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Abstract

The aim of this study was to develop a novel four-spherical intrauterine contraceptive device 
(4-SIUD) with nickel-titanium (Ni-Ti) for human, and to evaluate the contraceptive eff ect. The 
4-SIUD composed of 4 mesh spheres and 5 support arms. The shape of 4-SIUD was like a “T”. 
The height (H), upper width (D) and thickness of the 4-SIUD for macaques were 0.8 cm, 0.5 
cm and 0.3 cm, and for human were 4.5 cm, 4.0 cm and 0.8 cm, respectively. The 4-SIUD was 
inserted into 5 macaques and pregnancy was not observed at 12 months. Three women used 
the 4-SIUD for 12 months, uterine perforations, expulsion, pain, and pelvic infl ammatory did not 
occur. The results suggested that the 4-SIUD is appropriate for rhesus macaques and human 
use, and has a good contraceptive eff ect.

Introduction
Although human reproduction is proceeding in an orderly 

manner, birth control has always been an important part of 
human reproduction. At present, intrauterine contraceptive 
devices (IUDs) are commonly used in women, especially 
in China. Inducing local inϐlammatory reaction in the 
endometrium is the major effect of all IUDs. The inϐlammatory 
response can be enhanced by Cu-IUDs. Pregnancy rate after 
Cu IUD removal is similar to women who have never used IUD, 
so this inϐlammatory response caused by Cu is only transitory 
[1,2] and not linked to permanent fertility problems: the same 
after LNG-IUS removal [3]. On the other hand, the effect on 
menstrual pattern of Cu IUD is a real “side effect”, this could 
be the plus point of this device. Not the same for that during 
LNG IUS, the amenorrhea rate is often used as a therapeutic 
issue of heavy menstrual bleeding [4]. The Cu (CuT380A) IUD 
is the only non-hormonal LARC device approved by the United 
States Food and Drug Administration (FDA) [5]. The Cu2+ of 
Cu-IUD-releasing such as small T-shaped devices which made 
of ϐlexible plastic, can kill sperm. In the present study, the 
frame of the new four-spherical intrauterine contraceptive 

device (4-SIUD) is made of nitinol wire and silicone rubber. 
The nitinol wire is nontoxic and widely used in clinical such as 
orthopedics, bone and cardiovascular stents. The nitinol frame 
was covered with silicone rubber, to prevent the 4-SIUD from 
adhering to the endometrium. The metal copper and progestin 
are not used in the 4-SIUD. These may avoid or decrease the 
side effect of copper and hormone IUDs. The shape of the 
new 4-SIUD’s frame was four-spherical, which is different 
from two-dimensional structure such as the traditional single 
ring type, T type or other open structure. The novel 4-SIUD 
has the advantages of light weight, harmless to the body, and 
excellent in biocompatibility. We have reported that the main 
contraceptive mechanism effect of the three-dimensional 
reticular IUD (3-DRIUD) in rats, and observed that the larger 
the physical space occupied by the intrauterine device, the 
less the pregnancy [6]. The aim of our study was to explored 
the contraceptive effect and changes in endometrium of 
macaques and to design the novel 4-SIUD for women. 

Materials and methods
Materials of the new 4-SIUD and inserter for rhesus 
macaques and human
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The frame of the 4-SIUD was composed of nitinol wire 
(with a diameter of 0.05 mm) and covered with a layer of 
silicone rubber. The material of the inserter of the 4-SIUD 
for rhesus macaques and for human was stainless steel and 
plastic tube, respectively. 

Animals

Rhesus macaques were from the Fujian Provincial Non-
human Primate Animal Experimental Center. All procedures 
were performed in accordance with “Guidelines for the Care 
and Use of Experimental Animals in Fujian Province”, and 
approved by the Animal Care and Use Committee of Fujian 
Provincial Institute for Family Planning Science and 
Technology. In December 2016, ϐive adult female rhesus 
macaques were into the experiment. The license number of 
the Animal Care and Use was SYXK (Min) 2015-0007 and SCXK 
(Min) 2015-0002. All macaques were single cage (stainless 
steel) with standard feeding. The indoor temperature of the 
animal was 22~25°C, the relative humidity was 60~70%, 
artiϐicial lighting was 12h/d, and the air was ventilated.

Surgical procedures

The surgical procedures were carried out under sterile 
technique. Macaques were sedated with ketamine, atropine 
sulfate (0.02 mL/kg intramuscular injection) and ketamine 
hydrochloride (0.1–0.2 mL/kg intramuscular injection in a 50 
mg/mL aqueous solution), the abdominal regions were shaved 
and the animals were positioned in the supine position. The 
lower abdominal region was disinfected with 70% ethanol 
and iodine tincture and covered with sterilized drapes. Then 
surgical midline lower abdominal incision was performed 
and the uterus was exposed. The external dimensions of the 
uterus were measured with a sterilized caliper. A catheter 
was inserted into the uterus. The 4-SIUD was placed into the 
uterine cavity for 5 macaques. Then the incision of the uterus 
was sutured with absorbable sutures. Macaques received 
prophylactic antibiotics (Cefazolin, 30 mg/kg).

Treatment phase and ultrasonography

On the 10th-day after operation, 5 female macaques were 
coupled with fertile male macaques (1:1) to observe the effect 
of contraception of the 4-SIUD. To check the uterus, 4-SIUD 
and pregnancy, an abdominal ultrasound was performed for 
5 macaques every month. For ultrasonography, an X300PE 
(Siemens, Germany) machine with a 3.5-MHz (VS 13-5, 
Siemens) probe was used.

After hysterectomy, the uterus was used for histology 
studies. Several cross-sections (about 2 mm thick) were cut 
freehand from the lumen to the myometrial border with a 
razor blade under stereomicrocope magniϐication. 

Results
The shape and size of the 4-SIUD

The structure of the 4-SIUD was according to the size and 

shape of the rhesus macaque’s and human’s uterus. For rhesus 
macaques, the shape of the 4-SIUD was three-dimensional in 
nature and was a reticular grid. Its height (H), upper width (D) 
and thickness were 1.0 cm, 0.6 cm and 0.4 cm, respectively. 
The weight of the 4-SIUD was 0.018 g. A layer of silicon-boron 
coupling agent was covered on the surface of the 4-SIUD, and 
ϐinally multi-layer coating method was used with silica gel, 
and the 4-SIUD coated with silica gel was vulcanized. The 
4-SIUD was placed in the external casing tube of the inserter. 
The inserter of the 4-SIUD was composed of an external casing 
tube (diameter 2.0 mm) and an internal needle core (push-
rod) (diameter 1.8 mm). 

For human, the 4-SIUD composed of 4 mesh spheres and 
5 support arms. For human, the frame of the 4-SIUD was four 
sphere and T-like (Figure 1). The height (H), upper width (D) 
and thickness of the 4-SIUD for human were 4.5 cm, 4.0 cm and 
0.8 cm, respectively. Two spheres at both sides of the 4-SIUD 
were made of nickel-titanium alloy wire with diameter of 0.3 
cm, which can restore its designed shape at body temperature 
(37 degrees). 

A strut made of 1.2-1.5 cm nitinol wire, with a diameter of 
0.1cm, and the front end was connected with a 0.3cm nitinol 
wire sphere. The middle part was the connecting rod between 
the support rod and the middle sphere (h 1.2~1.5 cm). The 
middle sphere and the lower sphere were connected by nitinol 
wire (2.0~2.5 cm). The central ball of the four-spherical IUD 
was a 1.2 cm hollow nitinol wire spheroid. The lower end was 
a 0.3~0.4cm nickel-titanium memory alloy and nano-copper 
hollow sphere. 

The two sides of the 4-SIUD were braided by two 1.2-1.5 
cm nickel wires, with a diameter of 0.2 cm, and the front end 
was connected with a 0.3-cm diameter nickel wire sphere. The 
middle part was the connecting rod between the support rod 
and the middle sphere (h 1.2~1.5 cm). The middle ball and the 
lower ball were linked by nitinol wire (2.0~2.5 cm).

The 4-SIUD inserter was a cannula type, and the push rod 
of the placer was made of hard plastic material with a certain 
degree of hardness. The push rod had a scale to measure the 
depth of the uterine cavity. Push rod length (H) was 20-25 cm. 
The outer tube of the placer was a plastic tube with a diameter 
of 0.5 cm and was ϐlexible (Figure 1).

Pregnancy at 12 months

The mean weight and mean age of 5 macaques were 
6.3 ± 1.2 kg and 122.9 ± 1.7 months, respectively. No pregnancy 
was found during placement of 4-SIUD.

Before placement the 4-SIUD, 6 types of commonly used 
IUD were excluded in 3 women at ϐirst month to 3 months. 
After placement of the 4-SIUD for 12 months, the 4-SIUD was 
in the uterus and no pregnancy was occurred. 
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Discussion
We designed the shape of the 4-SIUD by using nitinol wire, 

performed rhesus macaque experiments, and no pregnancy 
was found. For check whether pregnant, abdominal ultrasound 
was performed. Three women, who placement of 6 types of 
commonly used IUD were excluded, were successfully placed 
in the 4-IUD for 12 months and no pregnancy was found. The 
dimensional compatibility of the IUD or intrauterine system 
with the uterine cavity is very important. Correct installation 
of IUD or IUD system will reduce adverse effects and improve 
acceptability, and enhance the continuation of the IUD use 
[7]. Pain, erratic bleeding or menorrhagia and expulsion of 
IUDs may be caused by the size incompatibility. In the present 
study, the weight of the 3-DGIUD’s frame was light (0.018 g). 
The shape of the 3-DGIUD was like a “T”. Embryo implantation 
was interfered. Nitinol has a memory function, and can recover 
to the designed shape at body temperature. Therefore, the 
4-SIUD has a good ϐlexibility, may conform to the contraction 
and activity of the uterus, and may avoid uterine perforation. 
The central ball of the 4-SIUD can stabilize the IUD in the 
uterine cavity and interfere with embryo implantation. The 
lower end sphere with nano-copper hollow can automatically 
enter the inner oriϐice of the cervix. Nano-copper has a 
spermicidal effect. The ϐirst line of defence is set up at the 
inner oriϐice of the cervix. Contraceptive effect will be high, 
and the damage of copper ions to the endometrium will be 
reduced. The 4-SIUD was easy to place and take out. The two 
arms of the 4-SIUD were elastic and can stretch to the opening 
of the fallopian tubes on both sides of the uterus, and the 
spheres at both ends enter the opening of the fallopian tube 
and the uterus, which can prevent sperm from entering the 
fallopian tube and play a contraceptive effect. The 4-SIUD was 
a nickel-titanium memory alloy wire with a temperature shape 
memory function. It was a straight line at about 25 degrees at 
room temperature, and when it is placed in the uterine cavity 
environment (37 degrees) to restore the designed shape.

Wu, et al. reported that the LNG-IUS placed in 3 monkeys, 
expulsion of device was found in one monkey [8]. In human 
women, the rate of postpartum IUD expulsion varies from 
1.9% to 29.7% which depending on [9-12]. while removal 

rates are 3.6% to 19.3% due to associate side effects (bleeding, 
pain and discharge) [9,11].

Conclusion
The 4-SIUD was suitable for macaques and human, and 

had no permanency. The contraceptive effect was good.
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Figure 1: The four-spherical IUD and the inserter. Left, 4-SIUD. Right, the 4-SIUD 
was placed in the inserter.


