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ABSTRACT 

Levonorgestrel intrauterine devices (IUDs) have been successfully used in the 

adolescent population for menstrual suppression, dysmenorrhea, & contraception.1 

Historically, there has been concern regarding the adequacy of the underdeveloped uterine 

cavity for an IUD.2, 3 Currently, there is no standardized non-invasive way to accurately 

assess intrauterine cavity length. This study aims to assess the correlation between uterine 

cavity length on transabdominal pelvic ultrasound (TAUS) to the directly measured uterine 

cavity length. 

A prospective cohort study was performed at a single tertiary pediatric gynecology 

clinic. Patients seen between 1/1/2019-9/29/2021 were eligible if they were planning on an 

IUD and needed an TAUS. Three additional sonographic curvilinear measurements of the 

total intrauterine length were collected at the time of the TAUS and interpreted by a single 

pediatric radiologist. These measurements were then averaged and compared to the directly 

measured uterine length using a rigid sound at the time of IUD insertion. Past medical 

history and follow-up information was collected and stored in REDCap for secondary 

analysis. Institutional IRB approval was obtained prior to recruitment. 
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47 subjects were recruited, and 38 subjects were analyzed. Patients were on average 

16 years old (range 12-21) with a BMI of 25.A two-tailed paired t-test was used to test the 

hypothesis that there is no difference of the sound length from the average intrauterine 

TAUS length. There was no statistically significant difference of the sound length from the 

average TAUS length (p=0.11) and there was a moderate Pearson correlation coefficient 

(r>0.50, p<0.05). The TAUS uterine cavity length was 0.27cm longer than the uterine sound 

length. Common indications for IUD insertion included heavy menstrual bleeding (57.9%), 

dysmenorrhea (47.4%), and menstrual suppression (39.5%). No patients experienced IUD 

expulsion and there was a 94% satisfaction rate. 

This study shows that there is no statistically significant difference in uterine sound 

length from the average TAUS endometrial length. While ultrasound cannot be used as a 

single qualifying measurement for IUD candidacy, there is moderate correlation of the 

average measured lengths and the uterine sound length. There is overall high satisfaction 

with IUD use and low rates of expulsion in this study. 
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CHAPTER 1 

 

INTRODUCTION 

 Intrauterine contraceptive devices are plastic devises placed in the uterine cavity 

where they directly deliver or deposit a medication (see Figure 1).4 The first IUDs were 

originally created in the 1960s using copper for the medium of contraception. In the 1970s, 

hormonal IUDs (using a progestin-coat) were created and over the decades have been 

refined for both efficacy and safety. In 1990, the first levonorgestrel IUD was approved for 

use in Finland and by 2000, the USFDA approved the levonorgestrel IUD (Mirena) for use.5 

Since 2000, IUD approval has expanded for length of contraceptive coverage, indications 

for medical treatment, and intended target populations.6  

 Initial studies of the levonorgestrel IUD were restricted to females ages 18 to 35 

years old.5 However, in the past decade, the medical eligible criteria for contraceptive use 

now considers the IUD use in those under 20 (or for those who have never had children) to 

be category 2, meaning the benefits likely exceed the risks.7 Thus, physicians who care for 

the gynecologic needs of teens, routinely counsel and perform IUD insertions. This 

population encompasses but is not limited to; the transgender population, teens with 

bleeding disorders (or otherwise unexplained heavy menses), patients with painful 

menstruation or endometriosis, and teens needing contraception. 

 The steps of an IUD insertion are provided in Figure 2.8 First a bimanual exam is 

performed with 1-2 fingers placed in the vagina and another hand on the abdomen. This 

confirms the orientation of the uterus in relation to the cervix. Next a speculum is placed in 

the vagina to allow adequate visualization of the cervix. The cervix is then cleaned with 
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betadine to create as sterile of a placement as possible. A tenaculum, a forceps-like surgical 

instrument, is then placed on the cervix to stabilize the cervix and uterus. This induces a 

cramp. A thin, rigid, metal rod called a uterine sound is then inserted into the uterine cavity 

until it reaches the superior portion of the intrauterine cavity. This induces another cramp 

(see Figure 3).9 The uterine sound is withdrawn and using the markings on the uterine 

sound, the physician can then determine the length of the intrauterine cavity and thus how 

deep to place the IUD (see Figure 4).10 The IUD comes pre-loaded into an applicator and the 

flange on the applicator device is moved to the length that the uterus sounded (measured) to 

(see Figure 5).11 The IUD is then inserted into the uterus per package insert directions (See 

Appendix 1). Strings attached to the IUD are then cut to about 3mn distal to the cervix to aid 

with future IUD removal. See Appendix 2 for a fluid video on insertion technique and 

Figure 6 for how an IUD sits in the uterus once fully inserted.12 All instruments are then 

removed. In total, the procedure takes less than 5 minutes.13 The procedure requires a patient 

who is cooperative with a pelvic exam and who can endure the cramping pain during the 

IUD insertion. 

 While some IUD insertions are straightforward (such as contraception for a sexually 

active 17-year-old) many of these devices require more complex planning since they are 

being used for medical management of menses in adolescents (such as dysmenorrhea, heavy 

menstrual bleeding, or desiring menstrual suppression). In these situations, many 

adolescents require sedation for IUD insertion. This may be due to gender dysphoria, other 

pain potentiating disorders, or developmental delay. For inserting an IUD in these 
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populations, the adolescent undergoes the risk of anesthesia and utilizes operating room time 

rather than having an IUD inserted in the clinic setting.14  

 In addition, due to the age of the adolescent population, there is historic concern that 

an adolescent uterine cavity may not accommodate the length of an IUD.3, 7, 14 For a Mirena 

IUD to be safely inserted, the uterine cavity must be at least 6cm long (see Figure 4).10 

Therefore, there is a theoretical risk that a patient may undergo an anesthetic event or a 

pelvic exam only to find out that their uterus does not sound (measure) long enough for an 

IUD to be safely placed. 

 Currently, there are no non-invasive means to assess intrauterine cavity length (as 

seen on Figure 4) prior to the pelvic exam using a uterine sound.10 However, transabdominal 

ultrasound of the pelvis is a validated tool for measurements of other gynecologic structures 

such as the ovaries.15 Transvaginal ultrasound of the pelvis is a validated tool for 

measurements of gynecologic structures such as the thickness of the lining in the uterus.16  

 This study tests if transabdominal ultrasound of the pelvis correlates with the directly 

measured intrauterine cavity length in teens. If so, transabdominal ultrasound of the pelvis 

could be used as a non-invasive screening tool for IUD candidacy prior to an in-office 

procedure or a sedating event.  
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Figure 1: IUD Types4 

 
 

Figure 2: IUD Insertion Steps8

 
 

Figure 3: Uterine Sound9 
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Figure 4: Intrauterine Cavity Length10 

 
 

Figure 5: Mirena Insertion Device11 
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Figure 6: IUD within the Uterus12 
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CHAPTER 2 

 

REVIEW OF LITERATURE 

 

The Developing Reproductive Organs 

An adage of pediatricians is that “children are not merely small adults”.  This holds 

true for both anatomy and physiology. Specifically, with regards to the pediatric and 

adolescent gynecology patient, the reproductive tract is changing rapidly as a young female 

progresses from neonate to infant to child to teen. These changes do not reach a steady state 

(or cycle) until about age 15-18.17  

Uterine size is largely under the influence of estrogen and as an adolescent progresses 

through puberty the dimensions of the uterus change.17 In the infant, the cervix and uterine 

corpus have a one-to-one ratio with a total length of about 2.5cm.17 Then as puberty 

progresses, the cervix to uterine corpus ratio changes to one-to-three with a total length of 

about 7.5cm.17 In addition to the total volume of the uterus increasing, the lining of the 

uterine cavity (the endometrium) becomes active, leading to menstruation.17 

Intrauterine Device Use 

Just as in the adult population, there are reasons why a teen or their care giver may 

want to alter menstruation. Reasons may include: contraceptive purposes, heavy menstrual 

bleeding, dysmenorrhea, sensorineural processing difficulties, or simply desiring 

amenorrhea.1, 18, 19 One common way to suppress menses is with a levonorgestrel IUD which 

is supported by many national associations including The American Academy of Pediatrics, 

American College of Obstetricians and Gynecologists, and North American Society for 

Pediatric and Adolescent Gynecology.1, 3, 6 However, it should be noted that the US Medical 
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Eligibility Criteria for Contraceptive Use considers the IUD to be a category 2 in patients 

who have never been pregnant and in those younger than 20 years old, due to an increased 

risk of IUD expulsion.3, 7, 14  Category 2 means that advantages of this form of contraception 

likely outweigh the risks. Expulsion occurs in 5-15% of IUD placements in the adolescent 

population.3 While a benign event itself, this is frustrating for both the patient and provider 

because the device is no longer functioning and re-placement requires a second procedure. 

While there are non-hormonal IUD options, the scope of this study was limited to 

levonorgestrel (hormonal) IUDs. There are four brands of levonorgestrel IUDs each with 

differing sizes, strengths of medication, and duration of efficacy. See Table 1 for a summary 

of the differences. This study was limited to Mirena® and Skyla® due to hospital pharmacy 

stocking. Mirena® is 32mm x 32mm, FDA approved for 7 years, and releases 18.6mcg 

levonorgestrel per day of levonorgestrel. Skyla® is 28mm x 30mm, FDA approved for 3 

years, and releases 14mcg levonorgestrel per day. 

Table 1: Levonorgestrel IUD Characteristics 

Brand Name Dimensions 

(width x length) 

Approved 

Use Duration 

Levonorgestrel 

Reservoir 

Levonorgestrel 

per Day 

Mirena® 32mm x 32mm 7 52mg 18.6mcg 

Liletta® 32mm x 32mm 6 52mg 18.6mcg 

Kyleena® 28mm x 30mm 5 19.5mg 17.5mcg 

Skyla® 28mm x 30mm 3 13.5mg 14mcg 
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Intrauterine Device Use in Adolescents at Children’s Mercy Hospital 

Two IUD models, Mirena® and Sklya® are currently in use at Children’s Mercy 

Hospital (CMH) Kansas City in clinical practice. Mirena® is 32mm long and requires 

uterine cavity length (or sound length) between 6-10 cm (see Appendix 1). Sklya® is 28mm 

long and there are no overt specifications for minimum sound length (see Appendix 2). A 

pelvic exam with the use of a uterine sound is required to assess intrauterine cavity length.  

Approximately 50% of CMH gynecology clinic patients are unable to tolerate an in office 

pelvic exams due to a variety of factors, such as developmental disabilities, gender 

dysphoria, prior sexual abuse, or pain and anxiety with a pelvic exam. Thus, these patients 

require general anesthesia for IUD placement. In addition, while CMH has Skyla® ready 

and available, this is not always the case in other clinic and hospital settings. If the uterus 

sounds to 6-10cm, a Mirena® IUD is placed. If the uterus sounds to 4.5-6cm, a Skyla® IUD 

is placed. If the uterus sounds to less than 4cm, no IUD is placed.  

Gynecologic Ultrasound 

 The American Institute of Ultrasound Medicine (AIUM) provides guidelines for 

performance and recording of ultrasound techniques for gynecologic structures (see 

Appendix 3). Ultrasounds of the gynecologic structures are typically obtained using a 

transvaginal probe. However, transabdominal approaches are used for the patient who is not 

a candidate for a transvaginal approach. Transvaginal ultrasounds of the uterus have been 

utilized to determine the dimensions of a uterus, the thickness of the endometrium, and the 

size of the ovaries. Transabdominal approaches have only been validated on adnexal 



10 

 

structures and general uterine shape (not necessarily size). In this study, the dimension in 

question is the intrauterine cavity length measured through a transabdominal approach. 

Importance of Non-invasive Surrogate Measurements 

 To assess if a patient is a candidate for an IUD, the patient must undergo a pelvic 

exam with placement of a tenaculum and a uterine sound (both of which induce pain). If the 

intrauterine cavity length is 4.5-6cm then a Skyla® IUD is placed in the same encounter. If 

the intrauterine cavity length is 6-10cm then a Mirena® IUD is placed in the same 

encounter. However, if the cavity is too small, the procedure is terminated. If there were a 

non-invasive tool to assess candidacy prior to IUD placement then undue pain and 

potentially anesthetic events could be avoided. At the very least, these surrogate markers 

could help counsel a patient or their caregiver prior about the procedure and the  likelihood 

of a successful IUD placement.  

 Ultrasound is a low cost, non-invasive, and non-radiating tool already used in 

gynecology. Ultrasound measurements serve as a validated surrogate measurement for 

gynecologic pathology such as ovarian tumor size and uterine fundal width.2, 15 This study 

therefore proposes transabdominal ultrasound of the intrauterine cavity length as a surrogate 

non-invasive measurement for the intrauterine cavity length. 

Study Questions and Hypotheses 

 This study compared the ultrasonographic length of the intrauterine cavity length to 

the directly measured intrauterine cavity length using a uterine sound. These two 

measurements (ultrasonographic intrauterine cavity length and directly measured uterine 

sound length) were then compared to test the hypothesis that ultrasonographic measurement 
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of the intrauterine cavity length is correlated (or is not different) to the directly measured 

uterine sound length. 

Research Objectives 

 The primary objective of this study was to compare the directly measured 

intrauterine cavity length (using the uterine sound at time of IUD insertion) to the 

transabdominal ultrasound measured intrauterine cavity length prior to IUD insertion. 

Secondary objectives included analysis of indications for IUD insertion, satisfaction with 

IUD insertion, and rates of IUD expulsion. 
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CHAPTER 3 

METHODOLOGY 

General 

 This study was approved by the Children’s Mercy Institutional Review Board. It was 

a prospective cohort study.  

Study Population 

Study participants were recruited from Children’s Mercy Hospital (both Adelle Hall 

and Kansas locations) Gynecology Clinic. The recruitment time was from January 1st, 2020 

through September 30th, 2021 with a goal of 50 participants. Total population sampling of 

those who met eligibility criteria was employed pending consent. Inclusion criteria included: 

genetic females between 12-22 years old at time of their gynecology clinic visit who were 

pursuing an IUD placement, had a medical need for an ultrasound pre-IUD insertion, and the 

transabdominal ultrasound was performed within 6 weeks of IUD insertion. Patients were 

excluded if the transabdominal ultrasound was never performed, if a Mullerian anomaly was 

known or found, pregnancy, or if they did not speak English/Spanish/Arabic (as these were 

our approved and translated languages). This study did not exclude children in foster care or 

in the detention system. If deemed a candidate, the provider asked if the patient and their 

caregiver would be willing to participate in the study. If recruited, consent and assent was 

obtained prior to the transabdominal ultrasound. The health care provided to the patient did 

not deviate or depend upon enrollment in the study. In addition, patients could withdrawal at 

any time.  
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Procedure 

Once consented and enrolled, the patient was scheduled for a transabdominal 

ultrasound of the pelvis with the radiology department at Children’s Mercy Hospital. There 

they underwent standard transabdominal ultrasound of pelvic structures using a 

transabdominal approach. In addition, the ultrasonographer took three additional images of 

the uterus. These images were in the sagittal view (or near sagittal) and were obtained to 

view the intrauterine cavity and endocervical cavity at the maximal length in one continuous 

centered image (see Figure 7). Transabdominal ultrasound measurements and lengths 

change easily with sonographer manipulation. Extra abdominal pressure or a slight torque of 

the hand on the sonographers probe can yield varying results. Therefore this maximal 

sagittal view was repeated three times to better estimate the intrauterine cavity length. Each 

image had a curvilinear tracer which measured length on the cavity so that the reading 

radiologist could measure total intrauterine cavity length. Images were interpreted by a 

single pediatric radiologist with experience in gynecologic imaging. 

Within six weeks of the transabdominal ultrasound, the patient then returned to the 

gynecology clinic or to the OR for IUD placement. The IUD was placed in standard fashion 

as described in Appendix 2 and a procedure note was written. Uterine sound length was 

recorded as were any complications. The patient then returned in 4-6 weeks for a follow-up 

visit.  
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Figure 7: Transabdominal Ultrasound of the Intrauterine Cavity 

   

Collected Variables 

Once consented, patients were given a subject ID number for deidentification. The 

Identification number and all subsequent data was entered into a REDCap (Research 

Electronic Data Capture) project instrument where it would be maintained for the required 

time as per US Government human research regulation. At the time of their initial 

gynecology visit, demographics and medical history were collected and entered into the 

clinic visit note. Data was also extrapolated from the transabdominal ultrasound report, IUD 

procedure note, and clinic follow-up visit note. See Appendix 6 for the REDCap data entry 

sheets.  

 The following characteristics were obtained: ethnicity, race, past medical history, 

indication for IUD, BMI, sexually active, date of menarche (month/year), prior exposure to 

menstrual suppression (type(s) and length of time), intrauterine cavity length (three lengths), 

cervical length (three lengths), IUD insertion completed/not completed (and if not, why not), 

time since menarche at time of insertion (months), complications (if so, what), type of IUD 

placed, location of procedure (clinic vs OR), weeks since placement, any concern for IUD 

expulsion (and did expulsion occur), and patient satisfaction 
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Missing Data 

 Of the 47 patients who were enrolled, 38 were analyzed. Of the 9 patients that were 

not analyzed, five of them did not have the transabdominal ultrasound prior to IUD insertion 

or proper measurements obtained and four did not have an IUD placed. Due to the 

unforeseen COVID-19 pandemic impacting OR and clinic accessibility, two patients had 

their IUD insertion delayed more than 6 weeks after their ultrasound, however, it was felt 

that this would not have a statistical impact. In addition, of the 38 patients analyzed, only 26 

presented to their follow-up visit, thus secondary analysis of satisfaction and expulsion is 

further limited. 

Statistical Analysis 

 Excel Version 2108 and SAS Version 9.4 was used for simple statistics, power 

analysis, paired t-test, and graphic generation. Simple sample statistics were calculated for 

patient characteristics, procedure information, and follow-up. These were reported as 

percent frequencies or as an average.  

 A convenience sample from 1/1/2019-9/29/2021 was taken due to time limitations of 

the study. However, to adequately power the study there was a goal of recruiting at least 44 

patients. Due to the risk of patient unenrolling or not having complete data, the goal was to 

recruit an additional 8 patients for a total of 52. Calculations assumed a clinical difference of 

0.5cm which was deemed the clinically significant difference between the transabdominal 

ultrasound and directly measured intrauterine length. A standard deviation of 1cm was 

assumed based on prior anatomic studies.17  
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 A two-tailed paired t-test was used to test the hypothesis that there is no difference of 

the uterine sound length from the average transabdominal ultrasound intrauterine cavity 

length.  

H0: Average TAUS Intrauterine Cavity Length – Uterine Sound Length = 0 

H1: Average TAUS Intrauterine Cavity Length – Uterine Sound Length ≠ 0 

α = 0.05 

Power = 0.80 

 See Table 2 justifying that the assumptions for the two-tailed paired t-test were met. 

Table 2: Assumptions for Two-Tailed Paired t-Test 

Assumption Justification Met 

The distribution of the 

differences of the dependent 

variable between the two 

groups should be 

approximately normally 

distributed.  

Yes 

Participants should be 

randomly selected from the 

population. 

A random selection is not ethical in this study 

therefore convenience sampling was performed. 

Yes 
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CHAPTER 4 

RESULTS 

Patient Characteristics 

 Of the 38 patients who were analyzed, age averaged 16 years old (range 12-22 years 

old) with an average body mass index of 25 (standard deviation 6.15). Past medical history 

was notable for developmental delay (31.6%), bleeding disorder (9.7%), obesity (10.5%), 

endometriosis (10.5%), and gender dysphoria (2.6%). About three fourths of patients were 

on some type of hormonal menstrual suppression prior to an IUD insertion for an average of 

19 months. The most common form of menstrual suppression was oral contraceptive pills 

(65.5%) followed by a contraceptive patch (34.5%) and Depo-Provera (24.1%). The most 

common indication for IUD insertion was heavy menstrual bleeding (57.9%) followed by 

dysmenorrhea (47.4%) and desiring menstrual suppression (39.5%). 

 The average uterine sound length was 6.8cm (SD=0.63cm) and the average TAUS 

intrauterine cavity length was 6.53cm (SD=1.20cm). 36 Mirena IUDs were placed compared 

to 2 Skyla IUDs placed. 60.5% of IUDs were inserted in the OR versus 39.5% of IUDs were 

inserted in the clinic.  

 26 patients presented around 13 weeks for their post-insertion for a follow-up. There 

were no expulsions and there was a 96% satisfaction rate with the IUD. 

 See Table 3 for a summary of these statistics. 
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Table 3: Sample Statistics 

 

Hypothesis Testing 

 There was no statistically significant difference between the uterine sound length 

from the average TAUS intrauterine cavity length (t=-1.64, p=0.11 > α=0.05). This yielded a 

95% confidence interval of a true difference of the uterine sound from the average TAUS 

intrauterine length from -0.59cm to 0.06 cm. Therefore, the null hypothesis failed to be 

rejected. 

 See Appendix 4 & 5 for calculations. 

Subgroup Analysis 

 Those with a uterus that sound to less than 6cm are those that are clinically most 

important as these are the uteri that need a smaller IUD or may not be a candidate for an 
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IUD. There were two uteri that were less than 6cm and they sounded to 5cm each. Their 

TAUS average intrauterine cavity length was 3.07cm and 3.72cm which were the smallest 

TAUS measurements of the dataset. While this did correlate with a smaller than expected 

uterus, the TAUS measurement underestimated the cavity length by almost 2cm. One of the 

patients had premature ovarian insufficiency, discovered when pubertal development stalled. 

The other patient had brain radiation at the time of puberty leading to hypogonadotropic 

hypogonadism. Both of these patients therefore did not have full, endogenous development 

of the uterus. The next two smallest average TAUS intrauterine cavity lengths were 4.50cm 

and 5.0cm which correlated with a uterine sound of 6.5cm and 6cm respectively. 

Conversely, the longest average TAUS intrauterine cavity lengths were 8.48 and 8.55 which 

correlated with a sound length of 8cm and 6.5cm respectively. 
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CHAPTER 5 

DISCUSSION 

Limitations 

 This study was limited to the menarchal population and cannot be extrapolated to 

those who have not yet started menstruation or have differences in their gynecologic 

anatomy. In addition, the focus was on transabdominal ultrasound of the pelvis which has 

more variation than the standard transvaginal approach. This study was underpowered by 6 

patients to fully assess primary goals. However, the initial assumption of a standard 

deviation of 1cm was likely an overestimate. This was based on the standard deviation of 

total uterine length rather than intrauterine cavity length because the value in question is not 

truly known. Although a post-hoc calculation, if using a standard deviation of 0.6cm, which 

was found in our study, the study was adequately powered. 

 This study was also underpowered to evaluate secondary goals such as evaluation for 

expulsion. However, prior studies have similar trends in indications for IUD and expulsion 

rates.1, 3, 6, 14 Lastly, ultrasound is highly dependent on the sonographers experience and 

patient cooperation. Sonographers inexperienced with gynecologic imaging, probes without 

curvilinear tracers, or patients with poor anatomy visualization (potentially due to obesity, 

inability to sit still, or underfilled bladder) may have differing results. 

Future Studies 

  Future directions include looking specifically at the subset of small uteri to 

determine if ultrasound accurately assesses their intrauterine cavity length as these are the 
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most clinically important patients. This could be done by specifically looking at those with 

developmental delay with constitutionally small body habitus or pubertal aberrations with 

underdeveloped uteri. While these patients, in our experience, tend to have smaller 

intrauterine cavity lengths, they also are the patients that more frequently undergo anesthetic 

events for IUD insertion.  

 Another interesting subset are patients with obesity as their imaging may be skewed. 

If investigating those with higher BMIs it would be fruitful to look for associated measured 

rather than linear correlation of measurements.  

 Lastly, prior studies have suggested that IUD expulsion might be related to uterine 

width rather than other factors (such as age or uterine length). Given the low expulsion rates 

in this study, the uterine widths via TAUS could be compared to adult uterine widths to see 

if there is a difference.  

Conclusion 

 Overall, the non-invasive transabdominal TAUS measurements of the total 

intrauterine cavity length do correspond to the directly measured intrauterine length with the 

uterine sound at time of IUD insertion in the adolescent population. While this cannot be 

used in place of the uterine sound, it can be a measurement that augments pre-procedural 

counseling, pre-operative pharmaceutical planning, and may prevent unnecessary anesthetic 

events or procedures.  

 

 

 



22 

 

APPENDIX 

1. Mirena Prescribing Information 

https://labeling.bayerhealthcare.com/html/products/pi/Mirena_PI.pdf 

2. Skyla Prescribing Information 

https://labeling.bayerhealthcare.com/html/products/pi/Skyla_PI.pdf 

3. AIUM Gynecologic Ultrasound Parameters 

https://www.aium.org/resources/guidelines/femalePelvis.pdf 

4. Mirena Insertion Video 

https://www.mirenahcp.com/insertion-and-removal 

5. Sample Size Calculation 

n = (tn-1, α/2 + tn-1, β)
2 / (delta/standard deviation)2 

44 = (2.0167 + 1.3016)2 / (0.5/1)2 

44 = (3.3183)2 / (0.5)2 

44 = 11.0111 / 0.25 

44 = 44 

6. Paired t-test Calculation 

t = Σ(d) / √ {[n x Σ(d2)) – Σ(d)2]/(n-1)} 

t = -10.12 / √ {[(38 x 39.65) – 102.41]/37} 

t = -10.12 / √ (1404.47/37) 

t = -10.12 / √ (37.96) 

t = -10.12 / 6.16 

t = -1.64 

https://labeling.bayerhealthcare.com/html/products/pi/Mirena_PI.pdf
https://labeling.bayerhealthcare.com/html/products/pi/Skyla_PI.pdf
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7. Confidence Interval Calculation 

CI = mean of differences +/- [t(n-1, two sided α) x (sd / √n)] 

CI = -0.27 +/- 2.026 x 0.99/√38 

CI = -0.59 through 0.06 

8. REDCap Data Entry Forms
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