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Abstract: It is important to evaluate quality control in health care. The aim of the current study was to evaluate different
sources of variation in estimating the preoperative weight of the myomatous uterus by using repeatability and reproduci-
bility (R&R) method. Material and Methods: Estimation of the total weight of the uterus by a formula combining the for-
mulas for the prolate ellipsoid and cylinder was preoperatively determined using a transvaginal ultrasound probe. Three
physicians repeated each round of measurements three times, producing in total 108 findings (12 subjects x 3 investigators
x 3 rounds) in 12 women with symptomatic leiomyomas scheduled to undergo hysterectomy. Variation was divided into
different components: physicians, patients, and repeated measurements. Variation due to differences across repeated
measurements (repeatability), across physicians (reproducibility), and across patients (variability) was then estimated. The
estimates of uterine weights were compared to the true weight of the hysterectomy specimen. Results: The more experi-
enced the physician was in taking the ultrasound measurements the less deviation was observed between her own three
measurements. Repeatability was 28 %, reproducibility 0% and patient-to-patient variation 72%. There was no significant
difference between the accuracy of the measurements of the three physicians. Conclusions: The experience of the physi-
cian had an effect on repeatability but not on reproducibility in estimating uterine weight by ultrasound. Our results indi-

cate the importance of conscientiousness in taking measurements of the uterus and cervix.
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INTRODUCTION

The size of the uterus has clinical significance in cases of
uterine malignancy, in following up growth of myomas or
when adenomyosis is suspected. It is also an important factor
in assessing the hysterectomy route most appropriate for the
individual patient [1]. Myomas enlarge the uterus and are the
most common reason for a hysterectomy [2]. It is common
gynecologic practice to estimate the size of nongravid en-
larged uteri by bimanual examination and making a compari-
son with pregnant uteri of comparable size. This procedure
provides a rough guide about true size of the uterus [3-4].
Ultrasonographic estimation of the volume and weight of the
uterus has been introduced by a number of clinicians [3-7].
We have recently applied a new combined formula where the
volume of the uterine corpus and cervix are measured sepa-
rately by transvaginal ultrasound probe [8]. This proved to
be a more accurate means of estimating the true volume of
the total uterus than using the traditional method.

It is important to evaluate quality control in health care.
This is a process which seeks to monitor and assess the ac-
tual quality of care given to an individual patient, to a certain
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patient group, or to a population. When analysing and devel-
oping the quality of treatment, it is important to ensure low
overall variation in the treatment process and to ascertain
how this variation can be focused into different components
within that process. Repeatability and reproducibility (R&R)
method is widely applied in the analysis of industrial proc-
esses [9], but rarely in quality control in medicine [10].

We carried out a prospective study using R&R method to
find out whether the experience of the physician has an in-
fluence on the preoperative estimation of the volume of the
myomatous uterus and whether there is variation across a
single physician’s own measurements.

MATERIALS AND METHODOLOGY
Patients

The study group comprised 12 patients with symptomatic
uterine leiomyomas scheduled for a hysterectomy at the De-
partment of Obstetrics and Gynaecology, University Hospi-
tal of Tampere, Finland. Their age ranged from 42 to 56
years (median age 49.5 years) and three of patients were
postmenopausal. Four used hormone replacement therapy.
Body mass index ranged from 22.7 to 35.8 kg/m? (median
26.7 kg/m?) and four of the patients were nulliparous. All the
subjects gave written informed consent and the study proto-
col was approved by the Ethics Committee of the University
Hospital of Tampere.
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Ultrasound Measurements

Preoperative pelvic images were taken of each subject
within one week prior to hysterectomy by three physicians.
One of these (physician 1) was a highly experienced senior
gynecologist with oncological subspeciality. The other two
physicians were resident postgraduates training in Obstetrics
and Gynecology. Physician 2 was experienced in measuring
uterine dimensions by vaginal and abdominal ultrasound,
and the other (physician 3) was not. An ultrasound sector
scanner (Nemio 20®, Toshiba Co., Tochigi-Ken, Japan) with
a 6 MHz vaginal probe was used for all the imaging, with the
subject supine and with an empty bladder. If the field of
view of the vaginal probe was not wide enough to measure
the dimensions of a large uterus, a 3.75 MHz abdominal
probe was used instead. The dimensions of the uterine cor-
pus and cervix were measured as previously described [8].
Each physician determined all the measurements independ-
ently and repeated each round of measurements three times
during the scanning of each patient. Thus the total number of
findings was 108 (12 subjects x 3 investigators x 3 rounds).

Calculation of Volume

Calculation of the volume of the uterine corpus was done
according to a geometric formula for a prolate ellipsoid
based on the length (L), width (W) and anteroposterior di-
ameter (AP) of the corpus: volume = 0.5236 x L x W x AP.
Calculation of the volume of the cervix was done according
to a geometric formula for a cylinder based on its anteropos-
terior diameter (D) and length (CL): volume = 1 (D/2)* x
CL. The volume of the corpus and that of the cervix were
summed and the total volume obtained.

Measurements of the Preparates

At hysterectomy the uterine corpus and cervix were im-
mediately measured after removal (physician 2). Fallopian
tubes and ovaries were carefully removed from the uterus
and the cervix cut from the corpus before measurements. The
three maximal dimensions of the length, depth and width of
the corpus and the length and diameter of the cervix were
obtained using pair of compasses and a centimetre scale on
the same axis as that described for the ultrasonographic
measurements. The weights of the uterine corpus and cervix
were measured with a digital scale and summed.

Statistics

In the present study the repeatability and reproducibility
(R&R) method was applied. The design of the study was
experimental, the aim being estimate different sources of
variation in the size of uterus by three physicians repeating
the same measurements three times. Because the distribution
of the difference between real and calculated weight was
skewed, the range method was used.

According to the standard Gage R&R terminology physi-
cians stand for operators, patients for parts and repeated dif-
ferences between real weight and calculated weight stand for
trials. In statistical terms the following variance components
were estimated: repeatability (difference across measure-
ments), reproducibility (difference across physicians) and
variability (difference across patients). In other words, re-
peatability describes intraphysician variation, i.e., how a
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given physician repeats the same planning process. Repro-
ducibility describes interphysician variation, i.e., how differ-
ent physicians follow the same planning process, and vari-
ability describes interpatient variation, i.e. how well the
same physician can repeat the planning process for different
kinds of patients. The total error - also known as the com-
bined R&R effect - includes repeatability and reproducibil-
ity, and only patient-to-patient variation is excluded.

The results are presented in graphical form as range
charts and summary box plots. The Repeatability & Repro-
ducibility Summary Plot shows the individual average devia-
tion for each physician. In the plot each trial is presented as a
dot and each physician’s trials are connected by a vertical
line. In the range charts the warning limit is the so-called
three times standard deviation (99 %) line. Observations
above that limit are regarded as outliers. In the ideal case, no
variation will be found due to trials or due to physicians; the
only variation that exists will be due to patients. The present
statistical analyses were performed by Statistica/W (Version
5.1, 98 edition, Statsoft. Inc, Tulsa, OK, USA).

RESULTS

The weight of the total removed uterus (corpus and cer-
vix) ranged from 106.9 to 1097.4 g (median 213.9 g). The
weight of the removed uterine corpus ranged from 75.7 to
1074.7 g (median 181.8 g) and that of the uterine cervix
from 20.5 to 44.5 g (median 30.2 g). Use of a transabdomi-
nal ultrasound probe was partially necessary in two patients
with the largest uteruses.

Due to combined R&R the difference error between real
uterus weight and uterus weight measured by ultrasound was
28 % consisting merely of repeatability (variation across
measurements). This means that physician failed to get a
completely same measurement results from each three meas-
uring round. The experience of the physician had no effect
since variation due to physicians was 0 %. Patient-to-patient
variation, which was 72 %, was the largest (Table 1).

Table 1. Estimated Components of Variance in Measuring
Difference Between Real Uterus Weight and Meas-
ured Weight (Number of Physicians 3, Patients 12,

Measurements 3)

Source Estimated | Estimated % of % of
(Expected MS) SD Variance | R& R Total
Repeatability 38.46 1478.91 100.00 | 27.96

Reproducibility 0.00 0.00 0.00 0.00
Part to part variability 61.73 3810.82 72.04
Combined R&R 38.46 1478.91 100.00 | 27.96
Total 72.73 5289.73 100.00

Abbreviations: MS, Mean Score; R & R, Repeatability and Reproducibility; SD, Stan-
dard Deviation.

The largest uterus (patient 2) caused the most variation
between estimated and real weight (Fig. 1). The height of the
boxes around the measurements shows the variation in each
physician’s bias across the trials. The more experienced the
physician was, the smaller was the variation. In addition, the
more experienced the physician was in taking the ultrasound
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Repeatability & Reproducibility Summary Plot
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Fig. (1). Repeatability and reproducibility summary plot: difference of the real weight and estimated weight by combination formula. Pa-
tients are shown in study order by most experienced physician (1) to least experienced physician (3).

measurements the less variation there was between her own
three measurements (Fig. 2). The variation between real and
estimated weight in patient 2 seems to be higher than the
variation in other patients, which also showed some depend-
ence on the experience of the physician (Fig. 3).

If we remove the two patients with the largest uteruses
(patients 2 and 6) from the study, the variation in the meas-
urements of all the physicians varies very little compared to

the original study setting. The variation between measure-
ments (repeatability) falls to 22.4 %. Combined R&R falls to
23.7 %, also including the increase in variation of 1.4 % be-
tween physicians (reproducibility). Therefore the differences
both between the three physicians and between their own
measurements (average range 32 grams, warning limit 82
grams) fall. The differences in the physicians” experience
appears only in the measurements of the largest uteruses.
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Fig. (2). Combined range chart: physicians by patients for difference of real weight and estimated weight by combination formula. Patients
are shown in study order by most experienced physician (1) to least experienced physician (3). Warning limit presents three times standard

deviation (99% of observations were below line).
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Fig. (3). Combined range chart: patients by physicians for difference of real weight and estimated weight by combination formula. Physi-
cians are shown by most experienced to least experienced by patients shown in study order.

DISCUSSION

We studied patients with a myomatous uterus, as in clini-
cal practice, they present most frequently for evaluation of
uterine size, e.g. in relation to determination of the surgical
approach to be used in hysterectomy [1]. We have recently
reported that our formula combining the formulas for a pro-
late ellipsoid and a cylinder is more accurate in predicting
the true total weight of the myomatous uterus than the tradi-
tional prolate ellipsoid formula alone in evaluating the di-
mensions of the uterine corpus and cervix with a transvagi-
nal ultrasound probe [8].

We tested the quality of a new method for estimating the
total volume of the uterus. The repeatability and reproduci-
bility (R&R) method has rarely been used in medicine. Holli
and her associates carried out a study on radiotherapy plan-
ning for breast cancer patients [10]. Eleven radiation oncolo-
gists planned radiotherapy three times for three different
kinds of breast cancer patients without knowing that they
were dealing with the same patient three times. Interphysi-
cian variation was not high but there were some clearly out-
lying physicians. The highest variation was in repeatability
(intraphysician variation). Patient-to-patient variation ac-
counted for the major part of the variation [10].

Merce and associates conducted a study to assess in-
traobserver and interobserver reproducibility of the parame-
ters of ovarian response and oocyte ability and the influence
of the ovarian functional stage [11]. They examined twenty-
nine women with 3-dimensional ultrasonography and power
Doppler angiography (PDA). They analysed ovarian volume,
follicle number, vascularization index, flow index, and vas-
cularization-flow index. They found excellent intraobserver
and interobserver reproducibility for the ovarian volume,
follicle counts, and 3-dimensional indices. The ovarian func-
tional stage had no influence on reliability.

We utilized the repeatability and reproducibility method
in training of ultrasound measurement of uterine volume. A
combination of the volume of the uterine corpus and the vol-
ume of the cervix obtained by combining the formulas for a
prolate ellipsoid and a cylinder appeared to be a useful
means of estimating the actual volume of the total uterus.
Despite the limitation of the small population size in this
study the total number of findings (108) is sufficient for the
R&R method.

Two sources of variation were identified: variation across
trials (repeatability) and difference across physicians (repro-
ducibility), and a combination of these. The more experi-
enced the physician was in taking the ultrasound measure-
ments the less variation there was between her own three
measurements. Acceptable variation should be caused by
patients. In the ideal case interphysician variation, intra-
physician variation and combined repeatability and repro-
ducibility should not exceed 10%. In our study variation be-
tween the measurements of each physician approached 30%.
This may be an effect of the method of taking measurements
by ultrasound. The ultrasound probe has to be rotated from
the sagittal plane to the coronal axis of the organ during
measurement. The probe may depart slightly from it’s origi-
nal position during this rotation.

The two patients with the largest uteruses caused the
most variation with estimated and real weight. The ultra-
sound scale of the vaginal probe was not wide enough to
encompass the whole mass of the myomatous uterus in these
patients and part of the measurements had to be taken with a
transabdominal ultrasound probe. This may have affected the
results. However, in the case of a large myomatous uterus it
may be better to measure the uterine cervix with a transvagi-
nal probe and the uterine corpus with a transabdominal
probe. This method probably causes less variation between
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estimated and real weight than use of the vaginal ultrasound
probe alone.

CONCLUSIONS

We found that every investigator was able to perform a
reliable measurement of the volume of the uterus by ultra-
sound. The experience of the physician had an effect on re-
peatability but not on reproducibility in estimating uterine
weight by ultrasound. Experience diminished the variability
between investigator’s own measurements. Our results indi-
cate the importance of conscientiousness in taking measure-
ments of the uterus and cervix.
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