve, the driving tube could restore its original shape
and the biopsy forceps could swing within a certain angle
(Figure 3C). The biopsy forceps presented different angles
according to the length of the driving tube extending
from the rigid sleeve. The movement process of the lens
mount is shown in Figure 3C. The lens mount could swing
different angles according to the length of the hyperelastic
wire extended from the constraint tube. In order to realize a
wider observation and operation scope, the whole operating
system with a diameter of 5.8 mm could be rotated by
rotating the hand shank.

Validating the mathematical model

The minimum tension was calculated under different
numbers of dilator units (Figure 44). According to the
calculation results, if the number of dilator units increased,
the load on each dilator unit and the tension of each rope
could be reduced. However, with the increase in the number
of dilator units, the initial diameter of the dilator increased.
In addition, too many dilator units covered a larger area of
the inner wall of an organ and affected surgical operations.
Under the premise of ensuring the strength of each rope,
the number of dilator units could be reduced in order to
decrease the diameter of the dilator. Based on the above
analysis, according to the required tensile strength and
minimum tension of the rope, the number of dilator units
was selected to be six.

The minimum tensions at different heights of function
blocks were calculated (Figure 4B). The minimum tension
decreased when the height of function blocks increased.
However, the initial diameter of the dilator increased with
the increase in the height of function blocks. Therefore,
under existing restriction conditions of the diameter, the
maximum function block (1.9 mm) was selected.

The only variable parameter was the tension of the
rope after the structural parameters of the dilator were
tixed. Different forms of the expander could be obtained
by controlling the tension of the rope. Therefore, it is
important to explore the effect of the initial tension of the
rope on the final form. As the tensile strength of the rope
is limited, it is necessary to reduce the tension as much as
possible under the proper expansion conditions.

In order to analyze the diameter of the dilator after the
expansion under different tensions and loads, the theoretical
calculation and experimental analysis were carried out in
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Function block

Figure 3 Working procedure of the dilator and operating system. (A) Working process of the dilator; (B) procedure of the dilator removed

from the surgical channel; (C) swing process of the lens mount.

this study. The results are shown in Figure 4C. The curves
of tl, t2 and ¢3 indicate the theoretical data of the expansion
diameter under different initial tensions during the
expansion process of one, two and three airbags. In contrast,
the curves of el, e2, and e3 indicate the experimental
data of one, two and three airbags. Increasing the initial
tension could increase the diameter of the expander after
the expansion. When the initial tension reached a certain

© Annals of Translational Medicine. All rights reserved.

value, the diameter of the expander reached the maximum
value and the variation trend tended to be gentle. As the
load increased, the diameter decreased. This trend was
different from the theoretical data because the block which
was treated as a rigid body in the mathematical model was
actually slightly deformed in the experiment.

The relationship between the swing angle of the end
of lens mount and the displacement of the sliding block is

Ann Transl Med 2019;7(18):462 | http://dx.doi.org/10.21037/atm.2019.08.30
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Figure 4 Result of analysis of the dilator and the operating system:
(A) the minimum tension under the different number of identical
unit; (B) the minimum tension at different height of identical unit;
(C) analysis and experimental result of the diameter of the dilator
under different initial tension and loading; (D) kinematics analysis

and experimental result of the operating system.
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demonstrated in Figure 4D. The swing angle was recorded
when the slider was moved for every 2 mm. The swing
process of the end could be divided into two phases. At
phase 1, the experimental angle was less than its theoretical
value because the large gap between the restraint sleeve
and the hyperelastic wire led to a smaller swing angle of the
end. The error could be offset in phase 2 due to the double-
bending process during this period, so that the experimental
results were consistent with the theoretical results.

Simulated bysteroscopic micropolypectomy

In the simulated surgery, a raised small polyp was stick on
the inner wall of the multilayer structure. The simulated
uterus was expanded in three continuous steps with the
dilator (Figure 5A,B,C). After removing the balloon, the
dilator acted like a cage to support the inner wall of the
simulated organ and there was enough space in the cage,
thus proving the functional feasibility of the expander.
Then, the surgical instruments were thrust into the
intracavity of the simulated uterus through the channel of
the dilator. The raised polyp could be clearly observed and
easily excised by the operator in such an adequate space.
The process of the simulated surgery is shown in Figures
5D,E,EG,H,I,7,K. The whole process was repeated for 5
times and the average operation time was 18.37+2.86 min.

Discussion

Although the safety and effectiveness of cervical ripening
agents, including prostaglandin, vasopressin, and vaginal
osmotic dilators, have been extensively explored to facilitate
dilatation and decrease the risk of complications, the
application of cervical ripening agents is still controversial
(16-19). In the study, we designed a mechanical dilator
based on the lariat structure to achieve the gentle expansion
and enough operation space in hysteroscopy. The flexible
multi-units could pass through the narrow cervix and the
expansion diameter could be adjusted exactly by altering
the air pressure in the balloon. Medical lubricants were
applied on the surface of the dilator. The inner wall of the
simulated uterus slid on the surface of the dilator, so that
the tension of the inner wall tended to be uniform. More
importantly, there is less liquid and zero interference in the
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Figure 5 Surgical experiments of uterus dilatation and surgery: (A) dilator was inserted into the uterus; (B) dilatation balloon was filled with

air; (C) ropes were tightened and the dilatation balloon was removed; (D) operating system is ready to be thrust into the dilator; (E) process

of insert into the dilator; (F) operating system has reached the interior of uterus; (G) target has been found; (H) adjust posture of the end-

effector; (I) end-effector is approaching to the target; (J) end-effector clamps the target; (K) target is successfully removed by the end-effector.

operation space inside the dilator, thus decreasing the risk
of infiltration caused by the usage of fluid or gas media and
improving the reliability and safety.

For cervical priming before hysteroscopy,
pharmaceuticals (like misoprostol) and natural osmotic
dilators (laminaria) are commonly used and widely studied
agents so far. The above-mentioned agents can ameliorate
baseline cervical dilatation and prevent additional dilatation

© Annals of Translational Medicine. All rights reserved.

(20,21). However, these agents have common side-effects,
such as abdominal pain, nausea, diarrhea, vaginal bleeding,
increased body temperature, and long-term retention time.
The balloon-based dilator, like Cook cervical ripening
balloon and Foley catheter, can solve these problems to
some degree. However, the most serious problem in balloon
dilators is their large volume since they occupy the space in
the cervix and uterus, especially in the cervix. Therefore, it

Ann Transl Med 2019;7(18):462 | http://dx.doi.org/10.21037/atm.2019.08.30
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is difficult for surgical instruments to extend and act in the
uterus when balloon dilators are used. The previous study
reported that additional cervical dilatation was required in
almost all cases when the balloon dilators were used (22).
Different from the balloon dilator, the novel lariat-based
dilator structure had a channel with a diameter of 6 mm for
an endoscope to pass through the intrauterine, so that the
narrow space in cervix and uterus could be used sufficiently
and the additional dilatation could be avoided. It was
obvious that the experimental results were well consistent
with the theoretical analysis in the dilatation simulation.
Even though the friction between the rope and spring tubes
exists, the fitting degree was improved with the increase in
the tension of the inner wall in the simulated uterus.

The radial size of the dilator was so small before the
expansion that the resistance to penetration when passing
the cervical canal at its initial form was low. When the
balloon was inflated, the whole uterus could be dilated
synchronously so that the friction and the effective stress
applied between the dilator units and the endometrium
could be minimized. As the dilator units were fixed, the
other surgical procedures could be completed by rotating
the hand shank and pushing the sliding block.

Furthermore, the intrauterine space dilated by the lariat-
based dilator was stable and the dilatation time could be
easily controlled. The uterus was expanded by several
dilator units and the contact area between each dilator
unit and the inner wall of uterus was small, thus leading
to a clearer vision field and easier manipulation. Besides,
the contacting regions between the dilator units and the
inner wall are continuous arcs, thus avoiding the damage to
the endometrium. The shape and size of the dilator could
be changed by adjusting the tension of the drive rope in
order to adapt it to patients with different physiques and
requirements during the operation.

The functional blocks were assumed as rigid bodies
in the theoretical analysis. It was also assumed that no
deformation occurred on the dilator units under different
loads, indicating that the radius of the dilator was the same
as the initially designed value. In realistic situation, they
were deformed under the applied stress, thus resulting in
the elastic deformation of the dilator units and compressing
the dilator into an olive shape. The contact area between
the dilator and the inner wall of the simulated uterus was
arc and the stress concentration phenomenon was not
observed during the simulated operation.

Some limitations existed in this study. Due to the
friction between the rope and the functional blocks, the
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dilator units could not completely restore the linear state
after relaxing the rope. The structure design and processing
technology of functional blocks should be further
optimized in order to improve the dilator. Additionally, due
to the huge difference in the uterine anatomic structure
between human and large laboratory animals, we did not
carry out an iz vivo experiment to validate the functionality
and effectiveness of the dilator. We will make a dilator with
a specific size for Bama mini pigs to complete the in vivo
study in the future.

Conclusions

In this study, a mechanical dilator and operating system
based on the lariat structure was designed to achieve gentle
expansion and enough operation space in hysteroscopy. The
dilator was made of several identical units and the identical
units were composed of many function blocks. It could
form a lantern shape to expand the uterus. The diameter
of the dilator was 9 mm and it was small enough to pass
through the natural cervix after initial cervical dilation by
cervical dilator. There was less liquid and zero interference
in the operation space inside the dilator, so that the risk
of infiltration was reduced by avoiding the usage of fluid
or gas media. The operating system was composed of an
endoscope and the surgical instrument driving tubes, which
had the similar movement mechanism. It was convenient
to control the angle and location of the hyperelastic wire
and tube by adjusting the lengths of hyperelastic wire and
tube stretched outside of the rigid sleeve. The surgical
instruments could complete some operations under the
guidance of an endoscope. In the analysis, the number of
identical units was determined to be six and the height of
the function block was set to 1.9 mm. In the expansion
simulation experiment, the diameters of the dilator after the
expansion under different tensions and loads were obtained.
The experimental results could guide the selection of the
tension of the rope in future surgery. A simulated surgery
was performed to verify the feasibility of the whole device.
The dilator could support the inner wall of the simulated
organ to act like a cage and there was enough space in
the cage. Then, the operating system was thrust into the
intracavity of the simulated uterus through the channel of
the dilator to search for and excise the raised polyp. The
experiment verified the feasibility of the designed dilator
and operating system in principle. The study provides a new
solution for the problems of organ expansion and operation
in hysteroscopy.
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