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Abstract 

Background: This biomechanical analysis of hysterectomy specimens assesses the forces associated with intrauter‑
ine device placement. These include compressive forces required to cause uterine perforation with two commonly 
available commercial intrauterine device placement instruments and a metal uterine sound.

Methods: We obtained hysterectomy specimens at a single academic center. All specimens resulted from excision 
for benign conditions in premenopausal women by any operative method. Within one hour of excision, we stabilized 
uterine specimens in an apparatus specifically designed for this analysis. A single, experienced clinician performed all 
experimental maneuvers and measured forces with a Wagner FDIX‑25 force gauge. The investigator applied traction 
on a tenaculum to approximate force used during an intrauterine device placement. The maximum compressive force 
to the uterine fundus was determined by using manufacturers’ placement instruments for two commercially available 
products and a metal sound.

Results: Sixteen individuals provided hysterectomy specimens. No complete perforations occurred while using 
loaded intrauterine devices; in a single observation the LNG IUS entered the myometrium. The plastic intrauterine 
device placement rod bowed in all attempts and did not perforate the uterine serosa at the fundus. A metal uter‑
ine sound created a complete perforation in all specimens (p < .001). The lowest mean maximum force generated 
occurred with the levonorgestrel intrauterine system placement instrument 12.3 N (SD ± 3.8 N), followed by the 
copper T380A intrauterine device placement instrument 14.1 N (SD ± 4.0 N), and highest for the metal sound 17.9 N 
(SD ± 7.6 N) (p < 0.01).

Conclusions: In this ex‑vivo model, metal uterine sounds caused complete perforation and intrauterine device 
placement instruments did not.

This study received Institutional Review Board (IRB0059096) approval.
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Background
In the United States, more individuals use intrauter-
ine devices (IUDs) than ever before; patients frequently 
desire these methods for their excellent contraceptive 
efficacy, low user maintenance, and non-contracep-
tive benefits [1, 2]. Complications are rare, but primary 
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among them are uterine perforations, occurring in an 
estimated 1 out of every 1000 placements [3, 4]. Perfora-
tions most likely occur at the time of placement, related 
to placement instruments and the force generated by 
such instruments [5, 6]. While many studies have exam-
ined IUD perforation rates, few studies have evaluated 
what aspect of the placement procedure causes perfo-
ration [7]. Manufacturer instructions and educational 
texts advise pelvic examinations, use of a uterine sound 
to measure cavity depth, and, if needed, an ultrasound as 
part of standard IUD placement practice [8–10]. How-
ever, scant data support these practices in achieving safe 
and correct placement. The use of the rigid metal sound 
is suspected to be the most frequent mechanism of perfo-
ration, as IUD placement instruments use plastic tubing 
that is flexible and is suspected to bow when obstructed 
[6, 11].

This study aims to assess the forces involved in IUD 
placement by examining the force generated by the place-
ment instruments of two common IUDs and that of a 
metal sound. We hypothesize that the sound is capable 
of generating significant force and may present the major 
risk of perforation. We used a biomechanical analysis 
to compare force generation and potential for perfora-
tion with IUD placement alone versus metal sounds in 
hysterectomy specimens. The objectives of the study are 
two-fold: (1) to describe the maximum applied force gen-
erated by (a) the plastic IUD placement instruments and 
(b) a metal sound and (2) to determine incidence of uter-
ine perforation when using maximum force generated by 
the manufacturers’ plastic IUD placement instruments 
compared to a metal sound.

Methods
The research team devised an ex-vivo protocol utiliz-
ing hysterectomy specimens stabilized in a pelvic model 
apparatus to test the associated forces of IUD placement 
instruments. Trained study staff at a single academic 
institution approached patients scheduled for hyster-
ectomy to obtain written consent for  uterus collection. 
Inclusion criteria were premenopausal status and surgi-
cal completion of a total hysterectomy. Exclusion criteria 
included postmenopausal status, anatomic abnormali-
ties, supra-cervical specimens, preserved specimens, 
conditions that would be a contraindication to IUD use 
per Centers for Disease Control and Prevention Medi-
cal Eligibility Criteria (categories 3 and 4) and inability 
to give informed consent [12]. In this pilot study, we set 
a goal sample size based on prior research in which five 
to twenty observations of each type of IUD were tested 
[6]. For this study, we planned to maximize enrollment 
over two years aiming to obtain three measurements 
for each of the three testing methods from at least ten 

participants. This study received Institutional Review 
Board approval (IRB0059096).

A single clinician-researcher with extensive IUD place-
ment experience force-tested all collected specimens 
within one hour of excision. The instruments tested 
included a levonorgestrel (LNG) 52 mg intrauterine sys-
tem (IUS) placement instrument  (Mirena®, Bayer Health-
Care Pharmaceuticals), a copper T380A IUD  (ParaGard®, 
Teva Women’s Health, Inc.) placement instrument, and a 
metal uterine sound. We used a Wagner FDIX-25 force 
gauge for all measurements. Regarding nomenclature, we 
use the term IUD to refer to intrauterine contraception 
generically and specifically to the copper IUD. We distin-
guish hormonal delivery within the uterus and its unique 
mechanism of action by using the term IUS.

A member of the investigative team attached the hys-
terectomy specimens to the pelvic apparatus via a clamp 
on the cervix for stabilization (Fig. 1). This apparatus was 
designed in conjunction with a biomedical engineer and 
a family planning clinician to replicate in-vivo conditions. 
The clinical investigator connected each instrument to 
the force gauge and placed it at the external os. The inves-
tigator applied traction on a tenaculum to approximate 
force used during an intrauterine device placement. The 
researcher then advanced the instrument unit through 
the cervix and continued to advance until the instru-
ment perforated the uterine corpus or, with maximum 
force, bowed and was unable to advance further. We 
recorded the maximum force value and then removed 
the instrument. The clinician tested each instrument 
three times before moving on to the next instrument, 
following the same protocol. The order of testing was 
LNG IUS, TCu380A IUD followed by metal sound for all 
specimens. Given our hypothesis that the uterine sound 
is the primary cause of IUD perforation at the time of 

Fig. 1 Uterus stabilization device
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placement, we completed this trial last. Perforation was 
gauged as visualization of the instrument external to the 
serosa. We collected data on the variables of IUD place-
ment instruments, specimen size, patient parity, patient 
age, as well as patient diagnoses. We established the pri-
mary outcome as perforation force for the test instru-
ments, generating mean values and standard deviations 
for each measured outcome. We compared perforation 
risk between the groups using Chi-square tests for cat-
egorical variables and compared maximum force using 
Wilcoxon rank sum tests to assess group differences in 
continuous force variables. All analyses were performed 
with STATA SE version 14.0 statistical software program 
(College Station, TX, USA).

Results
Sixteen individuals met inclusion criteria and consented 
to use of their total hysterectomy specimens for the pur-
pose of this study between July 2013 and June 2015. Age, 
parity, uterine cavity depth findings, and preoperative 
diagnoses are shown in Table 1.

The number of observations per instrument varied as 
the available IUD placement instruments were used for 
three attempts unless damage to the device occurred 
(from 40 separate observations for the copper IUD to 51 
for the LNG IUS). For the metal sound, the instrument 
perforated the uterus in every scenario. Thus, the maxi-
mum measured force was the force recorded immedi-
ately prior to perforation. For the IUD placement trials, 
no complete perforations occurred. Thus, the maximum 
measured force occurred immediately prior to bowing 
of the plastic IUD placement instrument. In one obser-
vation, the LNG IUS entered the myometrium and was 
visualized tenting the uterine serosa but never passed 
through the serosa. Perforation was significantly more 
likely to happen with the metal sound (N = 47/47) than 
placement instruments (TCu380A IUD N = 0/40, LNG 
IUS N = 0/51, p < 0.001). When including the LNG par-
tial perforation in statistical analysis, the risk based on 
instrument choice remains (p < 0.001).

Figure 2 reports the mean maximum forces generated 
for the instruments tested ranging from 12.3 Newtons 

(N, standard deviation 3.8 N) for the LNG IUS to the sig-
nificantly greater 17.9 N (standard deviation 7.6 N, mini-
mum 4.2 N, maximum 42.2 N) for the metal sound. The 
maximum force generated in all trials was with the metal 
sound of 42.2  N, 200 percent the maximum force gen-
erated with the LNG IUS (20.4 N) and 150 percent that 
of the CuT380A IUD (27.8  N). In three attempts with 
each of the IUD placement instruments (six total), the 
maximum force generated exceeded the mean maximum 
force generated by the metal sound but did not result in 
perforation.

Discussion
In this ex-vivo model, metal uterine sounds caused com-
plete perforations and IUD placement instruments did 
not. While the mean forces delivered with the metal 
sound exceed the mean of the IUD placement instru-
ments, individual IUD attempts generated maximum 
forces greater than the mean force of perforation for the 
metal sound, but without perforation. The plastic sheath 
of contemporary IUD placement instruments bowed 
with excessive force and this may be a mechanism that 
preserves myometrial integrity that does not occur with a 
metal sound. In addition, a metal sound has greater den-
sity and a smaller surface area to distribute the force rela-
tive to the IUD placement instruments. Based on these 
findings, extrauterine IUD placement may be caused by 
IUDs passing through a defect created first by the uterine 
sound.

In 1987, Goldstuck published two studies using simi-
lar methodology assessing IUDs not currently avail-
able in the United States and a standard metal sound. 
He obtained data on the force required to place IUDs 
in-vivo and conducted ex-vivo testing on hysterectomy 
specimens as we did. Testing IUD placement instruments 
attempting to perforate ex-vivo specimens, he caused 
uterine perforation only with the rigid Lippes loop, find-
ing that the Copper 250, Gravigard, Nova T, Lippes loop 
and Saf-T-Coil 25SX devices bowed before causing perfo-
ration [6, 11]. However, the forces generated in the cur-
rent study with IUD placement instruments exceeded 
those reported by Goldstuck (5.75 N to 9.2 N) [5]. Simi-
lar to our findings, Goldstuck caused perforation with a 
metal sound with 100% of attempts when directed toward 
the fundus or cornua, generating a mean force of 20.7 N, 
approximating the mean value we obtained. Collectively, 
these prior data and the data presented from our study 
provide evidence that the metal sound increases perfora-
tion risk with IUD placement.

It is sensible to consider that the potential for perfora-
tion is greater with rigid, rather than hollow, insertion 
instruments. The implications of these finding support 
the continued study and consideration of simplified 

Table 1 Demographic information of participants

Preoperative diagnosis: abnormal uterine bleeding (n = 6), pelvic pain (n = 6) 
pelvic organ prolapse (n = 4), suspected ovarian malignancy (n = 3) and 
endometriosis (n = 1). Participants could have more than one diagnosis

Characteristic Mean Range

Age (years, n = 16) 40.3 27–51

Parity (n = 16) 2.3 0–6

Uterine cavity depth (cm, n = 13) 8.4 6–10.5
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IUD placement techniques that avoid use of the uterine 
sound. While simplified techniques have been proposed 
with evidence of success, these have been performed 
by family planning experts, bringing into question its 
generalizability; the data from this study suggest that 
discontinuing the use of a metal uterine sound is even 
more important for inexperienced clinicians who are less 
familiar with reasonable force and tactile feedback in this 
setting [13]. In addition to potentially decreasing perfo-
ration risk, this approach could decrease pain [13]. Use 
of a uterine sound assures that the sound, and thus the 
IUD placement instrument, can be passed to the uter-
ine fundus, evaluating both cervical stenosis and patient 
tolerance. Clinicians may use a variety of techniques to 
accomplish the same objective, including ultrasound 
guidance, local anesthesia, rapid technique, and “verbic-
aine” (a medical provider using language to decrease a 
patient’s anxiety and discomfort). Practitioners encoun-
tering difficulty passing the IUD through the cervical 
os may be more likely to succeed with use of a tapered 
dilator, an “os-finder,” rather than a metal sound [14]. The 
most compelling reason for using a uterine sound is to 
determine the size of the uterus. The mean uterine cavity 
length in a study of both nulligravida and parous patients 
was found to be greater than 3.6 cm and thus candidates 
for the 3.2  cm LNG-IUS or 3.6  cm copper IUD [15]. 

Uterine size is an uncommon contraindication to IUD 
use and can be ascertained by bimanual examination, 
or, if needed, ultrasound. Medical judgement for use in 
these rare circumstances is advised; regardless, a uterine 
sound would be immaterial in these decisions. The use of 
a single experienced clinician limits external validity and 
generalizability, but provides internal validity. Conduct-
ing ex-vivo testing within one hour of excision augments 
model fidelity, but does not approximate in-vivo IUD use.

This study reports a simulation clearly distinct from 
actual clinical care. This approach inherently drives cer-
tain limitations. We did not obtain force data generated 
with actual clinical care and we used a small number of 
specimens, though the limited sample size generated 
statistically significance results. In theory it is possible 
that the prior trials of IUD placement devices weakened 
the myometrium. Even if this were the case, we feel the 
conclusions drawn are still valid given the statistically 
significance difference in generated force. A possible lim-
itation in generalizability is the exclusion of specimens 
with anatomical anomalies and the absence of specimens 
from nulligravid and parous women with a history of 
one or more Caesarean deliveries. Previous studies sug-
gest that women less than 6  months postpartum are at 
risk of higher incidence of perforation with IUD place-
ment; we did not evaluate this trend in the study [16]. 

Fig. 2 Box plot of max force generated with intent to perforate
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IUD placement is more difficult in nulligravid women 
with tight cervices, and in parous women with history of 
one or more Caesarean delivery [17]. The pelvic appara-
tus (Fig.  1), although designed to replicate in-vivo con-
ditions, does not account for retroverted or retroflexed 
uterine positions. All perforations occurred at the uter-
ine fundus. This limited study does not portend discon-
tinued use of uterine sounds, but instead invites dialogue 
and further research to determine what steps are neces-
sary for appropriate placement of an IUD and how such 
steps may depend on the parity or uterine position of the 
patient.

We compared only two IUD placement instruments 
which represent the current majority of commer-
cial products being utilized; however, new IUDs that 
we did not test are now FDA approved for use in the 
United States  (Liletta® Medicines360,  Skyla® Bayer, and 
 Kyleena® Bayer) and more are being assessed in FDA 
phase 3 trials [18–24]. Likely, these data apply to those 
methods but lack of testing creates lack of assurance. 
The  Liletta® has a distinct placement instrument and 
the  Skyla® and  Kyleena® have a narrower inserter which, 
although unlikely to change the results, warrant addi-
tional study. Study data collection did not include a per-
ception of conventional force used during IUD placement 
relative to the maximum forces reported here; instead, 
the clinician reported that the maximum force used with 
each attempt far exceeded what he would ever consider 
using in real practice. This observation concurs with 
data demonstrating that in-vivo IUD placement required 
a force of 1.5  N to 4.0  N [6]. This study design permits 
force testing to failure, a major study strength that could 
not occur with in-vivo testing. These data provide insight 
into the likely main cause of uterine perforation: the 
metal sound.

Conclusions
This work builds upon and modernizes prior ex-vivo 
studies with IUD products relevant to clinicians today. 
Application of these data may decrease perforation rates 
and potentially improve the already excellent safety 
profile of IUDs. IUDs have shown remarkable increase 
in uptake by contraceptive users and this trajectory is 
likely to continue, often with placement by clinicians 
other than high-volume, family planning specialists, 
highlighting the need for evidence-based simplification 
and improved safety around IUD placement. This study 
demonstrates potential liability of contemporary use of a 
metal uterine sound. The widespread use of metal sounds 
for IUD placement should be reevaluated as we provide 
a plausible mechanism for uterine perforation with IUD 
placement.
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